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ITPOAOTI'OX

O otéyog tou Birlou autol elvar dittéc. Onwg dnhdver o unéptithog
(drhady: Aopés Aoxsiwr), o mpdtog otdyog elvar va xahughel 1 Ul mou
napadociaxd HTay Yveoth U tov 6po Opydrwon Apoxsiwr. Xto maperlov,
0 (3L0¢ O TPOYPAPPATIOTAS EQAPLOYOV ERPERE VAL GYESLACEL XAl VA XWILXO-
nohoet Tic Sopéc Tov apyelwy. ' to Aéyo autd,  Cobol xat” edoyhyv, xat
xatd devtepo héyo 1 PL/1, drav ou ypnoyronowolpeves YAGOGES Rpoypa-
HATLOUOY YLt TNV avanTudy EURoplx®y eQapuoyoy pe apyela. Qotdéoo, and
g apyés Tig dexaetiog Tou 80, ue Ty eumopxy) Siabeom Loyupdy cueTnd-
v Stayelpione Bdocwy dedouévoy, 1 appodiétnta yia T QuoLx vhorolnon
TV apyelev népace and ToV TEOYRAUUATIOTH 6To ouotnua. Etot, o dpog
Opyvdvewon Apyelowy anoterel mhéov pia évvola pe totopixd naperlov. And
To onuelo autd, npoxinTel 0 devtepog 6ToY 0 Tou BiPhioy, o onolog SHh®-
vetal and Tov undtitho (dnhadh: Fioaywyr) omn puowkn vioroinon Pdocwy
Scdopfvwr). Axd tn oxomid auth, howrdy, 1o Biilo nepiéyel xar UG Rou
oyetiletar pe to pdbnpa Twv Bdoewv Aedopévoy, 6nwg VXS oyeTixd He
pebédous mooomidaons (access methods) xal teyvixés mou ypnoporotodvTa
oty emeleoyacia spwrrjocwr (query processing). Avahutixdtepa, To BSilo
auThd TEpLEYEL UAXG TOV palnpdtwy:

e Data Representation, Files and Database Systems, xat
e Operating Systems and File Organizations,

6nwe mpoodiopilovtal oto Computing Curricula 1991 tng Association for
Computing Machinery (ACM), mou elval n peyardtepn enotnuovixy etat-
eela [Iinpogopixhs o nayxoopto exlnedo. O avayvHotng tapanéunetal 6T
dievbuven www.acm.org/education/curr91 vix nepioodrepes ninpogoplec.
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AXNG ac ndpoupe ta mpdypata and Ty apyf. Ta apyela elvar Sopée
nou anofnxedovtal 6Ty SeuTEREtoLUGA UVAILY TOU UTOAOYLOTH XOL YpYOLLO-
TOLOVYTAL EURUTATA ONtd TO AOYLOMLXO TOU GUGTANATOS XA TG TO AOYLOMULXO
TV epappoyey. [Na napddelypa, 6to Aoyiouixd tou ousThuatog Ta apyela
XAROVYTAL ATO TOUS UETAPPAGTES, TO AELTOUEYIXO CUCTNUA, TO GUYTAXTY XEL-
MEVOU XAT., EVE TU TROYPALMATA EQULULOYGY YEPNOULOTOLOGY Ta apy el yia
v anoffxeuon Tou mnyalou xal Tou AVTIXEIUEVOU TEOYEPAUUATOS XAl TOV
dedopévov. Hpwtapyixdc oxonds, howrdy, Tou BiBilov autol elval n topou-
olaon Baowdv otouyelwy e Souhs, e eneepyaoiag xat g enldoone Twv
apyelwy 3edouévev ToU YEPNOLULOTOLOUYTAL ANd TA TEOYPALMATA EQALLOY GOV,
‘Opocg, Waltepn éppaon Oa dobel oto onuelo dnou o Sopés apyelwy ago-
poUv xat otnpilouy Ta oroudaldtepa CHUERPA TPOYPAUUATA EQAPLOYGY, TOU
nhéov, oyeddv anoxielotixd, xtillovtar pe ) foRbeia olyypovey cuoTnud-
v Swayelpione facewy dedoptvey.

O e€erileic oe oyéon ue ta ovothpata dtayelplons Paocwy dedopévwy
dev onuaivouy étL dev urdpyel hoyog v nepattépw Epeuva xal ddaoxailn
oty neployh auth. O Adyog elvan 6tL xaldg vées epapuoyéc épyovial 6To
TPOGXNAYLO, ATOSELXVLETAL OTL OL TAAUOTEPES 0pYAVOOELS apyelewy elvat Ayd-
Tepo A neplocdtepo averapxelc. ' to oxond autd npotelvovtal véeg dopéc,
TOU VAOTOLOUY 0T0 QUOLXS eR{TESO Toug vEouc TUROLE JEdOPEVLDIV, OIS Ta
ywpotadxd dedopéva (dnradh onuelo, ypappy, neproyh, oteped xix.) A Ta
rohupeoixd dedopéva (dnradh xelpevo, hyog, exdva, video xhx.) # xahi-
mTouy véeg avdyxes, ORwe yia TN dwaypovixh urnoothelln dedouévey (drou
dev emitpérovial Saypapéc) xabme xat Y Ty LROGTAPLEY GTATLOTIXGY [d-
ocwv dedopévey xat egappoyoy on-line avaiutixhs enelepyacioc OLAP
(e Ta heydueva noludidotata dedopéva) xox. Exlong, onpaviixd elval
va tovialel 6tL ol vedtepec exdHoec TV PEYIADY GUGTHUATLY Stayelplong
Bdoewv dedopévey elvar avoiktés xal uropel 0 mpoYpappatloThc/avahuThg
va Tig emextelvel ue dixd tou modules, dote va aviipetonicholy ol véeg
EQAPLOYES PE EBXES AVAYXES OF TUTOUS SESOUEVDY, 0pYAVOGELS apyEleY
xal epwthoes ypnotodv. Lo napddetyua, to DB2 tng IBM 8éyetal elwre-
ewxoVg Extenders, to Informix 8éyetar ta Datablades, n Oracle 8éyetal ta
Cartridges xox.

Elvar adnléc 6tL otny Edrdda o exayyeipatiag mhnpopopixds dev npd-
xerton o (Slog va mpoypappatioe/xataoxeudosl éva ovotnua dwayelporng
Bdocwv dedopévey, ahkd pdirov Oa npoypaupatiost plo epoppoyyn pe ™
Bonbeia evdg tétolou ouothpatos. Qotdoo, yio va anogeuylel v anoona-
OPATIXY YYOOT TOU avTXEWEVou, 0 eTayyaluatias TANpopoptxds npénel va
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4 7 7 / 7 4 7 7
HERETHOEL oUOTNUATIXE Ta PépN EVHC TéTolou ouoThuatos. [E dihou €vag
anhds 0dnyog avtoxivhtou apxeltar va yvwpeilet nws Balovy Bevlivy oto pe-

7 7 7 / / s 7 7 s
LepPoudp, ahid évac owotég 0dnyidc Yvopllet moARd teyvixd ototyela yia
T0 auToXl{vNTé TOU, ACYETA AV BEV TEOXELTAL VA AGXAOEL TO ERAYYEAUL TOU
Ny AvLXoy.

H zpoaraitodpevn urodoph yia tnv xatavonoyn tou Aol tou Biilou
autod, elval o llpoypappatiouds xar ov Aopés Aedopévov. EE dhhou uro-
eel va Bewpnbel 1L to pabnua tne Opyaveons Apyelwy elvar pla cuvéyea
Tou pabfuatog Tov Aopdv Aedopévov. H npocéyyion twv dapdpwv pe-
063wy oo BiBAio autd €xel ennpeachel and tic aviiotolyes TV BBAlwyY Tou
Wiederhold xoau tng Salzberg, xat €xel 8o 6dec. H pla ¢gm elvar aryoorGuue-
K1) xaw ) G o elvar avalzsn. O 8o autés ontixéc yovies avaibovta
o1 CUVEYEL.

Ané pla ontueh yovio, howdy, ol dopés Tov apyelowv eletdlovtar akyo-
elluxd, dnwe €& drhou eletdlovtat ot Sopés dedopévey e Toug avilioTol-
youc ahyoplBuouc 6to oyetixd pndbnua. Aniady, 6nws o Qolrtnic npénet
vou uhomothoel SLapopes SOoUES SESOUEVODY HECH ANd TPOYLUUUATIOTIXES d-
oxNoelg, €T0L XaL €36 0 avayvOoTNS TRENEL v UAOTOAOEL LEpLXés and Tic
Sopéc mou avagépovtal oto Biilo avtd. O yhdooec Cobol xa PL/1, Sev
dlvouv oTo yphotn Ty euxatpla olte vo avtiinelel tn SopuR Ty apyeloy
mou yenowronotel, ahhd 0UTE XAl VO UAOTOLAGEL ANOTEAECUATIXA TLS VEES
oy ypoveES TEYVIXES opYavmong apyelmwy. [ v xakltepn xatavinon tne
Oewplag, Aowndy, 0 avayvHoTNG ToEoTEUVETAL Vo UAOTOLAOEL Tig doués autég
oe pla yYhoooa Sopnpévou npoypappatiopol, énwg Pascal 4 C/C++4. T
To oXond AUTO, G TAPdETNUA dlvovial ot xupLdTepes evioiés Slayelplong
apyelwy 670 yaunioé enlnedo yio Tig YAOCOES AUTECS.

Ané plo dhg ontixh) yovia agp’ etépou, ot Sopés v apyelowv edetdlo-
VTOL AVaAUTIXE 6TV Tpoondleia x06ToAGYNoNS TV Slapdpwy aryopliumy
() Sepyaotdv enl oy apyelny) e Ty ebpeor exppdocwy mou va d{vouv Tov
aplBud 1wy npoonehdocwy ot deutepebovca VAU R/ xal Tov aviioTtolyo
yeovo. H povtehonolnom tov UGV QaVOpEveY He avaiuTixés exQpd-
oelg elvatr ouyvad dvoxohn. Anatel neplocdtepo cwoth aviidndn xau xplon
napd Waltepo pabnuatixd vadPabpo. Baouwxd, oto Bifilo autd Oa ypnoipo-
nounBoiv pepuxés aniés pabnuatixés €vvoles yia TRy avdiuon e enidoorng
oV Soudv, oL onoles elvat ou e€fc: 0 hovdpllpog tou xatd xavéva elval pe
Bdon to 2, ou ouvapThoes S opoph’ xal " ddnedo” evég mpaypatixol aptb-
nol, ot onoleg d{vouy TOV AUECWS UEYAAUTERO XAl UXPOTELO AXEQALO TOU
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npaypatixol aptipol avtiotolya, xat ol optopéveg mbavétntes. Aev elvan
anapalthto 0 Qortnths va Oupdtar dheg autés Tic avaiuTixés exppdoets,
ahhd elvar avayxalo va xatavofoer o pnyaviopd elaywyhc toug. Opoc
onuetdveTal 6Tt 1 eEaywYh TETOLWY AVAAITIXOY EXPPAoEWY dev elval anhd
ula OewpnTtind evaoyoinon ahid pio sine qua non npaxTtixh Voo ThHedn TpOg
) punyavh encdepyaoiag cpothoewy xdle ocuothuatoc Stayelplong Bdoewy
dedopévorv.

To pdbnpa Opydvewon Apyelwy nponyeltat Tou pabfuatoc tov Bdoewy
Aedopévev, nou npénel va enaxohoulnoel oe Eva npdypapta 6Toud®Y UE Eu-
paor oty Hinpogopuxh. O oxondg evéc ouothpatog dayelpiong faoewy
dedopévwy elvar Sittdc: va mapéyel Eva teptBahhov phikd Yia Ty edunnpé-
TNOT TOU YEHOTN, To omolo Sues Tpénel va elval arotedsopatind GOV apopd
ot xphon Tov mépwyv Tou. To ukxd Tou BiEiiou autol Ou uropovoe va
Oewpenbel we npoaraitolpevo tou pabfuatoc Ty Bdoswy Aedopévoyv, xat
Tautdypova pla tpdwy epBabuven oto puowxd eninedd toug, To onolo npé-
meL va elvan opyavepévo anotedeouanind. Me Ayo Aoy, 68 6ha Ta peydha
ouvédpla via Baoeic dedopévey undpyouy ewldixéc ouvedples yia pebddoug
npoonéhaons xal enelepyacia epwthoemy, mou dev elvar tinote dilo and
0pYAVOOELS apyelwy Tou cuvodetovTal and Touc avtioTolyoug aryoplbpoug
enelepyaoiag touc. ‘Etol, oxonde e npoondleiac authg elvar o xaki-
Tep0g PwTopdS TV Oepdtwv mov oyetillovtal pe pelddous mpoonéhaorc
XOL TEOXURTOUY XaTd TN QU oyedlaoyn xal vhomolnoy evos GUGTARATOS
Srayelplong Pdocov dedopévoy. Katd tny avdntuln divetal npocoyh dote
vo un dnulovpyolvtar mpwlictepa, xau Tautéypova va map€yetal N dve-
o1 oto udinua twv Bdoewv Acdopévev dote 1o evdagpépov va eotialeta
TEPLOGOTERO 0TO Aoy oyediaopnd tng Baorg, to omolo elval éva and ta
onuavtixétepa aviixelpeva yio o pdyo extothpova e Linpogopixng
otnv Eaiada.

Ta pabipata Tov Aettoupydy Luotnudtoy xot T ApyltexTovixhg
Yroroyiotdv dev Oewpolvial npoanattodueva Lo TRy Xatavénoy Tou UAL-
x0% Tou PBiilov autol, av xat undpyouy Oépata ota pabfpata autd mou
oyetilovtal pe ™ duxh poac ontxh yovie. Xto Biilo autd meptéyetar 6,Tt
Oewpeltal anapaitnTto and TRy Vin TV Labnudteny autdy, Gote va uny elvat
anapaltnTo 0 avayvootne va avatpéyel oe PBBAla dihov neploy®dy. 26T6-
00, 0 AVAYVOOTNG NEOTEERETUL Vo avatpélelr o opdTitha BiBila, viatl n
napovoa npoondbeia dev Paciletar oty Quhocopio Tou evic xal pLovadixos
OUYYPAUMATOS.
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To Biiio autd (e Tic mponyolpeves poppéc tou) edunneétnoe dudaxti-
xéc avayxeg tou Tuduatog Hinpogopixis tou ALIO, tou Tudpatoc Hie-
xTporbywy Mnyavixdy xar Mryavixdv Yroroviotody tou AIIO, tou Tuh-
patoc Hiextpordywv Mnyavixdy xar Mryavixdv Yrokroyiotdy tou EMIL,
Tou Tunpatog inpogopixhc tou EOvixod Karodiotpiaxol llaveriotnuiou
ABnvov, tou Tphuatog Hiextpovixdy Mnyavixdy xar Mayaviedy Yroio-
yviotdv Tou Holuteyvelov Kpftng, tou Tudpatoc inpogopixhc tou Iave-
motnuiou lepaide, tou Tphpatoc Hinpogopixhs tou llaveniotnuliov Iway-
vivoy xat tou Tphpatoc Egappoopévng npogpopixhs tou laveriotnuiou
Maxedoviag. Enlong vnhple dldaxtixd BoRlnua oe Siwtixés oyorés xal
oguLvdpLa.

H noapodoa éxdoorn otnetletar BEBata oTov x0pud TV TEONYOVHEVOLY.
[Tiotedetar 6tL 0 éxdoon auth elvatl To GQALELXY 6TO TERLEYOUEVO XL TLO
ohOXANPWUEVY OTN Hop@h and 6,TL oL nponyovueves. Baowés npoohxes
évivay o1o deltepo xepdhato oyetixd pe ta péoa anobhxeuong (mou ele-
roocovtal pe Spapatixolg pubpolc, 6TwS T ORTIXA HECA XAl T CUCTAUATA
RAID), oto dwdéxato xepdraio oyetixd e dopég nou otnpllovial ot dua-
duh avarapdotaoy (bnwg nepl elaywyhs uroypapdy xar S-36vSpwv) xal
070 3EXATO TETUAPTO XEQPAALO OYETIX [UE TLG TPOYWENUEVES dopéc apyelny
v véou eldouc epapporvéc Bocomy dedopévev (dnog ywpotadixéc, dwaypo-
vxée, ywpoypovixés). Enlone, yivetar avagopd oe véou eldouc npofifuata,
TOU OVAXVUTTOUY OTLS AVTUXEWEVOOTEAPE(C-OYEOLANES XAl EREXTATES PACELS
dedopévwy, otny on-line avahutxd enelepyaocia oe noludidotateg Baoetg
dedopévev (OLAP), otnv avalAtnon nudopnuévey dedopévey and tov no-
YXGGULO LOTO XAT.

[Tiotedetat 67 to Bifilo autd propel va avayvwolhel xdtw and noliés o-
rtuée yovies. Anhadh, propel va anotehéost dudaxtixd Borbnua (textbook)
oe nmporTuylaxs f/xal petantuytaxd exinedo, ahld va anotehécel xal Pi-
Bilo avaypopdc (reference book) yden otnv napatibéuevn Bihoypapla. O
avapopes auTES TEOEpYOVTAL AT TIS TAYXOOULA EYXUEOTEPES ERLGTNHOVL-
xéc exdooelg mou elval oyeTIXES HE TNV TERLOYY, GRWC TA TEELODLXA XAl TA
ouvédpla g ACM xal tne IEEE xafdc xau suponaixd meptoduxd onwg
ta Information Systems, BIT, The Computer Journal xhx. Koatafihlnxe
npoondfeia o aplbudc Toug va uny elvar urépuetpoc, GULs o evdlaepdue-
vog avayveootng propel va Peel elavtintues Bihoypapla oty enttopd tou
Aoce. EZdihou mepaitépw Piphovpapla prnopel va aviyveulel and to site
http://dblp.uni-trier.de extehdvrag search by author xau search by title.
Exniletar étu n npoondbeia auth puropel va anoteréoel 0dnyd xar xivhteo
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YL TO METARTUYLAXG QoLtnTh, Gote va eufabivel oe empépoug xar eEetdi-
xevpéva Oéparta.

Ot govtntéc Tou TpApatoc Hinpogopixhs xar tou Tphuatoc Hiextpo-
royov Mayavixdy xar Mayaviedy Yroroviotdv tou Aptetoteieiou ave-
nothplou Oecocarovixng Ponincay pe napatnenoels Toug oe BeATLOoeL Xat
Sropbdoec. Enlone elval anapaitnto va onuewwbel n mordTyun Borleia xo
oL napatneRoes Tov cuvepyat®y tou Epyactnplov Teyvoroylac xou Ene-
Eepyaoiag Aedopévov. Il ouyxexpipéva, exppdloviar euyaploties ntpog
o Ap. Muydhn Basuhaxérovio, to Ap. Havayidtny Mroldvr, toug urodm-
ploug Suddxtopes Anuhten Katoapd, AhéEn Navérovro, Andéotoro Hana-
démovio, Avtdvy Xidnpdrovio, O6dwpo Tlovpapdvny xar Erévy Tovsidou,
xafog xat Toug mponTuyLaxols oirtntés Aéonowva Avapyupidou xar L'enyd-
en Toovpaxa. Hpopavec, xdbe Adbog anoterel euhivn tou uroypdypovtog.
Avapévetar 6t oe plo perrovtixy) npoondfeia Ha petwbolv axdun neplocsd-
TEPO OL OTOLES ATEAELES XAl AUTAHS TNS Exdoong, av o avayveotns Pondnoet
pe nopatnehoes tou. Euyapioties ogellovtar xar otic avtilodtniegs tov
Tehevtaloy ypévey, 6mou o dpoc avtiiodtntes anewxoviler avlpdroue xat
xataotdoes, yiatl péoo and Ty unepxfpaoy xat Ty LREpPact Toug Emt-
BePaitdvovtar ot cuveldhoels xat TeAecopoly ol npoordbeies. Téhoc, oty
0X0VEVELE [LoU OQEINETAL EUYVOROCUYY YL THY avoy ) Xat TNy uropovh (o-
mOTOXA TNS AYdRNG Toug), Tou Lou £delay Ta TeheuTala ypdvia.

H 8o tng ouyypaghc evéc Sltopou €pyou yvia Aopés Aedopévwy, brou o
npotoc topoc Oa edetdlel Sopéc xlptag pvhune xat o deltepog Tépog Souée
mou anolnxelovial e NEPLPEPELAXES OUGKEVES AVAXEL XATA TO NULOU OTOV
aclpynoto [dvvn Kok xabnynth tou Topéa Hinpogopixhs tou EOvixo)
Metoofelouv Iloiuteyvelov. H npoondbeia auth, howrdy, apiepdvetal npdTt-
oTa 670 ddoxaho nou €puye npdwpa. Kdbe abotnua €yel Touc unyaviouovg
avanapaywyhc Tou, xat o ddoxarog npénel va Byalet daoxdhovc. “Etou,
npoondbela agLepGVETAL XaL 6TOUS YoLTNTéS PE Toug onoloug apy(lel théov
va dnuiovpyelton 1 andotacn e nhxlag (A €xer dnpioupynbel #3n;). To
YeYOovog autd yevva Ty aywvia va Oewphoouy ddoxaio Tov uroypdpovia
xdmolol poltnTés, and avrols mou bev puas povdfovr, 6nws Oa pac enétpene
VO RAPAPEAGOUVUE O TOLNTAS.

NoéuBprog 1999
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Kepararo 1

BAXYIKEY ENNOIEX

1.1 Ewsayoyh

Yt emotnuoviés epappoyés ta dedopéva elval amiol tinou, dnhadh elva
Sdopa Pabpwtd peyén. "Ouwc oe epnopuxés epappovés elval no olbvhe-
ta xat ovopdlovtar ovtétntes (entities). o napddetypa, ovrdtntes elvan
ot unghknhot plag etatpelag, oL ouvakiayéc oe éva tpanelxd olotnua, ol
portnTéc 670 oUoTNUA TNS Yeappatelag xhn. Anavtel, Aowndy, Wialtepn npo-
ooy 0 6woTS XADOPLOUOS TWY OVIOTATOY EVOG GUOTANATOS XAl ANOTEAEL
XOUPATL TS YAng Tou pabipatoc Tov Bdoswyv Acdopévwy.

KdéOe ovtétnta anotereital and yapaxtnprotixd (attributes) mou Sieu-
xohOvouv v xailtepy dudxpior petall v oviothtov. o napddetypa,
N oviéTnTa | YRdAAnhog  €xEl ¢ YopAXTNELOTIXA: TO OVOUATEROVULO, TOV
xwduxd, Tt devbuvon, to TpAua epyaciog, TV ewduxdétnTa, To ULehd xhx.
Fevixd, o yapaxtnerotixd uropel va elvar Stagopetinol tinou (axépatoc,
mpaYPaTIXdS, oUPBoI0sERd) Xal GUVERGDS 1) anobhxeuch Toug dev uropel va
viver pe nivaxeg ank®y TOReY ahhd pe eyypapés.

O eyypagég (records) elvar Sopég nou unopolv va oteydoouy dlagpope-
TXGOY TUneV dedouéva, Tou TEplYpd@ouy Eva OTLYILOTURO XATOLIS OVTOTY-
tag. Kdbe eyvpaph anoteheltar and nedia (fields). Ta nedla tne eyypaphc
uropel va elvar apluntid, ak@aPnted, ar@aptBunted xar xwdixomoin-
péva/ovunieopéva. H xwdixorolnon xau v ouprieon tov dedopévoy elval
Wraltepa peydin neptoyh xou Olyetal 6to teheutalo xe@dhoato TV ey
Oepdtwy. Xto onuelo autd anhdg onuetdveTal, 6TL He CWOTH Xwdxorolnon

22
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EMLTUY Y AVETAL OWovopia Y ®pou xal ¥pdvou, euxokin oty Taltvéunoy, Tov
TPOYPAUUATIOUS XAT.

Ot douég apyelwy (file structures) # opyavdoeis apyelwy (file organi-
zations) # @uowxés opyavdoetg (physical organizations) #, téhoc anhoi-
otepa, to apyela oplloviar wg pla ouiroyh eyypapdy Tou Brou tinou. H
Saopd evéc apyelou yia éva obotnua Swayelpions Paocwy dedouévoy og
npog €va apyelo evog AELTOUEYXOU GUGTARATOS elval 6TL 6TNY TE®OTY nepl-
ntwor 1o apyelo Bewpeltal wc pla culhoYH exypapdy % oerldov (dec Ke-
pdhara 2 xau 3), evéd otn deltepn nepintwon Bewpeltal we pla supforooeipd
YAPAXTHEOV.

Ye hovuxd enlredo ta apyela propel va Hewenbolv we Siediactates do-
néc. H oplévria Sudotaon napiotd ta nedla plag eyypaphs, evéd 1 xo-
Taxopupn Sdotacy, taptotd Tov aptipd Tev eyypap®yv. O oplopds autdc
ovpnepthapBaver xat to apyela xewwévou. Nto Yyhua 1.1 napovoidletar to
apyelo evog ouvtdxTtn xewévwy, 6mou xabe ypapuph naptotd win ypauun tou
xetneévou xat €yel Svo yapaxtneltotxd. Ta apyela npénet va Bewpoiviat we
éva evialo avtixelpevo xat Oyt g dhpoloua avIXELEVOY, APol AAADOTE
nepvoUy HETalY TOV UTOTPOYPAUUATOY WS ATAES TOUPAUETEOL.

Cpopp Kelpevo
1 Telo x6xxtva neptotépla péco 6T0 PO
2 yapdlovtag ) polpo pog péoa 670 OO pe
3 Ypopata xat yetpovopies avpdnoy Tov
4 oY oAmHOAME.

Yy 1.1: Apyelo ouvtaxtn xeyévou.

Ta nedla mou ypenoponotovvtar yia v avalftnon f vy tadvéunon
oV eyypap®dy ovopdlovial xhewdid (keys). To olvoro twv Suvatdy Tipdy
mou propel va hdfet éva xhetdl héyetar nedlo opropol (domain). To xhet-
3 mou yapaxtrellel xatd povadind xar auQLLOVOoHUAYTO TpoéTo TNy Xxdbe
eyvpaph Myetoaw mpwTebov (primary) (ny. o xwdwds tou vrnakihiov), €-

A /7 e 7z ’ re /7
v& Ta undhotra nedla héyovtar deutepedovta (secondary). Elval Suvatdv
VO URAEY0UY TERLOGOTERA TOU €VOS XAELWSLA TOU VO HTOPOUY VA YENOLULO-

7 7 7 7 7 7 ’
monbody o mpwtevovta xhewdid. Ta xhewdid avtd ovopdlovrar vrodhgLa
(candidate), eved autd mou tehxd dev emhéyovtal yia TéTow yphion héyovTal
evalhaxtixd (alternate). ‘Alhote ndi éva npwtedov xhewdl elvar évag ouv-
Suaopéc nepx®v anidy xhetdidy, ondte ovopdletar o¥vBeto (composite).
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Mepixéc popéc to mpwtetov xhetdl dev €yel mpaypatixd vomuo arrd elvot
teyxvnTd xataoxevaopa. To xhedl autd ovopdletal e€wtepixd (external).
[ mapdderypa, o aptbuds tavtdintag aviixetpévou (object identification
number, oid) elvar évag aptpdg mov dlvetar and pla avtixepevostpagh fé-
o1 3eS0PEVEV OE EYYRAPES AVTLXELLEVDY.

e 7 7 7 4 4
Ta apyela anobnxebovtal anoxielotixd 61y deutepebouca UVAY ERELdN:

o 10 mAnboc TV evypapdy elvar TokG peydho, ondte N xVpta VAU Sev
enapxel,

o xdfe popd pévo €va xoppdtL Tou apyelou yenoironmoteltal XaTd TNV
eneepyaoia Tou apyelou, xal téhog étot

® TOMAL TEOYPAUUATA EQAPLOYOV UROPOUY VA TPOGTEAACOUY To (SLo
apyelo Tautdypova.

1.2 E{on xat tixol apyelnv

Ta eldn twv apyelov elval ta e€hg:

z M /7 7z re 7z 7
oewptaxd (sequential), énou ov eyypagée elvar anolnxeupéves dadoyixd
ot AR xat npoorerdlovtal xatd tov Blo tpdno,

tuyala (random) ¥ dueoa (direct), dxou 71 SievBuvor otn pvhun tpoxinTel
LE LETACYNUATIOUO TOU TpwTELoVTOS XAESLot. Yroneplntwon elval ta
oyetixd (relative) apyela, 6nou v Béor xdbe eyypaphc npoodiopiletal
oe oyéon pe T Oéon TN npdTNg eYYPAPRS Tou apyelou,

z rd M M /7 7 /7 7z
oewptaxd pe deixtn (index sequential), mou and dnodr ypdvou npoonéia-
ong elvar évag oupfiBacuic petalld tou oeplaxol xar tou Tuyaiou
apyelon,

devdpixd (tree-structured), nou ypnouronotobvTal xatd x6p0 GTA EUTOPLXE
raxéta, xat tEhog

avéxtnong pe Bdor deutepebov xhetdi (secondary key retrieval), zou cu-
vifwe otnpillovtar ot Soph tne ouvdedepévne hotac ¥ otig Souée
TV 3EV3pwy. XNy xatnyopla aUTH AVAXOUY XAl Ol ASYOUEVES TONU-
dudotateg dopéc (bnwg to k-d 3évdpo, To SuxTuwtd apyelo xhx), mou
anoTEAOUY GUYYPOVES XAl ATOTEAECUATIXES AUGCELS.
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Yto onuelo autd dev yivetar suplitepn avapopd, enedh xdbe eldog apyelou
mou avapéplnxe Ou eletaolel extevéotepa ota endpeva xepdiaLa.

Ta Sedopéva plag ouyxexpurévng epapuoyhc anobnxelbovial 68 ToARG
apyela, 6mou to xdbe apyelo yapaxtnplletar and drapopeTixh hettoupyLxo-
. Me Baon, howndy, tn Aettoupyio Toug ta apyelo xatnyoplonotolvTal
s e&hc.

x0pLo A Paowxéd apyelo (master file). Ilepéyel ta pdévipa dedopéva xal
npémel v elval TavTa eVNEp®UEVO, 660V aPopd OTIS ELoaYWYES, dla-
veaés xaL evnuepdoes Ty eyypapdy. [a napddetypa, to xdplo
apyelo og pla egappoyh wobodoolag petald twv dhhov Ho neptéyet
T &g medlar xwduxde aptbude vrakihou, ouxoyevelaxh xatdotaoy,
emdopata, Twptvog wohos, €ooda and TNy apyh TN YEPOVLAS XAT.

apyelo ouvallaydy A xivAocews (transaction file). lepiéyel Tig eyypa-
péc tou xuplou apyelou mou €yxouv ewoaybel, Staypapel B evnuepwiel.
[N napdderypa, éva apyelo ouvarlay®v o pla epappoyh uiebodoalac
nepléyet Tic Wpes epyaciag xahe unakiniou yio pla neplodo. Autéc ot
ouvahhayéc 6To téhog Trg neptddou epapuilovial oto xlplo apyelo
LE OXOTO TNV €XB00Y) T®V EMTAYOV TANEOUOY XUl THY AVAVEWCY TWVY
OUVOMXGY €663wY xdhe UTAARAAOL and TNV apy ) Tou €Toug.

Bonbntixd apyeio ¥ apyelo nivaxag (auxiliary file) 4 (table file). Ilepié-
xeL pla oepd oTate®y dedouévev, 6Tou GuY VA avapépovTal Ta dAAL
apyelo. o mapdderypa, éva tétoo apyelo propel va neptéyet eyypa-
pé€c PE TOug XWBWOUS TV TEOTOVI®Y, TNV TEPLYPaPh Xal Tig Tuuég
Touc. Autéd o apyelo Oa ouvodelel éva xlpLo apyelo anolfxng, éva
xVpLo apyelo mapayyeh®y xal éva apyelo noapayoyhs. Etol yivetar
owovopla 0To yoOpo arnobixeuons, enedn anopelyetal 1 exavaindy
mheovaléviwy (redundant) dedopévory.

apyelo avagopdy (report file). Ieptéyel minpogoples, mou €youy culkey-
Oel xou npoetolpachel yia to ypnot. "Eva tétowo apyelo elte eppa-
viletar oty 00dvy, elte exTundvetal.

apyelo eréyywv (control file). YuvAbwe elvon éva nuxpd apyelo xal nepié-
YEL mAnpopoples oyetixéc, yia napdderypa, Ue tov aptiud twv oo
YOYOV, Slaypapdy Xat EVHUER®OEWY 6T0o XUpto apyelo, oto apyelo
ouvadhay®y xhn. O aplbudc Tov evyypapdy oto véo xlplo apyelo
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npoxvnTeL and 1o dhpoloua Tou TARH0US TOV EYYEAPOY 6TO TANG XU-
eto apyelo xar Tou TARlouc TV EeLoaYYOY Xat Staypap®y oto apyelo
ENEY Y V.

totopuxd apyeio (history file). Armoteheltal and dha o mponyolpeva xU-
oo apyela, apyela ouvaliay®v xal apyela ehéyywv. Ta apyela avtd
ouviog dev anolnxedovial oe payvnTed dloxo ahrd 68 Loy vnTLn
Touvia.

’ rd re 7z e 7 e
ackup file). Elvat éva avtiypago to tou apyelo
epedpuxd apyelo (backup file). E ¢ Yeapo tou xiplou apyelou,
To0 onolo ypnowronoteltal LOVo G RERIRTWOT XATAGTEOPAHS TOU XUELOU
apyelou.

1.3 Awepyacieg apyeloy

O yehotne evéc ouoThUATOS dpyelwy 68 Eva UEYTAO LUTOAOYLETIXG GUOTY-
pa avixer o pla and tpels Staxpltéc xatnyoples, dniadn umopel va elvat
tehx6g xpRotng (end user), npoypappatioTig epapmroydy (application
programimer) xol XPOYPALUATIOTAS OLGTAUATOG (systems programmer).
O zehxds yphotng Hewpeltal 6Tt Peloxetar 6to uPnidtepo eninedo xat Tou
ropéyovral ot duvatdtntes ulag YAdooas epwthoewy (query language),
dnradh pla pixph opdda evtohdy oAl udnhot emrédou. O npoypappatt-
o0ThS epappoy®y éxel oty Sudbeon tou ula YaAdooo udpnrol emnédou mou
Myetar gLhoievoboa yAdooa (host language), exeldh elvar evioyuuévn
pe pla opdda evioh@v mou avagépovial vg uoyAdooa dedouévwy (data
sublanguage). H uroyidooa auth urnodiapeltal otny unoyidooo optomos
dedopévwy (data definition) xal otnv unoyidooa YELPLOUOL BedOUEVLDY
(data manipulation), ézou n xdfe cuvicTdoa éxel Tpogavég nepLeydpUEVO.
Téhoc, 0 npoypappatioths Tou cusTHUATog €xel oTr didbeon Tou pia YAGo-
oo YopnAol emrédou xat aplodiéTnTd Tou elval 1) Stayelplor Tou CUGTAHATOS
apyciov.

O Tehxds yphotng dev €yl xapla dnody yia to péoo anobfixevong, To
el8og xat Tov Timo Tou apyelou, To uéyeboc Tou apyelov xat T YpAULOYPA-
pnon e eyypaphs. H pévn analtnon tou yphotn avtol elvar adidnioy
minpogopla xaL yphyopn andxpion. BéBaia, dha avtd ta Oépata elval oc
YVOOT TOU TEOYRAUUATIOTH EQAPLOY®Y, TOU GUWS E TN OELpd Tou dev na-
cepfaiver oty Srayelpnon tou cuothpatos apyslov. ['o to oxond autd
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To TEOYPAMPA TOU TEAX0U yphotn petagedletal and éva npdypauud Xo-
ducomounuévo ot Quhodevoloa YAGOOW TOU TROYPAUUATIOTH EQUOUOY®V,
T0 onolo He TN GElpd Tou XAAel To oVoTnua ApyElwY LECKL TV OYETXOV
neddwy npooréhaorg nou elval TpOYPAUPATIOUEVES O YABGGA YoUNA0y
emnédou. To olotnua entotpépel 6T0 TEOYPAUUA TOU TEOYPAUUATIOTH €-
PALHOY DY TLS OYETIXES EYYPAPES, TOU GTY) CUVEYELL LETAPELOVTAL GTOV TE-
Ax6 ypnotn. Auth 1 Stadoyn LeTaPpAoe®wy TpOYPAUUATOY EXEL WS GUVERELL
OTL av TUY OV Yivouy xdmotes ahhayéc 6TO GUOTHUA TV apyeley, Tdte dev
elvat arapaitnto o yphotng va ahhdlel ta npoypdppatd Tou. Aniadf, og
TROC TOUG TEALXOUS YphoTes uRdpyel avedaptnola Twv dedopévwy and ta
npoypdupata (program/data independence), evéd xdtt tétowo BéBaia dev
woyveL yia Tig dhies dGo xatnyoples yenotdyv. Xto enduevo xepdiato Oa
3000y neplocbtepes hentopépetes oyeTIXd ME Ta BEpata g appodidtnTag
TOU TPOYPAUMUATIOTH TOU GUGTAUATOS.

Ou xupidtepes Siepyaocies | npdleic enl tov apyelwv elvar ov e€hg: 1 e-
eHTNOY, 1 Stathenon, v tadvéunon xat 1 cuyyodveuor. And Tt Sepyacies
auTéc wovo ot dLo mpdteg elvat oty duxalodocia Tou TEMXOY YEROTY XaL TOU
TPOYPAUMUATIOTH EQAPLOYOV, EVO oL dhhes dVo depyaoies elval tne appo-
SLéTNTOC TOU TPOYPAUMATIOTH TOU OUCTANATOS. Ac onuelwlel 6Tt oL tpddets
TOU AVaPEROYTAL 6TO AoYXO eninedo Twv Bdocwv dedopévwy, dnwe 1 extio-
v (selection ), n mpoPoih (projection), o cuvduacuéde (join), To xapteciavd
YWoUEVO XA, 670 Quowd eninedo otnpllovtal oTic otolyelmdels npddets
TV apyelov, ou onolec avapéplnxay.

Epdtnoy (query) oto apyelo elvar v avalhtnon eyypapdy, xou éyouy
OUYXEXPLULEVES TUIES OE EVaL 1 TEPLEGOTERA GUYXEXPLUEVA Ttedla. 2Ty oUVE-
yewa divovial ou (replocdtepol) Tinol epwTHoE®Y Xat aviioTolya tapadely-
pata Dewpovrag éva apyelo plobodoolac pe ta nedla: Kwdxdc, "Ovopa,
®Giio, Mielic, “Etog yévvnone, Tunua, Oéon.

anhf epdTNnoy we Pdon to npwtebov xhetdl (simple query based on pri-
mary key), % onuetax epdtnon (point query) drwe: *llowdg undh-
Mnhog Exel xwdixd 999; 7,

anhf epdTNnoy we Pdom to deutepedov xAetdi (simple query based on se-
condary key), % molvonuetaxh epdtnon (multipoint query), dnwg:
‘ool elvar ov urdiinior Tou Aovietnplou;”,

epdTNOY dractApatos (range query), dnws: Howl urddinhor yevvhbnxay
mpwy To 1960;7,
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epdTNoy didtaing (ordering query), énws: " Na dofoldv ta ovépata Ty
URAAAAA®Y SrateTaypéva xatd @Oivovta ueho’,

epdTNOY TavTLoNg npobépatog (prefix match query), énwg: *Ilowl elval
UREAAAOL, TV onolwy To évopa apyile and Mavw;”,

axpaia epdnon (extremal query), énwc: llowl urdkinhor nalpvouy 1o
peyaiitepo weho;”,

ouvaptnolaxy epdtnon (functional query), énwe: * Mool urdiinior nalp-
vouv oo pixpdtepo and 1o n€oo weho GAwY TeV VTR ALY;

epdTNoY opadornoinong (qrouping query), énog: “llowdg elval o péooc
wofoc Tov vnohAniey xdle tufpatog;”,

epdTNOY enaxptfoig tadtiong (exact match query), dnwg: " lloof elval
ot xoduxol Twv UTaAM ALY Tou Aéyovtal lodvvou, elvar dvdpec, malp-
vouv pelo neprocdtepo and 300.000 dpy, vevvAOnxav ey to 1950,
aVAXOLY 6TO TUAUA TwARoE®Y XaL Exouy O¢on npolotapévou;”,

epdTNOY pepLx) Tadtiong (partial match query), énwc: ™ Ilotol urdiknhol
elvar yuvaixeg xau Exouy Oom Stevbuvty;”, elte téhog

royixh epdTnom (boolean query), énwe: " Ilotol urdiinhol elvar yuvaixeg
elte/xaL éxouv Béon Sievbuvtyh; .

Ynpetdvetal 6TL ) Aoyxh epOTNoT anoterel eupltepo THno and Y EpOTNOT
MEPXAc TAUTLOMS XAl TRy pdTNoN enaxplBolc Taltiong, eneldh déyetar xot

7 7z 4 re 7z /7
Toug Tpelg hoywxolc tereotég (dnhady, and, or, not). Elvar zpogavéc 6t
oL gpwThoes autés tllevtal oe olotnua evic pnévo apyelou. Qotdoo, elva
duvatéy va teboly gpwThoec Tou araltovy cuvduaopsd dedopévewy and dvo
N meplocdtepa apyela. "Etol npoxintel évac axdun tinoc:

epdTNoY oUvdeorg (join query), énme: " llowol urdiinhor ralpvouv pevo-
Aitepo wehd and toug Steubuvtéc touc; .

Enlong, onpeidvetor 6tL v nponyolpevy epdnoy yenowronotel éva povo
apyelo adrd ouvdualel SVo avtiypapd Tou xat elvar Wialtepa ypovoBdpa.
Yto Biilo avtd dev Oa eletachody ouothpata Torhdv apyelony, dpung o
endpevo xepdiato Do yiver avagopd xal o8 dhhou THmOL epwthoels. Oheg
oL mpornyolpeves epwthoels urootnellovial dveta (dnhadh, ue @uuxéd Tpd-
70) anb YAOOOES EpWTANAVTIACE®Y, TOU RAPEYOVTUL OE GhAL TA CUCTAUATA
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Swayelpiong Pdocwv dedopévov (drwg, 7 Yhodooa SQL). O mpoypoppatt-
O0THS OUGTAUATOS XATA TY) PACY TOU oY eESLACUOY TEPEREL VAL TEOVOTHGEL XAt VAL
OPYAVOGEL XATA TOV XAAUTEPO TEOTo To apyela, €T0L WOTE Vo anavTOvTa
AMOTEAEGUATIXA OL TTLO GUY VA UTOPBAAGUEVES EPOTHOELS.

Me tov épo Srathpnoy (maintenance) tou apyelov evvoeltal v avavéw-
o1 Tou Aoyw etoaywydy (inserts), draypapdy (deletes) ¥ evnuepdoswy
(updates) eyypagpdv. To npdypappa Swathpnong tou apyelou exterel oet-
ptaxd f Tuyala TN SLATAENOY AVEAOY A UE TNY 0pYAVOOT TOU XUpLlou apyelou.
Enlong, o npoypaupatiotic ouothpatos dev npénet va Eeyvd 6Tt mhavide
oe pla ovvletn egappoyh nla ahiay propel va avapépetal 68 TEpLocHTERY
ané éva apyela, eneldh uvndpyel exavdingn dedouévwy (data duplication).
Ye éva olotnua dwayelplong fdocwy dedopévoy ta npdyuata elval amiol-
otepa e To olotnua, Tou hettoupyel we peodlwy petadl apyelov xal
xehotr, Yvopellel ) Soph tov apyeloy. "Etol o yphiotne dev aoyoreltal pe
rentouépetes, 6nwe oe nowd apyelo avixel Eva cuyxexpyrévo xedlo, Tl Tinou
elvat to xabe nedlo, nodc elvar opyavopévo to apyelo xat oe nod pépoc Tou
dloxou elvan anolnxeupévo xix.

H zadwvéunon (sorting) apyelov pe Bdon xdnow nedlo elvar éva or-
HavTXd TEOPAnua exeld cuvavTtdTtal ouyvd otny npdln xau elvar Waltepa
xpovofépo, elte to apyelo elvar anobnxeupévo oe tawvla, elte oe dloxo.
Eredh 1o olvoro tou apyelov dev ywpd oty xlpta pvApy, 660 HeYdin
xat av elvat avth, ot nébodor talvéunone apyelwv dtagoponotovvtal and
Tig yvootée pebdédouc yvia Ty Tadvéunon tev doudy xiplag pvhung (my.
talwvdunon guoaridag, Tadivéunon cwoaywyhc, Tadvéunon cwpol xhx.).
Enlong, oc avtifeon pe tic pehoédoug talivépunorng dopodv xlptag uviung,
T0 xptthpLo x6oToug dev elvar o aplBuds Ty ouyxploewny/avtalhaydy TV
XAEDLOVY, aAAE 0 apthudg TV TPOGTEAACEWY 61N deutepelovoa Yvhun. Au-
6 oy et yatl n tddn neyéboug Tou ypovixol xdoToug TV TEdiewy aUTOY
elvar 1:1000.

H ouyydvevon (merging) elvar plo Swducacio mou yivetar ouyvd oe
eQaployYEs apyeloy, 6nog Yo napdderypa 6tay To apyelo CUVIAAIYOV GUY-
dudletar pe to xiplo apyelo. Av umotebel dtu xow ta Svo apyela elval
Sratetaypéva xatd allovoa TEln Tou npwTeloviog xAewWloY, TéTE N ouY-
LOVEUOT) ETLTUY LAVETAL PE BUO Cap®GELS/avay VHoELS TV apyeloy xaL Ty
avtiotouyn anolfixeuon 6to payvnTxs péco.

Ou dopés apyelov pall pe tic aviiotolyeg diepyaoieg Toug anotehody
auThd mou 6Ty oporoyia Twy Bdoewy dedopévey arnoxaielitar néBodot mpo-
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onéhaong (access methods). Ou pébodou npooréhaone xor ou teyvinée e-
nedepyaoiag TV EpOTACEDY AROTEROVY AVATGOTATO XOUUATL TOU QUOLXOU
emnédou xdbe epnopxol cuothipatog Swayelplong Bdocwy dedopévov. And
™y drodn auth, To U6 Tou BiBilou autol elval pla TpdTy sloaywYh oTa
Oépata puowfic opydvwong Ty Paoewy dedopévey, drnme SNAGOVEL XaL o
urdTiTAog Tou BiAlou.

1.4 Aoxvoelg

<1> Mia eyypayph anotereltar and ta edhg nedla pe ta aviiotoiyo whxm:
*Ovopa (30 yopaxthpes), Koduxdc (6), Awibuvorn 0dol (26), 1lékn (16),
Tayudp. Kodwdc (5). Ilod elvar to péyeboc tou apyelov via éva apyelo
15.000 eyypapdv; Howd yapaxtnetotixd  cuvduacuds yoapaxtTnetoTix®y Hu
uropovoe vo anoteréoel pla Xahf) EXAOYH Yt Tp0TEVOY XAELS(;

<2> Yuyva ot etatpeles Statnpoly Tayudpomxés AloTtec TEAATOV XAl GUA-
ryouv Ta otolyelo Toug and ddpopes mnyés. Auth n mpaxTixh odnyel o
Sumhéc xau Tpunhéc anolnxevoes Tou (BLou TEOGOTOU HE ATOTEREGUA OLXOVO-
mx6d x66Toc, ahAd xar evooyinor tou nerdtn. Na Beelel évac akydplhuog
mou va evtonilel Tig eyypaéc autés utoletdvtac tig e&hc napadoyéc:

o ot dumhoeyypapés €xouv To (BLo dvopa aAAd HE TApAAAAYES, ONLG
[ Mavoirdérovios, lodvvng Mavewidroviog, LIL.Maverdrovioc xix.,

e e 7z
o oL Tayudpouxol xwduxol dtapipouy,

7 A e re 7 7 /7
o oL dieubivaeis 08@y uropel va elval Sapopetixol Tinou, 6nwg I'.Oco-
Toxd 3, Ocotoxa 3, I'ewpylov Oegotoxd 3 xix., xal té€hog,

o 1 oA X 0 Tayud. xwdxos elval (Blol yia Tic Sumhoeyypapic.

<3> Ilowd opydvewon xou yiatl elvar o Wavixh yia xdbe pla and tic e€hg
epappoyés: Leveadhovixd dévdpo, Tricpowvixdc xatdroyos, Opyavéypau-
pa etanpelag, latpuxd dedopéva, Liotnua agponopxdv xpathoewy, Apyela
acarouéveoy TKA.
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MEXA AIIOOGHKEYXHY

2.1 Eiocayowyy

Kdfe uvroroyiotixd ovotnua xat wialtepa €va obotnua Stayelpione facewy
dedopévoy yapaxtnplletar and ula epapyia uvhung (storage hierarchy)
xatd enineda, 6nwe Qalvetal oto Lyfua 2.1. To exlneda autd propoly va
xatnyoplonotnfoly oe tpelc opddes: mpwiebovoa (primary), deutepedou-
oa (secondary) xat tprtebouvoa (tertiary) anoffxeuvor (storage). Mia ye-
VXA TUEATAENOY OYETXA HE TS PvApES TS tepapylog auths elvat 6Tt xaldg
TPOYWPOUUE and ENAVL TEOS T XAT®, T660 oL uvhpes Yivovial apydtepec,

neyaiitepeg xar @Onvotepec.

| Kopa pvipm |

I

| Mv#un EEPROM |

I 1

| Moy vntixol dloxot |

It

Ontxol d{oxot |

|t

| Moy vntixée touvieg |

Yyfpa 2.1: Enlreda wepapylac uvhunc.

32
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Ta tpla avedtepa enlrneda tng tepapylog avhxouy otny xatnyopla tng
rpwtedoucus anobfxeuvonc. H xpup?h uvAun (cache) elvar v mhéov yehyopen
xoL axplBn pvApY, adhd elvar oyetxd e, To hettoupywd obotnua elvat
uretluvo yia ) Sayelpion Tng UYARNS AUTHC.

H »xdpra pvAun (main memory) yenowedel v tnv anofbhxeuorn zpo-
YeAppdtwy, dedopévey xat thnpopoptdy eaéyyou. Tnv teheutala dexaetia
To LEYEDT TV XVELOY PYNUGY €X0UV PEYAADGCEL XaATE LEPXES EXATOVTASES
popéc, EVO TO XGOTOS TOUg XLvelTal avTtleTpdpes avdaroya. Mdiota, npy
nepwed ypovia ehempeito 6t Ba Aray Suvatdy ol fdoeic dedepévov va elvat
anoxheloTixd anobnxeupéves oty xbpla wvhuy (main memory databases).
‘Opog avth n ewxaoclo dev emPePatdbnxe yevixd, yiatl ndvtote undpyouy
elapeTid pvnuoPdpes epappovéc (Y nopddelya, TONPECIXES EQAPULO-
Y£¢), 7oL BEV UAOTOLOYYTAL YENOULOTOLOVTAS LoV TS €0Te Xal unobeTixd
oAU peyarés xvpleg UvApes. Etou elvan anapaitnto ta dedopéva va ano-
Onxedovtal ot deutepetouoa B Tpttelouca anobfxeuon xal va avefalvouy
otny xlpta pviun yia exeepyaoia, dtav Intnlolv. Qotéoo, undpyouvy nok-
A& EpYACTNPLAXE TEWTOTURA ARG XaL Bropunyavixd ouoThuata Stayelptons
Bdocwv dedopévwy xbplag UVARNG, TOU YENOLLOTOLOUVTAL G EBLXEC Epop-

povés (v napddeiypa, ot cpappoyéc xuwnths TNAEQLviog).

‘Eva dhio enlone yopaxtnetotind Ty Xpupey Xal TOV XUpLOY UVHUeY
elvor n petaPitétnta (volatility), Sniadh v dubétntd Toug va ydvouv Ta de-
Sopéva toug btav draxorel ) niextpxh napoyh. Auth ) Wibtnta uropel va
unv elvan ducdpeotn yio hiya dedopéva evidg npoypdppatos, duws olyoupa
elvar avemOipuntn oe epappoyés 6mou ta dedopéva npénel va napapelivouy
pmovipa arofnxevpéva yia pealoviiy yehon xat eviuéowon. Xe avtibeon,
0TS pPVAMES Tou elval YvwoTég pe To ayyixd axpwviue EEPROM (axé
v éxgpaon electrically erasable programmable read-only memory), <o
dedopéva dev yavovrar av Staxonel N NAEXTEIXH TApoYH. MTIS HUVAUES ou-
Téc N avdyvwor elvar oxeddv €& loou yephyopn 600 xar 1 avdyveon and
™y xOpta pvhun. Qotéoo, n arobixeuon yivetal nuoévo pla popd taylto-
T, VO 0T ouvéyew v Ty anolfxeuon véwv dedopévwy amatteltor 1
nponyoluevy dtaypaph Tov dedoptvey tou N8 elval anofnxeupéva. Eva
dhho petovéxtnpa elvar 6tL 1 Stadixacia Swaypagic/erava-anobixevone dev
propel vo exavangbel népa and xdrowo dpro (yvio mapdderypa, axd 10.000
néyet 1.000.000 gopéc). Tuvhbog auth v pviun yenotroroteltal 6 uroho-
YLOTIXE CUCTAUATA TOU EVOWUATMOVOVTAL G AARES OUGXEVES, ot dev Ha pag
ANOGYOANCEL GTT CUVEYELAL.
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‘Etou elvar anapaltnto ta olyypova GUGTAUATA UTOAOYLOTOY Xot Bd-
oewy dedopévev va éxouy xau deutepebouoa pvAun (secondary memory,
backing storage), nou o oyéon pe Tig nponyolueveES UvAnes petovextel ot
ToyvTnTA, arAd elvar @Onvétepn xau peyailtepn. Exlonc oto onuelo avu-
6 a&iler va onuewndel n deutepedovoa uvipy elvar avayxala ened? xdbe
rettoupyxd ovotnua uropel va Sayeiptalel xbpleg pvines uéypls evog o-
otopévou peyéhous. o mopddetypa, otic mpoteg tou exdéoes to Ms-Dos
uropovoe va yewptobel Sieubivaeg ywa npoonéiacn péypt 640 Kb, evéd povo
232 bytes unopolv va npoonerachody ducoa pe Tig oUYypOVES dpyLIEXTO-
vixés Ty 32 bits. Téhog éva diho mheovéxtnua TN deutepeboucas MVAUNG
elval n duvatétntd e va ypnoworonbel wg urepPaTin HVAUY, Xot TAAL
axpBog €8 artlog e avendpxetag TNg xVplag UVARTNS.

Exn{ tou rapbdvroc o payvntixds dloxog (magnetic disc) elvan v npo-
opopbteen anolnxeutixh Abon xar étol anotehel To xuplapyo PECO amo-
Ofxeuong. Xnv npdln yenowyronolltal xal N payvnTixd tawvia (magnetic
tape), nmou elvar oeplaxd péoo, xaboe pla eyypayh mpooreidletar pdvo
ol npoonehacholv Ghes ou nponyolpeves. Téhog, otn olyypovn ontuxn
teyvoroyio otnpllovtat ol oxtixol 8loxot (optical disks), ou Sat{fevrat e-
propd ot tohhotec tirouc. “Ohec oL mponyolpeves ouoxeuée/teyvohoyies
aroffixevong Oa edetacholy oty ouvéyeia Tou napdvTog xepahalou.

[Nty wotopla avagépetat 6TL T0 TEpdTO UALXSG ToU YenoLLonoRinxe Y
péviun anobhixeuon hrav n didtpnty xdpta (punched card) mou Swatnpel pé-
xet 80 bytes. “Eva apyelo oe dudtpntec xdpteg unopel va avayveoelel toirég
popée (BéRara névo oeplaxd), ahid xdbe avavéwon yivetal pe 1o yépl. "Eva
GANO UM HAYVNTIXG UEGO TOU YENMOLULOTOLOUYVTAY OTA Tp®TA PAUATE TOY U-
rohoyloTXdY cuoTiudtey frav 1 dtdtentn xaptotawvia (paper tape). Ta
300 autd néoa elval TAEOV ATALYALOUEVA XAl ATOTEAOVY LOVUCELAXY AVTLXEL-
peva. Ané ta mpdta enlone VA mou ypnoponotiinxay yia deutepeouoa
uvApn ATay ot payyntués Tawvieg, mou (owg dev ypnoyronoolvTal oHUEpa
o7o Babud nou ypnowponotobvtay nakoudtepa, aird Dewpeltar 6Tt Oo aro-
XTHoOUY PeEYaALTEPO eWwd Bapog oto péhhov. Exlomg yia totopuolc xat
névo Aévoug mpénel v avagepbel xar o payvnTixd touravo (magnetic
drum), rmou Spwe extorichnxe nhhpwg and to payvntxd dloxo. O npdTog
payvntixée dloxog mou epgavichnxe eumopixd ftav to 1956 and vy IBM
ne T ouoxeuh Ramac (Random access method of accountine and control),
mou elye ywenuxdthta 5 Mb xar ypdvo npoonéracrng 1 deutepdhento.

Yo Yyfua 2.2 (3eg Biilo tov Hennessy-Patterson) rapovoidletar n
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10°
W80
10t L ® 30 O Aloxog
W35 es5
10° 8o ® DRAM - board
x66710¢ moo ®90
85
$/Mb 42 | O DRAM - chip
1 m95 095 090 080
100 | 95 085 B SRAM - chip
090
10° | | | | | | | 1995

10 10 10° 10° 10* 10° 10° 107 10° 10°
Xpdvoc npoonéhacng (ns)
Yy 2.2: Kéotog anolfxevong oe oyéon e 1o ypbdvo npoonélacrg.

oyéon petalld ypbdvou xaL x60TOUG TPOOTENAOTS Yia LayvnTixoUs dloxous
xat xptec uvipes. Ilapatnpeltar 6t pe v eZédn tng teyvohoyiag dha
o oUuPoia petoxtvolvtal tpog TN apyh Tev aléveyv. otdéco, o ev-
Stapépouoa elval N TapaTHENON AV XAl TAVTOTE O LAY VNTXoS dloxoc Atay
pOnvétepo péoo anobhxeuorg and tig uvipes (wéxyer xau 100 gopéc pe otot-
xelo 1995), evroltowg 1 Swapopd oTouc ypdvous tpoorélaorg ndvTote HTay
ouVTELRTLCh URép Ty Pvnudy (Héyet xau 107 gopéc pe otoiyela 1995). Av
xau éxel mpotabel n yphion Swapdpwy cuoxeudy (mou otnpllovtal ot Sudgopeg
teyvohoyiec) yia va xahbdouy autd to xevd, 10 x66T0¢ ToUg ATay oYETIXS
aclppopo xat YU autd dev yveploay supela eQappoyy.

Yuurepaouatixd, €& attiag g votéenong tne decutepeloucag PVAUNC
oe ypovo mpoonéiacns, emPBarieTal v PEAETH TV apyelwy ue oxond TNy
EAAYLOTORO(NOY TOU UELOVEXTAUATOS AUTOU.

2.2 Mayvyntixég Tatvieg

Av xau ) teyvoroyio ToV Hay vATIXGOY Toviody Exel 181 pia paxpdypov Loto-
pla, evtoltolg oL Talvies yenotonotolvior axoun xat oHUEpa 6Ty TEdln,
xuploe v anobfxeuon oTopx®y xat e@edpixey apyelov. H touvia €xet
nidrog 0,5 (vtoeg, mdyoc 1,5 yuhootd e (vioag xat uixog and 300 uéyet
3600 néda. Xny apy ) xat 6o téhog e Touviag LRdpyouy dVo peTarixég
rop(dec mou ovopdlovtal onuddt onueiov péptwong (load point mark) xau
onuéde téhous tawviag (end of reel mark), avtiotorya. Ta xapodhia érou
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ot towvies TuAlyovtat €youy duduetpo and 6,25 péypr 10,5 (vroeg. Yuvilog
0T UEYTAL OUGTALATA UTOAOYLETOV YpnoonotovyvTal toawvies uhxous 3600
nodOV mou elval Tuilypéves o xapolia dtapétpou 10,5 wwtowyv. To uné-
otpopa e touviag elvar pion mhaotixh Bdon and Mylar, evéd 7 exlotpwon
elvar 0Zeldlo tou oWhpou ¥ 0leldio tou ypoplov | pelypa Twv dVo oZetdlmy.

Ot 0dnyol Tavi®dy Yo HEYIAL UTOAOYLOTIXE CUGTARATA €Y0UV TRELS XE-
paréc (heads), dnhadh pla xeparh droaypapihc, pla xeparh anobixeuong xal
ulo xearh avayvwons. Ta onuddia otny apyh xar to Téhog TN Tonviag
evron{lovtal and poToxittapa, Xal €10l 0L XEPARES EVERYOTOLOVYTAL LOVO
o070 evdidueco TpApa e Tawviag. Me tn PoRbeia g xepaiic anobfxeuong
xaL und TNy enldpaoy wyLpol ewtepol payvnTxod xedlou To LAXS TNg
Towviog payvhtileton xal dtatnpel tny WidtnTta auth péyptc 6tou €va dilo
woyupd nedlo va emdpdoet endve tou. H xepohh Swaypaphs yenoyueiet yia
va of3iver xdle anoOnxeupévny minpogopla and tny tawla. H xepard ava-
yvoons avayvepllel To payyntiopd e tauviag 68 ENOUEVA TEPAOHATA Xot
TO METATEENEL 68 MAEXTEWO TaAULO. to nmapehlov, ou Aeyopevol ouctaxol
uroroylotés NTay cuvdedeuévol He xowvd XaceToPwva pe wlo XEQARR ot
yenowonotoloay ula anhh xacéta wg HEGo Poviunc arnobixeuorng.

Ta dedopéva ouvibog anolnxebovial oe evvéa TapdhAnhes ATPEXTOULS
(tracks), evéd onavibtepa cuvavidvTar Tawvieg pe exntd atpdxtous. Kdébe
drpaxtoc naplotd pmio oepd and duadued dnela (bits) mou xataywpllovia
pe muxvétnTa anobiixevong (recording density, Den) axd 200 péyer 6250
bits avd (vtoa (bpi). Mepuxéc suoxeuéc uropoiv va yeiptoboly tawvieg dhoy
TOV TUXVOTATOV anolfxeuong, Spog pla pévo nuxvotnTa yenouonoteital
v x&0e Tawvio. Katd tyy avayveon f anobfixeuon dedopévmy 1 tawvio xi-
veltar pe xabopiopévy taydtnra. Yuyvd n avalhtnor yivetar xatd tuyalo
TE6T0 Xal OUVEROS Tpénel pla ouyxexpluévy ey Yeaph va phdoel epunpdc and
TV xeQait ywpels anapaltnta va yivel enedepyacin Twv nponyodpevwy ey-
veapdv. Téte n tawvia xiveltar pe mohs peydin Taybtnta. Mdiota ewdixdc
oepounyavionos eAéy el OoTe va uny xataotpagel n tawvia Xatd T 6Td-
OELS XAl TS EXXLVACELS, YLOTL 1 AVARTUGGOUEVY EMLTAYLUVOY B enPpdduveon
elvar tng 1ddng twv 25g. Exlone oty tawvia undpyouv Staothpata yoplc
dedopéva, mou elvan anapaitnta Gdote va pewwbel n taydtnta péypl To ent-
Bupntéd onuelo xal va yiver xatémy 1 avdyvwon 1 n anobfxevorn. Autd ta
Swxothpata ovopdlovtal xevd petald twv eyypapdy (interrecord gaps,
Irg) % xevd petadb tov block (interblock gaps, Ibg) xau rapousidlovral
070 Yyhua 2.3. O ypdvog mou anatteltal yio Tr 0dpwoT TV XEVOY LETAL)
TV eYYpapdy o1 ouvéyewa Ha oupforiletar pe T/, (dnradh Xpdvog exxi-
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L T L

[ T [ [
Duoixh Xoapaxthpog Kevd petald  ‘Atpaxtog
eYYPoQn TOV EYYPAPOY  tooTilag

Yyfpa 2.3: Aelypa payvntixhg touviog.

vnorg/otdong). To péyeboc twv xevdy elvon and 0,3 péye 0,8 e (vroag,
eved ouviog elval peyaritepo 660 mxpdtepy elval 1 TuxvoTnTa anoHfxeu-
onc. H tumxh tiph tou v tawvies tov 7 xar tov 9 atpdxtov elvar 0.75 xo
0.6 {vtoeg, avilotoya. §c mapdyoviag xpnoiponoinorng ydpov (storage
utilization factor, U) oplletor 0 Aéyog tou phxoug g puowhs eyypaphc
npog 1o dlpolopa TOU UNX0US TNS PUOLXTS EYYRPAPTIS XAl TOU XEVOU.

H évvowa tneg eyypaphs, 6nowg elvar YVOOTH and TOV TpOYRAUHATIONS,
oTig payvhTixés Tauvieg aroxaheltar hoyix eyypagd (logical record) xau
yapaxtnpiletar and To avilotoiyo uhxog (logical record length, R). Ot ho-
vixéc eyypapés opadonolobvtol e Uxpd GUVORa Xat anoTEA0UY Lid QUOLXY
eyypaph % block (physical record, B). Enopévec tdpa unopel va Siacapn-
violel 6tL éva xevd pecorafel petalld dlo gpuowdy eyypapdy. To nhhboc
TOV AOYWXOV evypapdy mou neptéyetal o éva block AMéyetar mapdyovTag
opadonoinong (blocking factor, B fr). To block npénel va elval é60 to du-
vaté peyaiitepo, Bote va eaaytotonomnbel To cuvoixd puéyeboc TV xEVOY
TNe Taviag, aAAG TALTOYPOVA TEENEL VO Y WEd OTLS ATOLOVOTIXES UVAUES
(buffers). Yuvhbwg pdiota o péyebog tou block woltal pe to péyehog
TOV ATOUOVOTIXGY UVNLOV.

Ta dedopéva avtarhdooovtar petadd xdplag Pvhuns xat tawviag oe bytes
Twv 8 bits. Xtic oxt® atpdxtous mou Peloxovial oe pla xataxdpuyyn yeau-
uwh e Tawviag amobnxeletar éva byte. O apludg twv doowy oe éva byte
v ox1é bits Myetal Bdpog (weight) Hamming. H évvatn drpaxtoc ypnot-
pevel yua Ty axofhxeuor Tou bit tootiuiag (parity). Ytny dptia tootiuia
(even parity) to bit auté elvar docog f undév, étol dote 1o ouvolxd Bdpog
Hamming va eiva dptio. Avtifeta otny nepittd tootiuia (odd parity) to
bit tootilag elvar dococ B undév, dote 1o ouvoixd Bapoc Hamming va
elval nepttto.

To bit wootwlag yenoworoteltar yia tov xataxdpugo (vertical) éreyyo
rOdv mou propel va oupPoilyv ota bits evéc byte. “Etou av xatd v avd-
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yvwon e toawviag dtamiotebel habog, téte evepyonoteitar pla Siadixacio
Sraxomhc. Me dhha Réyia eniyetp@vTal toAkés npoondleles avdyvmons Tou
ouyxexpnévou onuelov tng Tawviag péyplc 6tou f to Adbog va evtomalel
N o apludc tov eravorfdewy va phdoe pla péyiotn tph. H awtlo tov
SuchetToupYLdY autdy elvan elte ) euatelnola g Tawviag oty oxdvn, elte
N 1N owoTH epapPoyh g Tawvlag otov 0dnyd tne. Exlomg meplodued to-
roBetolvtal bytes tootiuiag (parity) yia ) Steuxdhuveor Tov xatd pixog
(longitudinal) eréyywv Swdoyxdv bytes. Yto Yyhua 2.4 dlvetar éva no-
eadetypa eréyyov wootiag. And to oyfpa @aivetar 6Tt elvar eixoro va
npoodiopialel 1 Oom evic Adbouc, av ypnoyronotolbyTal xal ot 300 Ty VIXEC.

‘Atpaxtog
‘Atpaxtog
‘Atpaxtog
‘Atpaxtog
‘Atpaxtog
‘Atpaxtog
‘Atpaxtog
"Atpaxtog
"Atpaxtog tooTiplog

[L1o0lol1100]

oUW O
Fo—lelo—H]

/O

Unela tootiplog

Yy 2.4: "Ekeyyol dptiag ootylag.

O tpénoc enclepyaoiag plag tawviag elvar oyetixd ankds. H enelep-

e e 7 /7 7 /7 7z
vaola mpoywpeel Aapfdvoviag éha ta blocks oelplaxd, yevovog Befata mou
elval xot T0 UEYARITERO UELOVEXTNUA TNS. LUVER®S, ot evIoiés mpog Wia
ouoxeuh) tawviag elvar S avayveworn tou enduevou block”, Tanobhxevorn oto
enépevo block” xau “eniotpogh oty apyh e tawviag . Exewdn ouvilog
re 7 7 7z e A 7 /7 7z 7
elvar moAy dGoxoro éva block va anoOnxeubel axpBdg endvew and Eva di-
o, YU autd xau ouyvétepa N anoffxeuon yivetar 6to téhoc Tng Touviag
ne mpoodptnon (append). Adyo tng oeplaxic @lone tou péoou, pla Tu-
yalo avalhtnorn oto péoo tng Tawviag analtel xpbévo Tng TANg TOV LEPXOV
remT@V. Yuvermg, 1 towvia eviEXvuTaL Yo EQAPUOYES TOU ATOXAELGTIXA
arattoly ogptaxt enelepyaocia. O anattoluevog ypdvog Yio THY avdy vewor,
TOV N AOYXOV EYYPAQ®Y evic apyelou elval:

n Bfr xR
Bfr % (TS/S—I_ SdeDen)

émou Spd elvan v Taydtnta petagopds and/mpog Ty Tawvia xal peTpdTal OF
{vtoec/deutepbhento, evdd o aratodpevog y®poc Yia Ty arobfxevon Ty
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7 AOYIXOV EYYRAPOV TOu apyelou elval:

Bfer)

X (1
( g+ Den

n
Bfr
O ouoxeuéc mou ey pd@nXay TEoTYouUEves Aéyovial exxivnong/otd-

4 7 7z 7
ong (start/stop) xat cuviBoc dev ypnowronotodvtal théov otny wpdln. Y-
TP OUY OU®S GUYYPOVES OUOXEVES HAY VNTIXGOY Toavidy oy epyalovial yo-
ele va otapatoly ota xevd dwaothpata. Autés ol ouoxeués Aéyovtal, GTa
ayyhxd, odnyol tauvidy streamer xot yenoironotolvial cuvRlwe oty a-
viypagh dloxwy yia napayoyh cpedpixody aviiypdpowyv. Levixd v dnapin
TOV XevOV elvar anapaltnTy, yiatl n enelepyaocio tou xdle block propel va
re 4 /7 7 4 re e

elvar o apyh and v avdyveoh tou. Ytov ivaxa 2.1 (3ec Bifilo tou
Harbron) rapovoidloviar ta yapaxtnploTixd HERXGY GUGXEUGY OdNYOV
Ty, O npdteg d%o ouoxeués tou nivaxa elvar odnyol exxiviong/otd-
ong, VG oL endpevol Teelg elval odnyol timou streamer, mou Staxplvovia
v Tig UPniéc Touc ypovixés emddoels o8 GUYXELON UE TOUS 08Ny 0US TUROU

exx{vnorng/otdong.

bits/ Taydtnta Taydtnta Taydtnta

Movtéro {vica/ avdyveons | meptoTpoohs | petapopds
drpaxto (in/sec) (in/sec) (kb/sec)

HP 7970E 1600 45 160 88
DEC TU81 | 1600/6250 25 192 125
DEC TU81 | 1600/6250 75 192 367
HP 7980A 1600/6250 125 320 611
IBM 3480 16900 40 150 1160

Mivaxag 2.1: XapaxtnploTixd PERLXOY 08NYOV TALVLOV.

‘Oca avapéplnxay nponyoupnéves avapépovial GToV TpMTO YPOVOAOYL-
x& timo tawlag mou Swatifetan epmopuxd péypt ofuepa. O timog autdc
aroffxevorne ovopdletar ypaputxds (linear) ¥ emudxng (longitudinal).
‘Opowg otig Nuépes poc dtatilevtal eunopixd xat dAlol TpELS THIOL TAUVLOY
mou Swapépouy o oyéon ue Tov Tpéno anolfixeuorng xau enelepyacioc TV
dedopévorv:

e 0 tinoc opLoedovg anob¥xevong (serpentine recording), mou amo-
tehel pla mopakhayh Tou yeappixol tinmou. TG Touvies autéc o a-
ebuog TV atpdxtey elvat Wialtepa HEYAAOg, ONGTE OL ATPAXTOL OMAL-
donotolvtat oe apxetd ovvora. [ mapddetypa, 1 tawvia Quantum
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DLT4000 éyer 208 atpdxtous nou opadonotolvial oe 64 obvora. O
inog, howdy, autde éxel T SuvatéTnTa avdyveons/anobfxeuorg ot
SLopopeTixd GUvoho atpdxtwy xaboc n Tavia xiveltal xar Tpog Tig
300 xatevlivoeie, dnwe palvetal oto Myhua 2.5a. Etot, otic Tawvieg
aUTES 0 YPOVOS TNG EVIOANS EMLOTEOQH 0Ty apyh tne Tawviag” elvan
MXpOTEPOS O OYEON UE TO YPUUMUIXG TURO TALVLOV.

o tinog elxoetdols odpwong (helical scan), mou xat” eloyhv e-
papuéletar otig Prvteotanvies VOR. Tt touvieg autéc ta dedopéva
anofnxedovtar o8 atpdxtous mou €yxouy yovia 107 og 20° wc npog
Tov dova tne tawviag, dnwe alvetar oto Nyhpa 2.5B, evéd ou xe-
paréc elvar otepewpéves o éva xUAVdpo mou enlong neploTpépeTal
und yovia og npog Tov dfova Tng toauviag. Xe oyEon PE TOUg TEOY-
yoUuevoug Timoug 1 Touvia auTh Xiveltar e Pixph TayUInTa XoTd Ty
avdyveon/arobhxeuor, evéd o neplntwon extéheons eviordy rewind
xa forward xuvelton pe tayvtnta and 50 péypt 75 popéc yenyopdTepa
and v xavovuer tayttnta. Metovéxtnua tne Tawviog elval to yeyo-
VoS 6TL oL xeparés epanTovTal UE TNy Tawvia, To onolo €xet enlntwon
oty Sudpxeta Lohg e Tawviag. Ilo cuyxexpuéva, petd ta 1500 nepd-
opata g Tawviag undpyet avinuévy nbavétnta andhetag dedopévory,
eved ot ogroetdels Tawviee £xouv audnuévn adromotia péyet xor 500.000
nepdopata, mou wwoduvapel 3,5 ypdvia cuveyolc Aettoupylog. 20T6-
60, T0 TAgovEXTHUA TNg Tawviag authc elval 1 peyarltepn TuxvoTnTa
anobfxevong and 20 péypl H0 popéc.

(@)

®) ////////////////
o M

Yyfpa 2.5: Xiyypovol T0moL Hay viTiXoOY TOvLoY.
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e o tinog eyxdpotag anobrixevong (transverse recording), dnou ta de-
Souéva anolnxedoviar 6 aTEdXTOUS XATAXGPUPES TEog Tov dZova TNg
tawviag, 6nwg napovotaletar oto Lyhua 2.5v. Ou tawvies tou tinou
auTol Staxplvoviat and LPNAR TuxvoTHTa anobfxeuong ahAd xaL yo-
WA TayiTnTa petapopds Aoy s un otabephc xiviong tne Tawviag.
O tirnog autdg yenowonoeital oe edixés epappoyés, dnwe Y ano-
Ofixeuomn dedopévov and aehnThpes Tou XATAYPAPOVTAL HE YAUNAOUC
eubuoie.

O Ilivaxag 2.2 dlvel pepixd Pacixd yapaxtnetotixd olyypovey tauvidy. Ot
TpEC Tp®TES Tawvies elval oploedolc Timou, eved ol dlo teleutaleg Touvies
glvar elxoedole TiRouL.

Xopntxdtnta/ Taydtnta
Movtého tauvia (Gb) petagopdc (Mb/s)
Quantum DLT4000 20 1,5
Quantum DLT7000 35 5
IBM 3590 10 9
Exabyte 8505XL 7 0,5
Ampex DST 165 15

Mivaxag 2.2: Xopaxtnetotixd cUYYpovey TGOV 0QLOESoUS XAl EALXOEL-
Sovc tinou.

\ 7 7 7 7 7 s

H87 undpyouy Swabéoiuec epnopund ouoxeués nou oteydalouy xou yeipi-
Lovtat moikég tawvies. Me Bdomn to péyeboc, ou ouoxevéc autés avhxouy ot
téooepic xatnyopleg:

e stacker libraries, mou €youv éva (névo) odnyd drou avdhoya pe T
{htnon evarhdooovtar uéypt 10 Tawvies nepinov,

e carousel libraries, nou Stafétouv 1 9 2 0dnyols Tavidv xat propoiv
va yewptofoly and 50 uéyer 100 tawvieg oe cartridge.

e silos, mou ypnoworowoly Péyet 4 0dnyoic yvia o yewptops péypt 6000
TUVLOV.

o large libraries, nou Swafétouy 1 9 2 popnotixole Pnyaviopole Yo Tov
EVIOTMLOUO TNS XATAAANANS Tanviag, and 1 péypl 5 0dnyolc xat urnopolv
VO GTEYACOUY antd EXATOVTIAdES PEypL HEpXES yLALades Talvies.
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aptBude | aptBpds | ywenti- | ypévog (sec)
T¥rog Yuoxevd odnydy | tavtdv | xdtnra ahhayhg
stacker Exabyte-10i 1 10 50 Gb < 20
carousel | Spectralogic 1-2 45 225 Gb 10
silo StorageTeck PowderHorn 1-4 6000 4800 Tb 10
large lib | IBM Magstar 3495/L50 4-64 18940 568 Tb <7

Mivaxag 2.3: Xapaxtnpiotixd pepxdv BBholnxody yia tawvies.

O Ilivaxag 2.3 neprapfaver pepxéc yopaxtneltotixés GUOXEVES TOU EUTO-
elou yia xafe xatnyopla. Xt ouoXELES AUTES, TO YPOVIXG XGGTOS AARAYAS
Tawvlag xat To ypovixd xbotog xivhong tng Tauviag (search + rewind delay)
Oewpolvtar ou mhéov onpavtixol Topdyovies X66ToUS, Xl EXBAPUVOUY TS
yeovixés emdboelg avaroya Ue T WiatepdtnTes Tng xdbe ouoxeung. E-
TOL URApPY 0LUY GUOXEUES, oL Toleg 6Tay TEénEL va avTixataoThoouy Pia Tavia
0T0 TAATO, TRENEL ONWGONTOTE VO EXAVAPERPOLY TNV Tavid 6T QUOLXH TNS
apyh (my. ouxevég Exabyte). Avtifeta, xdtt tétoo dev elvar anapaitnro
o€ dhheg ouoxeuéc (. ouoxeuéc Ampex), 6nou elval Sduvatdy mpLy avTixo-
taotabel plo tawvia, n exavapopd va vivel 6to thnotéotepo and €va 6Uvoho
xafoplopévey onueloy.

2.3 Mayvntixol dloxot

H onpavtixétepn ouoxeuvh anobfxevong dedopévov elvat o payvntol di-
oxot Tou ovopdlovTal xal anoBnNXeLTIXéS CUOXREVES QUEOTNS TPOCTENACYS
(direct acess storage device, DASD), yiatl onowodhnote onuelo toug mpo-
oevylletar oe xhdopa tou deuteporéntou xatd aviileon npoc Ry Tawvia,
mou anoteiel Eva oelplaxd pnéco anobfxeuons. Av xar ou payvntixol dloxot
elvar 6uGXEVES AUEOTS TPOOTEAAOTS, YALAXTNELOTIXOG Tou £lval XOLVO XL
yioe TRV XVplo UYAU, evTouTtolg 1 Stapopd elval 6tL onoadArote devhuvor
g xWprag pviune npoonerdletal oe otalepd ypbdvo, eved dev ouuPalvel o
(3Lo xat 6Ty RERIRTWOY TOV YAy YNTIXGY dloX®Y.

O dloxog elvan pla petadlxh ¥ vdhvn oxdnef xuxduxh cidxa (platter)
E ENUPAVELES XANLUMEVES PE MAYYNTXG UALXG, Xat meploTpépetat nepl Tov
dZovd tou. H Suduetpoc tou dloxou nowxther and 1,3 péyper 14 (vtoeg, pe
ouvniéotepa Ta peyéln tov 5,25 xat 3,5 wvtodv. Xdotnua 7 maxéto di-
oxov (disk pack) elvar pla ouotorylo and 1 péyper 20 payvntxoic dloxoug,
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mou anéyouy petall toug otaleph andotacn xar xouvy xowd dlova, eved
ouviog oty nedTy xaL oty teheutalo entpdvela dev anolnxelovtal de-
dopéva. To olotnua autd elvar cuvilog xheltopévo acpootey®s oe éva
otalfepd xoutl yia va tpootatevetal and TN 6xX6VY), Tou URopel Vo TpoXaRé-
oet {npla té00 oo dloxo o0 xav oty xepari. H ovoxevh avth héyeta
/7 e M 7 e 7
0dnyée dloxwy Winchester xat” avtibeor npog Touc popntolc (removable)
3loxnoug, TOU YENOLLOTOLOUVTAL XUEIWS GE UEYIAR UTOAOYLOTIXE XEVTRPA XAl
UTOEOUY VA EVIAAAGGOVTOL, AARE BEV TEOGTATEVOVIAL NG TN GXOVY Xatd
/7 4 /7 4 re 7z /7
andiuta aoPaif Tpémo. Xto Lyhua 2.6 ouyxplvetar To péyehog Tou x6xou
OXOVNS ERAVEL OTNY ENLPAVELXL TOU d(OX0U 6E OYEOY UE TNY ANOCTACY, TOVY
XEQPANDY ond TNV ERLPAVELR TOU dIOX0U Yl PEpXES TUUES TNG TUXVOTNTAC
anobfxevong.

MM 6000 4000 2200 1100
bpi bpi bpi bpi

Yyfpa 2.6: Xdyxpromn peyéboug x6xou oxbVnS xal andoTAONG XEQYARDY AT

O N W s Ut

™y enupdvera dloxou.

Ta Sedopéva anolnxedovtal oe oudxevipes neptpépeies nou ovopalovral
drpaxtor. O aplBuds twv atpdxtwy avd extpdvela owliiier and 20 (o7ig no-
habtepeg ouoxevég) péypet 2000 (otic mhéov olyypovec). Ou dtpaxtol bhwv
v dloxwy mou éxouy Ty Bl axtiva anoterody éva xAvdpo (cylinder).
Ou xeparéc avayvwong/anobfixevorng (read/write heads) elval nhextpo-
pay ynTixés Satdlets odnpopay vTiXAs XATACXEVTS, TOU AoXOVY Moy VITIXS
nedlo xatd phxog plac atpaxtou v va anobnxeloouy dedopéva oto dloxo,
eV avtioTpoPa XoTd TNV avaYVeor dedopévey and XAToL dTpAXTO ToPOU-
owgletar pedpa oty xepar €€ artiag Tou wéviuou payvntiopos tou dloxou.
Katd t hettoupyla tou dloxou 1 andotaoy petall xepakic xot EnLPIVELLS
elvatl e TddNe TV YXEOIVIOOY, EVG av 1 XEQARR ayyioEL TNV enpdvela,
Téte xar ou Svo xataoteéovial. Ou xepakéc cival otepewuéves oe Ppa-
xloveg (arm), eved o Bpayloveg elval otepewpévol endve oe Eva 6TENEY O
napdiinio mpoc Tov déova tou dloxou, To onolo ovoudletal XTEVL TPOOTE-
Aaong (access comb). To xtéve xwvel dhoug toug Bpayloveg Tautdypova
XOL OUVETOS OAEg oL xeparéc Pploxovtal oe xdbe otiyph oc lon andota-
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/7 7z e 7 /7 /7 /7 7 e re
on ané To xévipo tou dloxou. Yn' 60 axdun 6t oe xdbe Peaylova elva
npocappocuéves Vo xeparéc, dnwe palvetar 6to MyAua 2.7.

/ dEovac
,
xTéw
[ ] /
.
emtpdveleg <

J

AN

XEPUANES Beayloveg

[ e o ) | I

LAp.4

Yyfpa 2.7: Opydveon Sloxou.

Ynpeidvoupe 6tL oto naperldy, unhpyav odnyol dloxwy pue otabepég
(fixed) xegarés, drou otov Bpaylova urfpyav npocappocuéves Téoeg xe-
parés 6oec xat ot drpaxtol. Etot ou odnyol autol Staxplvovtay and xain
en{oon oe oyéon pe to devtepo Tino, dpog pe aviiotdbutoua to avinuévo
x60705. Axéun oto onuelo autd vrevbupiletal v opoldtnTa TOY PAYVTL-
XOV TUUTAVOV pe Toug dloxoug otalep®y xepaiodyv. H opotdtnta €yxertan
070 YeYOovic 6TL xou To TUpTavo €yel otabepéc xepaiés nou ot aptiud elvan
T60ec 60EC elval 0L GTPAXTOL GTNY TEPLUETELXT EXLQYAVELL TOU.

“Hon and g apyée tne dexaetiag tou 80 eppavichnxay oto eundpio ou-
oxevég dloxwv pe d%o xeparéc avd emgpdvera (DEC RA8L, DEC SA82 xix),
6mou Ghes oL xepakés otnellovtat oe éva névo xtévt tpoonéracns. Axdun ol
300 xeparéc tng xdle empdvelag Pploxovtar oe otaleph andotaoy petall
Toug, onoTe 0 XUAWSpoc Dewpeltal 6Tl cupneptAauPAveL TG ATEAXTOUS TOU
avTLeToLoUY XaL oTa U0 ovvoia xepar®v. Enlong oe nelpapatixd otddio
Beloxovtar cuoxeués dloxwv ue dYo xivolpeveg xeparés o xdbe enupdvera
mou otnpllovtal oe dlo aveldptnrouc Peayloves. e pla tétola ouoxeut,
mpaxtixd to xdbe xtéve edunnpetel Tig pLoés atpdxToug evic xuhivipou, xat
enopévws 1 enldoon elvat Bertiwpévn.
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‘Onwg TovicOnxe, 6heg oL XEQAAES XLVOUVTOL GUYYPOVIGUEVA, AAAL OF
x&0e ouyxexplévn ypovix otiyun wovo pla and g xeparéc propel va
petagépet dedopéva and/rpoc v xbpwa pvhpy. “Etol dtav ot xeparéc to-
nofetnholv e évay xUAvSpo, t6Te avayvwon | anobixeuor propel va yivel
og onowadArote dtpaxto. Lo mapddetypa, av xatd TRy anofixeuon TOAAGOY
dedopévov oto dloxo pla dtpaxtog yeploet, tote axaplala 1 aviiotouym
xe@ahh onxodvetar xar ninotdlel poc to dloxo N xeQai g endueEVNS a-
TedxTOU TOu (BLou xUAIVIpOU.

Ot drpaxtor ywpilloviar oe oehideg (pages, blocks) % oe Toueig (se-
ctors). O aplBudc Tov topéov avd drpaxto xupalvetal axd 4 péypel 32, eved
To pévehog toug xupalvetar and 32 (otig rahadtepes ouoxevés) uéypl 8192
bytes (o7ig vedtepec). H popgonoinon xav cuvende v uebodeupévrn npo-
onéhacn tou dloxou vivetar ue dbo tpdnouc: ypnoronotdvtag dtevbivoelg
oeridwv (block addressability) # yenotponotdvrac dtevbivoels atpdxtwy
(sector addressability). O npdtoc tpdnoc ouvavtdtal neplocdtepo ot |e-
YA GUOTAPATA, GTOU AT6 TOV XATAGXELAGTYH YiveETal 1 popporolnoy Tou
dloxou oe oehidec mou pmopel va elvan Swapopetixol pevéhous oe xdbe &-
tpaxto. O eltepog TpONOG CUVAVTITAL TEELOGHTERO GTA UIXpd CUGTALATA,
émou TN popyorolnor oe topels otabepod pevéboug (o bytes) extehel o
xehotng pe el evionh/mpdypappa (format). Ag onpeiwbel dtu v popgo-
rolnon/goppdpiopa and Tov xataoxevaoth elval pdviun xau Myetal oxhneh
oeMdonoinon (hard sectoring), eved n poponoinon and o yphotn dev elval
oV xal Aévetar pakaxy oeddoroinom (soft sectoring). Aznd mpaxtixh
anodr ot dbo évvotes e oeAldag xat Tou Touéa €xouy To (SLo nepleydpEvo:
anoTENOVY TO ENAYLOTO 066 dedopévey nou petagépetat petall dloxou xal
xpLag Uvhune xat yiu' autd otn cuvéyewa Ha yenowronoteital uévo o bpog
oehida.

Kot ot 8%0 pébodou popponoinonc deopelouy ae xahe drpaxto xat 6 xd-
Oc oellda xdnolo yopo yia dedopéva Tou GUGTANATOS, OTWS T0GH dYpAPOL
YOEOU, yapaxthpes ehéyyou, dieubivoee xin. H Siedbuvon xdbe ceridac
dlvetar and Tov aptbud tng (physical block number) xou exgedlet tny and-
oTacT and TV TpGOTH 6eABa Tou dloxou. And tov aplBud autd, o eAeYXTHC
Tou dloxou uroroy(lel Ty exaxpBh Héon tng oehiBac (dnhadh Tov xvivdpo,
Ny dtpaxto xo T Béor péoa TNy dTpaxto) xal eVEpYOROoLEl THY XATEAANAN
XEQARY,.

O 8loxot mou unofdrhovtal oe popyornolnoy oxinerc oehdonoinone da-
xplvovtatr o dYo Paoixolc tinouc:
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e ot gtabephc Yoviaxhig taybtntag (constant angular velocity, CAV),
xaL

e ot otabephg Ypapuixig Tayvtntag (constant linear velocity, CLV).
Qotéo0 onuetdvetal 6Tl LRdpyouY dVo TaPAAAAYES TOV dUo AUTOY THROV:

e 1 Loppornolnoy tporonotnuévng otabephc Ywviaxhis Tayvtntag (mo-
dified constant angular velocity, MCAV), xa

o 1 poporolnoy, TPOTONONUEVNS OTABEPNS YRAUULXAS TaYVTNTAS
(modified constant linear velocity, MCLV).

Ot payvnuxol dloxor elvar Baocixd timou CAV, evéd o miéov olyypovol
elvar MCAV. O ortixol loxor elvar xuplwe tinou CLV, xar v auté o
rentopépetes g Teyvohoyiag autic Oa e€etacholy oto enduevo xepdiato.

To Bacuxd yapaxtneiotixd twv Sloxwy CAV cival  atabepn nuxvétnta
anoBfxevong (constant bit density) via xd0e drpaxto xar o otabepds ypd-
vog petagopds oehidag (mou Ho eZnynbel hentopepéotepa ot ouvéyela),
onéTe N YPAUMLXN TayUTnTa Xou To URxoc oeAldac elval petafintd peyé-
On. Ilio ouyxexpupéva, n yeoppuxh taybtnta elvat pixpdTepy) oTLS E0ODTEPES
atpdxtoug and 6t ot e€dtepes. Etot, ol oeiidec nou Beloxovtal nhnoé-
oTepa pog Tov dZova TepLoTpoghg £xouy mxpdtepo péveloc oe oyéor pe
Tig oehideg mou Pploxovtar oToug edtepoug xLAIVpoUS, alkd Staxpivovtat
ané peyahitepn nuxvétnta arnobfxevorng o bits/inch.

H <eyvoroyia tov dloxwv MCAV otrnpiletar oty heydpevn TEX VXA TwY
Lwvdy (zoning), mou onpalver 6t oL dwadoyixég dTpaxtol opadorololvTal
oe L{dveg. Ye xdle Ldvn tor hettoupyixd yapaxtnetotixd Tou dloxou tapa-
pévouy otabllepd, eved petapdirovtar and Ldvn oe Lovn. Ou dtpaxtol Tov
eotepoy Lovoy neptéyouy neptoodtepes 6eAldec an’ 4Tt Ty eodTepwY Lo-
VOV, Yuverme, ou oehidec Ty edTepwy Loovody Exouy mxpotépo Phxog xal
pe uxpdTepo ypdvo petagopds (ot oyéon pe Tig oehidec Ty eodtepoy Lo-
vOV), xat enopéves o pubude petagopdc dedouévey elval peyaritepoc. O
aptpdc tov Lovev nouxiiier ota ddgopa npotdvta. "Etol, npog to napdy
urdpyouy dloxor and 3 péyet 20 Ldveg, eved avapévetar autdc o aptbuds va
dumhaotachel péypt o téhoc e yuhetloc. T mapdderypa, o Sloxog HP
C2240 éyel pubpois petagopds and 3,1 MB/sec yia tnv eodtepn Ldvn, xa
néxet 5,3 MB/sec yia tny e&dtepn.
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Avagpépovial névte Pacixéc TAPAUETEOL XATA TNV XOGTOAGYNOY TOU d-
TALTOVUEVOU YpOVOU Yia TN UETaPopd dedopévey and to dloxo ue xivntéc
xeQarés TNy xVpLo LYAUY xaL aviioTpogpa.

o H npdtn napdpetpog x6oTOUG, XAl UAALGTA N ONUAVTIXGTERY, Elvat O
yeovog nou anonte{tar yio va xwvnlel o Beaylovag and évay xbivdpo
og xdnotov diho, xal ovopdletar xpbévog avalAtnons f eviontomos
(seek time, s). Xto naperbdv, o ypdvoc eviomopol elye poviehonoln-
Ocl cav ypapuixh ouvdptnoyn tng dtavudpevrng andotaong, d. Opos,
auth 7 makvdpopxd xivnor tou Beaylova urotnelletar and okl e-
EEAYPEVOUS PNYAVIOHOUS TOU ERLTUYYAVOUY ERLTAYUVOELS TNS TAEng
tov 30-40g. “Etou, otoug olyypovouc Sloxoug xatd tn petdaoy tou
Beaylova and pla O€on xukivdpou oe pla diin, Staxplvetor n pdor e
emTdyuvong Tou Peaylova, B edon e xivinone ue otabeph Tayvtn-
To xaL n Qaon e emPpdduvonc. Me to oxentixd autd, o ypbvog
EVIOMLGMOU povielonoteltal and tn oyéon:

. cl—|—02><\/3 av d < cutoff
- c3teaxd av d>cutoff

[Na mapdderypa, ov aviiotouyes tiués yia ) cuoxeury HP 97560 elvan
c1=3,24 ms, c3=0,4ms, c3=8ms, c¢4=0,008ms, cutof f=383, eve> o d(-
oxos autog eyel ywentxdtnta 1,3 Mb xat 1962 xuiivdpouc cuvohixd.
[Na tyv wotopla onpew@vetar 6Tt 6Toug dloxoug oTabepdv XEQAAGY Xat
0T TOUTAVA BEV OUVAVTATAL AUTHS 0 TOPAYOVTAS.

e O dloxog xwveltar ouveyde pe otabeph| yoviaxh tayltnta (6nog e-
Enyhbnxe nponyoupéves). Yuverdg av evtomobel o Intodpevog xU-
MVOpOg Xt XATOL XEPAR TEOCEYYIOEL TNV XATAAANAY ATPAXTO TOU
OUYXAEXPLLEVOU XUAIYVEOU, TdTe anatteltal xdnotog ypdvoc OGTE 1) Xe-
porty va €plel endvew and TV XaTIAMNAY oeAlda tng atpdxtou. O
XpOvoc autéc héyetal AavBdvwy neplotpopLxds ypbdvog (rotational
latency time, 7) o elvar v deltepn napdpetpog x6oTOUC.

o H tpltn napdpetpoc elvar o ypdvog mou amowteltar yia va nepdoet 1)
XEQANY) EMAVew and T oeiida xar va petagepholy ta dedopéva tng
oty xVpto pviy. Enopévec, ebhoya autdc o ypdvoc Aéyeta xpb-
vog petagopds tng oehidag (block transfer time, btt).

o H <étaptn mapdpetpog elval o ypdvoc nou anatte(tal Yo TNy EVERYO-
nolnon plag xepaifc petd tny anevepyonoinom plac diins. H napdyue-
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Teog auTh elvatl TOAY pxpoTeEpNS oNUAciag and TS TEONYOUUEVES Xat
dev Oa eetaohel oty ouvéyela.

o Téhoc, n néunty napduetpoc oyetiletal pe Ty yevixdtepn apyLtexto-
VIXYH TOU UTOAOYLOTIXOU GUOTARATOS XAl GUUTELLAAUBAVEL TNV xaBu-
otépnon Aéyw ovpdv (queueing delay), xat tov anatolpevo xpdvo
ané tov eheyxth Tou dloxou (controller time). H rapdpetpoc auth
Oa yivel xahltepa avTIANRTH GTO ENOUEVO XEPIAALO.

W Digital IBM Quantum Seagate
Tevixd Xapaxtnptotixd WDAC 0662 Prodrive | Barracuda
32500 SXX 1800s 4LP
€10 xaTAGXEVAG 1995 1994 1995
dtdpetpog dloxov (in) 3.5 3.5 3.5 3.5
ywpntxétnra (Gb) 2.6 1.05 1.8 2.15
Taybtnta neptoTpoghs (rpm) 5200 5400 4500 7200
aptbudg empaveldy 3 3 7
pubpée petagopds (MB/s) 16.6 6 10 20
avalnthoetc (ms)
ehdytoTog yp6vog 3 3 0.9
péoog ypdvog 13 9 10 9
eyyimon etopelac (£1n) 3 5 5 5
péoog ypdvoe petald BraBdv
MTBF (&pzq) 300000 800000 350000 1000000

Mivaxag 2.4: Xopaxtnplotied neptxody odny oy dloxwy.

Yrov [livaxa 2.4 napovoialovtal otoiyela mou divovtal and xataoxeva-
oTéc dloxwy yia TNV TaybTNTA TEPLETEOPAS, TO PUOUS peTaopds dedouévey
xat Toug ypdvoug avalftnone. Méypet npdogata ebewpeito 6Tt 0 ypdvoc a-
valftnone elvar onuavtixd peyarltepog and to havhdvovia neptotpoixd
YXeOvVo, Tou pe TN oeled Tou elval PEYUAUTEPOS and TO YpOVO UETOQPORAS
dedopévov. otéco, ta vedtepa dedopéva unayopetouy 6TL oL Tp®TOoL dYo
napdyovieg Théov anoteroly ouvxplowa peveéln xau emopéveg xdbe npo-
ondfeia ehaytotonoinone Tou ypdvou andxpiong Da énpene va Oewphost xat
Touc 3o mapdyovieg.

H teyvoroyia tov payvnuxdyv dloxwv €yel npoodetost tayltata Ta Te-
reutala yeovia. I ouyxexpiuéva, Eyouy eniteuybel uixpdtepeg anoctdoeis
HETadY TNS XEPUAAS XAl TOY ENLPAVELDY, REPLOGHTEPO ERAXPLEY NAEXTEOVL-
x& cuoTApaTa Tonolétnong TV XEPAADY oTLg aTpdxTous, xaldg enlong xat
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avinuévn emtpavetaxy tuxvétnta (areal density) anobBhxeuong, mouv uno-
roviletar axd tov tixo:

GrpaxTol " bits

Enwpaveiaxh nuxvétnra = —; y
(vtoa (vtoa

Mdéiota, auth v avdnuévn entpavetaxt) TuxvoTnTa €xEL GUVTIEAECEL 0TY) BEh-

Tlwon Ty eT6oEnY TeV dloxwy xatd SYo Tpdrouc:

o pewdvovtag to pevéhoc tou dloxou (yia napddetypa, and 5,25 (vioeg to
1983 oe 1,3 {vtoec to 1993), oxdte puxpalvouy ot ypdvor avalhtnong,
peos

o auidvovTag Ty TayltnTa KETAPopds Ty dedopévey (o8 cuvduaoud
pe Ty adinon tng meplotpopuxhc Tayvtntag and 3.600 to 1980 oe
5.400-7.200 rpm).

Qotéo0, elvar yphoo va mapatneRoouvpe 6TL 1 Tpdodog apopd TEPLEGOHTE-
PO OTN YLENTXOTNTA Topd 6T emdooels Ty dloxwy. [a mapddeypa, o
xeovos avalhnong and 20 ms to 1980 épbace npdopata péig ta 10 ms.
Auté galvetar avayivpa and ta otoyela Tou enduevou nivoa.

Ethoa
SuvhBerg tipée (1993) npdodog (%)
Emgaveiaxd nuxvédtnra | 50-150 Mbits/tetp.(vioa 27%
Tpopuputxh muxvétyra 40.000-60.000 bpi 13%
Andotaoy atpdxtwy 1.500-3.000 drpaxtol/{vica 10%
Xowpnuxdtmta 100-2000 Mb 27%
Pubuée petagpopdg 3-4 Mb/s 22%
Xpévog avaldtnong 7-20 ms 8%

Mivaxag 2.5: EZeiilec otny teyvoroyio tov dloxov.

Yo endpeva xegdiawa Oa edetachel, petalld Tov dikwv, N enldpacn twv
SLopbpwy 0pYAVOGEWY 6TO YPOVO EVIOTLGHOU XAl GTO YpOVO TERLETROPAS.
O ypdvoc nmou anawteltoar and Ry xevipwh povada yio enedepyasin twv
TNpoQopldY elval Teets tddets pevéloug mixpdtepoc xat vi© autd ouvifiog
ayvoeital.
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2.4 Oxtuxol dloxot

H ortxf teyvohoyia elval n mo olyypovy teyvoroyio anobfxevong dedo-
HEVLY xat £yel ToARd neptidpla avdntudng oto péhhov. O ontixdg dloxog
(optical disk) éyer axtiva and 3,5 péyer 12 (vtoeg xau n enipdveld Tou elval
ané xpdpa tehhouplou (rdyouc ano 10 péyer 50 nm), mou éyel Wialtepeg
Oeppoaydyipes Wiotntes. Mia axtiva laser mpoonintel oty endve enipd-
vewa xau dnuovpyel tpinec (teyxvixd ablation) # otny xdtw emupdvela xal
dnuovpyel puoakidec (teyvixh vesication), mou aviyvebovial hoyw tng duo-
POPETIXAS avdxiacns oe oyéon ue TNy mapbéva empaveian. Ac onuewdel,
enfomg, 6Tt oL dloxol mou eyypdpovial oTNY XdTw extpdveln elvar mo alid-
moto, yiatl elvar Avydtepo evalohntol otn oxovr.

Méypl npbogpata unnpyay epnopxd Stabéoiuor odnyol dloxwy xar avti-
otolyot dloxol e Vo TUROUS Tou SLaPEpouy WS TPog TN duvaTéTHTA TOU
odnyol yia anolfixeuon B 6yl 7o dloxo. Ou timor autol elvar:

e compact disk read only memory (CD-ROM). Ou 8{oxoL autol npoogpé-
pOVTAL LOVO Vi avaYvemaT, xat £xouy NN npotunonownlel o oyéon pe
Y x@3wonolnorn xal TNy anofixcuon Ty dedouévwy 6Ty EnLpdveLa,
xafdg xat og oyéomn e Toug anapaltnTous xHdxes avayvopLtong/didpe-
Owone Aabdv.

e compact disk recordable, (CD-R), mou elvar anmobBnxeutixol dloxot,
xaloe pdhota ovopdlovtar xau dloxor *plag anolfxevong, ToOAAGY
avayvooewy’ (write once read many, WORM).

Ot dloxor WORM Suaxpivovtal oe dbo xatnyopleg avdioya pe tov tpémo
EAEYYOU TV anolnxeudpevwy dedopévwy:

e Touc dloxouc dueong avdyvwong petd Ty arnobfxevor (direct read
after write, DRAW), drnou o éheyyoc tng opbdtntac tov anobnxeud-
nevey dedopévey yivetal 6Tny enOUEVY) TEPLETROPT Tou dloxou, xal

e Touc dloxouc dueong avayvworng xatd tny anobfixevor (direct read
during write, DRDW), 6nou o oyetxdc éheyyog napaypatorote{tal
™ oTyUn TNg anobixeuonc ouyxplvoviag pe ta dedouéva tng aropo-
VOTUXAS VARG,

Meogavoe, oty devtepn péhodo ol anobnxedoeg yivovtal €€ (oou anoteie-
OPATIXE GGO OL AVAYVOGELS, TpdyMa Tou dev oupfalvel pe Ty npd Tt Léhodo.
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H ypfion tov dloxwy WORM yiveta pe Wwaltepn npocoyn, yiatl ou eyypa-
péc dev avave@vovtat oute Slaypdpovial, Eve oL eloaywyés amobnxelovtat
ne npocdptnon (append) ot anopaxpuopévo onpelo and To urdirowmo apyelo.
[Na to Xéyo autd elvar anapaltntny 7 ¥eNon eBXOY TEYVIXOV 0pYAV®DOTS
xat Swayelpione apyelwv mov Oa eetacholv oto teleutalo xepdhao TV
eWdxody Depdtoy.

“Hon Béfona 670 eundpro dratiBevtal 0dnyol xar aviictolyol Sloxol mou
emTpénouy Ty enava-anoffxeuor oe xdbe ouyxexpwévo anuelo tou dloxou,
ot heydpevol CD-erasable, (CD-E). Avdhoya pe tny apyy hettoupylag, ol
ovoxeués autég yopllovtal og 8Yo xatnyoplec:

e oTig ouoxeués pe alhayy @dong (phase change), 6nou 1 empdvela
oV dloxwy (pe exlotpwon and tehholplo f oelfvio) éxel Ty WibtnTa
avaroya pe tn Ogppoxpacia va Peloxetar oe dpopprn N XpUoTAAALXY
XATAGTAOY), XAl

e oTic payvnTontixés (magneto-optic) cuoxevés, 6nou v enlotpwon
TV dloxwy elvar and elduxd ownpopayvnTixd xpduata, nov aikdlouy
roixdTTa dtav 1 Oeppoxpacio Lenepva toug 150° C.

Kau yia tic 8%0 xatnyoples elvar euvénto bt oty plo xatdotaon yivetat
N anoffxeuon xau otny dAAn yivetaw n avdyvwor. O unyaviopoc tov pa-
YVNTORTIXGY 6UeXELOY elval Waltepa mohbmhoxoc xal Stapalvetar 6Tt Ha
EMXPATAGOUY OL GUoXEVES ahhayhs pdons. Mdhota dloxol mou otnellovtat
oY AAALY T PAoNS Propoly va avayvwohoiy and 0dnyé dloxwy WORM.
H Ynoapln tov dloxwy CD-E dev aropaxpiver and tny emxatpdtnta Toug
dloxouc WORM, nou aroteholyv o WSavixd péoo yia ninloc epapuoyody,
orwe yia anoffixevor eyxuxionadel®dy, Aeddv xal YeEVXd oTaTxdY Bd-
oewY dedopévwy.

Ye olyxplon pe toug payvntxots dloxoug, ot ontixol dloxot Swaxpivo-
VTaL YEVIXE and:

o tcpdotia ywentxdtnta (xy. 650 Mb yua dloxous CD-ROM, xou me-
ptoc6tepo and 7T Gb yia dloxoug WORM Swapétpou 12 wviodv),

o peyahltepo ypdvo petagopds dedopévoy (ny. axd 150 Kb péyer 6
Mb v Taybtntec and 1X péypr 40X),

o peyahitepo xpbvo npoonéiaons (ny. and 150 péyel 350 ms),
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7 4 e 4 /7 7 7
e oA ol adiomiotia eneldh n andotaoy petall e emupdvelag Tou
3{oX0U XAl TOU GUOTAUATOS TNS XEQPANS ELVAL OYETIXA HEYAAY,

o peTaepoLLOTNTA, Xt TéA0C,

o peydhn dudpxeia Lohe (toukdyiotov 10 ypdva, xar 670 LERKOV avapé-
vetar 100 ypdvia, oe alyxpion pe ) Sudpxeia Tov 2-10 ypbvoy v
pay vitixoie dloxoug).

[Mpoc 1o mapdy yivetar €peuva yia Ty enlteudn axdun LEYAAITEPOY Y OET-
TXOTATOY 08 0nTX0US SlOX0US YENOLLOTOLOYTAS XPOTERO UNXOS XUPATOG
laser @ote va pewwbel 1o péyehog 1oy tpurdv/guocaridey. Exlorng, yive-
TaL €pEuva Y TRV ehaytotonoinon tne LAluc Tou XLYOUUEVOU YNy avIopol,
Gote va Pertiwbel o ypdvos avalftnone. "Etour péypl otiyphs undpyet o
vTayeviopos dvo tineyv: tou MultiMedia Compact Disk (MMCD) <wv
Sony-Philips xat tou Super Density (SD) tov Toshiba-Time/Warner, pe
avtiotolyes ywentxdtntes 7,4 xau 10 Gb oe dloxo Sapétpou 12 cm.

‘Ocov agopd ot popyonolnoy Ty onTx®yv dloxwy enavarapBdvetat
ot PBaocwxd elvat timou CLV. To mheovéxtnua towv ouoxeuoy CLV elva 7
XANGTERT YEHON TOU Y OEOL AOY® OUOLOPOpYTS TuXVHTHTAS anobnixeuons o
6ho to dloxo. To peovéxtnua elvar dtu n xepary oe éva tétoto dloxo dev
uropel Vo LETPHOEL TLG ATPAXTOUS TOU NPOOTERVA XabMS XLvelTal He ey
tayltnta. Etou v yevio) taydtnta auldvetor xabodg ou xepakéc xivol-
VTAL TIPS TOV dEova TEpLOTRoYPHS, WOTE GAES OL EYYPAPES VA TEpVOly antd To
UNYAVLOUS avayveong He Tov (Bto pulud aveldptnta e Oéonc Toug oty
emupdvera Tou dloxou. "Opwg elvat Suvatédy va ypetacloly neplocdtepes e
ulag mpoondbeieg péypt va evromolel n avalnrolpevy dtpaxtos. To ano-
Téheopa elvat 6T N petaxlvon Tou punyaviopol xor cLVERGOS 1 avalftnon
elval oyetixd apydtepec oe ouoxevés CLV and 4t o cuoxeués CAV. '
rapddetypa, n ouoxevy SONY WDD531 éyel péoo ypdvo npooréraorg 190
ms yix dloxove CAV xar 800 ms yia dloxoug CLV.

Elvar onpavted va avagepbel 6t otoug dloxouc CLV dev undpyouv ot

e /7 7 e 7 e 4 /7
yvwotol oudxevipol dtpaxtol Ty dloxwy CAV, adrd pla W neplocdtepec
onepoedels dtpaxtol. H popponoinon Oewpeltar pe Bdorn pio axtiva tou di-
oxov, ondTe pla vospr) dtpaxtog Peloxetat petall Yo Stadoyxdy Toudy g
axtivac xat plag onelpoedolc atpdxtou. "Etol, 10 olvoho twv Stadoyxdy
VOEPOY aTpaxXTOY Blag ywentixdtntas uropel va Hewpenbel 6t anotcholy

i Ldvn (Sloxor MCLV).
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Ye oyéom pe toug Téooepls mapdyovieg x66Toug Tou avapéehnxay Yy
TOUC pay vyTLXoUg Sloxoug, undpyel pia Stapoporoinon nou apopd 6To Ypdvo
avalhtnong xatd v npoonéhacy ontxody dloxwy CLV. Iw ouyxexpiué-
va, dedopévng tng O€omg g xepaihs, undpyet Kla LIXEH YELTOVLE ATEAXTOY
mou evtonilovtar ywpels xdrowa ypovoPBdpa nalvdpouixh petaxivion tou
Beaylova. Aniradh, pe pla aniy neplotpopuxh xivion evog paxol 6To un-
yoavioud g xe@arhs npooeyyilloviar pepinés dTpaxTol Tpoc Ta aploTepd
xan de&id e tpé€yovoag Oéorg tne xepaiic ne apeintéo xéotoc. To olvo-
2o ToV atpdxtev autédy ovopdletat: eyyis napdbupo (proximal window).
Qotéo0, 1 meploTpoh auth uropel va yiver uéypl pla péyiotn yovia, ond-
te 1o uéyebog Tou eyyig napabipou elvar oyetixd neploptopévo. “Etou, 7
HOVTEAOTONGY) XoL 0 AVOAUTIXGS UROAOYLOMOS TN extdoone, xahoc xat 7
npocopolweon evos Tétolou cuothpatos xablotatar mo doxoin undheon,.

Kat” avadoyia npoc tic BiBiobhxes tavidy mou propoly va yewpteholv
mnohhég Tawvieg, ou PuBhiobBiixes ontixdy dloxwy (optical disk libraries,
jukebox) propodv va otevdoouv moiholc ortxols dloxoug, mou tonobe-
toUvtat and pla popnoties Sudtaln olugpwva pe tn (htnon endve 6to nia-
6, 6mou npoonerdlovial and xatdiinio pnyaviopsd. O cuoxeuée autée
Sraxplvovtal and tepdotieg anolnxeutixés wavétnres. L mapddevypa, 7
ovoxevhy Hitachi OL321 anoteheltar and 64 Sloxoue WORM pe ouvohuxi
yxoentxdtnta 0,5 Th, eved o ypdvoc akhayhc dloxou (robot delay) oto mha-
0 elvar Ayotepo and 10 deutepdienta. Enlone, pla cuoxeun tng Ascent
aroteheltal and 200 dloxoug CD-ROM. EZ didkou undpyouv ouoxeuéc 6nou
uropoly va eyxatactaboly tautdypova dloxor CD-ROM, CD-R xal CD-E.
Elvaw mpopavéc 6tu xatd tn perétn tng enldoong tov Brodnxdy Sloxwy 7
yeovixn enapuvon yia Tny arkayh dloxou npénel va npbel un’ ddgn wg o
TAEOV OMUAVTIXOS TUEdY OVTAS XOGTOUS.

Q¢ avrwataotdine tou dloxou CD-ROM Oewpeltar o ontixds Sloxoc
DVD-ROM, 3nhad# digital versatile disk read only memory. Ou<pineg/qu-
oahidec oty enipavea tou dloxou DVD elval onpavtixd uixpdtepes and tic
avtiotoiyes tou dloxou CD, pe arotéheopa o dloxog DVD va €yel 7 gopég
neyaiitepn ywentxeétnta. Etot, évag tétotog dloxoc unopel va anonxel-
oel 8 Gpec povowd, 135 hentd Pnguaxic xwvoldpevng euxévag (e xwdixo-
molnon MPEG-2) 4 4,7 Gb. ‘Opuwg, emuniéov npofiénctar ov dloxor DVD
g endpevne yevidg va dwbétouv dvo otpopata (dual layer), exopéverc
duthdola ywenTxoThTa, eve apyotepa Ha undpouv Sloxor DVD pe dedo-
péva xal otig dUo empdveec Tou dloxou (dual side/dual layer), eropévec
TETPATALOLA Y WENTXOTNTA.
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YApepa ta apyxd DVD Bewpeltar 1L npoépyovtal xar and touc ay-
yhuxotg opoug Digital Video Disk, Adyw tou yeyovétog dtu avapévetal 7
xa0pwon Tou 0 y®po g dtaoxédaong xat tng Puyayoylac. Ta mheove-
xthpata tou dloxou DVD oe oyéon pue n Puvteotavia elvan:

7 7 4
o oAU UEYAAUTERT AVTOYT,
7 /7 /7
® oAU UXp6TERO XH0TOG, XA
7 7z A e re /7 7z
e dueon npoonéhacy (eved v tawvia elvar oeplaxd LEco).

To petovéxtnud tou elvar 1L anatteitar eWdLX GUOXELH YLoL TNV AVAYVWON
tou (DVD-ROM driver), mou wotéco propel va avayvoploe xar dloxouc

CD.

2.5 “Al\eg ovoxevég anobfxesvorg

O npoowrixol unoroyiotés €xouv uxpols ebxaurtoug (floppy) dloxoug
v 3,5 (xau 67t0 maperbéy 5,25) wrodv. O dloxor autol éxouy Paoixée
Staopés and Toug ueydious oxinpolc Sloxoug. Elvar mhactixol and uki-
x6 Mylar, xhewopévol oe tetpdyowves npootateutixés thaotixés Ovxes xat
dev ouvoxevdloviar oe ouotoiyles. Ou oehidec xdbe atpdxtou draxplvovtat
petalt toug pe  pébodo e pokaxic oeidonoinong. Axnd drody eni-
doone £xouv avinuévous ypdvoug avalfTnone, TeEpLoTEOPAS Xal LETAPORAS
dedopévov xatd déxa mepinouv gopés. Enlone and dmodyn muxvétntac xot
yoentxdtnTac 1 dwapopd elvar okl peydin. Ou xegahés avdyvwong/ano-
Ofixeuone xatd TN AetToupyla TOUS EQPATTOVTAL GTOUS EUXAUTTOUS dloX0US
(rou onpaiver pewopéyvy adlomotio), xal €Tol o pnyaviopds elval Tohd wo
anhds, apyoc xar pOnvoc.

Ot ouoxeuéc mou Oa avapepboly otn cuvéyea dev €youy Yvwploel ToAYy
eupela yphon napd pévo oe eWdwés eaployés xar moAhés and autés Ppl-
oxovTaL axoUn 610 01ddlo e avanTtuihg touc. Ot ouoxeuég debBuvorg
ue Bdor to nmepieybuevo (content addressable filestores) otnpilovial oe
g0l TOmou VXS xat hoylopixd, Gote oL evypapés va avalntolvtar dyL
ne Bdom Ty TLh ToU TpTEUoVTog XAELSLOU aAAd LE AoYX0UC GUYSLAGHOUS
TOV TROY TOAGOY xAewddv. To xlplo nedlo ypnong Ty cLUGXEUOY AUTOY
elvar yia Avdxtnon [Iinpogopidv (Information Retrieval) oe Bisiofnxovo-
mxa ovothpata. Tumxd mapaderypa elvar n cuoxeuny CAFS-ISP g ICL
pe yoentwotnta 900 Gb oe mhhen avdntudy.
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Ov ovoxevéc palixic anobvixevong (mass storage) ypnoLronolody Thh-
Ooc and xacétec via paxpoypovia anolfixeuon oe GUVSUAGUS UE PaYVNTL-
xoVg dloxoug yia v anolfxevon twv dedopévov xatd v enelepyacio.
[Na rapdderypa, o ouoxevés Control Data 3850 xar IBM 3850 oe min-
en avantuln €yxouv ouvoixh yopntxétnta 1.000 xav 472 Gb, avtictoiya.
To perovéxtnua Béota elvar 6tL 0 ypdvog mpooréraons XaL AAALYHS TOVY
XAOETOV elval NS TEENS TOV LEPXDY SEUTELOAENT®V.

Ou pvApeg payvntixdy uoakidwyv (magnetic bubble memories) é-
¥ ouv xahols ypbvouc npoonéhaong (and 4 péyel 7 ms), ahhd votepoly ot
yoentxdtnta (and 92.000 péyer 1310.720 bits) xow ypdvo petagopds (and
50.000 péypr 5000.000 bps) oe oyéon pe tig ouoxevés dloxwv. H teyvo-
rovila Tov pynpoy autedy éyel ayyioet ta 6ptd g xal damotdinxe GTu
dev propel va ypnoyronomnel yia epnopeols Tapd HOVO Y GTRATLWTIXOUC
xaL Lo TnUoUs oxonols, Enedr dev €xouy XLYNTA XaL ouvends sualahnta
Hepn.

Ou ouoxevég nuLaydyLrwy dioxwy (semiconductor disks) eppavichn-
xav eumopxd to 1978 xau éxtote €youv yvoplost onpaviixh eZndn xat
epaployYh ot nepwtdoes anolnxevons PBAolnxdy npoypappdtowy, xota-
KOY®V, Tpocwpvedy apyelwy epyaciog, xim. Ou nuiaydyiyrol dloxol dopl-
vovtal and ndpa tohb yehyopen npoonéhiaoy (ny. 0,5 ms), peydhn yoenti-
xétnta (my. 700 Mb), younké xdotog xar xatavdhwon pedpatoc. [loikéc
TETOLES GUXEVES UROpOUY va UETAdGG0uY Tautdypova dedopéva and tohld
xavéha (and 2 péypl 4) emtuyydvoviag noll udniols pubpolc petagopds
dedopévov (zy. 12 Mb/sec).

Qotéoo, 7 ontxh teyxvorovia Swapalvetar 4t elvar 1 teyvoroyio Tou
nérhovrog, xaloc 781 undpyouy vées npwTonoplaxés CUGXEVES deuTEpEvOL-
oag anoffxevons. H omtixy) tawvia (optical tape) Saxpivetal yio tn Su-
VoTOTNTA anoOAXELUOTS TEPACTWY YWENTXOTATOY G TOAL mxpd dyxo. L'
napddetypa, oto thog TS yLhieTlag To undoTpwpa e Toauvias Oa phdcet
oto ndyog and 0,076 mm oc 0,013 mm. Exlorng, npaypatieh anobvxeuvon
vivetal pévo oto 1/2 tng empdvetag tou ontixod dloxou, ot avtibeor pe
v onTxh Tanvia, érou arobixevon yivetal ot neptocdtepo and ta 4/5 tng
empdvelds e, Etol, tehxd v v (Sua enupavetaxh nuxvétnta anobn-
XELOTG, N TuXVOTHTA anolfxeuong we mpog Tov dyxo Yy pla onTixh Tawvia
elval 25 gopéc neplocdtepo and 6Tl og €va onTixd SIOX0, UE TEOOTTIXH VA
viver 75 gopéc neplocbtepo. Axdun oe oyéorn pe 0 payvnTxn tawia, 7
oty Touvia Staxplvetar and:
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e nolhanhdoia anofnxeutind ixavdtnTa (Ty. pay vt tawvia 3480 xo-
3OV amobnxever 10 GB, evd ywa v ontixhy tauvia avapévetar Suva-
tétnTa v anobhxeuon 200 Gb oto téhog tng yihietlag),

e Tohl peydhec Tayvtnteg petagopds dedopévoy (ny. 3 Mb/sec pe
mpoonTtxh and 4,5 péyer 10 Mb/sec oto téhog tne yuhetlag), xal

o peyarltepr, dudpxeta Lohg.

Exl tou napdvrog ota npotévta mou dtatifevtal 6to epundpro yenoironoteita
0 YPoUUXGS TPOTOC 0pYAVENoTNS TV dedopévey otny Tawvia, urootnello-
vtac pévo teyvoroyia WORM.

Mo dhin xatevOuvor elvar v adlonoinor tne teyvixic tng ohoypaplag
(holography) yw v avdntuln eldxdy cuoxeudy, pe oxond TNV expeTdh-
AELOT, TV TELOY SLAOTAGEDY TOU yGpou Y Ty anolfxeuoy dedopévov.
[N mapdderypa, netpapatixd €yet entevy el v anobixeuorn 1000 ewdvoy o
xpvotarro oedlou Mblou-vioflov phxoug 1 cm, eved extiypdtar 6T propel
va entteuybel anobfxeuon Sedopévey 10 Th oe 1 cm?
v arobnxeuTixh xavoTnTa, TEGBANUL Topaével N TayiTNTA LETOUPORAS
dedopévorv.

. BéPaia, mapd tny

Téhog, pla gy xatevOuvor elvar npog Ty avdrtuly Sloxwy nou otr-
ellovtar oto gawvdpevo tng nayidevong nhextpoviwy (electron trapping).
Me amhd Adyia, xatd tny anoffixeuon, éva 6TpodUa UAXOU TUIOU Qwo(po-

Y ? ? P
pou dEyeTar axTIva QOTOS XAl EXTEUTEL NAEXTEOVLA, TOU ATROLEOPHYTAL AN
pla ayoyn Lovn. Tty avdyveon dedopévoy, o dloxog capdvetat and
Pog dtaopeTixhg ouyvéTnTag mou avayxalel ta niextpdvia va e&€hfouy
and v ayOyuyr Lovn xan va exnéudouy potdvia. Avdrova pe tny évtaon
g axtivag Qwtoc xatd Ty anobixevor, eldyovtar neploodtepa i My 6-
TEPA MAEXTEOVLA, XAl XATA GUVERELXL POTOVLA XOTA TNV TEAXH pdorn. Autd
e 4 /7 7 7 M 7 7z AN
wooduvapel pe Ty anolfxevon neplocdtepwy and éva bit oe xdle O¢or. "E-
ToL, extidTal 6Tt pe ™ péhodo auth Oa eniteuyHolv udniés anolnxeutixéc
emdooels xal TayUTnTeS neTapopds dedouévey 6o pérhov. Mewovéxtnpa el
vou 6Tt ueTd and xdfe avayvwon npénet va axoroubnoel enava-anofnxeuvon
e 4 e re re 7z 4

pe v (S apyueh Stadwacia. O Iivaxac 2.6 cuvodiler ta uéypt otiyphc
dedopéva yia Tic ouoxevég nou otnpilovtal oty onTuxd Texvoroyia.
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Ontixdg Ontixs Ohroypapla Moy (devon
d{oxog Tatvio nhextpoviou
Tuxvétnta Anobnxeutind
IMheovexthpata | Bropmyawxd | Kéotog/Mb anofhxevong, txavétnTa,
TpbTUTO Audpxeta Lohg | Tapariniiopds | Taydmra
METAPOPES
Xowpnuxdtmta 5 Gb oe 200 Gb o¢ 1 Gb o xdpta | 10 Gb o¢

dloxo 15 cm | touvie 3480 ft | 30%30 mm d{oxo 13 cm

YrépBoon
Kipra yphom eVAAUTTOV Apyeobéton | Popnd Bivteo

d{oxov oLGTAMATO

Dopnrol Moy vntixde IT{vaxec
Avtayoviotig pery v Tecol Moy vntind d{oxog dloxwy

d{oxot Tatvio oc xdpto RAID
Metovexthuata | Xpdvog Setptoxy Kartaotpooixh Kartaotpooixh

avalAtnong npoonéhaoy avdyveon avdyveon

re 7 A re 4 e
Mivaxag 2.6: Xdyxpion cuoxeudy mou otnpilovial oty ontixy teyvoroyio.

2.6 IIivaxeg dloxwv RAID

Fevixd, ou yphioeis twv payvntxdy dloxwy Staxplivovtal oe dGo xatnyoples:

o ot peydieg eyxataoTdoets, vPniod x6oToug Xal ERWSSCEWY, TOL GTY-
ollovian oe alibmiotoug peydroug dloxoug (my. peyahitepoug ot dud-

METEO and 25 cm), xal

o oc otabpoic epyaciag XAl TPOCWRXOUS UTOAOYLOTES TOU YENOLULO-
mowoly plnvétepoug xal pxpdTepoug dloxoug.

Yn Sexaetion tou 80, to ydopo petadd autdY TV 30 xaTNYOoELdY dloxwy
Ty onuavTxd. And pla opdda epeuvntdy, howdy, téhnxe to npdfinua: el-
vt duvatéy va avixataotalel évac peydroc dloxog and €va 6Uvoro UXp®Y
xaL OnvoOV Sloxwy; “Etol, and touc Patterson, Katz xav Gibson npotdfnxe
(1988) 1 xphon mvdxmy dloxmy younhol xdotoug avil THv LEYIADY GUOTY-
patov dloxwyv. Ou Statdieg avtée ovoudoblnxav ITheovalovteg Ilivaxeg
un AxpBdv Aloxwv (Redundant Arrays of Inexpensive Disks, RAID).

Av xar ou payvnuxol dloxol elvan o xuplapyo péco arobixeuonc, e-
vToUTolg 0L 6LUOXEVES AUTES dev €xouv dnepo ypdvo Lwhg alkd ouyvd ma-
Oalvouv BrdPec. Mia onpaviixd nopduetpos, howndy, nou evdiapépet xdbe
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eldouc yphiotn xau xdbe eldoug egappoyh elval 1 aloniotio Tou ouoTHUA-
to¢. "Opwg av uvrotebel dtu yvia éva dloxo o pécog ypdvog petadt Brafodv
(mean-time-between-failure, MTBF') elvar 200.000 dpeg, téte éva olotnua
100 dloxwv Oo éxer 2.000 dpec Loh npwy ndbel Prapn. To yeyovdg 6t éva
obotnua RAID anoteieltar and @Onvoic Sloxoug, emitpéner tn Abon tou
mpofhipatoc tne aliomotiag ne tov mhcovaopd (redundancy) twv anobn-
XELPEVLY dedopévmy, drou ta dedopéva anolnxedovtal elte autolola 3o
popéc, elte ouumieopéva pe TN PoRbea eldedy xwdixwy Stbpbwong Aabdv
(error correcting codes). ‘Etou o neplntwon PAEBrg evde dloxou, elval
duvatdy v Yivelr TARENC anoxXaTAoTACY TV dES0UEVOY YENOLLOTOLOYTAS
avtolc toug x®dixeg (ny. Hamming xkx.). “Apa, extéc and to xbéoTog
anoffxevong, éva diio micovexthpata Tov cuotnudtewy RAID elivar n au-
Enuévr adloniotia.

Téhoc, éva tplto mheovéxtnua twv cvotnudtey RAID elvar ou udmiéc
emdboec. Adyo tng Urapdng nodhdv dloxwy, ol anofnxelosg/avayvooeig
ané /mpog toug dloxoug vivovrtal Tapdhhnha ¥ENOULOROLOYTAC THY TEYVIXH
Tou stripping. Xippova pe tny teyvixh auth, wla hoyuwey oehlida tepoyl-
(et o puxpdtepa tphpata xar anofnxedetar otoug dloxous, étol GoTe
EYYUNUEVR Va URAPYEL 0 UEYLoTOS Rapalhnitopés (xal éyt xdrotol dloxol
va epyalovTal, evé ol unbhotrol va Tapapévouy adpavelc).

H avinuévy exldoorn Aéyw nmoapariniopod xal 0 avdnuévn adlomotia
KOY® mheovaopol elval €vvoles avTloTpdpng avaroyes. Aniadh, éco ne-
ptocotepol oL dloxol, Thoo xalltepn 1 enldoor, ahrd T6G0 PxpdTERN T
afomiotia (xar To avilotpoyo). “Eyouy npotabel T apyitextovixés ovotn-
natwv RAID rmou Stapépouy ota oyfpata micovaoupol ot otig pebddoug
stripping. Kdéfe pla and tic apyrtextovinés autéc €yet ta Sxd tne micove-
XTALOTO Xl HELOVEXTAMATA. LTo Lyhua 2.8 nopovotdlovtal ta 7 exnineda
RAID. Mrogel va AeybOel 6t to eninedo 0 dev elvar RAID, adrd mapoatife-
vtar yia Aoyous olyxpions. To eninedo RAID 1 nopiotd tnv teyvuen tou
xaBpentiopod (mirroring) # oxiaong (shadowing), énou yia xdbe dloxo
uRdpyEL axouy évag navopoléTunog, o onolog oupforilletal pe to ypdupa C
(and v ayyhoeh hEn copy). Ta urdrowma enlneda ypnotporololy eduxols
xd3xec SLdphwone haldv, ondte neptttedouy neplocdtepes enelnyoes ota
mhalowa Tou BPhiou autol. Anhde, onpetdvetar T to yedppa P (and v
ayyhxh MEEn parity) dnidver nov Tonobetodvtan ta dedopéva wwotiyulag. E-
nlong, oe oyéomn ue To oyfpa onuedvetal ot oe xdbe neplntwon, v to
xehotn ot yehowot dloxol elvat 4.
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Joad

RAID 0
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RAID 1
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RAID 5

aloloinlola

RAID 6

Yyfpa 2.8: Enlreda apyttextovixhc RAID.

Ypepa, undpyovy eunopixd npotévia RAID and Sidpopec etarpeles,
onwg to ovotnua IBM Ramac, mou elvar pla vioroinon tou Sou emuné-
dou, to ototnua AutoRAID tnc Hewlett-Packard, mou viormowel pia mpo-
CUPROGTIXH TEY VXY QUTOUATNS ETAOYAS TOU Xatdiinhou extrédou (and to
lo og to 50), 1o olotnua StorageTEK 9200 trnc Iceberg, mou vionouel
™y apyttextovixh tou 6ou emnédou xin. Kowde napovouasthc 6hwv au-
TOV TV 1potdvTey elval 6T ou empépoug dloxot dev elvar odte puxpol, ol-
te pOnvol. Anevavtiag, ot ouoxeuéc autés oxond €youv xuplwg Ty udn-
M alromotin xar avhxouy TRy xhdon TV Tpoléviey VPNAdY enddoemy
(high performance). ‘Eztou, noliéc gopéc yepdgetar v RAID onualver
Redundant Arrays of Independent Disks, 8niad# IIheovdlovteg Ilivaxeg
Avelaptntov Aloxwy avtl “un Axpov’.
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2.7 Aoxfoeg

<1> Mayvntxf tawio anotereltar and 2400 nédwa, n nuxvotnta anolh-
xevomng elvar 1600 bpi xau 0 taydtnta avdyveong/anobixeuone elvar 50
ivtoeg/sec. To xevd petalld tov eyypapdv elvar 0,5 (vioa, evéd o ypdvog
exxivnorng/otdong elvar 0,01 sec. Av to phixoc tne hovixfc eyypaphc elval
200 bytes, moudg elvar o Bértiotoc napdyoviac opadorolnone dote N % tng
Towviog vo xatohapBdvetar and block. Ildoco phxog tawviac yperdletar yia
va anolnxeuboly A block peyéboug B bytes;

<2> Iaxéto dloxwv anotereltal and 11 yphowes enwpavees, xdbe enpd-
vewn €yel 200 atpdxtoug, xdbe atpdxtog éyel 20 oehidec xar xdbe oeilda
anotereltal and 512 bytes. Ildon elvar 0 ouvolu ywenteétnTa o bytes;
Av urotelel 611 dev emtpéneton plo eyypaph va arofnxeulel xatd to #-
uou oe dVo oeildeg, tote nooeg eyypapés Tov 120 bytes ywpolv oe 10
XUALVSpOUG auTOY TOU GUGTANATOC;

<3> To hettoupyxd olotnua avitypdpetl apyela and to payvntxé dloxo
oe payvhtueh Tawvia mou Beloxetal oe cuoxeuh exxiviong/otdong. To pé-
veboc tne oeiidag elvar 512 bytes, n nuxvétnta anobfxevong eivar 1600
bpi, To xevéd petalld twv block tng Tawviag elvan 0,5 (vtoa xat téhog oe xdbe
block ywpoiv 20 oehidec. [léoeg oehidec ywpoly oe pla Tawvia phxous 2400
TodOV;

<4> Ta apycla TV ¥pNoT®OY vOS LTOAOYLOTIXOY CUGTANATOS XATANULSE-
vouv 150.000 oeiidec. [ Adyoug axepaldtnTag xaL ac@aielas ta apyelo
Tou evnuepodvovTal, anofnxevovial ot apyelo Tawviag oto téhoc Tng Nuépac.
‘Eoto exlone étv xabnpepvd xatd péco dpo 20% v oehidwv tou dloxou
anofnxedovtar otny tauwvia. llécoc ypdvog anarteltar xalOnuepivd via tny
avtiypaph otig Tawvies, av elval YvooTté 6TL N YRApMLe TaybTnTa TS Tat-
viag xatd v avdyveor xa v anobixeuon elvar 50 (vtoeg/sec xa 61l 0
xpbévog exxiviong/otdone elvan 0,02 sec. “O,tu dhha dedopéva ypedlovtal
va MpBoly and Ty mponyoluevy doxnon.

<5> Ac unotehel 6TL vt THY TEONYOUHEVY) AGXNOY N AVAYVOOT TV GEAB®Y
and 1o dloxo yivetar xatd Stadoyxovc xuiivdpoug. Ta dedopéva Pploxovia
og 30.000 oeiidec nou potpdlovtal e€ioov o 500 xvhivdpous. To naxéto
TV dloxwy anotereltal and TE6CERLS YPNOLLES EXLPAVELES XAl OL GEALDES IO
avtotolyoly o éva xAwvdpo potpdlovtal e&loov oe autéc. O erdytotog
¥eovog eviomouot elvan (oog pe 7 ms, o u€oog ypbdvoc neploTpophs elvat
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8,3 ms, Ve 0 YPOVOS HETAPORAS XAL O YEOVOS EVERYOTOINONS TWV XEQARDY
Yt TpooéyyLon oTic enpavees Dewpeltar apeintéoc. Na uroroyiolel xo
TIAL O ATALTOVHUEVOS YPOVOS YL THY AVTLYPa@h OTIc Tatvies.

<6> Na Bpelel n péon tun v xuAivdpwy mou cap®vovtar oe uia Tu-

s 7 s 7 7 s / 7
yata npoonéracn. To olvoro Twv xUuAVSpwv elval C' xal Oewpelitat 6T xdbe
xUMVdpog tpooneidtal toonlBava. Av unotebel dTL oL xAvdpol evic ouoTh-
patog apyelov dev npoonehdlovial toonibava, téte nolde elval o xahdtepog
TpéR0g Stdtadng Tou nepteoUEvou TV XUAIVpwY Gote va ehaytotonoinlel
0 YpOVOS EVIOTLONOY;

<T> Yuvibog oL XaTaoxXeuaoTés payvnTixoy dloxey divouy Tov eAdytoTo,
T0 éytoto xal to néoo ypdvo avalhtnong. H ehdyiotn xar n péyioty tu-
WA aAVTLETOLYOUY GTOV ARALTOVHEVO YEPOVO Yl TN UETAPACT TOY XEQANGDY
o€ YELTOVIXO XUALVIPO Xt amd ToV Tp®To g Tov TeAcuTalo xUAvSpo, avti-
otowya. Ta pevéln avtd elvar mpaypatixd xar acparf. O péoog ypdvog
avalhtnong vroroyletar we To dbpotopa TV xpévey avalftnons yvia dheg
Tig Suvatés anootdoes St Tou apthuol Tev Suvatody anoctdoewy. Na u-
roroytabel o péoog ypdvoc avalhtnong yia to dloxo HP 97560. Tt otny

npddn o péoog ypdvog avalftnong elar pixdtepog;
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ATAXEIPIXH EX0OAOY/EZ0AQ0Y

3.1 Eiocaywyy

Elvat yvwotd 6t éva obotnua Sayelpione faoewy dedouévoy Tpéyel endve
and To Aettoupyxd clotnua, mou elval urevhuvo yia T Stayelplon TOV ap-
Yelwv 070 AeYOpevo yapnhé Quowd eninedo. Xto napehldv elyav vndplet
Suyoyvoules yio Ta Sty wploTed dpta TV S0 GUGTHUATEY, SNAAST YLa Tic
ouyxexpluéves unneeciec nou O €xpene va npocpépel 10 AstToupYXd GU-
otnua 670 cuotnua dtayelplong Bdoswy dedopévmy. Tehxde n axadnuaixh
X0l XATAOXEVAOTIX XOWHTNTA TV avlp®rov 1oy Staxovoloay T PAcELs
dedopévwy xatéinday 6to cuurépacua 6TL LEPIXES UTNEECIES TOY AELTOUP-
YIXOV cuotnudtey elvar avenapxels oe oyéon pe to deltepo oxond evic
ouothuatog Sayelpone faocwy dedopévmy, nou elval v arotedeouankdtnra
(8eg Kegdiharo 0). Ou héyou fray mpaxtixol xar teyvixol. o nopddeypa:

e ot cuoThpaTa Ty 32 bit, To peyaiitepo péveboc apyelou mou uropel
va Srayetptalel éva hettoupyxd ovotnua eivar 4 Gb. "Opwc cuyvd
URAEY 0LV EUTOPES EPUPHOYES TOU amatToUy Ueyaiitepa apyela.

o o apyela evOg AELTOURYIXOU GUGTAUATOS BEV UTOPOLUY Vo StapLolpd-
ofolv oe dlo W neplocdtepoug dloxoug, mpdypa mou elval entbupntd
oe noikég nepuntwoets. Téhog,

® Ol XATAOXELAOTES GUOTHUATOY dayelplong Pdoewy dedouévoy entbu-
LOUY TO TEOlOY TOUS VO TEEYEL OF SLAPORES TAATPOPUES AELTOURYLXMY
ouvotnuatey. Etot, elval avayxaopévol va pny Tpocapricouy To
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TEOTOY Toug TEog T WLLTERGTNTES TOL XA0E AetToupYW0U GUGTANA-
TOS, AAAL VA TO XATAGTAGOUY 66O TO SUVATOV TERLEGOHTERO AUTAPXES
Yot ROYOUS HETAPEROLUOTNTAS.

eproabrepol teyvixol Aoyor Ha avageploly otn ouvéyeia Tou xepaialou
auTov.

‘Etot, o xataoxsuaotéc ouotnudtoy Swayelpionc Paoewy dedopévey
npoydpnoay npog Ty xatevhuven va cupnepthdBouy oTa TpoldvTa Toug GL-
VTEAEOTES TOU VO EXTEAOUY AgLToupYiec QUOX0Y emrédou pe Tpdmo BOTE Vo
eZUNNEETOVYTAL OL CUYXEXPULEVES OVAYXES TWV GUYXEXPLUEV®DY CLCTAULATWY
e TOV XaAUTEPO TEOTO.

BéBaia m hemtopephs apyltextovixh evog cucThpatos dayelpions Ba-
ocwv dedopévoy elvar avtixelpevo tou Ha eletanlel oto aviliotoiyo pndbr-
pa. Qotéco, oto onuelo autd avapépetal eAAETIX 6TL oL Pfacixol cuvTe-
reotée evdg Tétolon cucsThpatos elval o enedepyacTig epwTHoEwY (query
processor) xat o dLayetptothig anob¥xevong (storage manager), 6nog Qal-
vetal oto YLyfpa 3.1. O npdtoc ouvteheotic elval minoléctepa Tpog To

‘ Xphotee ‘
%
v
‘ Enclepyaoctic spoticeny ‘
T
'
‘ Apyela xat xatdhoyol ‘ ,
Ydotnua
I drolxmong
AweptoTis ‘Ataxatptcﬂ'}q ATOPLOVOTIXAG p.w']p.nq‘ paocwy
anof¥xevong dedopévey

|

‘ Arayetptothg xopov d{oxou ‘

Aloxog

Yyfpa 3.1 Apyitextovixh cuotipatos Swayelplong faoewy dedopévwy.
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Yehotn, evéd o devtepog elvar minoiéotepa npos To VA, Ewluxdtepa, o
Suayelplothg anobhixeuong Swaxplvetar ota elfic Paocixd Tphuata (pue ospd
and 4T TPog T ERAVW):

e o dayelplothc Tou y®pou tou dloxou (disk space manager),
e o dayelplothc TN anopovetixhs uvhung (buffer manager), xou
o T apyela xot TOUS XATANGYOUC.

O xd0e évag and Touc TEOMYOUUEVOUS GUVTEAEGTES EMLXOLYWVEL UE TO YEL-
Tovixd Tou otpoua {ntedviac xa divovtag dedopéva. [ mapdderypa, o
SLayelploThg Tou Y Opou Tou dloxou elvatl To hoylopuwxd mou elvat urelbuvo
yir TRV avdyveon xat tny anolfxeuvorn cerldwy oto dloxo, eved o Siayeipt-
O0THS TNS ATOROVLTIXAS MVARNG elval To Aoylopxd mou elvar urevhuvo yia
TNV XATATUNOY TN XUPLIS MVAUNS OF XATIAANAL THAMATE, ®oTe exel va a-
noOnxetovTal TEocLWELYE TA TEPLEYOUEVA TV GEABLY Tou €pyovTal and To
dloxo (péow tou Stayelptoth Tou ydpou tou dloxov). To avdrepo enlnedo
nepthopBavet éva 6Uvoro TpoYpAULAT®Y Tou UAomooly Stdpopes Soués ap-
yelov. Méoa and 1o GUYTEAEGTH QUTH ETLTUY YAVETAL XL 1) TAXTOTO(NGY TOY
EYYPAP®Y oe oehldec.

To Biilo autd avagépetar oo péyioto Pabud otov tplto GuVTEAEoTH
NS TpoNYoUpeVNS AloTag. XTto mapdy xepdiato Oo avarntuyHoly Oéuata mou
7z 7z e /7 /7 7z /7
avagépovial ot Oépata Siayelpione euoddou/edddou dedopévey and tn deu-
TEEEVOUO GTNY TEOVTEVOLCA PVAUY HE TN PoRlela TOV ANOLOVOTIX®Y UVTN-
nov. “Opws mponyoupéves mpénet va avagepholv pepuxd Paoixd ototyela
OYETIXA [LE TNV APYLTEXTOVIXOY EVOS TUTLXOU UTOAOYLOTIXOU GUGTAUATOS.

Y1o TpdTA UTOROYLOTIXE CUCTAUATA 1 XEVTPLXH MLovada enelepyaociog
(CPU) nopépeve adpavhg dtav dedopéva petagépoviay and/rpog tr deute-
eevovoa pvipyn. H aduvapla auth yia tny anotehecpatixf emxovovia e
YefYopns xiplag MVAUNG Xat TeV Ppadlitepwy SEUTEPELOLOOY UYNUOY ExEL
Eenepaohel oToug olyypovouc unohoytotée pe T Snpovpyio piog Siempd-
vewag (interface), mou puropel va €yel %o popyés:

o Ta peydia cuoThpata £xouy 1o heydpevo xavdie (channel), mou elva
évac devtepog exelepyacthc (I/O processor), eved

o Ta mxpd cucThpata €xouy To heyduevo dLddpomo dedouévmv (data
bus).
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Yxonde xar Ty dVo elvar v eopdiuvon tou pubpol petagopds dedouévmy.
EWlwdtepa, av xat to xavai €yel Sixh Tou puxph uvhun xat pla pixen opd-
da evTor®y, evtovTolg dev elval todtipog enclepyaoTthc Tpog TOV XEVTIELXS
enelepyaoth. H Baowh hettoupyla Tou xavahot elval ) petatponh tov Aé-
Eewv g xUplac uviung ot bytes, ®ote va arnolnxevbolv otny neptpepelaxt
oUOXEUT XaL ¥ peTatpon Tov bytes oe héeic yia Ty aviloTpopn peTago-
ed. Ou kettoupyleg autée exterovvtar and €va mpdypappa mou ouvilog
elvar anolnxeupévo otny xlpla UVARY XAl GTEAVETAL EVTOAY TPOS EVTOAN
and Tov xevipwd enedepyaoth 6T0 xavdhl 6mou extehovvtal. Emilextixd
(selector) Méyetar To xavdh mou pnopel va ehéyyel oikéc deutepelouoeg
OUGXEVES, O TRETEL VA EXTEAEGEL TANPOS TO TPOYPAUMUA TOU apopd o€ i
ouGXELH TpoToY apyloel va exteiel To Tpdypappa plag dhing ouoxeurnc. To
rohunhextixd xavdhe (multiplexor channel) €yet tn Suvatéinta va exte-
Ael TAUTOYPOVA T TPOYPAUUATE TOARGY SEUTEREVOLCHY GUGXELGY. BéBata
oV TpaypaToTnTA ot xdbe ypovuer otiyun dedopéva petagpépovial a-
76 /npog pla pévo ouoxeuy, duog dlvetar n evilnworn dtL dedopéva and
noAkéc ouoxeués pETaPEpoVTAL TALTOYPOVA. XTo Lyhua 3.2 napovoldle-
ToL N ApyLTEXTOVXY VoS Tumxol ouoTthpatos. Ta gOnvétepa ouoThuaTa
Safétouy névov éva duadpopo, drou propel va xUXAOQOROUY eVIOAES TN
xevTpuxhc novadag enelepyaciag ahhd xat eviohéc etbddou/e&bdou.

Auddpopog CPU-pvhung

Kpvo# pviun
Ilpocappootis . ,
‘ dradpduwy Kprar pvin
CPU
‘ Auddpopog E/E ‘
Exeyxthg E/E Exeyxthg E/E Exeyxthg E/E
‘EZodo |
Afoxot N Alxtvo
YpaoLdy
_ _

Yy 3.2 ApyttexTovixh UToAOYLOTX0U GUGTARATOS.
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3.2 Toinov eyypapnv

To péyebog xdbe nedlov plag eyypapic elaptdtar and tov tino tou. H ypa-
YU TAPACTACT, TNS 0pYAVOLONS TV Tedloy plag eyypaphc Aéyetal YRAUULO-
yeapnon (layout). Evypapéc pe (o xau woophxn rnedla akhd Stagopetinh
dudtaldn dev €youv Bua yeappoyedpnon. Xto Lyhua 3.3 nopovotdletar
YRALROYRAPNOY TNS EYYPAPHS EVOS UTAMARAOU.

‘Ovopa  [Atedbuvon| Kodixds | Tuhpoa Mio6dc

30 bytes -+ 40 bytes +—4 bytes — 3 bytes —— 4 bytes -

Yy 3.3: Eyypaph ve otabepd phxog.

Ou evvypagpéc plag ovidtntag cuvhbns €xouv (Bta popeR xar Aéyovial
eyypagés otabepod phxoug (fixed length records). Kdtt tétolo oupPaive
ouvifog ota heydpeva oyeotaxd (relational) cuothpata Swayelpione fé-
oewy dedoubvoy. Yty neplntworn auth o unoioyiouog plac detbuvorne yia
v eneepyaoia Tou nedlov plac eyypaphs elvar ebxokn undbeor, apol oup-
Balvel dnog xatd Tov unoroyiopns dieubiveewy ot nivaxeg (dec Kegpdharo 2
BiBriov Aopdv Aedopévov).

67600, PERXES POPES OTA OYECLAXA AAAAL XAl GTA ASYOUEVH AVILXEL-
pevootpagy (object-oriented) ouothuata elvar BéBato bt mpoxinTouy ey-
yveagés petafintol whxoug (variable length records). Mepuxd hettoupyund
ovothpata dev unootnellouy eyypapéc petafhntol uhxous, arrd Tig yelpl-
Lovtal ¢ eyypagéc otablepod phixoug. Ta nheovexthuata tTov cucThUdTLY,
mou unootnellovy Tig eyypapéc petalintod uhxous, elvar Waltepa onuavTL-
x4 OTav:

® URIPYEL LEYAAN ATOXALCT] TV UAX®Y TOV EYYRAPOV antd 10 UEGO Uh-
xX0g EYYPAPHS,

o T apyela elvar oyxddN,
o clvol peydhn n cuyvéTnTa YpNomNg, Xal TEAOS
® To UAWXG elvan ToA) axp3o.

H petafintétnta tou uhxous tov eyypapody ogpelhetar otous edhg Tpels
Aoy ouc:
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o Yrapin nedlwv petafintod phxoug (variable length fields). Y<a
ovoThpata tou dev vnootneilovy eyypagés petafintol pixous, yia
x&0e eyypaph deopeletal ywpoc (60C UE TO PAXOS TOU PEYAAVTELOU
OTLYHLOTURIOU TNS eYYpaghc. And Ty dAAN TASUPd, 6TA CUGTARATA
mou vrootnpilovy eyypaéc petafintol whxous yivetal npoondleia e-
Eowovopnorg yopou ot nedla, Tou To WAXOS TOUS ROoLXIhEL XAt TOAD.
To pawvdpevo autd cuvavtdtal ouvibng o nedla tinou oupPorocet-
pdc 6mwe ovépata, dteubivoels, neptypapés xhx.

Ténoc=0| ‘Ovopa |Awedbuvon| Tuhpe [Qpoplchio] ‘Qpeg

Térog=| ‘Ovopa [Awedbuvon| TpAua | MicbBdg

Yy 3.4: Eyypapéc petaintod phxouc.

o Yrapin eyypapdy dragpopetixis mopp¥g (variable format records).
Anhadh, €oto 6Tl ot pin etonpela UTAEYOUY UTIAANAOL TOU TANEGVO-
VTOL UE TNY O, TNY NUEpA, TO PAVE | XL UE TO XOPUATL Tapay®wYAS.
Yto Yyfpa 3.4 galvetar éva tétoto napddetypa. Lloiiéc popéc elvan
nbavé do eyypapéc va €xouy to (Blo phxog, adhd va elvar Stapope-
Tixhg popehc. [ v anopuy? ocuyyloeswy, ot nepuntHoeg autés
olyoupn Abom elvar 1 yphom evic emumhéov nedlou mou va SnAdveL
noph g eyypaphc. Ta variant records tne Pascal Advouv autéd o

TEOBANUAL.

o Yrapln eravarapPavéuevoy opddny nedinv (repeating groups).
To gawvépevo autd oupPalver dtav €va | TEPLOGOHTERA YALAXTNELOTL-
x4 enavarauBavovTal teptocotepo and dGo gopés. [ napddetypa, 7
oviotnta T urdiinhog” petadd v dihwv propel va meptéyet Ta yo-
COXTNPLOTIXY ~ GVOUA_TpooTATEUOUEVOL  Xat ~fuepounvia_yvévynong’
TPOGTATEUGUEVOU. LUVERMS 1) EYYLPAPH EVOS URAAINAoU ne dbo B tpla

‘Ovopa Hpepopnvio ‘Ovopa
NO) Kodtxd
vora | Rebxos lIpooratevép.| Tévwvnone  |llposrtatsudp.

Yy 3.5: Eyypaph ve enavarapPavépeves opddes.
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nadid Oa neptéyel aviioToya 300 N Tpla GTLYULOTURA TOV YALAXTNPL-
OTWXOY AUTOV. XTo Lyhua 3.5 napovordletal pla tétowa neplntomon.
Mia tétoia neplntworn aviipetonilovray ebxohra and v Cobol pe v
evtoin Occurs. Qot600, Ta oyectaxd cuothuata diayelplong Pdoswy
dedopévwy dev emtpénouy o pla eyypagh Ty Unapdn enavarapfo-
VOUEV®Y OUAd®Y X0t ENLAGOUY TO TEOBANUA XaTd Stapopetixd TpdTo.

lNa 1o oyeotaxd ouvothpata Wialtepo evdiagépov napovoidlel uévo 1

e neplntwon g Ynapdng nedlwv petafintol uhxovs. Etot, dtav évag

npoypappatiothc uhonotel pla Soph apyelov npénel va elvat mohl npocexTt-

x6C 6T0 YEPLoUS TV eYYPAPOY auTol Tou eldoug, ereldh amowteltar ap’

evioc emmibov yopoc v TNy anolfxeuor dedopévov eréyyou xal ap’ e-

wépou mo noAvmhoxo roviouxd. 1o cuyxexpuéva, n Swayelpion tétowwy
eyypap®y propel va yviver pe 8%o tpdmouc:

‘Ovopar [$|Aedbuvon|$| Kodixée [§| TuApa |$| Micbic

Yy 3.6: Xphon draywpelotody o oeiideg.

o pe yphon eWdixdv Sraxwplotdy (delimiters) # onuadidy Siaywpt-

oot (separator marker) petadld tov enpépous nedlwy, dnowg napou-
owgletar oto Ly 3.6. H péhodog avth anattel tn oelplaxy odpwon
™S EYYPAPHS Y ToV eviontopd tou {ntodpevou nedlou.

| | | | ‘Ovopa  |AtedBuvon| Kodixdg | Tuhpe Mio6dc

S

Yyfpa 3.7: Xphon xatahdywy oe oehidec.

ME YpNom EVOS UXEOU XATAAGYOU TNV apy ) TNS EYYRAPHS, 6Tou yia
x40e nedlo amobnxeletar v andotacy tou (offset) and tnv apyh e
eyveaphs. Lto UyApa 3.7 napovordletar éva tétoto napddetypa. H
TpootyyLomn auth anattel EMTAEOY Y WpO GE GYECT UE TNY Tp®TN TpOo-
oY YLoY), AAAG elvat Ypovixd anoTehecpatixdTepy, viatl divel tn Suva-
ToTNTa dpeorg npooréhaorg xdbe nedlou.
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‘Eva mpéfinua mou ouyva ouvavtdtor otic Bacels dedopévwy elvar m
Orapdn nedlov pe Ty null, ploa tih mouv dnhdver 4T vio xdmoto cuyxexpL-
pévo nedlo dev elval Stabéoun  dev prmopel va undplel mpayuateh TULA.
‘Etot, olpgova pe auth tny npocéyyion dev anowteltar v anolfxevorn xd-
ToLou GUYXEXELLEVOLU ouUBOAou oy va dnhever Ty Ty null xdrolou nedlov,
AANG amh@e 7 andoTaoy, Tou endpevou xedlov Ou elvan (o pe Ty andotacy
TOU GUYXEXELULEVOU Tedlou.

To xuptdtepo npdfinua nov pnopel va npoxidel Aoyo tng Unapne me-
dlowv petaPhntol phxoug elvan v addnorn tou pevéloug tng eyypaphc xatd
v evnuépwon evog nedlou. "Eva tétowo evdeydpevo unopel va npoxaiéoet:

& TNV avayxrn taxtonolnong Tou nepteyonévou g oeiidag UE TRV Xa-
@iy petaxivion (shifting) pepuxdv eyypapdy,

o TNV avay XN an0OAXEVOTS TNS CUYXEXPULEVNS EYYLPAPAS O AN GEADa
KoY averdpxelag y®pou. Av duwe 1 eyypaph auth elvar cuvdedepévn
ne ahuoida and xdmota dhikn eyypapy, Téte undpyel xivduvoc va ond-
oe.  ahweida. L' To Adyo autd, av ) eyypaph petaxivniel, téte ot
Oéon e anolnxeldtar ) véa Stedbuvon dote va un yabody dedopéva.

3.3 TY%rot oehldwy

Kébe oehida éyer pla emuxepahida (page header), nou mepiéyel onuavtixée
minpopoples, 6nwe aptpds anolnxeupévey eyypapdy otn oelida, dtevhuy-
oy endpevne oeildac tou apyelou xin. [lépav tne emxeparidac, howrdy, Ha
propovoape va gaviacholpe pla oehida cav éva oldvoro Béocwv (slots)
v TRy anobixevon twv eyypapoyv. Etou, xdle eyypaph prnopel va ya-
paxtnplofel and To olvotnua pe éva povadixd xwdixd eyypagis (record
identifier, rid), mou aroteheitar and to Ledyog <xwdxde oerlduc, aptBude
Oéonc> (<page id, slot number>).

Av ou eyypagéc elval otalepol phxous, TOTE 0 EVIOMOUOS TOV EYYPU-
POV péoa otn oeAlda elvat ebxoroc, xabog ndiota urdpyouy dvo mbavég
emhovéc:

o o eyypapés anolnxelovtal otic npdtec dabéoes OBéoec tne oeil-
dag, ondte elvar edxolog o uRoroYLoUdS TV anootdocwmy (offsets).
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‘Etou, o replntwon Swaypapic n teheutala eyypaph xatarauBaver
O¢on g Sraypageloas. Qotdoo, 7 péhodog dev elvan epappdoun av
URAEY LY ahG(dES EYYRaPOV, Yiotl av pla eyypah extos Tng GUYXE-
xpuévng oehidag delyvel mpog tn Oéom tng teheutalos eyypahs, ToTE
auth dev uropel va petaxivnlel. H opydvwon auvth napovoidletar ota
aplotepd Tou Ly fpatos 3.8.

n| m| 101..01
eyypoon 1 eyypoon 1
eYypagh 2

A EYYPOKPY,] 3
eYYpoon n ...
ehedfepog

Xwpog eYYpoph m

Yyfpa 3.8: Opyavwon ceridov pe eyypapéc otabepol uhxoug.

o Yta dedid tou Uyhuatog 3.8 napovordletal 1 evahhaxtixh 0pYaveor).
Yipgova pe ) péhodo auth, otny enixepaiida tng oeiidac anoln-
xevetat €vac duadudg mivaxag pe onpales mou dniAdvouy av uia Béon
elvar xateunuuévn B oxt. “Etov, xatd tyyv avalfnon edetdlovra
novo ot Géoeg mou avtiotolyoly oe ainbels onualeg, evd xatd
Sraypapn plag eyypapnc, n aviiotolyn onuala xablotatar Peudhs.

Av o eyypagéc elval petafBinTtol phxouc, T6te oL oerideg dev neptéyouy
otalepd aplbud Oéoewv. Ye neplntwon coayowyhs, n véa eyypapn Ha é-
TPENE VA XATARIPEL XATOLO XEVE Y Gpo XaTdhAnhou ueyEébouc dote va pny
ayenotevlel onpavtixd xoupdtt tou, mov Oa cuveyile va rapapéver xevo.
Enlone, oe neplntowon Staypaphs Ou énpene ou undrownes eyypapés va peta-
xvouvTal ot 6eAda, ®oTE 0 XeEVHS Y ®Eoc va elval EVoTotnuévog.

H xakitepn teyvind yia 1o oxond autd elvar 1 Vrnapdn evéc uixpol xata-
Aéyou Béoewy (directory of slots), ¥ nivaxa toroBétnong (position table)
oty emxepaiida tng oeiidag, o onolog napéyel GAeg TIC OYETIXEC TANPO-
poples. “Etot, o xatdhoyog autde meptéyet yia xdbe eyypaph to Ledyoc
<andoTacy eyypaghc, WhAxog eyypaphc> (<record offset, record length>).
Emumiéov, undpyel évag delxtne npos v apyf s oeAldag and 6mou ap-
x et  meproyh anobfixeuone tov eyypapdv, xaldg xat évac delixtng npog
™V apyh TNe evomounuévne meptoy s oy elvar eAetlepn xou Swabéoun yia
anofhxeuon vEwY eYYpap®V.
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O xatdhroyoc avtdg elunnpetel Tic mponyolpeves mpodlaypapés alld
Oa énpene va onpewwbel 6tL oe neplntwon Swaypaphc dev propel va yive
Taxtonolney tou (Stou Tou xatakdyou pe ereLbépwon tng aviiotolyng O¢-
onc. Qotéoo, 7 Oéon auth otov xatdroyo propel va anodobel npog ypnon
0€ EROPEVY ELoAYLYN eYYpaphs. Ltou, pla xawvolpyia Héorn dnulovpyelital
OTOV XATAAOYO LOVO av OAeg oL undpyovoes O€aeig Selyvouy oe mpaypatixés
eyypapés.

Yipgova pe pla anhf Tapahhayh TNG TEYVIXAS AUTAS, 0 XATAAOYOS dEvV
neptéyel Lebyn <andotaoh eyypagic, pHxoc eYYpaphs> ahid Lévo TNy <a-
n6oTaon eyypaphc>, eved 1 évdeldy whxoug (length indicator) torobetel-
TaL oY apyh e aviioTtowyne eyypaphs. Etot, oe neplntwon avalhtnorg
dteuxohivetal 1 unépPaoy plag eyypaphc.

3.4 Oupadoroinoy eyypap®y

[l v avdiuorn Tou xegaralov avtol unotifetar 6t To péoo anobfxeuong
elval o payvntxos dloxog, ahhd 1 avaiuon auTh LoYUEL eV HEPEL XaL YL
Y ReplnTwon ToV payyntxoy taviey. [a to yehotn, howdy, 1 eyypa-
N elvan 1 eAdytoTn Aoy povada Swaxivione tne mhnpoyoplac. dotdoo,
onwg avapéphnxe, yia to obotnua 1 oeilda elvatl To EAdYLETO PUOLXS OGO
dedopévwy mou petagépetal petalld tou dloxou xat e xlptag uvhung. ¢
rapdyovtag opadoroinong (blocking factor, B fr) opiletal o aptipds tov
EYYPAP®Y Tou ywpoly ot uin ceilda. Av unotelel 1L to péyeboc tng emt-
xe@aiidag tng oeAldac elvar apeintéog xar 6TL oL eyypagés elval oTabepoy
WAXOUS, TOTE 0 mapdyovIag opadonoinong ooltat Ye:

- |3

onou B elvar 1o péyeboc tne oeiidag, R elval to péyeboc tne eyypaypic,
eved B— B fr X R elvat 0 xevoc y®pog mov napapével 6To TEA0G Tng 6EABag.
Av ou eyypagée elvar petaintol puhxoug, téte N petafinth R oupBoiile
T0 n€oo phxos Tov eyypapoy. llpoceyyiotind yivetar napadextd 6Tt o pé-
00¢ %EVOS Y Wpog LooUTaL UE TO MLe6 Tou pixouc TNg péong evypagphs, R/2,
onéte 0 napdyoviag opadonoinong dlvetal and T oyéon:

B—R/2

Bfr =
fr 7
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Av n elvar to mhRloc Ty eyypapdy, T6Te 0 aplipdc Ty oeABwLY Tou

b= [BM

Av ou xeparéc elvan tonoletnuéveg oty apyh e oeildac, T6tE 0 YpdVOC

apyelov elval:

HeTapopds tne oeiidac tooltat PE:
B
bit = —
t

6mou T elvan TaydtnTa dtaxiviong Ty dedopévoy petall Sloxou xat uvipng
xau petpdtan pe bytes/ms. Av mdw avl ne eyypaghc Oewenbel wia orhéxin-
en dtpaxtoc ywentxdtntac 1', téte N mocdTRTA AuTh peTapépeTal o Ui
ke neplotpogh 21 (4mou T elvon o pécog ypdvog neplotpoghs). Eto,
npoxvnTeL 1) Loodlvaun oyéon:

T
btt = —
2r

"Onog N payvnTxed Toawvia elval opyaveoueévy o€ QUOLXES EYYPAPES UE XE-
va petall Toug, étot xat 6To payvnTtixd dloxo anatte{tal xdnota opyYdvwon,
L€ GXOTG TO GUYYPOVLOUS XATA TN Asttoupylot Tou Xat exouéveg T pelwon
Tou Aavlavovta neploTpopxol ypdvou. Alo TpdToL YId THY 0pYAVLGT, EVHC
dloxou cuvavtHvtal oty KEdln:

7 A 7 e
o 1 Unopldy v xevody petall Tov oehidwv, xat

e 1 yphon Tne teyvixic g naperPBorfs (interleaving) # tou hopscotch-
ing (oc ehetbepn petdgpaon 1o mouyvidl “xouted’), mou extTuYydveL
XANVTEPOUS YPOVOUS TEOCTEAAGTNG AAAG elval oyeTixd neplmioxy,.

H <eyvixh tng nmopepPoric elvar avayxala enetdh o eheyxthc Tou dloxou
arattel xanoto ypbdvo enedepyacing Tov dedouévey tou déyetar and to di-

7 7z 7 7 7z AN 7 /7
oxo, npoTol unopéoel va dey el dhha dedopéva. “Etol, av v hoyuxd exndpevy
oehida Tornofetolvtay 6Tov Yuoxd exduevo Topta, tote Do Enpene va yive
ulo Thhene meplotpoh Tou dloxou Gote va evtontalel n apyh e endpevng
oeiidac.

To napdderypa tou YyAuatos 3.9 avapépetar 6Ty TeY VXA Tng Rapepo-
Mg, "Eotw 6t 10 oeiideg evic apyelou npénet va anobnxeuboiv otoug 10
Topelc plag atpdxtou. Enlong, ag unotebel 6t 0 eheyxthc anattel dumhdoto
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Pvotxég topéag |1 2 3 4 5 6 7T 8 9 10
Aoyixégtopés |1 8 5 2 9 6 3 10 T 4

Yyfpa 3.9: Hoapdderypa tng teyvixhc tne napeufoirc.

YEOVO and To Yp6VOo TOoU amotTE(TAL YL TNV TPOCTEALCY] TOU ERGUEVOU TO-
péa. Apa, 6tav Oa tekewwoel v enelepyacio tng puowic eyypaphc R1 mou
elvar anofnxevpévn otov Topéa S1, 7 xeporh Oa Pploxetal endvew and Tov
Topéa 5S4 brouv Ou mpére va elval arnobnxeupévy 1 Seltepn Quouxy eyypaph
R2. Elvaw avtiigntd dte pe v teyvixd auth undeviletan v emPdpuvor tou
YPOVOU TEPLOTPOPAG. LTO GUYXEXPULEVO TAPABELY A AEXOVY TEELS TEPLOTEO-
Péc YL TNV AVAYVOOY GOV TV TOPE®Y NS atpdxTou, evé Oa ypewaldtay
déxa mepLoTpopéc av dev ypnoyronoovvtay N texvixh avth. Ta teheutala
YEOVLa Ol T VUTNTES TOY EAEYXTOV Exouv Beitiwbel onpavtxd. “Etot, ava-
pEpeTal AO TOUS XATAOAELAGTES SLOXWV OTL 0 AoYoc napeufoinc elval 1:1,
mou onualvel 6TL 1 Aoy oepd Ty Topfwy Tautiletal pe ) puolxy oepd
TOUG.

H ouvéyeia tne avaiuong avapépetal o dloxoug mou elval opUApLoHEVOL
ne ™ pébodo tov xevev. Eneldn ouyvad v avdyvworn agopd 6tny npooné-
raon oGV (Sradoyxdy K un) oehidowv and goppapiopévo dloxo, extde
and ™ petafinth bit Dewpeltar pla xawvolpla petalBinTh, 7 petafSinty ebt,
mou ovopdletor npaypatixdg xpbvog petagopds oehidag (effective block
transfer time) xau woodtal pe:

ebt = g
émou ' elvar ) TaydvTnta Swaxiviong dedopévey and goppapiopévo dloxo
ot uvAun xau petpdtan exfone pe bytes/ms. Ytov Ilivaxa 3.1 8ivetar pla
Aot TV XUPLOTEPOY TAPAUETP®Y XAl TOY AVTIOTOLY WY TGOV Tous oe i
ouoxeuh) IBM 3380. Autd ta otouyela Oa yenowponomboly xat” exavaindn
0T EMOPEVA XEQPANALA XAL OTLS ACKAOELS.

Av, howndy, éva apyelo xatarapuaver b oerideg, 16Te 1) oELpLAX AVAYVE-
oy tou apyelou anattel ypodvo:

b x ebt
A e 7 /7 e e /7
EVO 1) Tuyala AVAY VOO GAWY TV GEAdwY analtel ypdvo:

bx (s+ 7+ ebt)
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Optopée - Hapdpetpog Tuuh
Méveboq oerldag, B 2400 bytes
Xpbvog petapopds oealdag, bit 0,8 ms
Yehideg avd xdavdpo, C 600
Ipoypatinds xpdvoe petagopds oehidog, ebt 0,84 ms
AptBude xurivdpwv, N 885

Mécog ypbdvog neptotpognis, r 8,3 ms

Mécog ypbdvog eviomopod, s 16 ms
Taydtnta avdyveong o dloxo, ¢ 3000 bytes/ms
Taybdtnta avdyveons ot goppaptopévo dloxo, t' | 2857 bytes/ms

Mivaxag 3.1: Twéc napapértpoy via ) ouoxeuy IBM 3380.

onou s elval 0 €GOS YPOVOS EVIONLGLOL ot ms, T elval 0 PEGOS YpOVoC Te-
eloTpophs ot ms. BéPowa Oewpeltal apeintéo to péyebhog tne emixepaiidag
(header) # ceXidag eAéyyou (control block) tou apyelov xal urot{Betar 6tu
oL eyypagéc €xouyv otalepd phxos. And g oyéoec autés palvetat 6TL av
URAPYEL LEYAAO TOGOGTO XEVOU YWpOU, TOHTE 1) GELELUXT] AVAY VWO, Enfpa-
dlvetal.

3.5 Avayelpiorn yopou diaxou

O Suayeplotic Tou yoeou Tou dloxou elval 1o TANCLEGTERO TUAUA EVHS GU-
oThpaTos Stayelplone facewy dedopévwy npoc To VA, O Swayeiptotic Slvet
evioiég npog To dloxo yia va deopeloe | va anodecueioet wio oehida, dnwg
xaL vy vae avayveolel ¥ va arnoOnxeulel plo oeiida. Xuyvd elvar yehoo
éva oUvolo 6eABwY Tou apyelou va arnobnxeubel o Stadoyixéc atpdxtoug
Tou dloxou, GOTE N oeLpLAX) AVAXTNOT Toug va Yivetal anotereopatixd. To
TARbog Ty 6eABwY Tou propoly va tpoonciacholy xat” autéy Tov TpdTo
repropiletar and o péyebog e anopovetixic uvhung (1 xehon tng onolog
Oa avadubel ouvéyewa), xar anoterel To heyopevo xddo (bucket) mou elval
N roywer; povdda mpooréraorg oto dloxo. [ mapdderypa, oto poviého
EDSS8 tng ICL 7o Rettoupyixd olotnpa uropel va Stayewptolel xadouc tne 1
oehidac, Ty 2, Twv 4 f Tov 8 oeAldov, evd cuviing To péyehog Ty xAdwYv
elval 8 oehidec twv 512 bytes. Axdun ota ouothuata Vax to péyeboc tou
xadou pnopel va xaboprolel and 1 péyper 65.535 aeiideg twv 512 bytes, ue
npotewvopevr default tiph toug 3 topels. Hapdpoieg teyvinés ouvavtdvTa
XAl O GANAL GUGTANATA.
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H exioyh tou xatdiiniou peyéhouc xddou pe oxond tn Pfeitiotonolinoy
NS YPNOMS TOu YGpou elval undheon Tou SLAYELELETH TOU GUOTAUATOS Xat
dev unohoyiletar dUoxora. Ac urotelel 61 to péyeboc tne eyypapihc elvar
160 bytes, eve) to uéyehog tne oeridag elvar 256 bytes. Ou emhoyvég elvar

oL e€hg:

o oL eyypapés va propoly va arnofnxetovial ev puépet oe dGo oehidec ue
aLENUEVO XOOTOS TEOOTEAAOTS, XAl

o xd0e eyypapn va anolnxeletal oe ula Lévo oehida pe x66T0C TIC QU-
Enuéveg analthoels o€ Y ®po Aoy TNg Urapdng Xevol Y oHEou 610 TEAOS
g oeiidag, Qawvéuevo o ovoudletal ECwTEPLX TUNUATORO(NOT
(internal fragmentation).

Mapdyovtag Méyeflog | Tehideg/ | Méyebog | Mocootd
opadonoimeong | eyypaody %480 %x&8ou xenomng

1 160 1 256 63%

2 320 2 512 63%

3 480 2 512 94%

4 640 3 768 83%

5 800 4 1024 78%

6 960 4 1024 94%

7 1120 5 1280 88%

8 1280 5 1280 100%

Mivaxag 3.2: Avtiotouyla peyelody eyypaphc xar topéa.

Ytov Hivaxa 3.2 dlvetar to nocootd yenowwonoinong ydpou, xaboe o
napdyoviag opadonoinong avidver and 1 wg 8. lapatnpeitar 61t to noco-
076 autéd xupalveton and 63% wc 100%, nou mpogavdg elvar v xailteen
Mom. Yto YyfAua 3.10 gaivetar n avtietolyla Tou pevéhous tne eyypaphc
npog 1o péyeboc Tou Topéa Y napdyovia opadonoinong 8.

Topéac ‘ Topéac ‘ Topéac ‘ Topéac ‘ Topéac

Evypaeh ‘EYprﬁ ‘EYprﬁ ‘EYprﬁ ‘EYprﬁ ‘EYprﬁ ‘EYprﬁ ‘EYprﬁ

Yyfpa 3.10: Avtiotouyla peyedody eyypaphc xar Topéa.
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To mocoot6 ypnowwonoinong tou ydpou divetar and n oyéon:

Rx Bfr

U= ——
S X Ppb

émou Ppb elvar o aphude Tov oehBwy avd xddo:

o = {RxBfrJ

S

eved S elval to péyeboc Tou topéa oe bytes.

Av 7 xifor Oewpenlel 6t yivetow pe Baon tov xddo, té1e 0 ypbdvos oet-
PLAXTC AVAYVOOTNS EVOS apyelou LoovTal te:

bk x dtt

6mou bk elvat 0 apBude Ty xddwv Tou apyelou xau dit elvar o ypbvog neta-
popdg dedouévwy (data transfer data) evéc xddou, evd o ypdvog Tuyaiac
avayvewons Tou apyelou elval:

bk X (s + r + dtt)

Aré tic mponyolpeveg oyéoelg ouvdyetar 6Tl ) akhayh Tou peyéhoug Tou
x4dou dev emdpd xabdhov oY TayvTHTA TN CEELaxhc avayvwons. Avti-
Oeta, i ad&non tou peyéboug Tou xddou auvidver Ty Tayvtnta g Tuyalag
npoonéracng Tou apyelov ue Baon Tov xXA80U, EVE HELOVEL THY ToBTHTA AV
N tuyala npooréhaoy, yivetaw pe Bdorn tny eyypaph. Av n xihon yivetal pe
Baon tig eyypapés, t6Te 0 avtioTolyog Tinog elval:

n X (s 4+ r+ dit)

Anradh, yia tny npoonéiacn plag eyypapnc npénel va petageplel oty xi-
oLt UVAUN €vac oAOxAnpog xadog avtl plag B dVo oehldwv, émou mbavdg
uropel va elvar anobnxevpévn n eyypaph. "Etol, npoxintel 6t av 1 ene-
Eepyaoia tou apyelou yivetar xuplwe xatd Tuyaio Tpdno, TéTe dev ouupépel
va opadonolobyvtar Torkéc oeiidec oe Evay xddo. Xuverdc, telxd, 1 &-
XAOYH TOU xatdAnhou aptbpol oehidov avd xddo elval éva moiudidoTtato

TEOBANUAL.

Kat’” ealpeor dpowg npog doa avagpéelnxay nponyouuéves undpyouvy
HEpéS TEPLRTOOELS, 6ToU dev exTterovvTaL T€Tolou eldouc BeATIoTONOROEL.
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[ mapdderypa, ota apyela ISAM tng IBM (8ec Kegdharo 7) dev emitpé-
meton pla eyypapn va elvar arnofnxeupévy oe dGo Swpopetixés oehidec. H
TEY VLR auTh dev xavel BeATioTonolnon y®pou aARd SLEUXOAUVEL GHUAVTL-
X TS ELOAYOYES XAl TIS AVAVEDGELS TWV EYYPAPOV. LE JANIL CUCTAUATA
emtpénetan pla eyypaph va anobnxeulel xatd éva puépoc o éva xddo xa
xatd to undiowno oe dhlov. LEtoL T0 mococtéd yenouronolnons Tou yo-
pou elvar 100%, wotdoo anavtelzan pla neplocdtepo npoywenuévn néhodoc

Srayelplons Tng anoLoOVOTIXAS UYAUTC.

Av xar cuvhbwc apyxd éva apyclo xatahapPdver ouveydueves Oéoeig
070 8loxo, To mbavdtepo elvar 6TL Aoy eLoayLYOV XaL Staypapdy ot GEALl-
dec tou apyelov Ha Swonapbholy otig enpavees Tou dloxou, evd BERata to
(3o oupPaiver xatr yio Tov ehetlepo y®po mou mavel va elval evialog akid
Sraoxopniletar oe pixpd anopaxpuouéva tphpata. Mia axdépn vrevhuvé-
T Tou Stayetptoth elvar va yvopllel moéc oeiideg elvar xateunuuéveg
xat motés ehevhepec. [ to oxond autd propolv va yenowronomboiy 3o
TEYVXES:

o ue ypnon pla Alotac via Tig Steubivoeic Tov eretlepwv oeABwy, 6-
g yivetar pe 0 oukhoyy oxourldudy (garbage collection) and éva
AELTOUPY WO 6UGTNUA, T

o ue ypnom evoc duadwol mivaxa, émou ta 1 xar 0 aviieTtolyody oTic
xatelhppéves xal oTis erellepes oelldeg, avtiotouya.

‘Etou, nap ého mou propel va undpyel yevixd eikelliepog yopoc, eviottolg
autés 0 ywpoc propel va uny elvol TpaxTiXd eEXUETAMAEVOLLOS, GRWS YL
napddetypa yia To davolypa evog véou apyelou. Autéd to pavopevo Aéyetan
Ttunpatornoinor (fragmentation) tou dloxou. [a to oxond autd ta ap-
yelo Stanpodvtar oe extdoeg (extent), népa and tnv urodialpeor toug oc
x&doug, oehidec, eyypapés xou nedla. Extaoyn elvat éva tufpa tou apyelou,
70 omolo xaTahoapBdvel XAt ATOXAELGTIXOTNTA VO GUYXEXPULEVO HEPOG TOU
dloxou. Yuvilowe ou extdoeig elval tooueyéDeg xat mowxiiovy oe mifllog ard
mio péypl pepixés dexddec. Av xau 1 Swayelpion TV extdoeny ap’ cauTthg
elval éva emmAoy npdfinua, eVvIoUTolS UE TOV TELAYLOMS TV apyelwy oF &-
xTdoes elvar duvatd va yiver xakitepn yphon tou dloxou xat yia %o axdéun
Aoy ouc:

7 re e 7z /7 re 7
o olupowva pe tig tereutales elehilec pépetar dTu elvar oA anotehe-
opatixd and dnodn napahiniiopol ta peydha apyelo va exuepilovtat
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oe extdoeic nou anobnxedoviar oe Sraopetixovc dloxous. Mdiota
nepweés @opés xatt Tétoto yivetal xal yia apyela pecalou pevéhouc.
H xazavoph auth tou apyelou hévetar Levln # obvdeon (spanning).

o pla cloaydpevn eyypagh propel va un yopd ot xdnown éxtaoy (w-
Bavétepa Ty teheutala). Téte avtdpata to olotnua napaywee! oto
apyelo pla emmiéoy éxtaoy pe tpoémo adtapavh yio to yenotn. Axoun,
To ovotnua propel plon ddewa éxtaon va tn Swbéoel oe xdnolo dhio
apyelo.

3.6  Avayelplorn AROROVOTLXAS WVANS

O oxonéc Ty anoprovwTixdy pvnudy (buffer memories) elvar v oparo-
nolnoyn e pofs Ty dedouévey petadl Tng Yehyopns xUplac MVAUNS Xot
TV BpadiTtepmy TEQLPEPELAX®Y GUGXELMY, XaL YEVIXA dtaxplvovial 6 dvo
TiRouc:

z 7 7
o Tic uhuxég (hardware buffers), rou ypnowrorolobvral eupltata yia
Srayelplon TV Waltepa apY®Y TEPLPEPELAXGDY GUGKELGY, XL

o Tic hoyromxég (software buffers), mou elvar Tphuata tng xdplag pvh-
U

Ot viixéc pviues oto naperldy ypnouronolobviay 6T avay vewoTixés Lo-
VABES Y ALTOTAUVLOY Xl XARTOV, eV To (B0 oupfalver 6Toug Glyypovoug
EXTURMTES, OTOU 1 UVARY auTh Peloxetar 6Tov eAeYXTH Toug. AXOuT ot ot
odnyol Tavidy xat dloxwy €youy UvAueES oy, duwc, elvar ToAs uixpéc. Ot
uvApes autég dev Ha pac anaoyorfoouy oty cuvEyela. Lto Ly 3.11 na-
povordletal 1 pof Twv dedopévey petall xdplag xat deutepetoucas UVAUTS,
omou epgaviletal xar n hoyiopxh anopovotixh uvipy. H drapdn tov hoyt-
OUX®Y PVNROY elvar anapaltnto cuotatixd xdbe cuothuatog Stayelplong
Bdocwv dedopvmy.

‘Eotw 6t dha ta Sedopéva oe Eva abotnua Swayelplong Baoewy dedoué-
vov neptéyovtal e éva apyelo xat wévo, to onolo anoteielztatl and 1.000.000
oerideg (dnhad¥, 4 Gb neplnov Bewpdvtag oekides Twv 4 Kb). Ilpogavde n
xVpLor uvAun elvat okd pixpdtepn. "Etor, péoa otny xbpta pviur Seouete-
TOL XATOLOS Y OEOS YLOL TNV ATOROVWTIXH UYAUY, Gote exel va TonofetolvTal
TPOCWRELVE aNd TO SLAYELPLOTH TNS AMOPOVOTIXAS UVARNS T dedopéva mou
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Y
N
I , \ , Apyelo
Eptoxm Koavdi /\ /
epyaciog
eYYpaphg \|:|/
ITeptoyhy Amopovetixy 4 N
TpOYphpATOS v —
XpPNom Aloxog
Képta pviun

Yyfpa 3.11: Audypappa pofg dedopévwy.

€pyovTar and to dloxo péypl va yivel n enelepyacio toug. O Swayeplotic,
howrdy, avtde elvar vredluvog via Tov TEpAYLoPd TRS PVAMNS 08 Ve GUVORO
nhatolwy (frames), dnouv to péyeboc xdbe miasiov elvan (oo mpog to péye-
Ooc tng oeridac, evé to 6¥voho TV Thatsliwy avtdv ovopdletal dedapevh
pvnudy (buffer pool).

Ta avdtepa 6TEOUATA TOU GUOTAUATOS ETLXOLYOVOUY UE TO SLAYELPLOTH
TNS ATOUOVOTXAS UVARNG XL

7 7 e e 4 e 7
e tou {nrody xdnoia oeiida, nou pnopel Hdn va Peloxetar oe xdnoto
e A 7z e /7 e 4
mhalolo, ahodg pénel va npooneiachel and to dloxo, 1

7 7z 4 /7 7 7z 7 e
e Tou nepvoly Eva uhvupa 6Tt dev ypetalovtal miéov xdnowa oehida, o-
/7 e e e 4 7z
n67e To mhalolo umopel va eheubepwiel, f téhog

& TOU TEPVOUY Eva LAVLPA Yia Xdrola eviuépwor nou €yl enéhlel xdmota
oehida, ondte N evnuépwor auUTH TEEREL VO TEPACEL 0TNY avT{oToLy
oehida Tou dloxou.

O Swayeptothc yia va avtaroxptfel ota xalhxovid tou yvopeilel yio xdbe
mhaloro néoeg gopéc €xel Intnlel yoplc va eheulepwiel and téte mou 7 a-
viloTtolyn oeiida TonoheTAONXE 6TNY ATOPOVETIXH UVAIY, XoL av To TAxloLo
elvar Bpduixo (dirty), dnradh av €xel evipepwbel. Autd emtuyydvetar pe
™ Bohbeia Tou heydpevou peTenth xappopdtey (pin_count) xot Tou Aeyo-
nevou Beduixou bit, o onolol apyixorotolvtal pe tupéc 019 xar Og.

Av v oerlda endpevng {Atnone Peloxetar oe xdnoto mhalowo téte o ue-
TenThc pin_count avidvetar xatd éva (Stadixacia mou héyetal “xdppopa” -
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pinning), evé o petenthc pewdvetal xatd éva av gpbel phvupa dtL To nepte-
xopevo xdrotou mhalolou dev elvar théov yehouwro (Sadwacio *Eexdppowpa’
- unpinning). Av v awtolpevn oehida dev Beloxetal 6Ny anopoveTueh Uvh-
un xou dev undpyel xdnwoto erellepo mhalolo, téTe emhéveTal va mhalolo,
T0 heyopevo Bpa (victim), drou Ba épbel ) awtodpevn oelida and To dloxo.
To Odpa emiéyetal petalld Twv mhatclioy Tou €youy undevixd pin_count e-
pappdlovtag pla moktueh aviixatdotaorns oehidwv (page replacement)
(mou Ba e&nynbody oty ouvéyea). Qotdoo, nply ehevbepwbel 0 ydpoc Tou
Odpatog elvar anapaltyto va eheyylel to dirty bit. Av <o bit autd elvar 0,
Tote mpdypatt To mhaloo eheubepdveTtal ywelc xaplo dhin evépyela, eved av
elvat 1 téte 1o nepeydpevo tou mharclov anofnxeletal oty avilotolyn oe-
ABa tou dloxou. "Opwg elvar mbavéd va unv urdpyouvy mhalowa e undevixd
pin_count. e pla tértown neplntwon n véa altnon npénel va nepuévet, xot
nbavoe va anopprpbel.

H rmponyolduevny avdntuln tou tpénou hettovpylag Tng AmOMOVOTIXHC
uvhung wpocopodler otov tpdéno hettoupylac tng Weaths uvAune (virtual
memory) £v6c AetToupyxol custhpatos. 2otdoo, drwg onuelddnxe oty
apyh Tou xeporalov, éva ovotnua dwayelpiong Paocewy dedopévey dev ena-
voradetal 0UTE 68 AUTES TLS URNPEGIES TOU ASLTOURYLXOU GUGTAUATOS Yiatl
T0 (S0 pnogel va npofBréde ta npdtuna {Atnong oehidwy (page reference
patterns). ‘Onog o avel 670 pdbnpa Twv Bdocwv Aedopévov, autéd puro-
pel va xataotel SuvaTéy GTay eXTEROUVTAL GUYXEXPLLEVES dlepyacies, OTLS
oelplaxéc capoets apyelny ¥ ouvdéoeig (join) apyelowv xhx. H duvatdtnra
npoPhedng tng perhoviixhic LAtnomng propel va ypnoyonownlel pe oxond
Bertiwon tne anotereopatixdTnTds Tou ota e&hg onupela:

® UE TNV ETAOYY TOU XATIAANAOU TAALGlou Yia To pdro tou Hipatog,

o ue TNV enlhoYn TNS XATAAANNING OTLY MRS Yo TNy anolixeuon Tov Ppo-
Uy oehidwy oto dloxo, xat

e yc v npo-npoonéhaoT (prefetching) oehidwv and o dloxo npw a-
x6un avtés Tnnhoiv.

Ye eqappoyéc Paoewy dedopévey to xb6ot0c enelepyacioc Twv oekidwy a-
76 T otyph wou Ha €pbouy oTig anopoveTixéc pviues Dewpeltat apeintéo
oe oyéon UE To x60TOC UETAPOpds dedouévey and/npog TN deutepedovoa
whApy. Etou, n npo-npoonéiacy Pertidvel onpavTixd tny enidoorn Tou ou-
OTAUATOS OTaY dev aTOVYTAL OAES Tic oehidec Tou Sloxou ue (Bia mbavénta,
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alhd ot athoeg eotidlovtar xuplog ot pepués neployéc dedopévov. To
tehevtalo pawvépevo ovopdletar tomxdtta (locality), xau odnyel o ad-
Enom tou heyopevou héyou emtuyiag (hit ratio), mou elvar to ankixo tou
aptipol Tov awthoemy oy anavievial yopelc tpoonéiacy o1y deutepelou-
oo PVAPY npos tov aptipd Ty cuvolx®y atthoswy. Me dihka Aoy, 7
Tpo-npoonéaoy, BEATIOVEL THY ER{B00Y 4TV 0L ATHOELS APOROTUY YELTOVLXES
oehidec oe neplntwon oeplaxic npoonéracrg, eve 1 exldoor @hivel onpavte-
x4 oe neplntwon tuyalag npoonéiacns. Enumiéov, npénel va toviehel dtu 7
Tpo-npoonéacy, cuvTere! 6T Uelwor Tou HEGOU YpdVOU TEPOOTEAACTS 0TS
oehidec eneldy, 6tay elvat Yvwotés ol Steulivoes Ty oehldwv tou Ou npo-
onehaoOolv, uropel va viver xdnowa avadidtaln e oepds TV ATHOEWY
ne otdyo TV ehaytotorolnon tou yedvou avalftnong xat tou ravldvovta
TEELOTROPLXOY Y POVOU.

Yt ovvéyeta ednyeiton plo anhh Tex v Yphong TNe ATOPOVOTIXHS V-
ung, mou ovopdletar single buffering, xou uropel va viofetnlel oe nepntd-
oelc oeplaxic npoonéhaong oeplaxol apyelou (deg Kegdhawo 4). Mia e-
vohhaxTery Abon elvar vo axoroufnlel n enavohappavopevn Swadixacia va
vepiler 0 uvhurn xou xatémy va axorovlel 7 encdepvacia. “Etou, o peta-
pépeTat 1) ENOUEVY) OEABA AN TNV NEPLPERELAXT CUGXEVH GTNY ATOULOVOTLXN
VALY, Lovo dTav Tehetdoet 1) enedepyasin GV TV EYYPAPDY TNS ATOUO-
VOTUXAS ApNs. 2otéc0o, olupova pe pla ntpoyowenuévn péhodo uropel va
viver amotereopaTixdTeERY) YENON TS LVARNG HETapépovTas dedouéva Tautsd-
YEOVA A6 TNV NEPLPERELAXT CUGXEUT TEOS TN VALY Xt ontd TN UVAUY TNy
REPLOYT TOL TPOYPAUUATOS TOU YpAGTYy (user program area), nwe pal-
vetat 6to Uyfpa 3.11. BéPawa v (B teyvixh unopel va epappociel yio tny
TauToypovY LETAPORG dedopévwy xatd v aviliotpoey oepd. H péhodoc
auth propel va uhononlel pe Eva unyavioud xuxiuxnc Alotac. H Stayelpion
e Aotag autic yivetal pe t Bonleia G0 Seuxtdy mou delyvouy Ty TpdTY
Stabéouun eyypaph Yio To TEOYRAUUA EPAPPLOYHS Xat TNV mpdTn dtabéoyun
O¢on yia anolfxevon eyypapdy and n deutepetouca cuoxeur. Ltou, xatd
) ddpxea tng encdepyaciag o évac delxtng Txuvnyd” tov dikov. ‘Otav
o mpwTog YPhdoel To deltepo, THTE N ATOULOVOTIXY UVARY elval ddela, eV
oty avilBetn neplntowon n uvipn elvar yepdtn (dnog oty replnTwon g
xUXAXHS oupdc, dec Kegdhato 3.2.3 BifBhlou yia Aopée Aedopévov).

Ye neplntwon oeplaxis npoonélacnc oepLaxol apyelouv uropel va ypn-
owonowmnlel pla axdun anoteheopatixdtepy; Teyvixh nov ovopdletal double
buffering. 't tnv xatavénon tng teyvixnc, ywpelc PAIBN Te vevidtnTac
ac urotebel 6Tl N anopoveTLX UYAUY anoteieltal and dVo mialowa Lovo.
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‘Eoto dtL apyixd autd ta 8%o mhatota vepillovy pe tic npodteg 8Yo oehideg
Tou apyelou. Méhg tehewwoel v enelepyasia TOV eyYpaPOY TOU TEHOTOU
mhatotou, téte autd pe véa avdyvworn Lavayepilel pe to nepleydpevo g
tpltne oeiidag tou apyelou. ‘Etor, n tplty oehida npoopépetal yia ene-
Eepyaoia auéome nohg terewdoet 1 exeepyaoia tne devtepne oeildoac mou
Beloxetar oto devtepo mhalowo. Me tov tpbéno autd, oe pla ypovixh otiy-
uf to éva mhalowo déyetal dedopéva and to dloxo xat To diho oLUMETEYEL
otny enclepyaoia, Eve 6TV EXGUEVY YPOVIXH OTIYUT oL pdhoL TV Thatsiwy
avtiotpépovtal. H teyvixh auth akhayhc tov pdhov tTov d%o pynpdy o-
vopdletar avtariayh anopovetixdy pwynuody (buffer swapping). Av o
xpbvog enclepyaciag TV eyypapdy g oehldag (xpévog CPU) dev elvan
peyahitepog and 1o ypbdvo mpoonéiaors (xpbévos 1/0), tée Bloya propel
va Oewpenlel 611 0 ouvohixdg ypdvoc tautiletal pe To ypbdvo npooréracTg.
Yto Yyhua 3.12 napovoidletar ap’ evéc pla oepd and hettoupyles elod-
dou/eZ680u pe Tic ypovixd avtiotolyes hewtoupyleg encdepyaociag xot agp’
etépou To mEplebUEVO TV dYo miaclwy. Katd tov (Sto tpdno ta ddo mhal-
oL UTOPOVY VA GUVERYACTOUY Yia 1 oetptaxy) anolrxevorn oto apyelo.

IIpdTo Acgitepo
1/0 CPU nialoto nialoto
Avédyvoon A
Avédyvwon B | Enelepyacia A A
Avéyvwon C | Eneiepyacia B A/C B
Avédyvwon D | Enclepyacia C C B/D

Yyfpa 3.12: Xpovueh ahdniouylo epyaotdy pue yphorn Svo nhoasioy.

Av ou unohoyiopol elval mokd olvletol xau ypovofdpol, téTe N YEhoN
Twv 300 mhatoiey dev £xel Té00 Deapatind anoteréopata. Lto Lyhua 3.13
napovorgletar pla tétown neplntwon, énov o ypévoc CPU elvan tpunidotog
ané 10 ypdvo eebédou/eLbdou. Av ou anopovertixég uviueg éyxouv péyeboc
(oo pe pla dtpaxto, T6Te 0 yp6VOg Moy analteltol yio TN ogplaxy enelep-
yvaola tou apyelou elval:

[t] x b x ebt

émou to t elvar o Aéyoc Tou ypbvou CPU mpog to ypdvo eoddou/edddon.
Fevixd peyaritepoc napakiniiopos uropel va enteuyfel ue ) yphon noi-
MThOV anopovetxedy uynpev (multiple buffering). A& xav xndhe av o
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IIpdTo Acgitepo
1/0 CPU Thal{olo Thal{olo
Avédyvoon A
Avédyvwon B | Enclepyacia A A
Avapovh Encéepyacia A A B
Avapovh Encéepyacia A A B
Avédyvwon C | Encéepyacia B A/C B
Avapovh Encéepyacia B C B
Avapovh Encéepyacia B C B

Yy 3.13: Xpovixh adinrouyla epyacidy e yenon dbo miasiov. O
xpbévog CPU elvan tpumhdoiog and 1o xpdvo 1/0.

xpbvog enelepvacioc elvar peyahitepog and 10 xpbévo ewebdou/e&ddou, 16-
te N ey vixh Tou double buffering elvaw enapxic.

‘Onowg avagéehnxe mponyoupévms, ot teyxés tou single buffering xat
double buffering propoidv va epappocfoly pe enttuyla o nepuntdoelg oet-
ptaxfc mpoonélacns oewplaxol apyclou. Qotéoo, oe éva alotnua dayelpt-
onc Paoewy dedopévov propel Tautdypova nolhol ypHoTES VO TEOCTERAS-
vouv 11 3dor, ondTe N AnOHOVLTIXH UVAUT va Reptéyel oeAldec and mohAd
apyela. Mia tétota yevixh nepintwon dev avtipetoniletar pe g nponyov-
MEVES TEYVIXES, ARG amonte(tal 1 epaployh wing cLUYXEXPLUEVNS TOATIXAG
AVTXATAOTAGTS OEABOV Yia Ty enthoyh Tou Hlpatoc.

H repio66tepo YVvoTH TOAMTIXH avTiixatdoTtacns oeABoy elval 1 exthoyH
s My btepo mpbogata yenotpmononuévns (least recently used, LRU). H
ToMTL auTh vhormoteltar pe T Ponbea plag oupdsg, 6To Téhog g onolag
Ttonofetovvtar o Steubivoelg Tov mhatsloy mou €youv pin_count (oo pe 0.
‘Etot, og O%pa emiiéyetar o mhaloto mou Pploxetal 6Ty XeQaiy Tng oupds.

Mo raparhayh tng mponyodpevng toltixhs elval 1 oporoyiaxy (clock)
emhoy ¥, mou dev dayetpiletal xdnowa ovpd ahid otnpiletal o pla petain-
¥ (current), mou Bewpel xuxdxd Sheg To mhalowa TNC ATOLOVETIXAS UVARTS.
‘Etot, av to mhalolo mou urodewxvietar and tny current €yet pin_count pe
T peyarttepn tou 0, téte N current avddvetar xatd éva, uéypt va Ppel
mhaloto pe Ty pin_count (o pe 0.

Ot 8%0 autéc mohtixéc dev elvan anoteicopatixés o neplnTwon oepla-
xhe eneepyaoiag tou apyelov. T'o nopddeypa, éotw dTL N anopoveTIXH
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uvApy éxel 10 mialoa, xal 6Tt éva apyelo anoteieltar and 10 oeiidec. Auth
7 nepintwon edunnpeteltan and Tic TOMTIXES aUTES Ywplg xavéva TedBinua,

T4 e 7 e re 7z /7 re 7z
yiotl 6tav Eavalntnbel xdrowa oerida elval BEBato bt dev Oa yivel npooné-
haor oo Sloxo. "Opwg av to apyelo anoteieltal and 11 oeildeg, tdte xatd
To deltepo, tplto xAn. népacua Tou apyelou Oa mpoomeralvovTatl xat AL
Oheg ou aehideg, dnhadh o Adéyog emttuylag Oa elval 0.

"ARhES Y pNOYLOTOLOVIEVES TOMTIXES AVTIXATAGTAONS OEABOY elval 7
tuyalia (random), n neptocdiepo npdopata ypnolpononuévn (most re-
cently used, MRU), npdty epxbuevn, npdtn avixabiotduevy (first in,
fisrt out). O tpbdnog hertovpylog TV TOMTIXGY autdy elval euvdntog and
TLS OVOPAGLES TOUG XAl and TNy TponYoUuevy, avantuln. XTic neploodtepes
TEPLNTWOELS YENOLLOTOLE(TAL XATOLA RALAANAY T T®Y V0 TE@T®Y TOATIXOY
Gote va avtetoniletal anoteheouatixd v oeplaxh exelepyaoia.

3.7 Aoxfoeg

<1> Na Bpebel 0 Bértiotog napdyoviag opadonoinong av 1o pévebog e
oeiidag elvar 256 bytes, to puéyelog tou xddou elvar ard 2560-3840 bytes
XaL To pAxoS TN eyypaphc elvan 64, 72, 91, 240 4 400 bytes.

<2> 'Eoto 6t oe pla ouoxevy dloxou to pévebog plag atpdxtou elvan
10.000 bytes xat 61t anattolvrar 10 ms yia pla mifen nepiotpoh. Enlone,
ag vrotelel 6tL To néyelog Ty oeridwy elvar 1000 bytes, evey to péyelog
TOV XEVOV AOYw @opuaplopatog eivar 100 bytes. Na unohoyiolel v pé-
yiwoty (otiypala) Taylta petagopds dedopévoy, xalde xal N mpaypatich
TayvTnTa petagopds dedouévewy ot bytes/dtpaxto.

<3> Alvetar apyeto pe 30.000 eyypapés tov 100 bytes. Kale unva yivovro
1000 <uyales mpoonerdoeis yia i eyypaph xat plo celplaxh tpocréhao
6hou Tou apyelou xatd xadous. Av oTny xlplo VAU urdpyel Evag mivaxog
ne tic deufivoels Ty XAdwy Tou TEpLEyouy T eYYpapés, T6TE ToLd elvat
70 Béhtioto péyelog Tou xadou xat téco lval 1o avtioTolyo X66TOg YLa TIg
rewtoupyieg avtés; Na Ppeloly ov aviiotouyes Tiuéc dtay oe pla oeplaxh
avayvwon avitetoryovy 10.000 tuyales npooneidoeic.

<4> ‘Eotw 6t 10 nponyolpevo apyelo elvar anobnxeuvpévo oe dloxo IBM
3380. Ilotd elvan to x66T0C Y THY AVAYVODGET 0AGXANEOL Tou apyelou xatd
eyypapés xal xatd oeildeg 6tav o xadog anoteheltar and 9600, 19.200 xou
48.000 bytes.



Arayeipion etoédou/eE680u 87

<5> Na Beebel 0 ypdvoc mou anattelitor and pia ouoxeun IBM 3380, yia pla
tporonoinoy apyelov mov anaptiletar and 10.000 oehideg tov 2.400 bytes,
av 0 x&dog anotereitar and 1, 2 % 10 oehideg xau téhog av o xddog Exel to
uéyebog evdg Toua.

<6> ‘Eotw 4t pla cuoxeuh dloxwv CD mpdxettar pe tn Ponbeia plag Sie-
npdvelag va ouvdehel pe éva puxpolnoroyiot) yia anoffxeuon apyelov.
‘Evag dloxoc CD amolnxeder 60 hentd pouoixic, v o xXaTtdhovog Tou
uropel va meptéyet Léypet 99 eeddouc. H taydtnta neprotpopic elivar 500
oTpogéc/hentd xau 1 TayvTnTa peTagopds dedopévey elvar 100 bytes/ms.
H xe@aih avdyvwong/anobhixeuone xiveltar pe ypoupxd taydtnta xoL o-
rartovvTal 3 deutepdienta yia va capwlel 6hn n enpdvera. Na Beeboily ol
urérowol Tapdyovieg nou yapaxtneilovy to dloxo.
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YEIPIAKA APXEIA

4.1 Ewayoy

Ta oelpraxd (sequential) apyelo elval o nakabtepog TUR0g 0pYdvLOTC *p-
yelwv. AvantiyOnxe vipw ota 1950 oc cuvduaoud pe tny Urapdn Tov po-
YVATXOV TALVLGY, TOU ATOTEAOVOAY TOTE TNY Xuplapyn ouoxeLy| deutepelou-
oac anoffxevonc. Axdéun xar ofuepa Ta oelplaxd apyela ypnouronotobvta
oty pdln ota olyypova cucthuata dtayelplong Pdocomy dedopévwy, dyL
opws og Touvies, akhd oe payvnTxols dloxouc. Nta apyela autd 1 QUGN
oelpd elvar (B pe ™ hoyix oepd, ondte N encdepyacia npoywped and Ty
apy ) npoc to téhoc. Aniadh, 1 1-06TH eYYpaph elvat avay veoLun Lovo apol
nponyniel n avadyvoon Ty i-1 mponyolueveyv. O eyypagéc oe éva oelpla-
x6 apyelo propel va anobnxedovian elte atadivéunteg elte tadivounuéveg
xatd abvlovoa f phivousa Tiuh Tou xhetdlo.

Ot otolyelddelg Aettoupyleg mou yivovtal ota oeplaxd apyela, 6nwg €€
dhhou xat og 6ha ta apyeta mou Oa edetacholy ot ouvéyea, dlvovtal otov
endpevo nivaxa. Eyovtag plo Tuh v 1o ypovixd x66T0¢ aUTOY TOV Tpd-
Eewv yia xdle eldouc viorolnorn apyelou, elvar Suvatd va yiver extipnorn e
enidoong plag Paong dedopévoy.

KdOe apyelo apyiler pe tny emxepakida (file header) mou nepiéyet xd-
noleg mhnpogopies, dnwe av to apyelo elvar dexacladxd, xvnthg urodia-
otoris | ASCII, <o péyebog tou apyelou, To puhxog xar Tov aplud Tov
eYYpap®y, ™ dethuvorn tng teheutalag eyypaphs Tou apyelou, av undpe-
YOV xoTdhovor xot Tt gldoug, Tig deubivoeg TV extdotwy xix. " Otav

90
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3dpporo | Opropde

Troos Xpbvog mpoonéracng eYYpaphg

Terop Xpbvog TpooTERAGYG ENOUEVNG EYY PPN
Teo Xpbvog eloaywyhc eyypaphg

Tvay Xpbvog avavémong eyypaghc

Thiay Xpbvog draypaghs eyypaphg

Teeay Xpévog edaviimtixhg avdyvoong apysiov
Toves Xpbvog avadtopydvwons apyeiov

Mivoxag 4.1: Ytouyeuodderg Aettovpyles oe apyela.

avolyel éva apyelo, t6te dheg autés ov mAnpogopleg épyovTal 6Ty XipLa
uvApn xow Bonbody oto yeptopd tou. Katd to xielowo tou apyelou ot véeg
Thnpopoples enaveyypdpovial 6Tov aviiotolyo yoeo 6to dloxo. o moid
mixpd apyela N emuxepaiido propel va xatahauBaver ouyxploulo y®po pe o
xuplog dedopéva, wotdoo auth 1 neplntwon dev Oa edetachel. Ynueidveta
6L autég oL TAnpoopLéc (nwg xaL GhheS) oyeTxd pE To apyelo Bploxovtal
070 heduxd dedopévoy (data dictionary) twv oycolaxdv Bdocwy dedopé-
vov. 2T ouvéyewan unotietar 6tL Ta apyela elvar peydia, ondte o yoEOC
mou xoatohapBdver 7 emxeparida xaldg xar o ypdvoc eneepyaoiag e Hu
ayvonfoiv, yiatl autéc ou napduetpol elvat xowvés yio Oha Ta apyela.

Yo onpelo autd dlvetal opiopds tou xatardyou (index). O xatdhroyos
re e 4 7z 7z /7 e 4 e 7

elvor plo Sop# mou ouvdéel Tic Twwée evdg redlou (F nedlwv) pe tn diedbuveon
TOV EYYPAPOY TOU TEPLEYOLY TIS TUES. LN cuvéyewa unotifetal 6Tt Ta oet-
praxd apyela dev cuvodelovtal and xatdhoyo xal cuVeR®S dev adlomoteltat
N SuvaTdTnTa TOu LAXOU Yia dpeor npoonéracy. Ta oepraxd apyela, 6nwe
avapépbnxe, Staxpivovtar ot atalivéounta xot tadivopnuéva xatd adovoa
7 pBivovoa 1d&n tou xhedLov.

4.2 M talvounuéva oelpraxd apyeia

Ye éva pn Tadvounuévo oepraxd apyeio f apyeio cwpoid (pile file) ot
eyvpaéc tonobetolvian  pla petd Ty dhin avdhoya pe Tt oepd dpiing.
Kdinota, ou eyypagés propel va nowiiovy oe ufxos. [ napdderypa, ot
eYYpapés o8 €Va VOGOXOUEWAXG ) AOTUVOULXG TANPOQOpLaXG GUOTNUAL EY-
vedpovial g éva apyelo xeyévou. tn ouvéyeia opwg Oa urotebel dtu
ot eyypapés elval otabepol punxoug vy va amioronfoiy ol unohroyiopol.
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Axéun xar oty neplntwon mou To apyelo €yel xdnoa Soph, OGOTE Vo EnLTa-
yovetaw v queor avalftnor, av 1 avalftnon yivetow pe Bdon éva dsutepedoy
xhewdl, T16te xaL mdh Oa npénel va Bewenlel we éva apyelo cwpov. YNto xe@d-
oo autd dlvetal Eupaoy by yiatl Ta apyelo cwpol elval 1660 onuavTXd
arhd yiatl Oa axorovOnlel otabepd 1 (Bio pebodoroyia xal ota endueva
XEQEIALAL.

4.2.1 Tpoonéhaocn eyypayphs

Av n Setbuvon tng evypaghc elval Yvwoth, T6TE To Ypovixd X60TOS YL
v npoonéiac TNe elval:

Treos = s+ 1401t

‘Opows 6710 apyelo owpol dev elval Yvooth 1 dieubiven tng eyypaphs. "Apa
av dobel 1 Tiph xdnotou | xdnowwy nedlwy, téte N avalftnon npéret va yivel
ogtplaxd xaL eEAEYYovTag av 1 TR Tou xhewdtod g eyypaphc tautiletal pe
™ dedopévn TN, Ilpoxidntet, howrdy, 6Tl 0 pécog bpog TV GeABwY Tou Ha
netagepfolyv otny xlpta vAUT péypt va Peelbel i xatdhinin eyypapn elval:

b
1 , 1 bx(b+1 b
b = b 2 2
1=1
“Apa, 0 avapevopevos ypovos yio Ty avalhtnoy plag eyypaphc o apyelo
owpoY elvat:
b
Treos = €bl X —
2
Ytov tino autd ELEAYETAL O TEAYPATIXOS YPOVOS PETOQPORAS, Yot TeAXd
mpdxertar via pla oetplaxy avalftnorn 6to pod evig peydhou apyelov, xatd
néco bpo.

4.2.2 Ilpocnélacy eROUEVNS EYTPRPTS

Eg” 6o0v oL eyypagéc elvar ataivéuntes, €netat 6tL 1 avalftnon tne oyt
x& enduevne eyypaphc (Snhadh, ue Bdon v Tiuh xdnolou xhewdLol) dev elvar
napd avalhtnon plag tuyalag eyypaphs. Autd cupPalver yiatl urdpyet Ui
xeh TomeoTnTA, dNAadh pupr mbavétnta dGo Stadoyixéc hovixéc eyypapéc
va Bploxovial 6e yeltovixés neployés 6to dloxo. Xuvendg toylet:

Tsnop. - Tnpoo
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Anhadh, av ou evypagés eivar atadivéuntes xar dobel yia avalftnon pla
Mota Tov ({owg xau talvopnuévey) o xdrowo nedlo, 161 0 ypbdvog a-
valfitnon tne enduevng eyypaphc elvar (Stog pe to ypévo avalhtnong e
oINS EYYPAPRS TNS AloTag.

4.2.3 EZavtintixh avdyveon apyesliov

Av apxel n avayvwon 6hev TV evypapdy ywpls anapaltnta va ooy xat
TadLVouNEVES, TOTE 0 ANAUTOVPEVOS YpoVos elval:

ngw = b X ebt

YUVERDS, 0 ATALTOVUEVOS YEOVOC YLoL TNY AVAYVOOT OAOXANEOU Tou apyelou
elval dumhdolog and 10 pé€co anattoluEvo Ypdvo Yo TNV npoonéiaoy, ulag
novo eyypaphs. Enopéves, to apyelo cwpol elval mohd xahf exthoyh yia
epappovés 6mou ypedletar anhd pin odpworn tou apyelou, yiatl dev anat-
teltal emmiéov d6unon Tov dedopévwy. Xnueidvetal tL auth 1 déunon
EXTOG TOU OTL XATAVARDVEL EMTAEOY Y OPO, AUEAVEL Xl THY TOATAOXGTNTA.
lNa napdderypa, €otw 6TL mpénet va unoroyiohel o p€ooc 6poc TV TGOV
evoc nedlou. i Tov unohoyioud Tou Tpé€yovtoc PEGoL Gpou xpatolvTat do
Tés: o aplpde Tov eyypapdy (1) mou éyouv avayveobel péypel Thpa xal
0 pécog bpog TOV TWOY TV edlov eyypapdy (A) mou éxouv avayveobel
néypt TOpa. Etou toylel:

1 new_term

i—|—1+ 141

New_mean_value = A X

‘Eotw 6t urdpyer pla Aota tipody eviog nedlov. Av dhec ou eyypapés
npénel va 3000y oto yphotn talivounuéves pe Baor tig Tiués autod Tou Re-
dlou, téte xdbe eyvpaph Oa npénet va avalntnbel aveldptnta and T dikes.
Anhadh oy el

b ebt x n*
Tezay = n X1, = nXebl X - = ————
gqay TEOC 2 2 >< Bf/]"
Az tov tino autd galvetar 61L 1 edavtinTixh avdyvwon pe Baor tig tall-
vopnpéveg Tyée evég medlou elvar pla Swadixacia pe morvmioxdtnta O(n?)
X0l GUVERMS TOAS AVATOTEAEGUATIXY, WLaltepa ndAtota dTav To 1 elvat Tohy
MEYAAO.
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4.2.4 Ewoayorh evvpaphs

Av unotebel 6t dev yivetar €heyyog yia dimhoeyypapés, tote xale véa ey-
Ypaph TpocopTATAL 6TO TEAOG TOU apyelou ywpels xdrola dhAn enithéoy evép-
vewa. H Sedbuvon tne teheutalac oehidac Pploxetar Swabéowun otny xipLa
UVARY TN OTUYRH TNS sLoaywyY s, enedn elvat arnobnxeupévny otny enxepa-
MBa. “Apa, To ypovixd x66TOC Yoo TV eLoaywyY N plag eyypaprc elval:

Too = s+ 37+ bit

To x6ot0c autd ednyeltal wg edhc. O ypdvog yia Tov eviontoud g Te-
revtalag oeridag elval (s+r+btt), o ypbdvog yia Ty arapaltnn teploTEOPH
Hote va exavérbel i ouyxexpuyévn oehiBa xdte and Ty xe@ohy elvar (2r—
btt) xaL téhog o ypdvog yia v exava-anobfxeuorn g oehidag oto dloxo
elval btt.

Elvat Suvatéd pe pla oplood eloaywyh va yeuloe n ouyxexplpévn éxtaon,
onéTe To AeLToupYWS ovotnua anodidel oto apyelo pla véa €xtaomn. Xtny
neplnTomor auth T0 x60T0g ahhdlet.

4.2.5 Awaypaph eYTPRphS

Meogpavie yio va vivel v Saypagy, npénet mpdta va yiver 1 avalhtnon pe
%x0070¢ Troos. Otav 1 xatdhinky oehida épbe oty xlpla uvAuy, téte N
eYYpapn papxdpetal xal Oewpeltar tiéov Swaypappévy. H nepiotpopn tou
dloxou ouveylletar xaL ouverdg anatelton ypdvoc (oog pe (2r-btt), dote
vo enavérlel 1 ouyxexpévy oehiBa xdtw and Ty xeparh. Exmiéov anat-
teltal ypdvos (ooc pe bit dote va enava-anonxeubel n oehida otn Ocom
onou Pplroxdtav. Enopéveg 1o ypovixd xéotog yia pla Staypapn elval:

TBLw{ = Tnpoo‘l’ 2r

BéBaia, o dpog 27 elvar mokl uixpds oe oyéon UE TO YpOVIXG XOGTOS TN
avalftnong.

4.2.6 Avavéwon eyypaghs

D dheg tig péypr tdpa Aettoupyieg To ypovixd xéoTog elvat (Bio elte ot
eyypapés elvar otabepol elte petafintol phxous. Xty neplntwon e ava-
vE®OoNg TO PAX0S TNS EYYRaPhc Exel miov onpacio, yiatl n véo Loppn TN
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eyYypaphc uropel va unyv yopd otn Oéon, 6mou Arav arnolnxeupévny n nakd
noph tne evypaphc. To ypovixd xéotog v TNy avavéwon plac eyypaphc
otabepol phxoug elval:

Tovay = Tnpoo + 27

Mopatnpeitar 6Tt to xé6oT0¢ elvan (BLo pe to x6oT0C TNG dLarypaphs.

Av o apyelo nepiéyel eyypapéc petafintol phxous, ToHTE N avavéwon
avupetoniletal og pla Swaypaph xau pla eoayoyh. Avtd ogelietal oto
veyovog 6t elval ol ypovoPopo va petaxivnloly dhec ov eyypapés, @ote
va dnuoupynlel ydpog yia Ty véa exdoyh TN ey ypaphs. LEtol woylel:

Towow = TBLw{ + Tsto

Kot oty nepintwon auth 1o cuvokixd xé66t0g xuplapyeltal and 10 x66T0¢

e avalhtnorne.

4.2.7 Avadropydvewon apyciov

To apyelo anodopyavevetar petd and g ouveyels etoaywyés xal daypa-
péc. Puowxh| ouvérewa elvar 1 enldoon tou apyelov va @hivel yia Toug edhc
Aoy ouc:

o ot Sraypappéves evypapés elval LapXaptoEves aARE XATAAAUPAVOUY
T0 ouyxexplévo yopo. Etol, to péyeboc tou apyelov (dniady, o
aplBudc Ty oehidwy b) peyardver, evd aviibeta v npaypatixh ywen-
TXOTNTA TV 0By petdvetal, xalog xevdg ywpog draoxopniletat
og Ohec T oehidec Tou apyelou.

o o cloaywyés Eyouv xateubuvlel npoc to téhoc tou apyelou xar xa-
Td ouvénewa o apyeto duvnTed Stapolpdletal oe dLdQopes EXTAOELS.
‘Evot, o ypdvog evtoniopol avldvetal.

Avadiopyavwon tou apyelov onpaiver 6t mpénel va avayvealel 6ho to
apyelo xar va enava-anolnxeulel pe ) véa tou popph. Av to véo ap-
yelo enavo-anofnxevlel endve and to maid, téte undpyer o x{vduvog va
yaBoilvy dedopéva, av To oloTnua néoel xatd TRy SLdpxela TS AvadLopYdvw-
onc. [ to Aéyo autéd 1o véo apyclo anolnxeletar o véa €xtaoy, eved 7
noid anehevhepdvetar xat anodidetal Lavd oto clotnua PeTd To Téhog TN
avadLopYdvwong.
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Enedf npérel va anogelyetar ) cuveyic pnyavixy petaxivnor tou Ppa-
ylova ot Sudpopeg extdoelg Tou vEou xat Tou RaAALOG apyelou, yenoyLo-
moteltal N TEYVIXA TNS SLTARS AMOMOVWTIXAS UVAUNS. Aniadh, otny xlpla
UVARY LETapépovTal oL 6EASES Tou TaAol apyelou xaL 0 YOpog TV GEAL-
dwv Taxtoroeltal ayvodvtoas T dtaypappéves eyypapéc. Kabe gopd mou
N anopovetixh uviuy yepile, 1o nepleyduevd e petagépetal 6to dioxo.
Avth v Sradwasio enavarapfavetar péypetl va edavtinbel to nakd apyelo.

To xé6o70c, howrdv, tng avadiopydvweng ue wia cuoxeun dloxou elval:

n
Bfr

Tovas = b><ebt—|—[ -‘ X ebt

onou b elvar ou 6eAideg Tou kol apyelov xar n elvat ot eyypapés Tou vEéou
apyelov. Av to olotnua €yel dGo cuoxeués dloxou, Téte N avadiopydvwon
vivetal taybtepa, YTl Y pnoLLoRolobYTaL TEYVIXES TARPAANIAGLOY.

Avaxepahal®vovTac T GUUTERAGUATA TOU XEPAAA{OU auTOY, avapépetat
xaL T 6T To apyelo cwpol elval:
/7 /7 7 A 7z re 7 7z
o owovouxd and dnodn yopeou, av dev £xouv yivel 6To petadl norhég
7z
daypapes,
o Lolxd GTO YEPLOUS TOV ELCAYOYOY,
/7 4 7 e /7
o anoteheopaTixd Yia Ty edavtintixl cdpwor tou apyelouv dtav dev

yeewaletar oL eyypaéc va dofolv oto yphotn talivounuéves ue Bdon
TS TYEC xdmotou wediou,

o opY6 Yy v avalftnon ploc eyypaphs | e exdpevne pe Bdor tny
TWh xdmotou xAetdlol, xar TEhog

o teiclowg avamotereopatixd av npdxertar va doboly o eyypapéc oo
xehotn talivopunuéves we npoc xdnolo nedlo.
Tehxd, Ta apyela cwpol yenowonotolviat:
o oc otatoTxés enelepyaoies, OnwS Y TARASELY A YLt TV EUPEDT] TOU

MEGOU GpOoL TV TYGY Xdrotou nedlov,

o oc neplnTwon Sy wpelopol Tou apyelov o unoapyela ue faon xamoto
XELTHELO, OTwS HE Bdom To QUAo, To meld xhr. xau e tny npolindbeon
OTL dEV URAPYEL XATOLOG XATANOY O, XAt

o 4tav 1o apyelo dev elvan Wialtepa peydho xal Waltepa o epappovés
HE UXpolnohoYLoTéc.
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4.3 Talwvounuéva oeplaxd apyela

Ye éva talwvounuévo apyelo ov eyypagés elvar dlatetaypéves g npog TLg
Tiés evog nedlou B ouvduacuot xdnowwy nedlvy. La napdderypa, cuvhlong
éva apyelo pe devbivoes elvar tadvounuévo wg npoc Tov Tayudpoutxd
x03Ws, eved €va apyelo meratodV elval TadLVOUNUEVO BS TEOS TO OVOUATE-
novupo. Opwg av to enlBeto xar To dvopa anoteroly Swapopetixd nedia,
T6TE YL To apyelo TEAAT®Y N SidTaldy TV eYYpap®Y TpEnel va YiVEL K¢ Tpog
T0 6UVSUAGUO TOVY dU0 ALTOY TEdlwV.

To tawvounuévo oeplaxd apyelo propel va napapeiver taivounuévo
XATE TNV ELOaYOYH VEOY EYYRPAQ®Y, Uovo av xdbe sloaywyh cuvodeletal
XOL OO UETATONMLON TOV EYYRPAPOV He peyaritepo xAedl xatd pla Héon.
Avth 7 Staduaoia elvar edatpetind ypovoldpa xar yia To héyo autd dev
epappéletar noté oty npdln. Avtifeta, to apyelo autd nopapéver avé-
nago, evéd dnutovpyeltal éva véo apyelo mou meplyel HéVO TIG ELCAYLDYECS.
To apyelo avtd ovopdletar neproyy vrepyeilorng (overflow area) xau dev
elvar tadivopnuévo.

"Orav avalnteltan pla eyypagy, téte  eneepyaoia apy e npdta and
v xVpta neproyy (main area) tou talivounpévou apyelou. Ye nepintowon
mou 7 eyypapy dev elval arnolnxevpévny oty xlpta neployh, t6te N avalh-
o ouveylletar otny neployh vnepyelions. Av n nepoy’ unepyeihong
neptéyel névo hiveg eyypagée, téte To x60T0g avalfTnone TpaxTXd LGoY-
Tar pue 1o x6otog avalftnone otny xlpla neptoyh. Oco duwg elodyovia
véec eyypagés, 1660 1 neploy ) unepyelhong peyardver, xabog xal to avti-
otouyo xéotog avalhtnong. Lo 1o hdyo autd mpénel neplodixd to apyelo
VO aVaSLopYAVOVETAL, OOTE XL TAAL VA OTOXTE T TAEOVEXTAUATE TOU Td-
Ewvounuévou apyelou.

‘Onowg xat 010 Kepdhato 4.2, axohoubel 1 avahutixh x06ToAbYN0Y TOVY
oToewdOY npdlemy. YNt cuvéyela Dewpeltat 6Tl oL eyypagéc elvar ota-
Oepot pixouc.

4.3.1 TIlpoocrnéhaocn eyypaghs

‘Eotw 6tu n xlpla meploy xau v neploy ) unepyeliong anoterovvTal avti-
otowya and b, xau b, cekideg, emopévog to apyelo anoteieltalr ouvoIxd
and b=b,,+b, ochidec. "Otav dlvetar v Tiun evic xhewdrol, téte ) aviiotot-
AN eYYypay uropel va evionioBel pe duaduxd avalftnon (binary search).
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Anradh, n tpodTn npooréhacy, yivetal 61N peoala oehida g xUplag nepLo-
xhs. Av n T tou Intoduevou xheldod elval puxpdtepyn and To XheLSLd
g oehidag, t6te oTn ouvéyea npooreidletal v peoalo oehida ToU TEG-
TOU ULGOU auToY TOU TUAMATOS Tou apyelou, eved aviloTolya av 1 TYLH Tou
xhedrol elval peyohldtepn and ta xhewdid e oeiidag, téte npoonehdleTa
n pecalo oerlda Tou deltepou piool Tou TuRpatos autov. H Siyotdunonm
g xWplag meployiic ouveyletar uéypt va evtomiolel to xhedl oe xdnowa
oehida. Av tehxd to xhedl dev evromobel, téte 1 avalhtnorn cuveyleta
xatd oeplaxd Tpéno oty neploy ) unepyeliong. [lapadelypata enttuyoic
xat avemtuyove avalftnone napovordloviar oto Lyhua 4.1 xot oto Uy fua
4.2, avtioTowya, 6nov woydel b=>,,=8.

4 | 12 | 56 | 100|146 | 193 | 220 | 250
5 19 | 71 | 113 | 150 | 202 | 225 | 255
10 | 52 | 90 | 142|175 | 215|232 | 278

4 4
2 In

Yyhua 4.1: Hpoonehdoeg oe emtuyy duadue avalhtnor tou 19.

4 | 12 | 56 | 100|146 | 193 | 220 | 250
5 19 | 71 | 113 | 150 | 202 | 225 | 255
10 | 52 | 90 | 142|175 | 215|232 | 278

f bt
1n 2q  3n 4y

Yyhua 4.2: Hpoonehdoeg o averttuyh Suadixh avalftnon tou 280.

Av 7 avalntodpevny eyypaph elvor arnolnxevpévy otny xlpla nepLoy,
Tote gvxoha amodewxvieTat 6Tl N wéom Tih Tou apthuol Tev Tuyaleny npo-
onehdoewy yio pla enttuyh avalAtnon elvau:

1 2 4

EXl—I_EXQ—I_bm

YUVETOS, 0 aratToUMEVOS Ypdvos yio T duadixh emtuyh avalhtnor ulac
eYYpapnc oty xipla neployh elval:

(logb,, — 1) X (s + r + btt)

1
><3—|—...—|—§><|ogbm = logh,, — 1

Ynpeidvetal 6Tl TNV TEOTN TEOGTERAGY] 0 Y pOVOS EVTIOTLOUOY, S, Oa Popl-
veL teptecoTepo, 01N devtepn Do Paplver Mydtepo, yiatl o evroniouog Ha
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7 / s / 7 7 / 4
viver 670 pLod apyelo xox. And tnv dikn mhevpd, o YpOVOS REPLGTROYPHC
elval onpavtixde xal otablepds xatd Tic dtadoyxés npooneidoes. Teixd,
N teheutala Exppact elval TEGLULGTIXY.

Av n eyvypapn elvar arnolOnxeupévy otny xlpla neployn, T6Te npénel va
vivouv logh,, npooreidoeic oty yepdtepy neplntwoy. Av 1 eyypaph elvat
arolnxeupévny oty meployh unepyelhong, téte N avalftnon yivetal xatd
oelplaxd Teéno (drwg xaL 6To apyelo cwpEoYv), XAl CUVERMS, REETEL VoL avo-
yvwohoivy ov ploée oehidec tou apyelou, xatd néoo dpo. O anartoluevoc
YXeOvVoS Y Ty npoonélacy g eyypaprc elval:

b,
Iogbmx(s—l—r—l—btt)—l—(7‘—|—5—|—ebt><?)

Avtéc o tinog dlvel To ypovixd xboToc g avemttuyovg avalftnone oTny
TalLVOUNEVY] TEPLOY T OUV TO YPOVO EVIORLOUOY Xal TERLOTEOPHS OTNY RE-
ployh urepyelhiong ouv o ypdvo yia ) oeplaxh avalATnon TOV YLoOV
oehlBwv TN meploy s unepyetiione. BéPaia, mpéner va onpewwbel 4t to
np®To dfpolopa e Exppacns elval necyuloTixs, exewdn o poc logh, ago-
ed otn yewoteen neplntwon. Autd yivetar avtiinntd and to Lyfua 4.2,
6mou v napddetypa, N averttuyfc avalhtnor tou xiewdiol 105 teppatilet
ne plo névo npoonéiacy.

Yuvdualovtag toug 8%o mponyoluevoug Tinous TeoxURTeL 4Tl 0 Ypdvoc
v Ty avalftnon plag eyypagphs elval:

by,

Treoo X (logby, — 1) x (s + 7+ btt) +

b
b, b,
7 X (Iogbm X (s+7r+btt)+ (r+ s+ ebt X ?))

Av o b, elvan Waltepa peydho, téte xuptapyel 1o xéotog avalftnong otny
TEPLOY N UTEPYEIALOTS XAl TEAXTIXA 0 TEONYOVUUEVOS TUROS XATAANYEL GTOV:

T _ ebt x b2
O 2% b

Yy avtibetn nepintoon (Snhadh, o b, elvar uixpd), xuplapyel To xéotog
avalhtnong otny tadivounuévr neploy xat o THnog petacynuatiletol otov:

Treos = (loghb—1) x (s + 7+ btt)
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Mo dhin pébodoc avalhtnorng pe faorn tny T ToU TpwTEVOVTOC XAEL-
dtod elvan v avalhtnon napepPorfs (interpolation search), nou ureptepel
e Suadixhc Lefddou dtay ta XAEWBLA UTAXOVOUY GE OUOLOPORHT XKATAVO-
uh. Enuetdvetoar 6tL ot Piaoypapla avagépovtal enlong 1 avalftnon
Fibonacci, n avaldtnorn dipatog (jump search) xat 1 toAwvvpLxf ava-
LAtnom (polynomial search). Xto Bifiio tov Aopdv Acdopévov avagé-
povial neplocdtepa otolyela yia Tic pebédoug autée, mou otnptlovial oy
otpatnyx dwalpel xou Paclieve” (divide and conquer).

4.3.2 Ilpocnélacy eROUEVNS EYTPRPTS

Av n neproyh unepyelhone elvar wixpy, téte To xé60T0C Yi TNV avalhtn-
on NS hoYwed enduevne eyypaphs elvan exlong pmuxpd. "Eotw, Aowmdy, 6t
o Beaylovac elvar tonofetnuévog endve and T 6WOTH ATEAXTO XaL 6TL TO
nepleyouevo e teasutalug oeAldag Peloxetal axdprn oty xplo uvhun. Ei-
vau mbavéd 7 exduevy eyypapy va elvar anolnxevpévy otny B oeiida pe
v eyypaph nov avalnthinxe mo npdopata. H mbavétnra va pny elva
oty B oehBa elvar 1/ B fr. Yuvendg o ypdvog yia tny avalftnoyn g
enouEVNS eYYpaphc elval:

1
Tsno - 1-
= (-5

Exlone, onpeidvetar 6tL 0 dpog 7 tng mepLoTpophs elval anapaltnTog yia va

1 r 4+ btt
)XO—I—B—ﬂ‘X(T—I_btt)_ BfT

€n0eL 1 xePohf endvew and TRV XATAAANAY OEA(Sa.

Qotédoo, urdpyel xdnowa mbavotnTa N enduevy eyypapn va uny Peloxe-
ot oTov (8to xUAVdpo. Auth n mbavétnTta ayvoeltat, enetdh via Leydia
OUGTAATA E(VOL TEAYPATIXE UNSOUULYA XaL 1) EMPBAEUVET 6TO XOGTOS AUENT-
téa. H avdiuon nou nponyhbnxe woydel pe tny npolndheon 6t dev undpyet
nepLoyf urepyelhone. Av auth n cuvlifxy Sev woylel, Téte To apyelo expu-
Aletan og apyelo owpol xa anatteitor véa avdivor,.

4.3.3  Awaypapn N avavémorn eYYTPAPNS

O anowtolpevog ypdvoc yua T dwaypaph f tnv avavémon (av 1 avavéwon
dev agopd oto xhedl) plag eyypaphc elvat:

TBLw{ = Tovew = npoo‘l’QT
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O 6bpoc 2r elvat o anapaltnTog yia TNy TEpLoTEOPH ToU dloXOU XaL THY ena-
vo-tonofétnon g Xepainc endve and Tty (S oerlda. Av mpdxeitar yia
Saypapn), TOTE ARG N EYYPAPT PopxdpeTat xat dev yiveTal EnavayenoLLo-
no{nom Tou PUOLXY YBEOU.

Av n avavéworn agopd oty TYR ToU XAEBLOG, T6TE 6TNY oucla TpdXeLTaL
v pla Staypaph xau pla eloaywyh oty neployh unepyelilons. Exopévoc
oy et

Towow = TBLw{ + Tsto
To xplowo onpelo elvar av 1 eyypaph Peloxetar anobnxeupévn otny neployh
urepyeliong N oxL.

4.3.4 Ewoayorh evvpaphs

O ypdvoc ywa tny sloaywyh plog evypaphc elvat (Stog pe To ypdvo eoaye-
Yhc eyypaphc o apyclo owpov. "Etol 1o ypovixd xb66T0g tooltan pe:

Too = s+ 37+ bit

Bépaia, oty moodtnta auth npénet va npootelel xat o ypdvog avalhtnorg
Oote va dtaopaichel 6t dev undpyouy Suthéc eyypapic.

4.3.5 EZavtintixh avdyveon apyeliov

Av ou eyypagéc tne meployhs urepyeliong elval oyetxd Alveg, téte o a-
TATOVUEVOS YpOVOS YL TNY avdyvwor, Tou apyelou elval:

Terew = b X ebt

S

Yuvendg, dev wpekel va dratnpeital to apyelo taivounuévo, av tehxd npod-
xettal vo ypnoronoteltal xuploe yia otatiotixy exelepyaoia. Opwe, av
To apyelo ypnowronoteltal Yo QApUOYES, 6L AOYOU YApLY YLoL €vay Tn-
repovixd xatdhoyo # pla tayudpouxd hota, téte 1 talvéunoy tou elva
avayxald.

Av undpyouv eyypapéc unepyeliong, téte 0 ypbdvog elavtintixic avd-
yvwong tou apyelou elval To dhpoloua Tou YEGVoU AVAYVOONS TV EYYRL-
P&y unepyelone oty xdpla pvhun (pe Ty npoiindheor dtL ywpoly) cuv
T0 YpOVo TALLVOUNOY TOUS GUY TO YEPOVO GUYYOVEUCTS TOY EYYRAPHY URER-
yelhong pe T eyypaéc tou tadvounuévou apyelou. Av dev ywpolv dieg
oL eyypaéc unepyelhong Tautdypova otny xlpla UvAuY, t6Te 1 exidoon
expuiiletal xau npénet va yivel avadiopydvwon.
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4.3.6  Avadropydvewon apyciov

Av ypnoworoeltal névo pla cuoxeun dloxou, T6Te 0 YEOVOS AvadLopYAV®-
ong Tou apyelou elvat:

ebt X n

Tavas = b, x bt + (z logz) X 0.01 + b, x ebt + Bir

Ytov im0 autéd 0 npdTog Gpog SIVEL TO YEOVIXG XGGTOS YL TNV AVAY VOO
g neployhg urepyeihong (urotiBetal 4t ywped oty xlpta pvhun). O dei-
Tep0g Gpoc TopLoTE TO Yp6Vo TaVOUNoTS TOV 2 EYYRAPOHY uREpyElloNg
xenoworowdviac évav ahydelpo téing O(n logn), pe Bdon tny undbeon
ot xdBe xAfon g poutivac arartel 10 ms. O tpltog dpoc dlvel to ypbdvo
avayvmorg tou Tadvounuévou apyelou, eve o Tétaptog 6pog Sivel To ypdvo
enava-anolfxevons tou apyelov oto dloxo und n véa tou popeR. H Swa-
ducaola auth napovotdletar oto Lyhua 4.3. Av undpyouv Swbéoeg Svo
ouoxeués dloxwy, 16te unopel pepuiée diepyacies va exterecholy napdh-
AR YENOULOTOLOYTAG TNV TEYVLXH TNS SLTARS ATOUOVOTIXAS UVAUNS. XTo
Yyhua 4.4 cpopuéletar v texvixh auTh Yol TO TREASELYUA TOU Ly AUATOC
4.3.

F—— Toalivopnuévo ————— Yrepyelion—
4 10|19 52|56 |90 |100(113| 5 |142| 71|12

Elcodoc¢ MvAun ‘EZodoc
4 |10 5 12|71 (142

4 10| 5 |12 71 |142

10 12| 71 (142 4|5
12| 71 (142 10
19 | 52 12| 71 (142 10

Yyhua 4.3: Avadiopydveor tadivounuévou apyelov ue urnepyeliior nou yo-
ed otny xVpta pvApy xat pla cuoxeur dloxou.
Yuurepaouatixd, yvio ta tadivounuéva apyelon onuetdvetal oL

o civol TOAS yphoa Yior OYETXA Mixpd apyela xat yia otatxd dedo-
péva, 6mou dnhadh dev mpdxettal va undpdouy Toikés eloaywyés oty
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F—— Toalivopnuévo ———— Yrepyelhon—

4 (10|19 |52|56 |90 |100|113| 5 [142]| 71|12
Elcodoc¢ MvAun ‘EZodoc
4 |10 5 |12 |71 (142
‘19‘52‘ ‘4‘10‘5‘12‘71‘142‘ ‘ ‘ ‘
56 | 90 52|10 (19 12|71 |142 415
100113 52|56 1990 |71 (142 10 ] 12
100| 56 |113|90 | 71 {142 19| 52

Yyhua 4.4: Avadiopydvoor tadivounuévou apyelov ue urnepyeliior nou yo-
ed oTny xVpta pvARY xat S%o ouoxeués dloxou.

nepLoyf unepyelhons. Lo napdderypa, ta dedopéva evig TRAEQ®ILXOY
xataAoyou N plag tayudpopxnc AMotac elval oyetixd oTaTixd.

H avalftnon ulag eyypagphs elval yehyoen, agot arartel logh npoone-
raoelg oehidwy, av yivelr ue duadueh avalhtnom.

H avalhtnorn tne endpevng eyypaphc and tny tpéyovoa elvar pla eni-
onc yenyoen diepyaoia, énwe exlong xou 1 eloaywyn plag véag eyypa-
@hc, apxel va pny undpelovy ntokhés eoaywyés, yiatl téte Oa ypetaolel
avadLlopydvwon,.

Ye oyéom pe to apyelo cwpol, dev uRdpyel XEpdog 08 GTATLOTIXES
EQAPUOYES, AAAL UTAEYOUY ONUAVILXE TAEOVEXTANATA 0E EQapproyEs,
onwg 7 elpeoyn g Tounc dUo apyelny B 0 TEpLopLodS TV SITAGY
EYYPAPDV.

"Otay N avdxTnoY LELOVOUEVELY EYYPAPOY elvat Tokd cuy Vi, T6Te To TadL-
vounuévo apyelo dev evdelxvutat. "Onwe Oa pavel xat oe endpeva xepdiaa,
Eva apyelo mou yenowonolel XaTIAOYO elval YEVIXA TEPLEGHTELO ATOTERE-

opATLXO.
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4.4 Aoxfoeg

<1> Alvetar apyelo owpol pe 100.000 eyypapés twv 400 bytes. ' xdfe
plo Staypaph avTLoToL ovY TEES ELOAYWYES EYYLPUPOY XAl €TCL TEMXA TO
apyelo anoxtd 150.000 evyypagés. Ilécoc ypdvoc ypetdletar yio avadiop-
vavwon; llécog ypdvog anarteltan yia tny elpeon plag eyypaphs npLy ot
METE TNY avadlopyadvemaon;

<2> Apycelo owpol amotereitar and 6.000.000 eyypapéc twv 400 bytes.
‘Eotw 6t urdpyouy 500.000 Simioeyypapéc. Na Ppebel pla teyvixh yia tny
aropdxpuvey, tous. lldoo ypdvog Ba ypewacbel yia tny encdepyaoia avth,
av to péyeboc tne xdprac uvApne elvar 10 Mb xat o 8loxog €yel ta yapaxtn-
etotixd tou IBM 3380, ahhd propel va anobnxeioel t660 to apyixd apyelo,
660 xaL To RARAYWYO TOU.

<3> Na hlel n mponyoluevy doxnon yia taivounuévo apyelo.

<4> To 10% v eyypapdy tou apyelou tne "Aoxnong 2 npénel va axo-
noveboiy ot Waltepo apyelo olupwva pe ploe ouyxexpurévy Tuh oe éva
deutepevoy nedlo. [lécog ypdvoc anatteltar yi” auth Ty enelepyaocio; Ak-
ralet o x60T0g av To apyxd apyelo elval Tadvounuévo ws TEog TS TUES
Tou deutepeliovTog autol xedlou;

<5> 'Eotw 61 oe éva atalvounto xal o éva Tallvounpuévo oeplaxd op-
yelo mpdxettal va etoay el nlo opdda eyypapdy wg clvoho xat oyt pla tpog
ula. Na vmoroyiolel to aviiotolyo xéoToc.

<6> Atlvetal éva tadvounuévo apyelo pe 100.000 eyypapés tov 400 bytes,
To onolo elvat anolnxeupévo o dloxo IBM 3380. Ilowd and tig dbo endpevec
nebddoug elvar mpotipndtepyn yia Ty avdxtnon 10 eyypapdyv:

o vo yivel duadueh avalhtnor aveldptnta yia xdbe eyvea?, H

o vo tadivounfody ta xhedld Tov eyypapoy xal va avalntnioly pe pia
oelpLax) avdyveworn Tou apyelou;

Mowd pébodog elvar mpotiudtepn av ot avalntodueves eyypagpéc eivar 100,
1000 % 10.000; No mpotafolyv amotereopaTixdTEPOL TEOTOL AVAXTNONS €-
vos ouvbhou evypapdyv. Na Oeswpnlel 6tL n ypdvog mou anowteltor yia Ty
talwvdunon z eyypapdy elvar (2 logz)x 0.01 ms.
<T> Ané to apyelo e nponyoluevng aoxnong exteieltal wla Aoy duo-
veaph 5000 eyypapéc pe t PoRbeia plac onualag. Xtn ouvéyela elodyoviat
5000 eyypagéc otny neployh unepyelions. Na npotalel xal va xootohoyn-
Oel pla teyvixn v Ty avadiopydvwon tou apyelou.
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TAZEINOMHYH ME TAINIE>.

5.1 Eiocaywyy

Yyeddv oe dha Tt UTOROYLOTIXA GUOTARATA URAEY oLy €Totua Taxéta Tadt-
VOUNONS, XAl O TEOYPAUPATIOTHS propel va xwduonofoetl Suxég Tou pouti-
vee tadvopnong apyelov. Av éva apyelo dev elvar peydho xot ywed otny
xVpla pvAUT, T6Te o Tpdypata elvar anhd. Egoapudletar évag onotoodhrno-
e akyopllpog eomtepuxiic Tadivounong, dnme yia mapddetyua, 1 wéhodog
talvdunong pe drapeptopd xar avialiayd (quicksort), xar 1o apyelo a-
rofmxedetal xat mdi ot deutepelovoa uviuy. Opowg, av to apyelo dev
Y0P TNV XOpLa PVAUY, TOTE npénel va yivel yphon cuPBatixhs HVAUTS,
ondte N tayvnTa g nebddou xabopiletar and to hertovpyixd clotnua.
Yto onuelo autd, Oo urevhupiolel olvtopa noc hettoupyel o ahyopluog
autée.

Yioupwva pe ) uehédo e tadivéunong pe Stapeptopd xar aviakiayy,
To apyelo Swapeltar o dVo unoapyela ue Bdon pla Tyh tov Aévetar " Glo-
vag” (pivot). To xdfe unoapyelo nepiéyel xheldid pixpbdrepa xat peyaritepa
and tov ddova, avtiotouya. Autd yivetaw pe dlo cupdocs and Tty apyh
xat to téhoc Tou apyelou xar TNy avietdbeon Ty xAeWLOY, Tou dev Pel-
oX0VTAL 670 6woT6 unoapyelo. Av yivel cwoth exhoyh Tou dlova, tdte éva
apyelo tou 1 Gb Swaywpiletar o 8%o vnoapyelo Twv 500 Mb. H Swaduxasia
auth ouveyiletal yia xdfe vnoapyelo enavalnntixd ypnouLonowwviag pia
véa T dZova v to xabéva. Av v xlpta pviun elvar 4 Mb, téte to ap-
yelo autéd npénel va avayveohel xau va anobnxeubel and plo popd xatd to
np®To népacpa. Katd péoo dpo auth n Siadixacio Ho npénel va enavainglel
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8 popéc mpwy Ta unoapyela elval 1600 Uxpd, GOTE Vo YwpECOUY GTNY XUpLa
uviun. Hpogavoe howmdy, yia nord ueydia apyela v uéhodog talivéunons
pe dopeptopd xa avtakhayyh dev evdelxvutar yia elwtepxd Tavéunon.
Mavtwe, €yer mapatnendel 6tL av ta apyelo elvar Aiyo peyardbtepa and
Sratthépevn xlpta pvAuy, tote uropel va yenowonownlel auth n pébodog
xafodg xar n pébodog emthoyhc avixatdotaong, mouv Ha napovclachel oto
ERGUEVO XEQPIIALO.

Yuvhbwc, howndy, ta apyela dev ywpolv otny xlpta UVAUY, oRGTE OL
yvootéc péhodol eowtepixhs talivéunong dev uropolyv va egoappocholy.
O bpoc e€wtepixh Tadivéunon (external sorting) avagépetal oe nehédoug
tadvopunong apyelwy, mou ehdytota oyetilovtal pe g yvwotéc pehddoug
Tadvopnong dopdv xlptag uvipng. Nto xepdrato autd Ha edetacholy pé-
Hodou elwtepxhg talivéunong, wou napovstdolnxay dtav xuplapyo péoo
v deutepelovoa anobnixeuon ATay N PayvnTeh Tavia, eve 6To ENOUEVO
Oa napovolachoilv péhodol oyediaouéves edued yio payvntxolc dloxoug.
*Ohec autée ot péhodor eppavichnxay otn Biioypapio mpwy to 1960 xat
anotéhecay aviixelpevo avaiuone otn dexaetio Tou 60, TNy enoyh mou po-
vadixdg oxonds Ty URohoYLoTOV fitav 1 excepyaoia aptBudv. ‘Onwg Ha
pavel otn cuvéyewa, ot pEfodol mou oyeddolnxay v payvntixés tawvieg
uropoly va epappocholy xar oe payvnTixovg dloxoug, akhd onwodnnote
dev elvar téo0 anoteheopatinés 660 ot péhodor mou epapudlovrar edixd
oe dloxouc. Enlong oto napdv xepdiato Oa yiver molotxh avdivern tng
enldoong twv pelddwy avtodv. Evo ot pelhddoug eowtepiniic tadivéun-
ong Ta xpLthpla x6oTous elval o aplluds Tov ouyxploewy xar o apliudg
TOV LETAXLVACEDY XAEWBLOY, oTny teplntwor g edmtepxic Tallvounong
To XUpLo XpLTHRLO X6GToUS elva 0 apthudc TV npocnehdoswy GeABLY Yia
£(6030/£€080 TV dedopévov.

*Ohec ov ué€hodol xar Twv Vo xeparaloy Exouy tny Bla yevixh Sou,
dnradh vhonmotolvral 6 dUo otddia. Xto npdTo 6Tddo to apyelo umo-
Sratpeltar o8 TuRMATA TOL YwEoUY TNy xVpta uvAY xot Tadtvopolviol To
xabéva pe pla néhodo cowtepinhs Talivounonc. H enhovi e nebddou yia
v eowTERXh Tadvounoy Sev anotehel TpdBANUA YLa TO XEQIRALO ALTO.
Anradh, Oa propoioe va epappochel uia onowadfnote uéhodog and avtég
mou neptypdgoviat 610 Brio oy Aoudy Aedopévev xar yapaxtrnellovtat
ané mohumhoxdtnta O(n logn). Qotdoo, oto enduevo xepdharo Ho pavel
ot Eyel Waltepn onpacio yia ) cuvolxy extdoon tne nelddou mowde oh-
voplhpog eowtepixhg Tadvéunonc yenowronoeltal yia T dnuovpyia TV
TaELVOUNUEVOY TUNUETLY.
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Yto deltepo 0TddL0, Ta Tadvounuéva THARATA CUY Y OVEVOVTAL HOTE VA
mpoxider éva talivounuévo apyelo. o avtd to Aéyo, ou pébodolr mou a-
xohou0ovy elval Yyvootés wg Touyywveloeg’ . O avayvootng xareltar va
avatpéiel 0to BBAlo Twv Aopdv Acdopévwy Yia AERTOUERELES OYETIXA ME
TOV aAYOplOL0 GUYY®OVELGTS SoU®Y XVELIS MVAUNG. XTO ToHpdy XEQIAALO
Oa Sobel éuypaom otic ouyywveloeg xdtw and éva véo nplopa X0GTOAGY Y-
ong, dnhadh and Ty dnodrn e extipnonc tou peyéhouc Ty dedopévev Tou
petagépovial and 1o 3loX0 6T UYAUY, XAl To avTioTEopo.

5.2 ®Puowxy cuyy®vevoT

Babu.ég (degree) tng ouyydveuone elvar o aplBuds tov apyelov mtou xpd-
xettar vo ouyyoveuhoiv. To Wavixd Oa frav va unhpyay tdéoeg dwabéoiuec
ovoxeués doeg xat o Talvounuéva tuhpata. Etou pe pla ouyyoveuon
waplluoy dpdpwv 1 edotepu tadivounor Oa tehelwve. Auth 7 neplntwon
elvar Weath yatt dev elvar duvatdyv:

® VI XPOTOUVTAL AVOLXTY Tdpa TOARG apyelo, xat
7 7 / 7 7 7 7
o va undpyouy Stabéciueg T66Eg TOAAES GUOXELES POY VNTIXDY TALVLOV.

Ye pla puowxd ouyydvevon P dpbuov (P-way natural merge) undpyouy
P ovoxevéc otny eloodo xav pla cuoxevh) otny €£odo. “Etot, ouvohixd
arxattobvtow P41 ocuoxsuéc.

‘Eoto dtt apyixd urdpyouvy nsg tadivounuéva TpApata cuvoxos neyé-
Houc (oou pe to pévebog tne xdptac uvApns. Ac onuetwbel 6Tt oty ayyhun
BiBhoypapion ta talivounuéva tphpata avagépoviol og runs | onavidtepa
og strings. Enlong, apywd xdfe talivopnuévo tuhua nepiéyet éva otale-
p6 aplud eyvpapdy otabepot phxovs. Ta tadivopnuéva autd tpuhpata
XATAVELOVTAL e XUXAMXO TpbdTo ot P ouoxeuéc xatd tn dnutovpyin Touc.

H ocuyydvevon apylet hauPdvovtac and xdbe pla and tic P ouvoxeuéc
Eva Tadivounpévo TuAMa Xat dnULoueYOvTag éva Tallvounuévo TR [e-
vé€Oouc P @opéc peyaritepo and to apyxd. To tpuhua autd amobnxeleta
oty (P+1)-00th ouoxeuh. H Swadixaoia cuveyileton pe tn Swadoyueh ouy-
yoOveuon P tunudtov, avd éva and tig P ouoxeuéc, xal ) dnpovpyia véoy
TunudTev peyahutépou neyéhouc. “Otav elaviinfoly dha ta tphApata Tou
apywol pevébouc, To arnotéreoua elval va urdpyouy [nsg/ P tadivopnuéva
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Tuipata meplrou oty (P+1)-00th ouoxeuh. To tphpata avtd xatavépo-
vtal xat tdht e€loou otic P ovoxevés xatd xuxiwxd tedmo. X1n cuvéyela
oL Pdoelg ERAVAAAPPAVOVTAL XATA TAPOPOL0 TEoTo peéypt va npoxidel éva
névo tadivounuévo Tuhpa o1n ouoxeuh e£680u.

Yvoxevh 1 | Lvoxevh 2 | Lvoxevd 3
6 x 100 6 x 100 -
- - 6 x 200
3 x 200 - 3 % 200
- 3 x 400 -
1 % 400 2 x 400 -
- 1 % 400 1 x 800
1 x 1200 - -

Mivaxag 5.1: Puowxh ouyydveuor So dpdpmy.

To napdderypa tou Ilivaxa 5.1 napovordler ) pébodo puoixhc ouyyo-
veuorc 300 dpdpmy ue oxond v ewtepxd Tadvéunon 1200 evypapdy mou
xatavépovtal oe 12 tadwvounuéva tpipata twv 100 eyypapodv. To nepieyd-
LEVO TOV GUGXEUOV PAIVETAL GTIC XATAXOPUPES GTHAES, EVE oL dLadoyixéc
OoUYYWVEYOELS oL avaxatavopés galvovtar oty optllévtia ddotacn. Il
ouyxexpuéva, xale ywvdpevo dnidver To thiloc Tov tadivounuévey tun-
natwy xot o néyehog Toug o eyypapéc. Mtov llivaxa 5.2 ta (Sia dedopéva
tadivopolvtar pe ) n€hodo tng puolxic ouyy®vevong TeLwy dpdpmy. H
Bertlwon tne exldoonc elvar npopavic.

Yvoxevh 1 | Lvoxevd 2 | Lvoxevd 3 | Tvoxevd 4
4 % 100 4 % 100 4 % 100 -
- - - 4 % 300
1 % 300 1 % 300 - 2 % 300
- - 1 % 900 1 % 300
1 x 1200 - - -

Mivaxag 5.2: Puowh ouyydveuon TpLody Spdumy.

Me Bdon doa avapéplnxay nponyoupéves, evxora npoxintel tL xdbe
pdom Swapxel Ayotepo and pla oelplaxh avayveor tou apyelov. Qotdoo,
eneldh) 1 tawvounon anortel tokhés @doelg, xdbe tuhua vplotatar enelep-
vaola apxetés popés. Qc népacua (pass) oplletar 0 hdyog Tou GUVONXOD
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aptipol TV TEOGTEAICEWY TOY EYYPAPOY Tpog T0 GLUVOAMXO aptiud Tov
eyypap®y Tou apyelov. Me dida Aoyia o aplbudc twv nepaocudtomy divel to
€GO Gpo avayveoewy plag ey ypaphs xatd ) cuyyevevor. [t puown
oUY Y OVELOT] 2 SpOULY Tou Tp®ToL tapadelypatog arattovvTal 4,5 nepdopa-
T, EVE YL TN QUOLXT CUYYGOVELST 3 SpduwLY Tou devTtepou napadelypatoc
anattovvta 3,25 nepdopata. H eldpeon twv anotereopdtoy autdy aprivetat
O AGANOY, OTOV AVAYVOOTY,.

Y ouvéyeia Oa Sobel avahutixh €xppaoy Tou anatTOUUEVOU YpOVOU Yia
ulo puowxyy ouyyoeevon P dpopov. O aplbpdc tov pdoewy 6nou extehel-
TaL ouyydvevor elvan [ logpnsg]|. BéBawa, xdbe @dorn cuyydvevone (extde
ané v tereutala) axoroubeltar and pla pdon avaxatavophs. Suvende,
ouvolxd azaitolvtal 2] logpnsg|—1 @doec. Ytov aplBud autd npénel va
ouvuroroyiolel xau dihn pla dor, avth g dnuovpyiag Tov Talivopunué-
YOV TUNRATOY. Apa, 0 GUVORXGS ATALTOVUEVOS Y pOVOS LoOUTAL UE:

Thyg Buf ) nX R

2 x 2[logpnsg]| x ( + =
Spd (P +1)x Spd x Den P-|—J1£

onov Buf elvar to pévebog tne anopovotnic uvhunc. O tekeutaloc 6-
p0c Tou Yivopévou epunvedetal wg e&hs. H Stabéoiun anopovetinh pviun,
Buf, empeptletal oe P41 tphpata yia v tpocopev anolfxeuon tov de-
Sopévey e1oddou/edddou. Yuverdg, o aplBudc Ty popdy mou Ha yeploel n

uvApy elvat %. O ypdvoc nov arartelitar xdle gopd mou yepilet éva Tufua
P41
e uvAuNe dlvetal and N oyetwh mapévleon. Exnlone, onpeidvetal 1L o

Tp®TOg CUVTEAEOTAHS 2 ewodyeTtal, Gote va anodolel o ypdvoc avayveworng
xaL o ypoévoc anolxevong.

YoPapd peovéxtnua tng pebdodou elvar dti, dtav terewdver pia pdom
OUYY@VEUOTNG, ATALTE(TAL AVAXATAVOUH LEYAA®Y TAELVOUNUEVOY TUNUATOY
og dhheg ouoxevéc. Auth 1 avaxatavour anoteiel To wLod neplnou xboTog
e nefddou xan elvan plo pn tapayoyuh Stadixactia, yiotl to dSedopéva Sua-
Balovtal xar anolnxedovtal ywels va vplotavtal xdnow enclepyaocia. H
endpevr péhodog elmtepixic Tadvéunonc dev yapaxtnpiletal and autd to
LELOVEX TN,

5.3 Iocoluylouévr ouyyoveuon

H wooluyiopévn ouyydvevorn P-8pépwy (P-way balanced merge) yen-
owonoel P ouoxevéc otny eloodo xat P ouoxevés oty €€0do, dniadh
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ouvohxd 2P ouoxevéc. Ko mdht ta apyixd tadivounpuéva Tuhuate xoto-
vépovTal xuxiwxd ot P ovoxeuée etobédou. H drapln dpwc P ouoxeudv
otny ££080 ouvichel OTNY ATOPUYH TOVY SLABOYXGY ATALTOVUEVODY AVAXATO-
VOU®OVY, 6TwS 6T QUOLXH oUYYOVEUST. Autd emttuyydvetal evairdooviag
x&0e Popd T0 POAO TV GUOXELGDY ELGGIOU UE TO PORO TOY GUGXEL®Y EEG80U.
H pébodog elvar tooluyiopévr und v évvola dtL oe xdle ouyydvevon ta
tadivopunpéva Tuhpata xatavépovial ot (6o aplhud otig ouoxevés e€6dou.
Yoy [livaxa 5.3 gaivetal éva napdderypa tooluytouévng ocuyydvevorg dbo
dpduwyv, 6mou 1o apyelo anotereltar and 12 tadvounuéva tphpata tov 100
eYYpap®y. XN napdderypa autéd anattovvial 3,67 nepdopata.

Yvoxevh 1 | Lvoxevd 2 | Lvoxevd 3 | Tvoxevd 4
6 x 100 6 x 100 - -
- - 3 x 200 3 % 200
2 % 400 1 % 400 - -
1 x 400 - 1 x 800 -
- 1 x 1200 - -

Mivaxag 5.3: Iooluyiopévr ouyydveuon 8%o dpduwy.

Katd v woluywopévy ouyydvevon anatolvial | logpnsg] gdosig
ouyy®veuons ouv pia pdon dnptovpyiog TV apyx®y Talvounuévey Tun-

pétov. “Etou o aratodpevog ypdévog yia £loodo/éZodo twv dedouévey
glvau: I Buf %
g U n X
2 x |l X
[logpnsg] (Spd + 2P x Spd x Den) %

H éxgppaorn auth eppnvedetar axorovldvtac to oxentixd g aviioTouyng
EXPPAONS YL TN QUOLXYN GUYYWOVELGT), Xat UE Pdom To Yeyovic 6TL dev e-
xtehovvtal avadiavopés Tov Tadivounuévey tunpdtey (dea, dev yperdleta
0 ouvieheoThc 2), evd 1 anmopoveTxh uhpny yopeletal ot 2P tuhpata v
Ny mpocwevh anobhixeuor Ty dedopévey eloddou/eZ6dou.

H pébodog auth elvar anif otny vhonolnon tng, aAhd LTAPYOLY ONUA-
viwxd repliopla Bertiowong. Enlorng, vivetar avtiinntd 6t i wooluyiopévn
ouyyovevon uropel va epappoalel xat oty neplntwon énou o apthudc Tov
oUOXEUOV EL6GdoU dev LoovTal ue Tov aptiud Ty ouoxeudy €630u.
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5.4 TIlolugacixy cuyy®veuaT

To perovéxtnua tng nponyolpevne nehodou elvar étt, av xou anavtel 2P
ouoxeuéc, oe xabe ypovixh otiyun pévo P+1 ypnouyornowolvtal, eved ot
urdrownes napapévouy adpavels. "Etol npoéxude pla véa péhodoc cuyyo-
vevorg mou dev elval tooluyiopévn, akhd dev dtaxplvetar and neplttéc ava-
xaTavopés TUNUATOY, 6ntwg oupPalvel oth puowx ouyyodveuvor. H péhodoc
auth ovopdletar modvgaoix cuyydvevar P dpéuwy (P-way polyphase
merge) xat yenoyronoel P ouoxeuéc v eloodo xau 1 yia €Z0do. *Novée’
e neBodou frav o Gilstad mou nepiévpade To yevixd npdTuno to 1960, av
xau 1) pébodoc elye %8 npotabel and tov Betz to 1956 (ahhd pdvo yio tpeig
tawvieg). H Baowd dwagpopd tng ouyydveuong authc ot oyéon Ue T "poY-
yvovpeves elvat T ta Tadivopnpéva Tuipata dev xatavépovial eéloou otig
ouoxeués eLo680u, akhd epapuoletal évag BEATLOTOS TPOTOG XATAVOURS TOVY
TUALATOY OOTE Vo SLEUXOAUVOVTAL OL XATOTLVES PAGELS.

‘Eotw, howdy, 6t urdpyouy Swabéoues P+1 ouoxeués dloxwy. Ye xa-
Oc @domn 7 néhodog auth cuyyovelel Talivounuéva Tphpata and P ouoxeuée
xaL ta anolfnxetel o authy mou anopével. Etot, 670 téhog xdbe paonc pia
ovoxeuh, aderdlel and dedopéva xar xablotatar n véa €Zodog. Ev téke, to
Wavixd elvar xatd tny terevtala pdon o xdle cuoxeurn va undpyel éva
pmovadixd TpApa mou va uneteépyetal o win ouyyodvevon P Spépwv. INa va
extteuyBel 0 otdyog autde (Snhadf, otny teheutala @don ot xdbe cuoxeuy
va untdpyetl v xot Lovov éva Tadivounuévo Tuipa), yenoirorote{tal pia é-
Eurvn apy et xatavoph Ty Tadvounuévey TUNRATeY oTig P cuoxeués Tou
otneiletar otoug aptbuoig Fibonacci. H axoloubio tov apthudy Fibonacci
wd&ne P oplletar we edic:
0 av 0<21<P-1
I, = 1 av 1=P -1
Z;;—P F, av 1>P—-1

Yioupwva ue v apyuxd €Eunvny xatavoph o aptbpds tov tadivounuévey
TUNRATEY T t-06ThS ouoxeufc (1 < ¢ < P) Slvetaw and o dbpoiopa:

P
Fyapot+Fypa+ .o+ Fyi3 = Z Fryj o
J=1

émou | elvar to eninedo (level) tng gpdong. Yuverdg, o cuvohxds aptbudc
TOV AEYXOY TAELVOUNUEVEY TUNUATLY elvat:

St = PXFyupo+(P-1)XFiip_s+ ...+ 1
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Meogavire xalog to | avidver, avidver xar to S;. Mdhota ot dpot g
axoroublag S mpoxirTouy, dnwg 0 Yevixds dpoc s axorovbiac Fibonacci.
‘Etou n axohroulio avth anoxareltoar yevixeupévn axoroubia Fibonacci”’.
lNa rapdderypa, ¢oto 6t SwatiBeviar P4+1=5 tawvieg, dpa o unohoyiopol
O yivouv pe aptlpoidec Fibonaccl tétaptne tddne. Elval edxoio va urnokro-
violel n axorovlia avtdy twv appdy Fibonacci: 0, 0, 0, 1, 1, 2, 4, 8,
15, 29, 56 xin. Xvtov Ilivaxa 5.4 gaivetar v xatavoph Tov Tadtvounuévey
Tunuatoy yw enlneda 1 < [ < 5. H avtlotouyn yevixeupévn axohoubia
Fibonacci elvan 4, 7, 13, 25, 49, 94 xix.

l Yvoxevy 1 Yvoxevy 2 Yvoxevh 3 | Lvoxevh 4 | S
1| B+FRh+FPF4+F | B+RB+ R Fs4+ B Fs 4
2 | B+ B +FRB+ PR | W+ B+ F Fy+ Fs Fy 7
3| B4+ R+ P+ | s+ F+ Fy Fs+ Fy Fs 13
4 | Fe+Fs+Fu+ Fy | Fo+ Fs+ Fy Fo+ Fs Fe 25
S| B+ F+F+F | i+ Fe+ Fs Fr4+ Fs Fr 49

Mivaxag 5.4: Katavoph tadivounuévey tunudtoy.

Y yevwxh neplntoon, Aowmdy, dobévtog evéc aplhpold S apyxdy ta-
Ewounuévoy tunudtey npénet va Beebel o uixpdtepos duvatdg aptude 9
pe T pevoriteen B (o pe 5. Av ou aplluol S xau S elvat avisol, téte
Oewpolvtar euxovixd Tphpata yia va yivel 1 npolienduevy é€unvy xatavo-
uh Tov Tadvounuévey TunudTey. Lyetixd pwe to ewovixd Thpata o yivet
avapopd apyYoTERR XaL Tpog To napdv unobétoupe 6t Slvetar évac Poixde
aptlpdec. Ye pla téheia molvgaocxy cuyydveuon P Spéuwv o apyixdc a-
etlude tadvounuévey TUNUATEY TEETEL Vo LoOUTOL LE XATOLOV YEVIXEUUEVO
aptOué Fibonacci té&ne P. Me diha Aoyia toylet o e&fc yevixde xavévac:
*Ye pla téiewa mohugaouxy ouyyovevor, P Spbuov npéret o apthudc tov
TadVoUNEVEY TUNUATEY va toovtal ue to dhpotopa xdfbe P, P-1, ..., 1
Sadoywdv apthudy Fibonacel tééng P’

Yrov Hivaxa 5.5 napovordletat €vag ntpaxtixds Tpdnog ebpeorg tng BEA-
Totng xatavophs. Ag urotelel dtL To apyelo anotereltar and 49 tadivo-
unuéva tpApata Ty 100 eyypapdy xat 6t ot Stabéoiues ouoxeuéc eleddou
elvar téooepig (ouy pla yia v €€080). Yty oplldvTia Sudotacn Tou mivaxa
dlvetal To mepteyduevo g xabe plog cLUOXEUTC, EVE OTLS XATAXOPLYPES OTH-
reg napovotdletar yia xdle xUxho o nepeyduevo xdle ouoxeutc, xablde
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Yvoxevhl |0 1 1 3 7 15
Yvoxevh2 |0 1 2 2 6 14
Yvoxevh3 |0 1 2 4 4 12
Yvoxevh4d |1 1 2 4 8 8
‘Afpotopa | 1 4 7T 13 25 49

Mivaxag 5.5: Katavoph tadivounuévey tunudtoy.

Xal T0 6UVoho TV Talvounuévey Tunudtey ot Gheg Tic ovoxeués. Etot
palvetal 6TL 6TOV TE®To XVXAo amolnxeletal and éva TuApa oe xdbe ou-
oxeur. Xto deltepo xUxho amobnxelovial oty devtepy, Teltn xou TéTaETY
OUGXELH, TOOA TUANATE oo elval Ta anobnxeLLEva TUANATE GTNY TEOTY GU-
oxeur) and Tov RponYoluEvo xXUxio. Etol e to népag Tou devtepou xUxAou
TO REPLEYOUEVO TOV TEGOAP®Y cUoXEUGY elvar 1, 2, 2 xat 2 tphpate, avti-
oTtolya. LTov Tpito xUxho anolnxedovial oty Telty, 6TNY TETAETN XAl GTNY
Tp®TY GUOXELT Téoa TUALATA doa elvan Ta arofnxeupéva TuApaTa oTr deu-
TEPY, OUGXELY, and Tov mponyotuevo xUxio. Etou pue to népag tou tpitou
XUXAOU TO TEPLEYOUEVO TWV TECCAP®Y GuoxeL®Y elvar 3, 2, 4 xav 4 Tun-
pata, aviiotouya. llpoywpdvtac xatd napdpolo 1péno TEOXVRTEL GTL UE TO
népag Tou TéTapTou XUXAOU £youy xataveunlel 15, 14, 12 xat 8 tpApata otic
T€00epls oLUOXEVES avtioTolya, dnhadh ouvoiixd 49 talivounuéva Tufpata.
Yrov Hivaxa 5.6 gaivetal 1o yevixd npdtuno avantuing TV YEVIXEUUEVEDY
aptipdy Fibonaccl via molugaoer; cuyy®veuon 1e66dpwy Spduwmy.

l Yvoxevh 1 | Lvoxevd 2 | Lvoxevd 3 | Lvoxevd 4 Si
0 1 0 0 0 1
1 1 1 1 4
2 2 2 2 1 7
3 4 4 3 2 13
4 8 7 6 4 25
5 15 14 12 8 49
n a b c d t
n+1 a-+b a4+ c a4+ d a t+ 3a

Mivaxag 5.6: Ilpdturo avdntuing yevixeupévoy aptbudv Fibonacci.

Yrtov Ilivaxa 5.7 napovoidletar 1 Swadixaocia tng tokugaoixhc ouyy®-
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Yvoxevh 1 | Lvoxevh 2 | Lvoxevh 3 | Lvoxevh 4 | Lvoxevd b
15 % 100 14 % 100 12 % 100 8 x 100 -
7 x 100 6 x 100 4 % 100 - 8 x 400
3 %100 2% 100 - 4 x 700 4 % 400
1 x 100 - 2 % 1300 2 x 700 2 % 400
- 1 x 2500 1 % 1300 1% 700 1 x 400
1 % 4900 - - - -

Mivaxag 5.7: llolugaocuxn cuyydveuon 1e66dpwy Spduwy.

VELOTC TE00pwY Spdpoy yia 49 apyued talivopnuéva tphpata, 6nou xdbe
yeopuh avtiotolyel oe pla pdon. H oduntwon tou aptpold tov tadivoun-
HEVOY TUANATOY avd cuoxeut oe xdbe gdaon pe Tic avilotolyeg tués Tou
[Mivaxa 5.6 dev elvar tuyala. Evxola mpoxintel 6tL 0 aplhuds twv nepa-

opdtoy elvar 160/49 = 3,27. Av o avayvHotne doxypdoel vo eQopldoEL

Touc dVo mponyoluevous aivoplBuous ue ta (Sia dedopéva, téte Oa Samt-

otooel onuavtxy Beatioon tng enldoons. O Knuth épbace oe avaiutinég

EXPPAOELS YLt TNV EUPEST, TOU apthol TV PACEDY XAl TWY TEEACUATOY OF

ouvaptnom pe To Pabud tng molvgacixhc cuyyovevorns. Ta anoteiéopa-

ddoeic

Mepdopata (PN(P))

Mepdopara/
ddoeic

W 00 1O Utk Wy

2,078 x Innsg + 0,672
1,641 X Innsg + 0,374
1,524 X Innsg + 0,078
1,479 X Innsg + 0,185
1,460 x Innsg + 0, 424
1,451 x Innsg + 0, 642
1,447 % Innsg + 0, 838
1,445 X Innsg + 1,017

1,504 x Innsg + 0, 992
1,015 x Innsg + 0, 965
0,863 x Innsg + 0,921
0,795 x Innsg + 0, 864
0,762 x Innsg + 0,797
0,744 x Innsg + 0, 723
0,734 x Innsg + 0, 646
0,728 x Innsg + 0,568

2%
62%
57%
54%
52%
51%
51%
50%

[Mivaxag 5.8: Aptbudc nepaopdtwy o TOAQAGLXT CUYYOVELOT,.

7 re re /7 re e /7
o autd ouvodilovtar otov Hivaxa 5.8, énou aivetar enlong to nocootd

eneepyaoiag Tou apyelou wg TNhixo Tou apliuod Ty tepaoPdTEOY St Tou

7 7 A 7 /7 e 7z
aplBpol tov @docomy. Yuverdg, o anatoluevog ypdvoc yia elcodo/ELodo

TV dedouévey oolTal pe:

Thyg

Buf

nX R

2><PN(P)><< +

Spd

(P+1)x Spd x Den

) %

Buf
P+1
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brou 0 6poc PN(P) divel tov aplfud tov nepaopdtoy ©g ouvdptnor tou

P.

Enonpalvetar xat mdht 6t av o apyixds aplhudc talivounuévey tur-
natwy dev avhxer otny avtiotolyn axoroubia Fibonacci, téte npénel va
Oewpenloly euxovixd talivounuéva tpApata. Ta ewovixd avtd tphpata dev
elval mapd xdmotor petpntés otov x@dwxa g pebddou. And tov ahydpelh-
no exlong alvetar 6t ta tereutala TpApaTa xdbe cuoxesunc vploTavta
Mydtepn encdepyaoia. Yuvenme, 1 exldoor) BEATLOVETOL AV TOL EXXOVIXE TUH-
pata xatavepnfoiv edicov otig Swabéoues ouoxeuéc elo6dou xal pdhoTa
arofnxeubolv (Bewpntixd) eunpdc and ta npaypatixd tphpata. Etou n
TpooHN XN TOY EXOVXGY AUTOY TUARATOY dev emBaptvel tn nébodo olte pe
nepLoobTepeES QAoELs, 0UTE Ue neplocdTepn dpaoTrpldthTa eto6dou/edbdou.

5.5 uyyY®OVELOT XATAPEAXTY,

Mo din pr tooluyiopévny ouyy®veuon elval 1 CUYXOVELGY XATAPPAXTY]
(cascade merge), nov npotdfnxe and toug Betz xau Carter to 1959, Snho-
3% mpLy TNV mohugaoixh cuyyovevor. Ko oe auth ty uébodo, pla €dunvr
apyxh xotavoph Tov tadvounuévey tunudtey Behtiotoroel v exido-
of te. H ouyydvevorn auth, howdy, apyiler hapPdvoviag talivounuéva
Tuhuata and tig P ouoxeués xar anofnxetoviag To TpoxtRTovTa TUAUAT
oty (P+1)-00th cuoxeuh. ‘Otav pla axd tic P ouoxeuée adedoet, tdte
N dradwacion ouveyiletar hauPdvovioc tphpata and T P—1 cuoxevés xat
anofnxelovTac Ta TEOXURTOVTA TUARATA 6T GUGXEVH Tou UOAS ddeiaoe.
Me tov tpdno autd cuveyiletar 1 Staduxacioa péypls 6tou and dbo ouoxeuée
elo6dou ta anoteréopata va xatevivovial oe pla ouoxevh ££68ou. “E-
ToL 670 onpelo autéd Talivounuéva tuRuaTa undeyouy oe P ouoxeués xat
N Swadixaocio ouveyiletar pe tov Blo tpdro. Anhadf, o Baludc tne ouyyod-
veuorng dev datnpeltar otablepdc, arhd petafddiletal xuxhixd and P og 2.
Ytov Hivaxa 5.9 galvetal  uehodoroyia clpeone tne PEATLOTNS XaTAVOUTS
T LVOUNUEVEY TUNULATOY Yia Ui oUYYOVELOT XaTapEdXTY TEVTE dpoU®Y.

lNa nopddetypa, éotwoay 190 talivopnuéva tphpata twv 1000 eyypa-
P&V, mou mpdxetal va tadivounfoly pe n péhodo auth. Ttov [livaxa 5.10
patvetar 7 daducaocia Ty Swadoyxdy cuyywveloewy. Kav ndit n avti-
otoyla TV TEPLEYONEVLY TV cuoxeu®y Pe TN HEbodo tng elpeonc TN
Bértiotne xatavouhc elvar mpogpavhs. Elval ebxoro via tov avayvodotn va
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l Yvox. 1 Yvox. 2 Yvox. 3 | Zvox. 4 | Yvox. 5 St
0 1 0 0 0 0 1
1 1 1 1 1 1 5
2 5 4 3 2 1 15
3 15 14 12 9 5 55
4 55 50 41 29 15 190
n a b c d e
a+b+c a + b+
n+1 { td4e } { et d } a+b+c a-+b a

Mivaxag 5.9: Avantuln BEATLOTNS XATAVOUAS VLA CUYYOVELCT XATALEAXTT].

Yvoxevh 1 | Lvoxevh 2 | Lvoxevh 3 | Lvoxevh 4 | Lvoxevh 5 | Luvoxevd 6
55 x 1 50 x 1 41 x 1 29 x 1 15 x1 -
40 x 1 35 x 1 26 x 1 14 x 1 - 15 x5
26 x 1 21 x 1 12 %1 - 14 x4
14 x 1 9x1 - 12 %3
5x1 - 9 x 2

- 5x 15 4 %2 T3 9 x4 10 x5
4x 14 - 3x3 5 x4 6 x5
3 x 2 - 2 x4 3 x5
2x9 - 1x5
3x 14 4x15 2x12 1x9 1 x 55 -
2x 14 3 x15 1x12 - 1 x50
1x14 2x15 - 1 x 41
- 1x 15 1x29
1 %190 - - - - -

Mivaxag 5.10: Yuyy@veuon xatappdxtn TEVIE SpoU®Y.

Swaniotdoel 6t 0 aplipds Ty nepacudtov elvar 735/190 =~ 3,87. Av o

aplBpdc Ty apyxdy Talvounuévey TunpdTey dev elval folxde (drwg to
190), t6te Bewpolval etxovixd TpApata drws xar 6Ty xorugactxh péhodo.
O Knuth é9pbaoce og avarutixés exppaoeg yia Tov apthud tov pdoewy xat

TOV TEPACPATOV g cuVApTNoY Tou Babpol tng cuyydveuons. O Hivaxac

5.11 ouvodilel ta anoteréopata autd.
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MTepdopata
1,504 x Innsg + 0, 992
1,102 x Innsg + 0, 820
0,897 x Innsg + 0,800
0,773 x Innsg + 0,808
0,691 x Innsg + 0, 882
0,632 x Innsg + 0, 834
0,587 x Innsg + 0,845
0,552 x Innsg + 0, 854

W 00~ Utk Wy

Mivaxag 5.11: Aptudc nepaoudtomy 68 GUYYGOVELUCT) XATAPEAXTY).

Yto onpelo autd avagpépetat 6tL and tov Knuth npotdfnxe to 1963 pila
uBptdxh n€bodoc petall mohugaoxic xat xatappdxty. 1o cuyxexpuéva,
oe xdle @don tng LehHodou Tou xaTaEEdAXTN deV EXTEAOUVTAL GUYYOVELOELS
and P dpopouc uéypt 2 Spdpoug, akkd and P uéypl r dpbuouc, 6mou to 1
elvar nopdpetpoc. Mtov Ilivaxa 5.12 galvetal to Bértioto 7 via pepuxés
Téc tou P Anhadh, yio P=2 % 3 7 uPpduxh auth nébodoc tautiletar pe
TV ToPactxy, evé yia P > 14 v péhodog tautiletar pe tov xatappdxty.

P23 45 6 10 14
r| 2 3 4 8 14

Mivaxag 5.12: Béhtioto r uPpetdueic pedédou.

Yupnepacpatixd ooy, fewpdvtag wg xpttheto enldoong Tov dyxo Tev
dedopévev mou petagépovial and/mpog T cUeXEUH ThC Tanviug, Loy Bouy oL
elhc nopatnehoets:

e 4600 peyaritepog elvat o Babudc e ouyy®veLoTS, TOGO UXpOTEROS

elval 0 aplbpdc TV TEpAoPdTOY,

o onpaocia €yl to pévyehog Tou apyelou xat 6yt o TARboc TV ey yYpaPdY
N To péyebog e eyypayhc,
o 600 peyaritepn elvan 1 xVpta pvApy T660 1 entdoor Peitidvetal, yiatl

dnuiovpyoldvtal hydtepa xor HeYahiTepa TalVOUNIEVR THARATA,

o vevixd, n Mydtepo anoteheopatixh w€hodog elvar n puowh cuyy®-
vevor), N nohugaowxh péhodog elvar xalltepn and tny woluyiopévn
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/7 7z 7z re /7 /7 A A

6tav oL dtabéoiues ouoxesuée elvat Aly6tepec and 9, evd 1 Guy Y OVEUOT)
XATAREAX TN elval XAAVTERT ATO TNHY TONIPAGLXT, VLo REGLOGHTERES AT
névte ouoxeuvéc.

Yta mhalowa Tou xe@aholov autol YLve avapopd TV XUELOTERLY OAYO-
elBuwv xal 360nxe npocoyf oty elpeon Tou aplhpol TV PacEwLY XAl TV
nepaopdtoy. 261600, €vac AAAOS ONUAVTIXGS RApdYovTag XG6TOUS elvat o
YpOvos TepLotpophc TNg Tawviag neTd To mépac xdle pdong. A&ilel mdvtoe
va onpetwbel 6tL n néhodog Tou xatappdxty enitpénel xdnota enxxdiudn Tou
YEOVOU ERAVAPOEIS TNS TAVIAS UE TO YEOVO TV TUPAYOYIX®Y GUYYWVEL-
oewv. llpénel enlong va onpeiwlel 6t oL n€hodol anoxtoly véo akyoplOuixd
xaL avoauTixo evdlagépov av Dewpnloly cuoxeuéc pe SuvatdTnTa Avdy ve-
orng/anobfixeuong xal xatd tig dbo popés xivnong. Mdhiota yia Tig Tawvieg
autod tou tinou avagépetor win axdun pébodoc talivéunong pe okl xaih
exidoon, N Takavievduevy ouyy®dvevon (oscillating merge), rmou mpotd-
Onxe to 1962 and tov Sobel. “Eva diho evdiapépov npdfinua elvar v ei-
peon ahyoplOuowy ewtepinhs Talivopunong, dtav elvar dtabéoiues ouvohixd
300 | xat névo pla mepupepeiaxty cuoxeur. La tic dbo autéc nepuntdhoeic,
naiota, €xet anoderybel 6t dev puropel va xataoxeuachel ahydptbupoc ui-
xpbrepne mormhoxétrTag and O(n logn) xar O(n?), aviiotoya. To Hépa
g Tadvopnong pe tauvieg éyel mhovota Bihoypaplia ahid dev elval théov
xautéd O¢pa v v Ilnpogopuer. O evdiagepdpevog avayveotns propel
va Bper mhololo UAG otov Tplto topo tou €pyou tou Knuth “The art of
computer programming: sorting and searching’.

5.6 Aoxnoeg

<1> Aofeiodv 2P tavidy, tooluyiopévy ouyydvevor propel va yivel Ocw-
povTag apywd X ouoxeués eto6dou xar 2P-X cuoxeuég ££680u, eved ot
ouvéyeln 0 pérog touc avtiotpépetat. Na Bpelel 1 enldoon tne nehodou wg
ouvaptnon Tou X xau 7 BérTiotn TR tou X.

<2> ‘Eotwwoav 14 eyypagéc pe xiedia 6, 29, 1, 10, 23, 48, 17, 13, 16, 12,
11, 7, 2 xau 3. No vnotelel dtL ta apyxd taivounuéva tufpata neptéyouvy
novo pla eyypapn xal va epapooiel n:

o Quowxy cuYY®VELST dUo Spduwy,

o wooluylouévr ouyyodveuon 8o dpduwy,
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o ooluylouévr ouYOVELST TELOY SpdUeY, Xal
o noiugaoix Taltvounoy TpLdY dpdpmy.
[Na xdbe replntwon va gavel i Souh Tou apyelov petd and xdbe @aon.

<3> Na dnprovpynloly nivaxes pe to nepleydpevo ToV cLUGXEUOY Yo 31
TaELVOUNUEVE TUARATA XAl YL TLG TEPLITOOELS:

o Quowxy cuYY®VELST dUo Spduwy,

o wooluylouévr ouyyodveuon 8o dpduwy,

o ooluylouévr ouYOVELST TELOY SpdUeY, Xal
o noivgaoux Talivéunor dVo Spdumv.

Na uroroyiolel yia xdbe meplntworn o aplbudc Twv Pdcewy xaL TOY tepa-
OLATOV.

<4> Na gpappochel v tohugacixh cuyy®veuon t1€oodpwy dpduwy o 100
tadivopnpéva Tphpata Tov 100 eyypapdy DempdvTag exovind TuhpaTa, G-
ote va Ppebel évag yevixeupévoe aptbude Fibonacci. Na doxipacOoiv ot
elfc nepunTOoEC:

o To ewxovixd TpApata tihevtal eunpds and ta mpaypATIXd,

o To ewxovixd TpApata tihevtal petd Ta mpaypaTiXd.
Tv rapatnpeite 660y apopd otny enildoon tne pehddou;

<5> Na Soxipachel ) TOAQPAGIXT) CUYYGOVELUCT) XL T) CUY Y OVELUCT) XATAREA-
XN Yo pepueée Tiég Tou apltbuol Tev apyxdy Tunudtey (Y tapddetyua
nsg = 100, 150, 200) pe oxond va Beebel yia nowdy aptbud taviey (P = 8,
9, 10, 11) n pla pébodoc elvar xarltepn g dAANS.

<6> ‘Eva apyelo anoteheltar and 2028 talivounpéva tufpata tov 4000
bytes. To péyebog tne eyypaprnc elvar 200 bytes, eved to péyeboc e a-
nopoveTehs pviung elvar 16 Mb. No urokoyiolel o anattodpevog ypdvoc
v €l60d0/é€080 Ty dedopévey xatd v extéieon plag woluyiopévng
ouyyoveuons P Spdpov (P =4, 8, 12, 16, 20, 24). Alvetaw exlone étL to
uhxog tng towviag elvar 2400 nédia, 1 muxvéthTa elvar 1600 bytes, to xevo
éyer phxog 0,6 {vtoeg xau 1 tayUtnta sivar 10 nédua/sec.

<7> Na Oewpnloly ta dedopéva tng "Aoxnorng 6 xav va unoroyialel o
ANALTOVUEVOS YPOVOS YLO TOAPAGLXY] GUY Y OVELGT).
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TAZEINOMHYH ME AIXKOYX

6.1 Eicayowyy

"Onwe elval yvwotd, av To apyelo dev yopd otny xbpla pviun, téte 1 edo-
tepxh) Tadvounon yivetal oe d%o otddia. Apyixd to apyelo urodialpelita
0g TUAMATE TOU Y opoUy 6TNy xVpta vy xat talivopoltva pe pia péhodo
£0WTEPXAS TadLVYOUNOTNGS, ONOTE CUYYWVEVOVTOL 0TY) CuVEyEla. Y xdbe otd-
dto amarteltal avdyvowor xat anolfxeuorn tou apyelov TourdyLoTo i popd.
Me 0 xphon pevdine xuplag pvhung, %o cuoxeu®dy Sloxmy xat LooThELE
ATOLOVOTUIXGY UGV YL TNV eXXIAL)N TOU Y pdVOU TEOCTEAAONG XATOLAS
eYYpaphc and to dloxo ue To ypodvo anolnxevonc xdnolag dhine oto dloxo,
elvar duvatd va enteuy oy moid aroteieopatixés péhodol.

‘Eotw 6t dlvetat éva apyelo 6.000.000 eyypapdy twv 400 bytes. “Etot
To apyelo éyel uéyebog 2,4 Gb, dnhadh elvar Eva peydro apyelo nou uropel,
yio Topddetypa, va ouvavtnlel ouyvd oty npdln oe epappovés tpaneloy,
dnuoocioy opyaviou®y 1 acponopx®y etapetdv. Acdopévou 6t dev undpe-
YEL UTOAOYLOTAS e TGO MeYdin xipla pviun, Oa urotelel 6t n Srabéoyun
xVplor uvhun elvae 10 Mb.

Av urdpyer novo pla ouoxeuf dloxou, téte N xahltepn EnLAOYH YL TO
Tp®To oTddio elval N yenoronoinoyn tou aryoplbuou Ta&véunorns cwpol
(heapsort), mou mapdyer Talivopnuéva Tuhpata peyéboug loouv pe to péve-
Ooc e xVptac pviung. O aiydpllpoc autdc, oe avtibeon pe dhouc Toug
YVwoTolg, elvat 0 pévog mou e Tt PoRleia anopoveTIX®Y UYynueyY enLteé-
mer emxdhudn e eLoddou pe Ty €080, Tuvendg, ot TEAXH avdiuoy 1o
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oUVORXS Ypovixd x60Tog Looltal YE TO X60T0g Yia eloodo xat €080 TV
dedopévwy, eved N xal’ cauth tadvdunon yivetar napdhhnha xat dev enifo-
EUVEL YpOoVIXd.

Av urdpyouv dbo dwabéoiuec cuoxeuée dloxou, Téte ypnoworoeital 1
Teyveh tadvépunons mou ovopdletal emhoyh aviixatdotaorns (replace-
ment selection). Auth n pébodog noapdyer tpApata pe dinhdoto péyeboc
and to péyehog tng Swabéounc xiplag pvhung, xatd pnéco 6po. Emumiéov,
ne tn Bonbeia anopoveTX®Y UYUOY, N TpoeREaoey) and Tov éva Sloxo uro-
eel va emxahulel ypovixd pe tny anobfixeuorn otov diro. "Etol tehxd, to
Tp®To 0TddLo TNg TAdLVOUNOTS TV TUNUATOY araltel ypdvo (oo neplrnou pe
TNV TpoonéhacT) Tou apyelou.

To 3eltepo 0TddLo tne ouyydveELoTS elval THEdLOLO TEOS T CUY L OVEU-
o1 Sou®Y XVELAS UVANG XL GUVERMS apXetd anhd. Av unotelel 6t divovTar
100 talivopunuéva tphpata, téte and xdle tuhua happavetar pula eyypaph
xar extereltor pla ouyyovevorn 100 Spépwy. "Otav pla eyypaph xdrolou
Tphunatog xateuhuvlel oty €£0do, téte auth avtxablotatol and Tty end-
Hevy Tou (SLou Tufpatog xat €10t 1 Staduxaocia npoywpeel enavainmTixd wéypet
va eZavtinfoly dha to TApaTa.

H yehon nepocdtepmy and dvo ouoxsudv dloxou dev edunnpetel 6-
00 onuaAvVTIXE 0Ty pelwon Tou ypdvou tadvéunons, 660 1 yehon Tov 6o
XL LEYOALTEPOY Xt PONvoTEp®Y Xplwy uvALLy. Ernedh oto maperHov
dev umfpyay MEYAAES XUPLES UVAUES, XENoLLonotolvTay diiot aiyoptuot
elwtepuxfic Tadvépunone (ny. N mohugacuxh cuyy®veuor). YTo téhog Tou
napdvtoc xeparalov ot péhodol talivéunorng pe tawvieg edetalovtal xat xo-
OTOAOYOUVTAL Yla TNV EQappoYH Toug ot dloxouc. (oTdoo, onueldveTa
npoxatooixd 6t pla péhodoc mou Ha mapovciachel otn ouvéyeia, xat 7
orola anattel 8¥o ovoxevéc dloxwyv, erepvd tn pébodo tng mohugaoixic
ouYYOVEUONS axouy xaL av auth egappoolel pe 10 4 20 ouoxeuéc dloxwy.

6.2 Talwvéunom pe wia cuoxeuy) dloxmwy

*Orav undpyet Stabéowun novo pla cuoxeun dloxwy, Tdéte 670 TP®TO 6TdAdL0
yenowponoteitar o ahydpilpoc e Talvéunons cwpol pe oxond T dnuLove-
vio twv tadivopnuévey tunpdtoy. H yveoth avth péhodog npotdlnxe and
Tov Williams to 1964, evé pla napaihayh yveoth g tadivéuncy dévdpou
(treesort) nmpotdfnxe and tov Floyd to 1967. O aiydpfpog avtdg elvar o
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povadixde and toug akyopllpoug eomtepixic Tavounong tov enttpénet Ty
emuxdiudn g eLoddou pe Ty €€odo.

Yxedbv nifipes duaduxd dévdpo (almost complete binary tree) elvon
exelvo to duadwxd 3€vdpo mou:

1. dha Ta @Ukha tou Bploxovtat oe dVo Swadoyxd enineda, éotw To k-o-
/7 /7 e
076 xau (k—1)-007é exinedo,

2. 6ol oL xépPol Tou exrédou (k—2) éxouy Pabud dlo, xa

3. ta @UAka Tou k-00T00 emnédou xatahapuBavouy T aptotepdtepes O¢-
GELC TOU EMTESOL.

Ywpbg peyiotwy (max heap) elval 1o oyeddy mhfpes Suadixd 3évdpo, brou
N Ty Tou xAedLon xabe x6pPou elvar pixpdTepn and Tig TYES TOV XAEBLOY
TV 7adLdY Tou ouyxexpévou x6pfBou (dec BiBhlo yia Aopée Aedopévov,
Kegdharo 6.2). “Exou elvan BéBaro bt ot plla elvar ndvta anobnxeupévo
T0 pxpdtepo xhedl. Yto Yyhua 6.1 napovoidletar évag owpdc.

S0

4 1195 (5290|1210 |56 |71 |100

Yy 6.1 Ywpds wc duaduxd dévipo xal wg ddvuoua.

“Eva mifipec Suadixd 8évdpo ol elxoha unopel va nopactabel pe Evay
nivaxa, TonofetdvTac To REPLEYOUEVO TV XOUPwY oTov nivaxa xatd enlne-
da xaL and aplotepd npog ta dedid. Anhadh, oty mpdtn Oor Tou nivaxa
torofeteltal n plla, oty deltepn To aplotepd nadl tng pilag, oty Telitn 0
dell moudl tng pllag, xox. ‘Apa, Ta nadid evic xéuPou nou PBeloxetar TNy
N 4 7z re re 7z 7z N N A
1-007h Oéom tou mivaxa elval anolOnxevpéva otig Héoeg 2t xar 2t+1, eved o
ratépag Tou x6pPou avtod elvar arnobnxevpévog ot béon [i/2].
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H Boaowh déa tou ahryopiBuov talivéunons cwpod elvar n ehs. H
ELOAYOUEVY EYYPaph XatahauBdvel Ty aplotepdtepy, Oéon Tou teleutalou
emnédou Tou d3évdpou ( pe dhha héyia Ty mpdTn xevih Béon Tou nivaxa).
To xhedl tne véag evypaphc ouyxplvetal npoc To xhedl Tou xépfou natépa.
Av 1o véo xhedl elvar puxpdtepo, 16TE NEEnel oL U0 eYYPAPES VO AVTAA-
hayOoly, ®ote va woylel 7 facxh) WBLoTnTa Ty cwpody. Auth 1 Stadixacia
obyxpLone xaL avappiynorns propel va exavainglel, loog xar uéypt  pila.
H Swadoyixh avdyvwon eyypap®y xat v tonobétnoy Toug 610 cwpd cuve-
yletar péypl va yeploer o dwabéowoc yodpog oty xipla pviun. "Etol to
nepLeXOpEVO TNS xUptag pvAune aroterel éva tadvounuévo tuhua.

Katény n plla tou owpold petagépetal otny €£0d0, evod v teheutala
eYypah Tou owpol xatarauPdver ) Oéorn tng pllac. IIiéov Sev woydet o
0pLOUOS TOU GLWEOU Xat KEénet To XAl autd va cuyxpllel pe ta xAeldid
v 300 ntudidy tou. To pmixpdtepo xhedl aviadhdooeTal ne TNy eYypaph
g pllag mou (BuvnTxd) propel va cuveylosl tny xaboduxh mopela péypt
To teieutalo eninedo. Metd and 6in auth Ty enavainmtixy Stadwacia, o
opLoués Tou owpoy anoxabiotatar xal cuvende 1 véa plla propel va peta-
pepbel oty €€0do. Kat’ autdy tov tpéno o ahydplpoc ouveyilel uéypt
TN GUVORXT LETAPORE GAOU TOU cwpoY oty ££080. Ty cuVEYEL 1) LVAUT
déyetan véeg eyypapéc and to dloxo yia TN dnpoupyla TOu VEOU TUAUATOS.

Yto Yyfpa 6.2 dlvetan €va napddetypa, unobétoviag 6T 6T PVARY Y-
eoVy T eyypapés. "Etol otn pviun etodyovtal 7 eyypapés ne xiedia 10, 12,
5,19, 52, 56 xat 4, evdd ot cuvéyea petagépovial otny €£0d0 oL eyypapéc
pe xhewdtd 4 xau 5. Yto oyhua napovotdlovial pepixd PApata e Staduxa-
olag mou vionotel Ty avdntudn avth. Kdbe Souh tou oyfuatoc aviiotouyel
070 6PS HETE ARd TNV ATOXATAOTACY, TV WLoTATOY Tou (Snhadf, netd axd
Tig avayxaies ouyxploeg xar aviahhayés).

Y ouvéyela peretdton 1 enidoon Tou akyoplBpou. To Vdoc evog nih-
pouc duaduxoy 8évdpou elvar logn, dmou n elvar o TARboc TV X6ufwy Tou
3évdpou. Yuverdg, o apbudc Tov arapaltniev cuyxplotwy/aviahhaydy
v T Stathpnon tng Bacixic WoTnTac Tou 6oL elval 61N yElpdTERY Tepl-
ntwon logn, érouv Théov 1 elvar oL péypl Tpa eYYpapés Tou cwpol. Aniady,
av to xdfe tunua €ye néyeboc 10 Mb xar mepiéyer 25.000 evypapée, tote
0 Yoc tou 8évdpou elvar petalld 14 xau 15. "Apa, pla eoayoyh eyypaphs
070 owpd pnopel va mpoxaréoel to péyioto 14 avraihayéc. Axéun av u-
rotebel 6t 1 eloodoc ouvictatal oty npoonéiacy oerldwv pevéhous 2400
bytes pe ouvieheoth opadonoinong 6, 1é6te npénel va yivouv To péyioto 84
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Efcodoc 10,12,5 e
@ @

Elcodoc 19,52,56

Elcodoc 4

‘EZodoc 4

‘E¢odoc 5

Yyhua 6.2: Tadwépnon copol pe emxdhudn 1/0. H xbpia uviun yopd 7
eyypapés.

avrarhayés Léypt va ewoaylel  endpevn oerida. Me v npoiindleor 6t
ula olyxpion/avrakhayh anowtel 10 us énetar 6TL otn yewpdtepn meplnTwon
arartovvtor 0.84 ms Autds o ypdvos npoceyylel tov anattoluevo ypbdvo
v Ty npooréracy plag oeiidac Twv 2400 bytes o pla suoxeuh IBM 3380.

"Otav 1 plla petageplel otny anopovetixh pviun €£68ou yia v ano-
Ofixevon oto dloxo, n tehevtala eyypaph petagpépetar otn Oéon e pllac,
onéte anatovTal véeg ouyxploeig/avtaihayéc. O apbudc Tov aviahhaydy
autdv elval xar Tt e tdne logn, drou n elvar ou eyypagés mou €xouv
aropeivel 010 3€vdpo. “Etol xau otig 300 @doeic uropel va undplel Tois
HEY AN emxdhudn oToug Ypdvouc elsddou xat e£ddou.
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Y ovoxeuh IBM 3380 o péooc ypdvog evtonionol xat o n€ooc ypdvoc
neplotpohc elvat 24,3 ms, eved o ypdvos yia ) oeplax tpooréiacy; 10 Mb
dedopévorv elvar 3500 ms. “Etot, xatd touc unohoyiopolc ayvoeltal o ypo-
YOG EVTOTLOMOU, XaL TEAXE 0 yp6vog Yia T dnuovpyia Tov tadvounuévey
TUNUATOY LoobTaL UE:

2b x ebt

O ypdvog autdg mepthauBavel T0 YpOVO Yo TNV TROOTEAACT, TV TUNUA-
TOV XAl T0 Ypdvo anolfixeuorng Tov Talvounuévey TUNUATOY Xal TEM 6TO
dloxo.

6.3 Talwvéunor ue 8%0 ocuoxevég dloxwy

Av urdpyouv dbo dwbéoues ouoxeuée dloxwy, TéHte elval duvatd va npo-
xOouy talivounuéva tpipata peyarltepa and 1o péveboc tne Swabéoune
xoplag pviung. Mdiota €yer anodeiylel 6tL to péyeboc twv tunudtoy
elval dumhdolo tng xlplag Uvhung xatd péco dpo. "Alko onpaviixdtato
TheovEXTNUA elvat GTL GAOL OL ATALTOVHEVOL YPOVOL YL TNV TPOOTEAICT], TNV
tadvopnon xal Ty enavanobixevor oto dloxo uropel va emtxaiugpholy.

Yty neplntoorn auth, Yo TNy 00TERLXY TalLVOUNoY YeNOoULoTotElTaL 0
ahy6plpoc TNg ETLAOYAS AVTXATAGTAOYS, TOU £)EL TOARA Xowvd onuela ue
Tov akyoptpo talvéunons ocopol. ‘Onwg xat pue tov teieutalo akyoptiupo,
apywd dnurovpyeltar €évag owpds and eyYpapéc mou eodyovTal and Tt wia
ouoxeuh. O cwpds autdg xatarapuBavelt 6ho To yOpo g dtabéouns xbplag
UVARNG. TN OUVEYELR, OL EYYPAPES UE TO ULXPOTERO XAELSL ToU opadoroLol-
vtaw o pla oerida anobnxeloviar 6tov dhho dloxo xar Tautdypova pla véa
oehida petapépetal and TNV TEp@TN CUGXELY GTNY XUpLa UYAUT.

H véa oeiida propel va nepiéyel pepuxés eyypapés UE XAEWSLA peyaly-
TEPA AR TA XAEWBLE TOV EYYRAPOV, Tou Exouv NN anobnxeubel oto dloxo.
Avutég oL eyypagéc uropolv va evowpatwboly otov apyeéd cwpd. "Opeg 7
veéa oeAlBa propel va teptéyel xau eYYpapés UE XAELE UXplTER And AUTA
mou €youy Hd1 nepdoct otny ££0do. Autéc ol evypagés dev etodyovial oTov
URAEYOVTA 00ps, ahhd oynuatilouy éva véo owpd. ‘Etot, otny xlpta pvhun
dnuovpyolvial 8%o cwpol. Yto NyhAua 6.3 napovoialetar Eva tapddetyua
epapuoyhc e nebOdou, Dewpdvtac 6Tt 1 xlpta UvAUY Yoed T eyypapéc.
H oapywxh Soph rmapoucidlel tov apyixd cwpd tov T eyypap®dv, alkd ot
ouvéyeta 1 €£0dog xau 1 eloodoc yivovTal Tautdypova avd pio eyyea?.
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‘EZodoc 4
Elcodoc 5

‘E¢odoc 5
Elcodoc 56

‘E¢odoc 19
Elcodoc 10

‘E¢odoc 52
Elcod0c 100

Yyhua 6.3: Emdoyh avixatdotaorne pe emxdhudn 1/0. H xdpra uviun
xoed T eyypapéc.

O Swaduxasiec eto6dou/e&bdou propolv va cuviovicholv. Ye avtifeon
pe tn wébodo talivépunong owpol, ot pébodo avth dtav pia eyypaph rep-
V& 0Ty anopoveTixh pviun e€6dou, téte ) Oéom tng oty plla tou cwpol
dev xatohauPavel  teicutala eyypaph Tou nivaxa ahid pla véa eyypoy.
‘Etou n eloodog xau 1 €€080¢ yivovtar tautdypova o éva BApa e eRXEN-
I TeV oYETX®Y YeoveY. Yuvenos sival BEBato 6Tl 0 véog cwpdg Oa yivel
MEYAAVTEROS AR TOV apyiXs, ENEWH OL NEPLGGOTERES ANG TIS ELOAYOUEVES
eyypapés Oa €xouv puxpdtepa xAeWLd and Tig HON nepacuéveg 6To dloxo.
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Yuvilog oto onuelo autd dev undpyel peydhn emudivdy puetall eloédou
xat €£6d0u, eneldy) ol neplocdtepes véeg evypagés xateubivovtal oto véo
owpd. e xdnmowa ypovixn oTiYUn o évag owpdc Ha adeldoet, ondte oTo
onuelo autd tehetdvel 1 dnuiovpyia evic Tadvounuévou tphpatos. Etou
Sradixaocia ouveylletar pe 1o véo owpd xar ) HuLoveyia Tou exduevoy Ta-
Ewounuévou tufpatos. H yehion peyarltepowy oehiBwy Xal ATOPLOVOTIXGV
pvnuov petpldlet ) Suopevi enlntmor Tou alvopévou autol.

Av oL eyypagéc épyovtar neplnou tadvounuéves, 16TE T TEOXVITOVTA
Tuhuata Oo elvor modd peydia. Avtifeta, av oL eyypapés mou €pyovial 6Ty
eloodo elvar oyeddv dratetaypéveg xatd @hivovoa tély, téte Ta THAPATA
Oa elvar puxpd. “Eyer anodeiyfel dtu yia tipés xhedudy nou vnaxolouy oe
tuyata xatavouh, 1o péyebos twv talivounpévey Tunpdtey elvar teplnou
dumihdoro and to uéyeboc tng drabéoung xiplag pvApnc.

H erthov# avtixatdotaone eivar pio nébhodoc elatpetind anoteheopatt-
xh 6tav undpyouv dGo cuoxcués dloxwy. “Etol apéows petd Ty apylxh
pbpTwom e xUptag UVAUNS ME T Tp®Teg oehideg, 1 eloodog pe Ty €£odo
uropoly va yivouv mapdiinia ot dGo ouoxcués. Av undpyet uévo i
ouoxeuy, tote 1 nébodog dev elvar aroteheopatixy, yiatl o Bpaylovag tou
dloxou Oa petaxiveltal cuvey®s eunpos xaL tlow yia va exteréoet Tic Stado-
yuxés avayvooelg xat arnolnxevoes. O arattoluevog ypdvog and tn péhodo
auTh elvat:

b x ebt

yoplc va hapfBdvetar un’ 6dn o ¥EOVOS Yid TNV TEOCTEAAOY] TOV TEOTOY
oehiBwv nou extereltan ywplc naparlinhopd oty €2odo, enedh) Dewpeltal
Wxpds 6 GYEoT UE TNV TpOooTEAICT, GAOU Tou apyelou.

Ye tehxh avdhuon, i nébodog enhoyic aviixatdotaong oe oyéon UE T
nébodo talivounong oopol uneptepel oe dVo ornuela.

o T mapayoueva THAUaTA EYouy Xatd nEco bpo Suthdoto pévyebog, xau
/7 /7 7
e 10 ypovix6 x6oTog vnodimhactaleTal.

AN /7 7 7 7 /7 /7 4 7
Opwe and tny diin Theupd urdpyel ennpdoheto x60T0C eneldh anattobvTa
Yo cuvoxevéc dloxwy.
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6.4 Xvuyyovevor ne wla cuaxeuy) dloxwy

Yto onpelo autd miéov apyilel v devtepn @dor), drou ta Tadivounuéve TUh-
pata mpénel va ouyywveuloly dote va npoxtder n tehxh talivounuév
nop@h tou apyelov. Xtn cuvéyeia unotifetar 6t Stabéoyun undpyet pla ou-
oxeUT) SlOX®V UE Y WENTOTNTA TOUAAYLoTo dtnAdota and to uéyeboc tou
apyelov Tov 2,4 Gb. Apywd, howrdy, yenowonoeitar o akyodptlpoc tall-
véunons cwpod, ondte napdyovrtar 240 talivopnuéva tphpata pevéhoug 10
Mb. O anattodpevos ypdvog Yo TN GELELAXH TEooTEAROY, apyelou auTol
Tou pevélouc elvar meplnou 14 Aentd. Yuvendg, o analttovevog Ypovos Yia
™ dnuLovpyin TeV TUNUdTEY lval 28 Aentd.

I 5 Mb I 5 Mb I

4 1019 |52|71|100|146(150({193|202

B |5 |12|56|90|113]|142|175|215[220|225

|| MvAun A || MvAun B || ‘EZodoc ||
4 10 19 52 71 5 12 56 90 113
10 19 52 71 5 12 56 90 113 4
10 19 52 71 12 56 90 113 5
19 52 71 12 56 90 113 10
19 52 71 56 90 113 12
52 71 56 90 113 19
71 56 90 113 52
71 90 113 56
90 113 71
100 146 150 193 202 90 113
100 146 150 193 202 113 90
146 150 193 202 113 100
146 150 193 202 113
146 150 193 202 142 175 215 220 225
146 150 193 202 175 215 220 225 142
150 193 202 175 215 220 225 146

Yyhua 6.4: Tuyyoveuorn dbo tadivopnuévey tunpdtoy tov 10 Mb pe xdpua
uvApy Tov 10 Mb.
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H mpdtn pébodog ouyydveuone mou Oa peretnbel elvar 1 ouyydvevon
300 Spdpwv. H péhodog auth xdbe popd cuyymvelel dvo wévo tadivoun-
péva tuRpata. Exedh n Swabéowyn puvhun elvor 10 Mb, Sev elvar Suvatd va
netagepfoly otn pvApy Svo tpRpata Ty Bta otiypn. [ to Kéyo autd u-
rotifetal 6T undpyouy anopoveTés pvines Twv 5 Mb, drou goptdvovtan
To POTA ULod TV dVo TunUdTey. Axdur, enedh dwutiletar pla povo ou-
oxeun) dloxou dev elvan Suvatdy ta TuRpaTa va tpooreracfoly pe emixdiugn
ToV Ypdvev. Mdévo xatd ) dorn tne e£6dou elvar Suvatd va epappochel
TEYVXH THS XPAONS SRS amooOVOTIXAS UvAunS Xat va entteuy el napak-
aiopoc. To Yyhua 6.4 napovordlel éva napddetypa ouyyOvELOTS, 60U
palvetal o yivetar dtadoyxd 1 eloodog xal 1 £Zodoc.

‘Eotw, howdy, 6tL xatd ) Staducasia g ouyyodvevone edavtieltal 1o
mood evog tunpatos. Téte to devtepo piod tou (Blou TpApatog Epyetal
oY LAY xau 1 cuyovevor, ouveyletat pe Ty napdhknhy €080, Tehxd,
0 ATOLTOVHEVOS YpOVOS Yia TN ouYY®VEUOT dU0 Talvounuévey TUnUaTeyY
elva:

(443)X(r+s) + 2x2X seg x ebt

6mou seg elvar o apliudc Tov oerldowyv xdle talivounuévou tpuhpatos. To
TE®TO YLVOUEVO, TEoPavVES, SIVEL To Ypovo evTontopol xal neptotpophc. O
ouvieheoTthg 4 avtioTtolyel oTic T€60EpLg TPOGTERASES 6To dloXo Yo Ta
nuioea TV TUNUATOV, EVEO 0 GUVTEAEGTHS 3 avTloTolyel oTic Popéc mou Yi-
vetal anobiixevon oto dloxo (oL d%o npdTeg avayvdoeg yivovTal tpLy Ty
mpdhTY anobfxeuon).

Av otic mapapétpouc SoHolv oL YVoTES TUHES, TOTE TO TPOTO YLVOUEVO
wooltan ue 170 ms, eved to devtepo toovtar pe 14000 ms. Av xat to xboT0g
mou npoxuntel and To mpwto Nudbpoioua dev elvar t660 peydho 660 To
x66T0¢ and 1o devtepo, evioltols Satnpelital otov tino. O Adyoc elvar
ot ot cuvéyeta Ha Sobolv péhodol cuyydveuorg neplocidTEp®Y and dvo
dpduouc exel Oa undplel Srapoporoinoy,.

O anattolpevoc ypdvog Yo To Tp®OTO népacud GuUYY®veELoNg Tov 120
Leuy®dv tunudtey twv 10 Mb elval neplnov 28.4 hentd. Xta endueva me-
pdopata Oo mpénel va ouyywveuholy 60 Ledyn tpunudtov twv 20 Mb, 30
Ledyn twv 40 Mb, xox. Aniadf, Oa yeerobodv ouvoixd [log240| nepdopa-
to. Ntov [livaxa 6.1 gailvetor yia xd0e népacua ndéca TUAPATE UTAEYOUY
xou wotd elvar to néyeldg toug.

Metd to npdto népacpa o aplhuds TV npocnehdocwy 6To dloxo Yy
aroffxevon npoceyylel oyetixd neplocdtepo npog Tov aptiud Tov npoone-



132 Kepdhraro 6

Tépaopa 1 2 3 4 5 6 7 8

Mévyehoc 7320 | 3%x640 | 1280
tpApetos (Mb) 10 20 | 40 | 80 | 160 | + 160 | + 480 | 1120

ApiBpde 240 | 120 | 60 | 30 15 8 4 2

Mivaxag 6.1: Yuyyodveuon 8o dpdpov yvia 240 tpRpata.

raoewy v avdyvoor. Etot, étav xatd 1o tétapto népacpa to péyeboc
Tov TPnpdToy elvar 80 Mb ypetdlovtar 32 avayvéoeg xat 31 anobnxedoetg
Y T ouyy@veuor dvo tunudtoyv. L to Adyo autd, tehud yivetal dextd
ot v xd0e xoupdTL THARATOS ToU EpYETAL OTNY ATOROVWTIXH VALY ELG6-
dou avtiotouyel axpBoc pla npoonéiacn oto dloxo. Av, howndy, to apyelo
anoteieltal and nsg TPRpata, to6te xdbe népacua anaitel ypodvo:

2x2Xmnsgx(r+s) + 2xbxebt

To x667t0c autd mpénel va morramiaciachel exl tov aplpd Twv nepacpd-
TOV, YL Vo S3OOEL TO GUVOMXO YpoVixd X66ToC TwY nepacudtony. Exlone
070 1006 autd npénet va poctelel xal o apyxdg ypdvoc yia TRy Tadvéun-
on Ty Tunudtev. Lo to cuyxexpuuévo napdderypa, Aowméy, npoxiRTEl 6T
oUVOAXE analTolvTaL:

8% 28,4 + 28 = 255 hentd N 4,25 dpec

Y ouvéyewa Oa peretniel v cuyydveuon teoodpoy dpopmy. Exedh Oa
eletachel pévo 1 dedtepn @dorn g ouyy®veuong, urotifetar dTL Ta TUH-
pata elvar 8N talivopnuéva. Apyixd, howndy, and técocpa Talivounuéva
TuhaTa petagépovial 6TRY XUpla VAT T Tp@Ta TETAPTA TOUS TOU GUY-
YOVELOVTAL XATA TO YVWoT6 Tpdno. Metd to npdto népacpa Ha mpoxidouy
60 tpApata Tov 40 Mb. To 3eitepo népaocpa O ddoet 15 tpApata twv 160
Mb, eved to tpito népaopa Oa ddoet 4 tphuata. Yuveroe, yperalovial ou-
vohxa 4 repdopata. dotéoo, enedh xdbe wopd €pyovial otny xbpla LyAUN
Hxpd xoppdtia (TéTapTta) TOY TUNRATOY, T0 XE0TOS TOU YEGVOU EVIOTLOLOT
xaL TEPLoTEOPRS elval oyetixd peyarivtepo. O anattolpevog ypdvos yia éva
répaocpa g pebddou avtic elval:

2x4nsg X (r+s) + 2 xbxebt

mou Y To cuyxexplévo napdderypa divel 28,8 hentd. Apa yio ta téooe-
pa nepdopata pall pe to x60Toc NS apy XA TadvOUnons TOV TUNUATOY
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ATALTOUVTAL:

4 x 28,8 + 28 = 143 ientd

dnradh 2,4 dpeg, mou elval oNUAVTIXE UXEOTEROS YPOVOS Ad TOV anALTOV-
LEVO YPOVO Yl T SUYYOVEUOT SU0o dpduov.

Y vevuxh popp, pla ouyydveuvorn P 3pdpov yia xdle népacua anattel
(og ms) ypdvo (oo pe:

2P x nsg x (r+s) + 2xbxebt

O apbpds tov nepacpdtov elval [logpnsg|, ondte o cuvolxds ypdvog
elva:

2 xbxebt + Jlogpnsg] X (2 X P xnsgx (r+s)+2xbxebt)
Av P=nsg, t67e anarteltar Eva népaopa Xar 0 oYeTXOS Ypovos elval:

4b x ebt + 2><nsgz><(r—|—s)

Av yenowonombel tadvéunon 16 Spdpov, 16TE To CUYXEXPLUEVO ap-
yeto anavtel 0o nepdopata. AapBdvoviag un’ 6 xar tov avinuévo ypd-
VO EVTOTLOUOY XAl REPLOTRPOPHS, TEAXA TEOXUNTEL GTL 0 OUVOAMXGS YPOVOg
Ttadvopnorng xat cuyyovevong elvar 62 herntd 4 28 hentd = 1,5 dpeg.

Méypt otiypnc Sev avagéplnxe nog yivetal n ouyyodvevon. H yenouro-
moovpevy) Sout elvan €vag owpds, Tou arnoteAeital and Ta PiXpoTERA XAELSLA
ToV TuNUdtey. Eva noapdderypa e Staducaoiag avthc napovotdletar 6to
Yyhua 6.5, dnou divovtar 6 talvounuéva tufuata Tov 4 eyypapoy, yia
va evonounfolv pe ouyyovevong 6 Spdpowv. H Swaduacin otrnplletar ot
néhodo tne emhovic aviuatdotaons. Aniadf, dtav 1 plla Tou cwpol ue-
Tagépetal oty €£080, TéTE N EYYPAPH HE TO UxpdTERPO XAl and To (BLo
TUAUA EVOLUATOVETAL 6T0 6wp6 xal nalpvel ) O¢on tne pllag. BéBawa oty
ouvéyewa yivovtal ou axapaltnies ocuyxploeg/aviahlayés HoTe va aroxo-
taotalel o oplouds Tou cwpEol. Xnpeidvetalr 6Tl 610 oAU xdbe popd
napovordletal v TEMXH Lop@H ToU cwEol HeTd T anapaltnTes diepyaoies.

6.5 Xuyyo®vevor ne 600 ocuoxeLEg BloXwY

Av urdpyouy Sabéoiueg do cuoxeuéc SloxwY, THTE EAATTOVETAL O ATAULTOV-
HEVOS YpOVOS, T600 0T Qdon Tng dnuovpyiag Tov Talvounuévey Tunud-
TOV, 660 XAl OTY PACT TNS GUYYGVELOTNG. LT SeUTERT, AOWOY, AUTH PdoT
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A 4 5 119190
B | 71 |100(113]|225
I' |10 |12 | 52| 56
‘Efodog 4
A |150|193 215|232 Sodos
Elcodoc 5
E 142|146 [250|278
XT|175(202(220|255
‘EZodoc 5
Elcodoc 19
‘E¢odoc 10
Elcodoc 12
‘E¢odoc 12
Elcodoc 52

Yyhua 6.5: Tuyyodveuon £5u Spdpov.

YENOULOTOLETAL 1) TEYVLXH TNS SUTATIC ATOULOVOTIXAS UVAUNS YLOL TOV TARUA-
Miopd e etoddou pe Ty €€0do. Qot600, 0 ypbdvos g PaoTc auTic dev
urodunhaotdletal og oYE€on UE TO YEHVO CUYYOYELGTS dTay Yenottonoteltat
ulo névo ouoxeuy dloxou. To endpevo napdderypa elval xatatontoTiXs.

Ac vrotebel 6TL ypnowonoteitar v ouyydvevorn dVo dpdéuwy. H Swabhé-
o xVplo uvhun elvar 10 Mb, evé ta 8%o tpufuata nov Ha ouyywveuboiy
€yxouv péyeboc 20 Mb. Yuverde, n xpla uvAun propel va ywpéoel Ta npo-
ta tétapta (5 Mb) tov tunpdtov. Av 1 oTaTIoTR XATAVORR TOY TGOV
TOV XAEWBLOY oTa dYo TpApaTta elval (Sia, tote elvar mokl mbavéd bt ta do
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tpuhpata Oa elaviinboly neplnou tautdypova. ‘Etou, Oa ypeiacholy 8do
OUVEYOUEVES TPOOTEAATELS GTO 3(OX0 YLt TNY TARPWOY) TV ATOPOVEOTIXOY
UVNULOV UE TA ENOUEVA TETAPTA TOV TUNUATOY Xat Ha dnutoupynloly vexpol
yeovol avapovic. Autéd galvetal oto Yynua 6.6.

F— 5Mb —— 5Mb —F— 5Mb —F— 5Mb —

4 | 10|52 |71 (113]|142|175(215|220|232|250(291|316|346|351|382

B |5 12|19 |56 |90|109(146|150|193|202(225|255|278|302(356|401

|| Elcodog || MvAun A || MvAun B || ‘Efodoc ||

10 52 71 5 12 19 56 4

10 52 71 1219 56 5

52 71 1219 56 10

52 71 19 56 12

52 71 56 19

71 56 52

90 71 56

100 90 71
113 9 100
142 9 10 113

Yyhua 6.6: Ak anopovotixh wvhun v 5 Mb yia xdle taivounuévo
TUAUAL.

Kalitepog ouvtovioude e etoddou pe tny €Zodo uropel va entteuy el
pe Sumhactaopud Tou apthuol TOV AROULOVOTIXGY UYNUGY v xdle tufpa
XaL L TAUTOYPOoVO unodmiactacpns tou peyélouc Toug. Aniadh, mpéret va
yenowonomboly pvipes tov 2,5 Mb. “Etot, dtav €xouv cuyywveubel ot
mogs evypapés and xdbe TpApa, tote axorovlel véa eloodoc and eyypapéc
Tou dtou tphApatos. Me tn pébodo auth Sev pundeviloviar ou ypdvor ava-
HOVAS, WOTOG0 emtTuYydveTal xahUtepn emxdivdrn. And tnv dikn mieupd
undpyel emmiéov xdotog edattiag g aldnong TOY YEdVLY EVIOTLEUOY Xal
nepotpoghc. H ypnon anopovetxdv pvnuody tov 2,5 Mb galvetal oo
Yyfpa 6.7.

Ac Oewpnlel xaw ndi To apyelo Tov 6.000.000 eyypapdy npoc 400 bytes,
mou onpalvel 6t to apyelo xatarapPaver 2,4 Gb. Av yenowonowmlel o ai-
vopllpog enhoYAS avTXaTAoTAON S, TOTE TPOXURTEL 6TL dnuovpyolvtal 120
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|| Elcodog || MvAun A || MvAun B | ‘Efodoc ||

10 52 71 5 12 19 56 4

10 52 71 12 19 56 5

52 71 12 19 56 10

113 52 71 19 56 12
142 113 52 71 56 19
90 113 142 71 56 52
100 113 142 71 90 56
146 113 142 90 100 71
150 113 142 100 113 90
175 113 142 113 150 100

Yyhua 6.7: Awhh anopovotixd pviun tov 2.5 Mb v xdbe taivounuévo
TUAUAL.

tadwvopnpéva tuhpata tov 20 Mb. O arattoduevog ypdvog yia v nopa-
YOYH TOV TUNULATOY auTtody elvar 14 kentd neplnou.

Av 7 ouyy®vevon elval 120 dpdpoyv, téte Oa yiver noévo éva népacua
xat %80 T Ba ouvelspépet pe To 1/120 tou o7o dwbéoipo ydeo v 10
Mb. Auth n mocdtnta aviiotougel o6to 1/240 tov 20 Mb tov tpunpdtev. Ou
anooveTixés UvAUES €xouy To ped pévyebhog and Ty teheutala nocdHTTA,
dpa xdhe tadivopnuévo tpuhpa vrnodiapeital oe 480 aveldptnta xoppdTia
nou npénel va etoayfoly oty xlpta pvhApy.

Axéun vrotlletar dtL dha Ta TpRpata elvor arofnxevpéva ot pia ou-
oxeun), eve 1 anobfxeuon yivetar oty diin ocuoxevy. Kdabe @opd mou éva
XOUPETL XAnoLou TuAMaTos edavtieltat, téte €va dhho xoupdtl Tou (Stou
Tuhatog pyeTal and TNy Tp®TR GLUGXEVH oTNY XVpta uvAuY. O cuvoluxdg
aptpde xoppatioy elvar 120 X 480 = 57.600. O ypdvoc evtoniopol xo
TEPLOTROPAS XUpLapyEl O GYEom e To Ypbdvo petagopds dedopévey. Ilpo-
XURTEL 6TL 0 GUVOALXHS aTATOVPEVOS Yp6vog (68 ms) yia Tn ouYXOVEUOT,
elva:

120 x 480 X (s +7) + bx ebt = 120 x 480 x 24,3 + 1000.000 x 0,84

dnradh 37,3 hentd. e oyéom, howndy, Ue ta 62 AenTd NS oUYYOVEUONS UE
uio ouoxeuh) €xet eniteuy el onuavtixy Peitioon,.
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[ va ohoxineolel n cuyy®dveuor oto cuyxexpuévo apyelo pe dvo ne-
pdopata, npénel v ouyy®vevor va eivat 11 dpdpwv, evéd xdle taivounuévo
Tuhua va aroteieltar and 44 xoppdtia. Me tn péhodo auth anavteltal 7
napovsia 3Go xoupatidy and xabe TUAMA TRV XVeLo UVAUTY, dpd OL ATo-
poveTixég uvAues npéret va €youv pévebog 1/22 tng Swbéoung pviune.
Fevixd, yvia pla cuyydvevon P Spbuwv anatobviar 4P xoupdtia and xa-
O tuApa xau cuverods o cuvolxds aplbudc npoonerdoewy 6To dloxo elvat
4P x nsg. O arairtodpevog ypodvos yia ouyyoveuoy 11 Spdpwy elval:

44 x 120 x 24,3 4 840.000 ms

mou wooltat pe 968 sec. Emopéves, via dbo nepdopata anattovvtor 1936
4 7 7z /7 A e
sec 1} 32,3 hentd. llpocOétovtac xat to ypdvo twv 14 Aentdy mou anattelto
yioe Ty apytxh Tadvounon TV TUNUATOY TEoXVUTTEL EVa GUVOMXS YPOVIXS
x6070g TN TENe Twv 46 neplnou hentdv. Autdg o ypdvoc elval neplnou
modg Tou ypdvou Tov 90 hentdv mou anmattovvTal yia Ty Tadvéunon xal

ouY X OVEUOT] dU0 TEPAOPATOV e [ia ouoXEL Sloxwy.

To ypovixd xbotog yia Ty apyixh tadvéunomn pue enthoyh avixatdota-
ong xat 6N ouvéyela TN ouyywvevor P dpdpwyv divetar and tn oyéon:

bx ebt + [logpnsg] x (4P X nsg X (r+ s) 4+ b X ebt)

Ye xdfe mépaocpa aviiotolyolty 4P X nsg mpooncidoeg 6to dloxo Yy a-
vayveon xat wodpliues ywa anobfixeuon. O npooneidoeis yvia anolvxeuvon
o070 dloxo yivovral mapdhinia, yi' autd To AéY0 xaL dev uneLoEpyETAL OTOY
UROAOYLOPS TOu X6oTouS. AV 1 ouyydveuor yivetol pe va népaocpa, dniadh
P=nsg, té6te 0 avtictoiyoc ypbdvos elvat:

2b x ebt + 4n592 X (r+s)

Av undpyouy Stabéoiues teplocdtepeg and 3Uo GuexeuEs dloxwy ETLTUY-
yavetor xahutepos napaiinhiopos. o napddetypa, yenowronotdvtac win
ovoxeuh v €080 xau Tig undhoireg yia TNV £loodo dedopévwy pnopel va
viver xahbTepy ETXAALDY TOV YpOVOV EVTOTLGHOY XAl TEPLOTROPTS. AXOUN
xaL 6tav auth N emxdiugn yiver xatd to Oewpntixd Béitioto tpéTo, TOHTE
EUXOAA TEOXUNTEL OTL 0 ATALTOVHUEVOS YEOVOS YA TN OUYY®OVEUOT LoobTat
1E To Ypdvo Yo pla oeplaxy) avayvwon B anobnixeuon tou apyelou, dniadn
14 dentd. IpooOétovrag xar tov apyxd ypdvo 1advéunong tTov Tunud-
TOV TRPOXVURTEL OUVOAMXGS Ypovog 28 hemt®dv. Autdg o ypdvoc anoteiel To
Oewpentixd xdto dplo xal dev propel va Pertiwbel nepiocdtepo.
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6.6 “Alleg néBodol eEwTEPLXNG GUY YO VELOTS

Yto mponyoluevo xepdiao rapovotachnxay LEhodol elduxd oyedlacuéveg
v e&mtepuxd Talivounon pe toauvieg. O péhodor autéc prnopoly va eQappo-
ofolv xat og dloxous. Kat’ avairoyia npoc tny avdiver tou nponyoupévou
xeparalov mpoxintel 6Tl 0 aviioTolyog cUVOMXOS Ypdvog Yl eloodo xat
€2080 TV dedopévey pe ™ néhodo tng puolxic ouyy®vevong elval:

Buf )

R
4 [logpnsg| x % X (5 +r4+

B /
P (P+1)xt
yiot Ty 0oluYLoUEVY) CUY Y OVELGT TEOXUTTEL:
nXxX R Buf )
2l X —5— X
[logpnsg] % (5—|—7‘—|—2P><t/

EVO YL TNV TOAUQPIAGLXT OUY Y OVELOT, TEOXURTEL:

2PN(P)><#>< (8—|—7‘—|—

Buf
Pl

Buf
(P+1)x t’)

Yuyxpivovtag ta Ledyn tov tiney yia xdbe péhodo xal yia Sidgopec
TWés TV nopauéTeey evxoia aivetal N Pertiwon TS Y pOoVIXAS andxplomg
and T yphon Ty dloxwy oe oyéon pe T yphon tavidv. Mdieta otny
npddy v molugacux cuyydveuon £xel yenouronomlel xal ue ocuoxevés Ua-
yvnxdy dloxov. otéco, otn ouvéyeio anodelybnxe N axatalknhéTnTa
e LeBdou v to mepBdiiov TV payvnTixoy dloxwy. [a napddeiypa,
N talvépnor tou yvwotol apyelov tev 2,4 Gb pe 120 tphpata tov 20
Mb arartel 32 neplnov Aentd dtav elvar Swabéoipor dGo dloxol. Xe avtibe-
o, o Knuth avagéper 611 dtav 1 nohugpacixyy cuyyovevor yenowporowel 10
ovoxeués yia va tadivophoet To Bo apyelo, Tdte 0 aratoluevog ¥pdvog
elval TETpATAAOLOC TOU YEOVou plag oelplaxic avayvewons, dniadh 56 nepl-
nou Aentd. Aniadh, axoprn xar pe 10 ouoxevéc 1 enldoon e nohupacLXAg
ouyyovevons votepel oe oyéorn pe Ty exldoon tng nponyoluevng pehddou.

[Moiéc popéc mapatnpelitar To QAVOUEVO OTL TOMAL EpTmOPXd maxéTa
elwtepuic Tadvounone elvar okl apyd. “Evag hdyoc elvar dtu ypnoio-
motoly i THY apytxh 9don g dnpoupyiog TeV TAELVOUNUEVOY TUNUETOY
xdrotoy ahydptbpo tding O(n?). Axdpn, 1 apyltextovixh Tou GUETALATOS
uropel va uny elval n Bértiotn v to ouyxexpiévo naxéto. Ernlone, oe
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€va UTOAOYLETIXG TEPBAANOY TOAAGDY YpNOTOY dNpLoupyolvTal TpofAfpaTta
endpxelag xXVpLag LVAUNG, x®pou oTo dloxo, didpxelas Tou ypdvou edunnpé-

7 4 /7 re 7z /7 7 /7
wons x&be yehotn xhrn. Qotdoo, elvar BéBato 6L undpyouy xal alidroya
Srabéopa epnopd maxéta. L' mapddetypa, av éva naxéto yperachel Si-
TAGGLO Y| TPLIAAGLO Ypdvo and autéy mou €yel unoroyiohel avaluTixd, tote
Oewpeltal 6TL mpdxettal yia plo xadh Ao,

6.7 Aoxnoeg

<1> Na egappochel o akydplhog enAoYNc AVTIXATACTAONS G XVELOL VT -
un yoentxdtntag 7 eyypapdyv. Ot Stadoyxd eloaydueves evypapés €xouy
xrewdia: 12, 18, 25, 8, 20, 10, 7, 30, 32, 24, 9, 4, 28, 6, 29.

<2> Me ta edopéva tng mponyoluevng doxnons va epappocel o ahyo-
ethpoc tadvéunong cwpov.

<3> Ye pla ouoxevyy dloxou amobnxeletar éva apyelo aclevdy vosoxo-
netou pe 100.000 eyypapéc tov 400 bytes. Ilowd Swadixacia elvar Taylbtepn
yio Ty avalftnon plag AMotac ovoudtwy 500 achevoy.

o vo tadivouniel to apyelo xar 1 hota, xal va capwlel to apyelo pia
popd; 1
e vo yivouy 500 aveldptntes avalntioeic o apyelo owpol;

Av 7 Alota anoterolvray and 50 ovopata Tt o cuvépepe;

<4> Alvovtar 8%o apyela cwpol pue 10.000.000 xar 2.000.000 eyvpapéc twv
100 bytes avtiotouya. Ta 860 apyeia éxouv 1.000.000 xowvég evypapés. Na
npotabel pla TouvAdyLoTov Texvixh Yo T dnuoupyia evig pbvo apyelov yo-
ole dumhoeyypapés xar va xootoroyniel. Yrotlletar 6t o Sloxog éyel ta
yapaxtnetotxed tou IBM 3380 adid modil peyaiitepn yopntixdtnra.

<5> Alvovtaw 300 talivopnuéva apyela peyéhoug 500 xar 200 Mb avti-
otoya. To nepeydpevo tov 100 Mb eivar xowd. Ildooc ypdvog yperdleta
v T dnuoupyla evég poévo apyelov yoplc Sumhoeyypapéc. Yrotihetar 6-
Tt 0 dloxoc €yel ta yapaxtnetoTxd Tov IBM 3380 akid mokl peyaiitepn
YopnTXéTRTA.

<6> Alvetal apyeio tov 2000 Mb xat ebotnua dbo cuoxeu®dy dloxwy xat
xoplag pviung tov 20 Mb. Elval mpotipdtepn n ouyydvevorn 100 dpdpoyv
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N n ouyyoveuon 10 Spdpwv; Elval mpotipwdtepn n ocuyydveuon 81 dpdpomy
N 0 ouyyeveuon 9 Spdpwy; [a Sedopéves napapétpouc Tou GUGTALATOS VA
Beebel n Béhtiotn Tiph tou P

<7> ‘Eva apyelo arnotereltar and 2028 talivounuéva tpipata twv 4 Mb.
To pévebog tng evypaprc elvar 200 bytes, evd to péyehog tng anopove-
Tixhg pviung elvar 16 Mb. Na uvmohoyiolel o anaitodpevog ypdvog yia
eloodo xar €080 twv dedopévewv xatd iy extéheon pioc wooluyiouévrg
ouyyoveuons P dpdpwy (érou P = 4, 8, 12, 16, 20, 24). Alveton exnlong
6t o aplBudc Tov xiVdpoy elvar 555, aplBude atpdxtov/xihvdpo 39,
muxvétnTa eyypaphs 19,2 Mb/dtpaxto, péoog ypdvog avalhtnone 25 ms,
nécog havldvey ypdvoc 9,3 ms, péyeboc xevol apeintéo.

<8> Na Ocwpnloly ta dedopéva tng "Aoxnong 7 xav va unoroyiablel o
ANALTOVUEVOS YPOVOS YLO TOAPAGLXY] GUY Y OVELGT).

<9> Noa peretnfoly ot tirol Tou Kegaralou 6.6 pe oxond tnv elpeon tou
Bértiotou apthuol Spbuwv P vy xdle replntwon.
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YEIPIAKA APXEIA ME AEIKTH

7.1 Ewoayoyy

Ta oepraxd apyela (talivopnuéva f atadivéunta) dev arnoteholdy arotehe-
opatixéc dopég yia Ty avalAtnon plag ouyxexpuyévng eyypaphs. H opyd-
Voo Ty oelplaxdy apyelony pe deixtn (index sequential files) poudler pe
T tadivopnuéva ostplaxd apyela xatd to dtL ta dedopéva anobnxedovta
ne Tov (8to tpémo oto dloxo, dnhadh oeipraxd xat Tallvounuéva g Tpog To
npwtevoy xhewdl. YNuvende, av and 0 doph avth Intnlel v avdxtnorn dhwv
TOV eYYPaP®V, ToTe dev arrdlet Tinote w¢ Tpog TV aviioTouyy enedepyacia
TV oeplax®v apyelwy. 261660, 1 véa auth Soph cuvodeleTal xat and Evay
xatdhoyo ¥ eixtn (index), mou amotehel éva uuxpdtepo apyelo e oxond
v tayvtepn vnoothelln e avalAtnong plag ocuyxexpuévng eyypagic.

Yto onuelo autd pla napévleon xplvetar anapaltnty yia TRy arnopuyy
napelfiynons. Xtny ayyhxh oporoyion undpyet o dpoc pointer, mou edroya
petapealetal og deixtng, ahhd undpyet xat 0 6pog index mou petapedletat
¢ XaTIhoYO0S 1| 0¢ delxtng xatd neplntwon. Yto eic, o dpoc index Oa ano-
didetan wg xatdhoyog, ahhd ta aviictoiya apyela Oa ovopdloviar oetplaxd
ne delxtn, yiatl autdg o dpog €xel enxpathoel 6Ty eAAnVLX PBAoypapia
(xaBa¢ enlome xau o dpog oeplaxd deuxtodotnuéva apyela).

ES36 xat moAAd ypbdvia xUXAOPOEOUY EUROPLXE RAXETA TOU UAOTOLOVY au-
ThY TV opydvwon. H avantudn véov xopddtepwy pehddmy €xel peudoet
LATNoN ToV TaxXETOV AUTOY, TOU WOTAC0 aXOUT XAl CHUERX YENOLLOTOLOY-
vTat apxetd mhatid (Adyw adpdveac). Ta xuptdtepa maxéta elvar ta ap-

yelo ISAM (Index Sequential Access Method), ta apyela VSAM (Virtual
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Storage Access Method) xav ta apyela SIS (Scope Indexed Sequential).
Ta 8%0 mpdta maxéta napoucidotnxay e to obotnua 370 tne IBM, evod
To0 tplto ypnowonoeltal 68 LEYdAX cuoTHpaTa uroioviotdy e CDC. Ta
apyela ISAM yenowonototy tn néhodo Ty xatahdyowy xUAIVIpwY xat e-
npaveloy, eved ta apyele VSAM xav SIS ypnowponootv tn pébodo tov
oeABV xatakdyou xal dedouévov.

7.2 MEOodog TV xaTtahbYwY XLAVIPLY XAl ENLPA-
VEL®V

H pé608oc twv xatahdywy xuhivipwy xat extpaveldy (cylinder and
surface indexing) ypnowonoeitar xuplwg oe custhpata tng IBM xau elval
gupltepa YVwoth o opydvworn ISAM. H opydvworn ISAM oto naperlov
anotéieoe npoTuno. [a to Aéyo autd, olyypova cuothpata Siayelpons
Bdocwv dedopévoy, dnwg yia napdderypa  CA-INGRES, nap” é1 ypnot-
ponotody dhhes o anoteheopatixés pebédou (dnwe Ta BT-8évdpa, mou Ha
avantuyBoly o1n cuvéyela), anoxaholy TN dexTodotnuévn Toug opYdvwon,
nébodo ISAM. H opydveorn avth omnpiletal ota QUOLXE YapaxTneLoTixd
Tou dloxou, dnhad¥ elvar dpeoa eloptduevy and to VX6, ot avtibeorn pe
g opyavooee VSAM xau SIS. Xt ouvéyewa Sivetan pla obvtopn neplypa-
o1 g dophc auths xat Ha axoroubfioel Eva TaEddeLya Yo THY XAAGTERY
xatavénoen tne. Téhoc, Oa 3oboly avarutixol tinol extipnong tou xé66ToUg
TV SLpdpwy Sepyaotdy.

Katd ) Snpovpyio evéc apyelov ISAM, o eyypapée taivopodvral xa-
¢ avlovoa tdln pevéboug tou xhewdod toug xal anolnxedovial oelplaxd
ot Swadoyxés atpdxtoug evog XUAIVEpoU, aphvoviag ouvilog xevég tny
Tp®dTN xau pepeés and Tig teAeuTaleg atpdxtous. Enlong Seoueletal xevéc
Y Opoc og xdbe dtpaxto pe oxond tny peiroviixh anolfxevoyn véwy eyypa-
pOV. Axéurn, o mpodTog xa uepxol tesutalol xVAVdpol aphvovial xevol.
‘Otav o eltepog xVhvdpog yeuloet, t16te 1 pépTwon ouveyletal otoug e-
mopevous xukivdpouc. O péypt otiyuic xatelnupévos yopog ovopdletal
xUpra nepLoyf dedouévwy (prime data area).

"Orav dheg oL eyypagés £xouy poptwhel 6Touc XUAlVEpoUc, TdTE TO G-
otnua dnuoveyel Tov xatdhoyo, mou elval ula otatixh devdpuxy) dopn. H
dopR auth ouviog aroteheltar and tpla enlrnedo: Tov xbpLo xatdhroyo
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(main index), tov xatdhoyo xuA{vdpwyv (cylinder index) xat tov xatdho-
yo atpdxtwy (track index).

O xatdhroyoc xuhivdpwv arotereltar and évay apthud Leuydv otouyelwy
e /7 re 7 e 7 7
{00 pe Tov aptiud Tov xUAVEpey tou xatahapuBaver to apyelo. Kdbe Ledyoc
anoteleltal and Ry TN Tou PEYAAGTEPOU XhewWtol yia xdle xuiivipo xat
™ Sevbuvon tou avtiotoryou xuiivdpou. H 0O¢om émou Oa amolOnxeubel o
xatdhoyos xukivpwy elvatr Oéua Bertiotonolnong oe ouVAETNON UE Ta Y-
POXTNPLOTIXE TS yphomg Tou apyelou. Av dev elvatl yvowoth n nbavétnta
TPOOTEAAOE®Y GTOUS XUAVIpOUC, TOTE 0 XaTdhoyog autdc anolnxedetat 6to

e 7 e 7 7 7 re

pecaio xUAVdpo Tou apyelou, elddihwe arobnxeletal petadl Ty xUAVSpwy
pe ™ pevaritepn mbavétnta npooréhaorg.

Av o xatdhoyog xUkivdpoy elvar 0y xddnec (xat cuverde Sanavnedec xatd
ny enedepyacio Tou), Téte dnptovpyeital 0 xVpLog xaTdhoyog mou anoTehel-
ot and téoa Ledyn otouyeloy, 6oeg elvar ot dTpaxTol Tou XATARUWUPAVEL 0
xatdroyos xuhivdpwy. To hoviouixéd tng IBM Siver tn Suvatétnta dnutoup-
ving péypl mévie emnédmY XATARGYOU endvew and 1o en{nedo Tou XATAAGYOU
XUAVIpwY v urepfoixd peydra apycla. Ilohréc popéc autd Ta exine-
da xatahdyou amobnxeloviar o dloxoug uayoyoy (deg Kepdiao 2.5)
v Ty emtdyuvor e dtadwaciog avalftnone. Kdbe Ledyog tou xiplou
XATAAGYOU dlver Ty T Tou pevailtepou xAedlol yia xdfe dtpaxto Tou
XATAAGYOU XUAIVIpwY xat Ty avtioTtolyn dtevhuver. “Oco to apyelo elvar
avowtd v enelepyacio, o xlploc xatdroyos eivar anofnxeupévog otny
xVpla PvhUn xot GUVEROS tpoonehdleTal Ue TpaxTixd Undauivéd x6otog.

Y10 yauniétepo enlnedo twv xatahdyowy Pploxetar o xatdroyos atpd-
XTWY. XNy 1poTn dtpaxto xdfe xukivdpou anolinxeletar o aviicTolyog
XATIROYOS aTEdAXTOY xat anotereltar and dbo Ledyn otouyelwy. To npdto
Lelvoc ovopdletar xavovixh eloodog (normal entry) xau anoteheltar axd
TNV TYWH TOU UEYOAUTEPOU XAewWlol via xdbe dtpaxto xat Ty aviioTouyy
dievluvor tne atpdxtou. To devtepo Ledyoc ovoudletar elocodog unep-
xelhong (overflow entry) xau aroteheltal and v TR Tou peyalltepou
XAEWLOY, Tou TpofpyeTal and TNV dtpaxto auThH aiid elvar amobnxeupévo
otnv reployh urepyelhong (Ba edetachel otn ouvéyewa) xar tnv aviioTol
xn Sevbuver. Av Nicy, xar Opey, slval avtiotouya 1 Tiah 10U XAEWLo0 Tng
XAVOVLXAS ELEAIOU XaL TN ELoGB0U URERYEIALOTS TN ATEPAXTOU 2, TOTE Loy VEL:

Nkey1 S Okey1 < Nkeyg S Okeyg <...< Nkeyn S Okeyn

AV Niey; =Opey, , ToTE £nETOL 6TL dEV LRy OLY EYYPAPES UTEpyElMOTS.
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Abyw twv coayoydy N xlpla neployh apyd N yehyopa elaviieltar.
Térte anodidetar oto apyelo 7 neproyf vrepyeihong (oveflow area), mou
Suaxplvetar oty Tomueh f xUAVdpLxh f evowpatowévr (local, cylinder,
embedded) xat oty ohx?) | aveEdptntn (global, independent) neproyh u-
nepyeihong. H tomuxd reproyh urepyelivong anoteieltal and g tereutales
atpdxtoug xdfe xUAVSpou, eved N ohxY Teployhy unepysliorc anoteeltat
and xdnolous xUAVdpouc oTo Téhog Tou apyelou. Etol ywa tnv npoonéia-
on oty Tomxy neploy ) unepyeliong dev undpyel emumiéov emPBdpuvon Ue
x66T0G EVTOTLGULOU XUAIVIpOU.

H avalhtnor yivetar pe Swadoyixéc npoonerdoels ota enineda Tou xo-
Takéyou, oty xipla neptoyh, xa ({(owe) otnv neptoyf urepyelihone. Mla
véa eYYpAPT avaAOYA UE TNV TULH TOU XAEWBLOU NS ELOAYETAL 0TNY XUpLa
7 oty neproy ) unepyelihong extonilovtac mbavde dhhes eyypapéc. Xtny
neplntwon Staypapic, n eyypapr dev amopaxpUvetal uoLXd and to apyelo,
ahhd éva Waltepo nedlo tng, plo “onpala’, “avePalver” yvia va to dniooet
roywd. "Etou o ydpog dev anodidetal xot ndi i yphion ahid pével avex-
petdiheutog mpoowpevd. Elvar Suvatév o ydpoc Swaypagpeloac eyypaphc
and TNy xVpla teptoy ) v xatakn@iel xat tdh and PEANOVTIXH ELOAYODYH UE
avaroyn Steubétnom Ty eyypap®y s xbplag neptoync. Av xdrolx eyypa-
o1 Swaypapel and Ny neployy UREEYEIAONS, TOTE EVAUEPOVETAL OYETIXA V)
ouvdedepévn Aota. Ye neplntwon LEANOVTIIXAS ELGAYOYAS OTNY TEPLOYH U-
nepyelhong, auth N Alota xateulivel Ty amolfxevon tng véag eyypaphs o
O¢om 6mou Aray anolnxeupévy nponyoupéves wia dhin eyypaph. Hpopavic
ot Staypagéc dev aviiotolyoly pla mpog pla mpog tic swoaywyés, dpa elvat
BéPato 6Tt Oa undpyer ywpog avexpetdireutos. Me tn Stadixacion e a-
vadropydvwong (reorganization) unopel va yivel taxtonolnon tou apyeiou
xar ot eyypapés unepyelhone va petagepholy otny xlpla neployh. X
ouvéyela napovotdletal €va Tapddetyua Yo THY XahUTERT XATAVONOT TV
EVVOLOY Xot dtadixactdy mou avapéphnxay.

Yto Yyhua 7.1 napovoidletal delypa apyelov mou xatalaufdver dexoa-
téooepic xUAVSpoug. Ot xbivdpot autol elvar aptbunuévol and 100 we 113.
O npdroc xvhvdpog (un” apbud 100) yenoiuelel yia Tnv anobfxeuon tou
xatah6you xUhivdpwv, evéd o teheutalog (un” aptbpd 113) wg ok neproyh
urepyeihong. "Apa, n xlpla teploy ) dedopévey anoteheltal and dMdexa Xu-
rvdpoug. Ot xGAvdpot €xouy 6 ATEAXTOUS YOENTIXOTNTAS TELOY EYYRAPOV.
Ye xdbe xAvSpo g xlplag mepLoyhS, N TEdTY xoL 7 TeAsuTala ATpAXTOC
YXENOUEGOLY Yo TNV amolAXEVGY, TOU XATARGYOU ATEAXTOY XAl TNS TOTUXAG
nepLoyfs unepyeliong, aviioTouya.
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Kdoavdpoe  Kidavdeoc Kdavdpoc Kdawvdpoc
C10 C10 Cl1 Cl1
Kaztdhroyog Katdhroyog
ATPAXTOY ATPAXTOY
4 5 |10 2911302316

Kotdhoyoc 12 |19 | 52 o 346|351 (356 C»uxﬁ,
xUAVIpoV TEPLOXM
56 | 71 | 90 382401 (411 | VTEPYXELALONG
100|113 (142 425|431 (437
Tomuxd, Tomudd,
TEPLOYN TEPLOYN
UTEPYELALONG UTEPYELALONG

Yyfpa 7.1: Xewpraxd apyelo pe delxtn oe 14 xuhivdpouc.

Meyahdtepo  Atedbuvon Kavovixh Efcodog
xhetdi xuA{Vdpou elgodog unepyeliong

142 C101 10 | S1 10 S1

52 S2 52 S2

: : 90 S3 90 S3

437 C112 142 | S4 || 142 | sS4

(@) ®)

Yy 7.2: Katdhoyog xuAivBpmy xat xatdhoyos atpdxtwy xukivdpou 101.

Yto Yyhpa 7.20 napouctdletal 0 xatdhoyos XUAYSpmY e T TUES TV
MEYARVTERL®Y XAEWDLGY, oy elvar amolnxeupéva otouc d@dexa xUAlvdpoug.
Yto YyApa 7.25 1o evdiagépov eoTidletol 6TOV XATIAOYO ATEAXTWY TOU XU-
rvdpou 101. “Orav yivetoaw avalftnon plag eyypaphc pe Bdon tny tiuf tou
Tp®TEVOVTOC XAEWBLOY, TOTE Ta XAEBLA AUTA GAPGVOVTUL GELRLAXA EYPL VAL
Beebel éva peyaritepo xhewdl and exelvo yia to onolo yivetow n avalhtnor.

‘Eotw 611 610 apyelo etodyetan pla eyypaph pe xaed! 8. Elvar yvwotd
BéPata 6TL o8 bhouc Touc TUmoug apyelwy xdbe ewcavwyh evepyomotel T
poutiva avalATnong Tng CUYXEXPLEVNS evYpaphc via dVo Aéyouc. TlpdTov,
v va amoeuy el  Suthy arobfixeuon, xar devtepoy, yia va evrontalel 7
O¢om 6mou tehuxd Ha yivel ) eloaywy. Lap®vovTag Tov XaATIA0YOo ToU Nyh-
patoc 7.2a Stamiot@®veTal OTL ) eYYPAPT auThH avixer otov xUAwdpo 101.
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Me 3eiltepn odpwon Tou XATAAGYOU ATEPAXTLY, 6Rws Palvetal oTo Lyfua
7.2B, Swamotdvetat 6TL N ey ypah 8 npénet va anolnxeulel oty dtpaxto 1.
Qotéo0, N dTpaxtog auth elvar TARenS apol Ndn mepléyel TpElS eYYpPAPES.
[N va Statnenfel n adlovoa oepd Tov XAeWBLOY tapepaihetal v eyypaph
8 otn Oéon petalld twv eyypapdy 5 xaur 10. “Etov n eyypaph 10 extoni-
letow mpog Ty Tomuxy) mepLoy ) unepyelione, dniadh otny dtpaxto 5, Héon
0. Evnuepdvetar, howndy, avdrova 1 xavovixh elcodoc xat 1 elcodoc unep-
yelhong tng atpdxtou 1 tou xukivdpou 101. To anotéieopa ne eloaywyhc
napovorgletal oto Ly v 7.3a.

‘Eotw 6t oty ouvéyewa npéne va eloaylel n eyypapr 14. Me noapé-
noto Teéno Swamtetodvetatl 6Tt N Béon e elvan otov xViwvdpo 101 xar oTny
drpaxto 2. H eyypaph 14 ewodyeton petald tov evypapody 12 xat 19 exto-
ntlovtac Ty eyveah 52 otnv neployh unepyelitone. o ouyxexpuéva, 7
eyypap” 52 tonobeteltar oty Oéon 1 tng atpdxtou 5, ondte evnuepdvETAL
avaroya 1 aviioTolyn xavovixy elcodog Tou xatahdyou, dnws palvetal 6To

Yyfpa 7.36.

Y ouvéyea elodyetal ) eyypapn 6, mou anolnxeletal otny dtpaxto 1
Tou xUAvdpou 101. ‘Etou n eyypaph 8 extoniletar ot Oéom 2 tng atpdxtou
5, xaL evnuepdveTal oyeTixd o xatdroyos. H guowxh oepd tov eyypapdy
urepyeliong dev éyel xapla onpacia. Ou eyypapéc autés pe T Ponbe
TV xaTaroyey tpoonehdlovtal xat’ evlelay and Tic atpdxtous Tng xUpLag
neployc. Mdhota, and xdle dtpaxto Lexwvd pla ouvdedepévn hlota mou
ouvtnpel Tig eYYPaés Tne atpdxtou Swatetayuéves xatd avdovoa 1d&y. To
anoTéREOPA TS ELoAYWYRS NS EYYpaphs 6 napovoidletal 6to Lyhua 7.3y.

Ané auth n Sradixacio eLoaymy®OY nou neptypdpnxe eddyoviat Ta e&hg
ovprepdopata. H othin tov peyalitepov XAeBLOY TS XAVOVIXAS ELGGdou
elvar mhavéy va ahhdiel pe Ty €{00d0 ToV VEOY EYYRAPOHY, 0L OTHAES TN
devhuvemng The xavovixhc eLaGdou Xt TOU LEYARGTEROU XAELSLOU TNS ELGGI0U
unepyelhong dev arrdlouv noté, evé v othin e Stebhuverng e eLoddou u-
nepyelhong elvar BéBato bt Oa adhddel av xdnowa eyypaph petagephel otny
nepLoy ) unepyelhiong.

‘Eotw, howndy, ot npérer va dwaypagel n eyypaph 14. To anotéieopa
e Saypaprc palvetal 6To YyfAua 7.38, 6mou o y®pog g eYYPAPRs ExEt
veappooxtachel. Ytn ouvéyeia axoroulel pabnuatixn avdivern pepxoy no-
COTXOV OTOLYEDY TNG 0PYAVOONG AUTAS, TOU APOROLY GTO YPOVIXG XHGTOS
TV Stpdpwy Siepyaotdy exl Tng Sophc.
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(o) etoaywyh 8

Kavovixd Elcodog
eloodog unepyellong
8 s1 10 | S5R0
52 S2 52 S2
90 S3 90 S3
142 | S4 142 S4
(B) etoayoys 14
Kavovixd Elcodog
eloodog unepyellong
8 s1 10 | S5R0
19 S2 52 S5R1
90 S3 90 S3
142 | S4 142 S4
(v) etoaywyh 6
Kavovixd Elcodog
eloodog unepyellong
6 s1 10 | SBR2
19 S2 52 S5R1
90 S3 90 S3
142 | S4 142 S4
(8) Sraypagh 14
Kavovixd Elcodog
eloodog unepyellong
6 s1 10 | SBR2
19 S2 52 S5R1
90 S3 90 S3
142 | S4 142 S4

s1
$2
s3
s4
S5

S1
S2
S3
S4
S5

S1
S2
S3
S4
S5

s1
$2
s3
s4
S5

12119 (52

56 |71 |90

100{113(142

10

12114119

56 |71 |90

100{113(142

10|52

12114119

56 |71 |90

100{113(142

1052 8

12 19

56 |71 |90

100{113(142

1052 8

—

Yyfpa 7.3: Katdhoyoc atpdxtwy xat xbpla neproyf xuilvdpou 101 petd tny
ELoAYLYN TOV eYYpapdy 8, 14, 6 xat ) Swaypaph tng eyypapns 108.
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7.2.1 Ilpoorélacy eyypagphs

[N tyv mpoonéhacn plac eyypaprc oe éva oelpraxd apyelo pe delxtrn npénet,
npopaves, va npoonchachel tpdta o xatdroyos. Yrmotihetal 1 o xlproc
xatdroyos elvar anofnxeupévoc otny xbpla Yvhun, onote o avtioTolyog
xpbévog avalhtnone (c) elvar apeintéos, eved Ta diia exineda Tou xatahdyou
elvar anofnxeuvpéva oto dloxo. Av dev urdpyouv eyypapéc unepyellong,
T6TE TO ypovixd x66TOg elval:

Trcoosve = €+ 2% (s+ 71+ btt)+ (r+ btt)

6mou to ywopevo 2 x (r+bit) dlvelr To ypdvo enelepyacioc Tou xatahdyou
XUAMYBOOY XAl TOU XATAAGYOU ATEAXTWY, EVO 1 T066TNTa 1+bit "aplotd to
YPOVO TEPLOTROPNS XAl HETAPOPAS TNS XATAMANANG GEAdag and Ny xlpLa
nepLoyh Tou apyelou.

Qotéoo, elval mod) mbavéd va urdpyouy eyypapés unepyelhions oto op-
xelo. Av o apyelo éyel n eyypagés oty xpla TEELOYN XAl 0 GTNY TERLOYN
urepyelhong, tote N mbavétnta pla eyypaph va Beloxetoar oty meployh

unepyelhong elva:
0

n—+o
Ot eyypapéc unepyelione ocuvdéovtal pe ula ahuoida and tny xlpla oerlda

Punsp

and onou mpofibav. llpoceyyiotixd to ufxog tng ahueidag Loobtal ue:
Lows = Punsp X BfT

Av ou evypapés unepyeliong elval anolnxevpéves oe dhhov xUAvdpo, ToTE
unewoépyetal véog ypdvoc avalAtnong s, Toukdyloto yia TRy npocréiaon
NS TEOTNS eYYpaphs Ts aiuoidas. O ypdvog autdc elval:

Tnpoo,unsp - Punsp X (5/ +7r 4 btt)

Elvar modd mbavé 6t ov undhownes eyypapés tng ahucidag avhxouy ot da-
popetixéc oehidec. Mia extiunon tou apthpol Ty eyypapdy tne aiuol-
dag unepyelhong (xar ocuvends Ty 6ehdwy) mou Ha npoorerachHolv elval
w. Meérel, BéPara, va kpbel un” g 6tL tpoonéiacn otny ahuci-
da Oa yiver uévo pe v npotindheon 6t avalnteltal eyypah urepyeliong.
Yuvereg Loy el

La)\uo

Tnpoo,a)\uo = Punsp X X (7‘ + btt)
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Tehxd, o ypdvoc npooréraong plag eyypaphs slval:

Tnpoo = Tnpoc,xup + Tnpoc,unsp + Tnpoc,a)\uo

7.2.2 Ilpoonéhaocm eEROUEVNG EYTPAPNS

[N v npooréhaocy tne enduevng eyypaphc dev yperdletal xou ndht enedep-

yvaola tou xatakdyou. 261660, N REPOCTEAAGT, TNS EXOPEVNS EYYPAPAS elvat

mlo apxetd obvlhetn Sadixaoia xar unodiatpeitar 6 TOARES NEPLRTOOELS:

o 1 TpEyouoa eyypapn elval arnoOnxeupévy oe pla xlpla oehlda xat 7

enépevn eyypapn Peloxetal otny (Bio oerida,

N teé€youoa eyypaph elvar v teheutalo e xVptac oealdac, dev uRhe-
Eav etoaywyég xat 1 enOpeVY ey pay elvar anobnxepévn otny exduevn
oehiBa Tou (Brou xUAlivdpou,

1 Tpéyouoa eyypagh elvar 1 teheutala Tng xptag oeridac, dev unhpay
eloaywyYEs, aARd N exduevy eyypapn elval arnolnxeupévy oTny TpdTN
oehiBa Tou exduevou xUAVSEoL,

N Tpéyovoa eyypaph elval n tekeutala tTng xVptag oeAldac, €youv u-
ndplel ewoaywyés xau v exduevy eyypapy elval arnolnxeupévy oty
nepLoyh unepyeliong,

N Teé€youca eyypah elval pla neplnTwon eLoaywYNS XAl 1 ETOUEVN
eyypapn elvar anonxeuuévy oc dhin oerida otov (Blo xUAVSpo, xat
téhog,

N Teé€youca eyypah elval pla neplnTwon eLoaywYNS XAl 1 ETOUEVN
eyypapn elval anobnxeuuévy oe diin oeilda.

Kdbfe pla and tig nepuntdoeg autés npénel va avipetoniohel altepa. "E-

7 7z 7z
TOL ELoAYOVTAL VEES PETAPANTES!

Proe ( tpéyouca eyypaph oe xbpia oerilda ) = 1 — P
Paia,cen ( €xdpevn eyypaph otny B oerida ) = 1—-1/Bfr

Proyioio (p1 sroayoyée oty (Bua 0ehda ) = 1 — P

Paio o ( exbpevn oerlda otov (do xdivdgo ) = 1-1/C

Poyi oo ( Tpéyovoa eyypaph unepyeliong dev elvar

tehevtale g ahwoidac ) = 1 —1/Layue
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Tehxd, o ypbvog npoonéhaong TN endUeVNS evypaphc elval To dbpot-
opa oy axohoubel, drou xdbe bpog avtiotolyel otic €L nepLTTOOELS TOU

avapéphnxay:
qup PLBLOL,GE)\ ¢+
qup (1 - PLBLOL,GE)\) Poxt,sv.o PLBLO,XU)\ (T + btt) +
Tsnop. = qup (1 - PLBLOL,GE)\) Poxt,sv.o (1 - PLBLO,XU)\) (5 +r+ btt) +

PXUP) PO)(L,OL)\UG (T + btt) +
PXUP) (1 - Poxv.,oc)\uo) (5/ +7r 4 btt)

NN
—_ =

*Otav oL neproyéc unepyelhone Peploxovtal oToug (Stoug xUAIVSpoug pe Ta
dedopéva, t61e 0 dpog " undeviletar. Exlong av ayvonisl o ypdvog enclep-
yaotag Tou xdptou xatardyou xat av ayvonfoly ot ypdvor avalhtnong tov
xUAVSpwV, TdTE 0 TpONYOlUEVOS TURog anhonote{tal we edic:

n+ox Bfr

Torgn = btt) x — 20T
" (r+ )X(n—l—o)XBfr

7.2.3 Ewayorh eyvpaphs

H eloaywy? plac eyypaphs npénel va avipetontalel wc éva olvoro dloxo-
Ao poviehonoticu ey tepntooewy. [ anionolinoy, €36 uvrotiBetar 6T 7
véa eyypapn elte anolnxeletar oty neployh unepyeliong, elte wlel pia
QAN EYYPUPH OTNY TERLOY T UTEPYELALOTC.

H Sadwacio eoayoyhs apyiler ue v avdyveon Tov nponyodtevoy
dedopévov N plag oeridac unepyelhong. Erxopévog apyxed undpyet éva x6-
070¢ (60 PE Trpoo. H mbavétnta n véa eyypaph ue tn hoyixd mponyoluevi
e va Beloxovtal otny (Sta oehida elvat mpaxTixd TOAD Pixph Yo LeYdAa
apyela. Qotéo0, vrotietar bt Bploxoviar oTov (Blo xGAVdpo, dpa ywpelc
¥eovo evromopol anowteltar 7+btt ywa va npoonehaclel n véa cerida, e-
VO 27 anawtobvTol Yo TNy enava-arnofixeuon tne oeildag. Yuvends teAxd
oy et

Teo = Trpos + 51 + bt

Ac onpedel 6t n enldpaoy tou uhxoug e aiucidag urepyeliong ouune-
pLapfdvetal otov 6p0 Troos.
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7.2.4  Avavéworn eyypaphs

Hpoxirtel edxora 671 o ypovixd x6ot0c avavéwong plag eyypaphs (ywplc
va adhdZer To whxog g K 1 TYLR Tou xhewdol trg) wwolTal pe:

Tovay = TPOG + 27

Y yevixh neplntowon npénet va yivel anodextd 6T v eYYpaph LapXdpeTaL
o dwrypappévn xau 6T eodyetal wla véa eyypagh. (EZAynon tne Swaypa-
phg axohoubel.) Yuverde Loyvel:

Towow = Tnpoo +2r + Tsv.o = 2Tnpog 4+ Tr + bit

7.2.5  Awypagh eyypaphs

To ypovixé xéo70g Yo n Swaypaph piag eyypaphc LoovTaL UE TOV TP®TO
600 Tavay, YTl N mepLloyh anhodg papxdpetot Le pla onpalo yopls n eyypaph
mpaypaTixd va anopaxpeuviel. “Apa:

TBLw{ - Tnpoo‘l’ 2r

7.2.6 EZavtintixs avdyvemorn apyciov

H repintoworn avth napovordletar 6tav v avalftnon dev yviveta pe Bdon to

7 raw4 7 e /7 7 /7 7
RewTELOoY XA 1) LE Baon To xAedl evdg deutepetovTtog xatardyou. H ava-
yvwor tou apyelou propel va yivel elte axorouhdvTag n Aovixh oepd TeV
EYYPAP®Y, elte AapdvovTac Touc XUAIVOPOUS UE TN OELEd Xt adLapoptdYTIS
v To av ot eyypagés divovtar talivopnuéves oto yehotr. Kal otic 800 ne-
PUITOOELS 0 XaTdhoyos ayvoeltat. 'Oia oyeddy Ta GUoTAUATA TEOGPEROLY
™y Tp@Tn duvatétnta. Etol mpoxdntel 4tu

Tsiocv = Tnpoo + (n +o0— 1) X Tsnop. ~ (n + 0) X Tsnop.
(n+o0x Bfr)x (r+ btt)
Bfr
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7.2.7 Avadiopydvwon apyclou

H avadiopydvwon sival pla Stadwacia mou cuvictatar oty oelplaxh avd-
YVWOT TOU XUPLou apyelou ayvodvTag TOV XATAAOYO Xal TS Staypaéves
eyypapés. Xtn ouvéyewa, To apyclo enava-arnofnxeletal oe dAAn €xtoom
Tou Sloxou ywplc meployéc unepyeliong. Xtn @dorn e véac POPTLOTNC
dnutovpyeltal o véog xatdaroyos e ) Borleia anopovetixedy pynpoy. Ka-
Tomy ehevlepdvetal 7 €xTacy mou xatarauBdvoviay and To nald apyelo.
[Meoxinter 671 To X607T0C TNG AvadLopYdvweng elval:

r 4+ bit n+o—dyx R SI
L )X R ST
Bfr t t
omou d elvat o aplbpdg eyypapdy mou £xouy papxaptolel we Staypappéves,
xar ST elvar o ydpog tou xatardyou. llpogpavdsg, o npdtoc dpoc dlver to

Tavas = (n+o0%* Bfr)x

YeOvVo avdyvweong Tou apyelou, eve o devtepog xat o Tpltog 6poc dlvouy Tov
anapaltnTo ¥pdvo anohixeuonc TNe XUpLAS TEPLOY TS XAl TOU XATAAGYOU TOU
apyelov, aviioTouya.
Y1 ouvéyea npoywpolpe ot i extipnon Tou xOpou Tou XaTahouBavet
7 7 e 7 4 7 e e
o xatdhoyog, S1. I'a xabe oerida tne xlplag neployhc undpyet wia eloodog
O0TOV XATAAOYO atpdxtwyv. Apa 0 aphudc autdy TV eloddmy elval:
n

bfr

O aphudg tov eoédwy nou neptéyoviar oe pla oehida Tou XATAAGYOU a-

gl

xTpdxtov Aéyetal Aoyog Staxhddwong (fanout ratio) # napdyoviag Sa-
xA&@dwong (branching factor) xat toodton pe:

B
Yy = =
K+ P

onov K elvar to péyeboc tou xhediol, xaw P elvar to péyehog tou del-
xtn oc bytes. O apludc tov eloddwy otov xatdroyo xUAVSpwv nou Oa
3exT080T0UY oeAldeC TOU XATAAGYOU ATEAXTLY elval:
!
Y

Oewpntixd Ta enlneda ToV XaTaRdY®Y elval T00a GGTE 6T0 AVOTERO en{nedo

19 =

ohec ot eloodol va ywpoly ot pla oerlda. Yuvenoc, o apthudc Twv cerldoy
070 1-0076 exlnedo wwoltal pe:

i .
bil = [5-‘ = 41
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Apa yenowonowdvtac Ty TR 1 vty mocdétnta by, tng oehldag tng
pllac oy vel:

ST = (b +b,+...+1)xB = (ig+i3+---+1)x B

7.3 MEOBodog Twy oehidmwy xaATAhOYOU XL dEdOWE-
VOV

H péhodog twv oelidwv xatahdyou xat dedouévwy (index and data block)
yenowonotelitar ota apyela VSAM tng IBM xav SIS tng CDC. O Sopég
avtée potdlouv pe 1o BT-3évdpa mou Oa avantuyfodv oc exdpevo xepdiato.
Y ouvéyea OBa napovstachel n pébodoc VSAM nou epgpavictnxe to 1972

XOL EQAPUOOTNXE GE UNYAVES UE URERPATLIXY VALY,

H opydvewon auth dev otnptletal ota Quowd yopaxtneltotixd Tou dloxou
(oe avtibeor pe Ty opydvwon ISAM) xow axaptiletar and tig e&fic téooepic
neployée:

o Sdiaothuata eréyyov (control intervals), nov neptéyouy tic eyypapés
ne ta dedouéva,

o nepLoyéc eéyyou (control areas), mou nepléyouy TORRG StaoTHpATA
eEAEY YOV,

’ z 7 7 7
e axolovBraxéc onddeg (sequence sets), nou elvar xatdhoyot nepLoy GV
EAEYYOL, XaL

z ’ M e 7z 7 7z
e ondda xataléywyv (index set), xou aviioTouyel oe éva Sidotnua eréy-
re e 4 4 7 e e e
you xat elvar plo devdpuxer Souh pe to mokd tpla exlneda. Ou oeildeg
TOU XATWTEPOU EMRESOU lval XATIAOYOL axoouOLAXOY O LY.

Yto Yyhpa 7.4 napovordletar v Souh evég VSAM apyelov, evér to yih-
pa 7.5 napovoralel T Souh evog Staothuatog eréyyou. Kdbe Sidotnua ehéy-
YOU TepLEyEL 0TV apyn ia f teplocdtepes evypapés, ehetlepo ydpo Yo xa-
TORLVES ELoAYOYES EYYPAPOHY, Tedia optopol eyypagpdy (record definition
fields, RDF) yix xdbBe eyypaph tou dwaothpatoc xal éva nedio optomos
Tou Sraothuatos eréyyou (control interval definition fields, CIDF). Kdfe
nedlo oplopol eyypap®y neptéyel Tn OXETLXY dtebBuvon ot YaAPAXTAPES
(relative byte address, RBA) tng eyypagphs and tnv apyh tou apyelou. To
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Opdda xatardywv

N

AxorovBraxh opdda AxorovBraxh opdda

AN NN

Avdotnue | | Adotnue | | Atdotnpa Avdotnue | | Adotnuo
eréyyou eréyyou eréyyou eréyyou eréyyou

ITeproy? eréyyov ITeproy? eréyyov

Yy 7.4: Aoph apyelov VSAM.

Evvypagh L|Evypapd 2|Eyypaeh 3|Eyypagh 4

Evypagt 5|Eyypaeh 6| Eiedbepog yopog

Exedfepog ydpog RDF6 | RDFb5

RDF4 | RDF3 | RDF2 | RDF1 | CIDF

Yy 7.5: Aop# Staothipatos eréyyou.

nedlo oplopol Tou StaoThpaTos eréyyou neptéyel dvo tués: to pévehog xa
™ oyxetxf O¢on tou ehethepou ydpou Tou SlasTARATOS.

Katd w Snpoveyio tou apyelon VSAM ou eyypagpéc taivopodvtal xal
anofnxedovtar ota Swaothuata eaéyyouv. H npdtn eyypaph amobnxeleta
oty apyh, otny npdTy Oéomn Tou npdTou StacTANATOS Xat To avTioTolyo
nedlo oplopol eyypap®dy anolnxeletal ota aptotepd Tou wedlou oplouoy
SaoTAUaTOg eEMEYyou. Ty cuvéyela 1) deltepy) exypaph anobnxedetan dedid
TS TP®INS EYYpaPhc XaL To avilotolyo nedlo oplopol tTng eYYpapns ota
aplotepd Tou nedlou oplopol TS TE®ING EYYPAPRS. LToL, ot eyypapéc
xat Ta aviiotolya nedla oplopol Toug anolnxevovial oTa SLCTALATA ©S
3%o otoleg, nou peyar®vouy npoc aviifeteg xateubivoes. Ye nepuntod-
OELS ELOAYWY®Y XAl dlaypap®dy, ot eneufdocic yivovtar ota Vo dxpa Tou
StaoTAUaTOS, xat cuVeR®S €tol dtaoaiiletal Tl 0 ehelbepoc ydpog elvar
ouveyhc xat dev daondTat.
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H neproyh eréyyou xau ta Staothuata eréyyou elval €évvoleg TapdpoLes
Tpog Tic Puoxég Evvotes Tou XUAIYSEoU xal Twv atpdxtwy. To peyaiitego
xhewdl xabe Saothpatog piag neptoyhs eréyyou anobnxeletar 6To xaTdTE-
eo eninedo tng opddag xatardywy. To Swothuata eréyyou plag neproyhc
dev elvar avayxalo va elvar anofnxevpéva puoixd xatd ablovoa tédn TV
WAeWLGY. Autd oupfalver enedn n axorovbiaxh opdda €xel pia Siatetayué-
v oelpd and Ta peyahitepa Xheditd Twv Staotnudtwy eréyyou wall pe Tic
avtiotoiyes devhivoeg oto dloxo. H axoroubioh; opdda nepiéyet enlomng
xa delxtee yia TN GeLpLax’ avaXTNOY GheY TV SoTHUATOY pe aviovoa
TEEN TOV XREWBLOV.

H opdda xatardyov elvar plo Sour 3évdpou mou neptéyel oeildeg pe
Letyn xhedidv-Sewctodrv. Kdbe Ledvoc anoteheltar and to peyaritepo xhet-
3{ tng oehiBag Tou XATAAGYOU TOU XATGTEEOL EMESOU Xt TOV avT{oTOoLYO
deixtyr. H oepd tov Levydy elvar xatd addovoa tdln tov xAelddv, €tot
Gote va dteuxorivetal 1 oetplaxy avalftnon oto apyelo. Ac onuetwbel 6Tt
epappélovrac teyxvixés cupnieons elvat Suvatdy ta xAedLd oty opdda Ty
xatahoywy va anofnxeuboly oe uixpdtepo ywpeo xar €1l o uéyehog tou
xatahdyou va ehattwhel.

H viormoinon tou VSAM oapyelov mou Statnpel dhec tic eyypagpés Ty
Sraotudtwy ehéyyou, xalodg xar Gha ta Ledyrn dhwv Tov ennédony e oud-
dac TV xatahdYoV, Taivounuéves xatd addovoa TN TV XhEWSLOY TpEnE
va poptebel étol and tny apyh. H doph avth AMéyetar apyelo VSAM ue
axohouBia xhewdidv (key-sequenced). Katd tnv apyuh @dptwor tou ap-
yelou aghvetal xatavepunuévog ehetbepog ydpog (distributed free space,
embedded space) yia perhoviixég eloaywyés, elte 670 Téhog TV ST
TV eAEYY 0L, elTe SlaTnp®dyTag Xdnola StaoTAUATA anoAlTwe ehellepa oTo
wéhog xdbe meployfc ehéyyou. Yrdpyet, howndy, pla otevh avaroyia pe tny
nepLoy ) unepyelhions Twv apyelov ISAM.

Avalhtnor oe apyelo VSAM propel va yiver xatd tpeig tpdnouc:

o H oepraxty avalhnorn apyile pe dudoyion tTov ennédwy Tou xata-
royou, dote va evtonialel n oyetixy Siebuvon oe bytes tou npdTou
StaotApaTog eréyyou Tou apyelou. Xtn ouvéyesio axorovldvTac
ouvdedepévn hlota g axoroubuaxhs opddag Statpéyetal OAOXANEO
o apyelo. H oepraxih avalhtnor dev elvar anapaltnto va apyloel and
TO TP®TO Ao EAEYY OV, aAAd uRopel va apyloel and xdmolo Gu-
YUEXPULEVT, EYYPAPH Xat va ouveyloel og To Téhog Tou apyelou. Autol
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Tou eldouc 1 avalhtnon yivetal o nepintwon ep®dTRong StaoThRATOg
L€ TPOOBLOPLOUEVT TNV XATG TUUN.

o Yeptaxh avalftnon pe dhpa extere(tal 6tav 1 ep@TNon StaoThRATOg
€yeL oplopéveg xat Tig dGo axpales Tuués.

o Tuyalo avalfAtnon yivetal Swaoyilovtag n devdpixh) Soph Tou xata-
royou péypt Tou onpelou va evromalel ) oyetixy dievbuver oe bytes
e oerldag mou tny neptéyet. H Staduaoia auth elvan napdpowa pe
Sudoyion evég BT-3évSpou, érwe Ba gavel oto endpevo xepdiato.

Fevixd, navtog, o pnyaviopds npoonéracns tou apyclov VSAM elvar moid
AMOTEAETUATINOS.

KdbOe véa eyypaph xatarapBaver pla O¢on avdroya e Tny T ToU XAEL-
dov g elwhdvtac tic urdrownes. To péyioto wéyeboc evde Swasthpatog
eréyyou eivar 32.768 bytes. "Etol dtav Mvoe plag stoayoyic yeuloer éva
Sudotnua eréyyou, téte oupPaivel dtdoraoy (splitting) tou dwxethpatoc,
onéte oL Lot evypapés Tou peTapépovial oe Eva XEVO SLACTNUA EAEY YOV,
mou éyel deopeubel oto Téhog TN mEpLoy g EAEYyou. Me Tov tpéno autd
oL eyypapéc dev napapévouy anolnxevpéves oe adovoa 1ddr. Ev toltolwg
uropel va yivel ogplaxy avaxtnomn, enedh 1 opdda ToV XaTaROY®Y evue-
pOveTal oyetixd. Av petd and dtadoyixés swoaywyés veploouy dha ta Sa-
oTAMATE Liag TEPLOY S EAEY YOV, TOTE 1) GUYXEXPLLEVY) TEPLOY T SLooTdTat Xot
dnutovpyeltal pla véa meployf 6o Téhog Tou apyelou, 6mou petapépovial T
mod dtaothpata eréyyou. Kot ndil  opdda tov xatakdywy evauepodveTal
oyetxd. H autdpatn auth exéxtaon evog apyeclov VSAM propel va phdcet
néypt to péyoto péyeboc Tov 4,29 GB. Auvth 1 Swadwaoia elvar Saravneh
xar Yt autd o oyedaoTthc tou apyelou mpénel va elval moA) mpooexTixde
ot TYés mou Ha dwoeL 6TIg TApAUETPOUS TOU aApyElou.

Ye neplntoworn dwaypapic, o ydpog chevbepdvetar (oe avtifeorn pe ta
apyela ISAM) xou SwatiBetal npoc yphon. O eyypapéc Tou daothpatos
EAEYYOU LE XAEDLA peyarltepa and autd mou Swypdpetal oAchalvouy xa-
tq pla Oéon, dote o Swthépevog yodpoc va evwbel pe tov ehellepo ydpo
Tou Swothuatog. Auth 7 Swaduacia AéveTal SuvaULX avdaxTnoy Xdpou
(dynamic space reclamation). Av xatd tnv evnuépwon plag eyypapihc o
uhxoc e dev akhdlel, téte dev undpyel TEOBANUA, av GUES TOo UAXOS TN
ehattwlel 4 avinbel, 16te o ovotnua Aettoupyel oav va npdxettar yia Sto-
Yeaph B etoaywyn, aviictolya.
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‘Ohec oL évvoteg xat oL dtaduxaoiec mou avartiyOnxay Ha enednynboiv
ne ™ Porbewa evég napadelypatoc. "Eotw 6t oto delypa apyelou VSAM
Tou UyApatog T.6a ewodyetar n eyypaph pe xhetdl 11. H Swadixaoia apylet
ne Sudoyion tTng opddag TOV XATARGYOY UE 6TOY0 TO APECWS UEYANITERO
xrewdl and to 11. To xhedl autéd elvar to 150 mou cuvodeletal and éva del-
XTN TPOS T XATOTERO eninedo Tou xatakdyou. Néa adpwon yia to apéows
peyaritepo xhedl and to 11 xatahfye. 6Tov eviontopd Tou xhewdiol 56 ue
Tov avtioTolyo delxtn mpog TRy axoroublaxh opdda.

() | 150 || 346 || 534
l [
Y
| 56 150 | T— | 142 || 232 T—
l [
Y
| 12 | 56 | ‘—’| 100 | 150 | T
4 19 71 113
5 52 90 142
10 56 100 || 146
12 150
(B) stoayoyh 11 | 150 ||| 346 | 534
l [
Y
| 56 150 | T—| 232 || 346 T—
l [
Y
| 12 | 56 ‘—’| 100 | 150 | T
— Lol
—
4 19 11 71 113
5 52 12 90 142
10 56 100 || 146
150

Yyfpa 7.6: Ewayoyés xau Swaypagpés oe apyelio VSAM.
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() etoaywyh 25 | 150 ||| 346 ||| 534
[
Y
| 56 150| || 232 || 346 —
[
Y

| 12 | 56 '—>| 100 | 150 | T—

]
| Ll
4 19 11 71 113
5 25 12 90 142
10 52 100 || 146

56 150

(8) Sroypagph 142 | 150 ||| 346 ||| 534
[
l +
| 56 150| —| | 232 || 346 —
[
Y

| 12 | 56 '—>| 100 | 150 | e

]
[ Lol
4 19 11 71 113
5 25 12 90 146
10 52 100 || 150

56

Yyhua 7.6: Ewoayovéc xau Swypapéc o apyelo VSAM (ouvéyewa).

Kot ndiv  odpwon tng axorouliaxic opnddac yio 10 apuéong LEYAALTERO
xhewdl and to 11 xataifyer 6to xhedl 12 xou tov aviiotolyo delxtn npoc to
xatdiinio Sudotnua eréyyou, 6mou dev undpyel dwabéoipog ydpog v Ty
eyypapn 11. Yuvendc otny neplntwon auth 1o dtdotnua Swondtat. Ot ey-
veapés 4, 5 xar 10 nopapévouy 610 (SLo Stdotnua EAEY 0L, EVO 0L EYYPAPES
11 xat 12 anoOnxebovtal ot véo didotnua eAéyyou, nou Peloxetal 610 T€hog
e neproyhic eréyyou. H véa popyph tou apyelov galvetar 6to yhua 7.60.
Yyetxd €yel evnuepwiel xau 7 axorovbiaxh opada.
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‘Eoto ét ewodyetal  eyypaph 25. Avalhtnoyn dud péoou tng opddag
TOV XATAAOYOV XoTaAfyel otny (Swa neproyh eréyyou. To dudotnpa eréy-
Y0U, 6mou 1 eyypaph 25 npénel va anolnxeulel, £yel Stabéoipo ydpo. Xtny
neplntwon auth ou eyypagés 52 xat 56 olchalvouy pla Oéom npoc ta nlow,
OoTe 7 eyypapn 25 vo xatardPel To dNULoupYolIEVO XEVO Y ORo ywpelc va
Sratapaylel v hoyweh oepd tov eyypapdv. Aev ypedlovior akkayés 6Ny
axorovOuaxh opdda. H véa popeh tou apyelov gaivetar oto YyAua 7.6v.

‘Eotw 6t npéner va Swaypagel  evypaph 142 tou Yyfuatog 7.6v. Me
TNV anopdxpuven e eyypapnc 142, ou eyypapés 146 xou 150 oicOaivouy
uia O¢om npog ta eunpdc, Gote va evorownlel o ehellepoc ybpog tou da-
oTAuatog (6nme galvetar oto Lyhua 7.68). Av otn cuvéyewa Swaypagel to
xhewdl 150, tote mpénel va evnpepmiel xat n axoroubiaxh opndda xat 1 opdada
TOV XATAROY®Y, BGOTE Va XaTaypaPel To YeEYovog 6TL TAEOY TO UEYARITERO
xhewdl Tou Swaothuatog elval To 146.

To apyelo VSAM uvrootneiler xat 8%o dikeg vionothoets extdg and tny
vhonoinomn pe axohouBio XAESLOY.

e H vhonolnomn tou apyeiouv e axolouvbia e.66dwv (entry-sequenced
file) poudlel pe o oepraxnd apyela, enedh xdbe véa eyypaph napa-
t{fetar oto téhog tou apyelov. To olotnua Sev xtiler autdpata Ty
opada xatahbyou, adkd elvat ot Stabeomn Tou TEoYEAUMATIETH Vo XTi-
ogL Evay XATAhOYO ypnolponol®vTag TN oyetixy dtevbuver oe bytes
nou emoTpépeTal and to ouoTnua xal napapével otabepn. llpopavas,
n exdoyh auth Tou apyelov VSAM elvar ypriowun oe nepuntdoets, 6mou
dev elvar arapaltnn n tadvéunon tev eyypapdyv akhd avtibeta el-
vau anapaltnty 7 anobfixevor Ty eyypapdv Ue TN oepd dptihc Toug
(6nowg v mapdderypa ot apyela GUVIAAAYGV).

e H vionoinon tou apyelouv oxetixdy eyypapdy (relative record file)
dev £yel xatdroyo xou uropel va Sayeiptalel povo eyypapéc otabepol
uhxovs. To apyelo autd propel va anolnxeloel péypic Eva ouyxexpt-
névo aplpd eyypapdyv, ondte deopeietal avaroyog yopoc. H exdoyn
auth otnplleTal 6TOV XATAXEPUATIONS XAl EYEL APXETES OLOLOTNTES UE
Ta tuyala apyela mou Oa eletacloly oc enduevo xepdiato.

Elvar npogavég 6tL oL dGo autés exdoyés dev Swaxplvoviar and Suvoauxn
AVAXTNOYN Y OEOL.

Yuprepaopatixd, ta apyela VSAM elvar mo anoteieopatixd and ta
apyela ISAM yia Toug £&c Baoixolc Aéyouc:
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o dev xavouy Sudxpiom petadl xlplag eployhs xat neployhg urepyelit-
ore,

e ouvdualouy aUTOHATA TO YOEO TOLU TEOXURTEL and Tig dLaypapéc Ue
Tov ehellepo y®po Tou SlaoTAUATOS,

o £XTEAOUY AUTOUATA TLg anapa{TNTES SLAOTACELS SLAGTNUATWY XAl TE-
pLoy ®V EAEYY0U xa0dhg xar TN SuvaL avaxTINoY YOEoU, Xal

o dayepilovrar eyypapés petaintol uhxoue.

7.4 Aoxvoelg

<1> Apyelo ISAM anolnxeletar oe ouoxeués payvnTxdy dloxwy pe ta
e&hc yapaxtnpotixd: 200 xbhvdpol, 19 drpaxtol/xdivdpo, 14000 bytes/d-
tpaxto, 2000 bytes/oerida. To apyelo anoteheltar and 1.000.000 evypapés,
6mou o péveboc tou xhewiov elvar 14 bytes, evdy tou deixtn elvar 4 bytes.
[Iéoec ouoxeuée dloxwv ypetdlovTar;

<2> Alvetal apyelo ISAM pe 10.000 eyypagpéc tov 160 bytes. To un-
x0¢ Tou xAeWLoU elval 16 bytes xav tou delxtn 4 bytes. To apyelo elvar
arofnxeupévo oe dloxo HPT7925 pe yopaxtneiotid: 256 bytes/oerida, 64
oehldec/drpaxto, 9 drpaxtol/xVhvdpo, eved 1 ouoxeuy| aroteheltal and 815
xuAivdpoug. Na Beebel o Béitiotoc mapdyoviag opadonolnons, Gote va
ehaytotonowmnbel to Baboc tou xatardyou. Iléco y®po oe xUAlvdouc xa-
TohapPaver cuvohixd to apyelo xat moldg elvar 0 GUVOMXOS ToUEdYOVTIS

yenowonolnonc;

<3> H nponyodpevn doxnon va Abel xau ndh yvio ta e€hg dedopéva: 1000
bytes/oehida, 24 oerldec/dtpaxto xar 12 drpaxtor/xihvdpo.

<4> Alvetar apyeslo VSAM pe yapaxtnpiotixd Sua ue to apyelo tne "A-
oxnong 2 nou elvar anobnxevpévo oe dloxo HP7925. Na Beelel to Paboc
TOU XATANGYOU, 0 YOpog 08 oeAldec mou xataAauPavel GUVOMXE To apyelo
XaL 0 GUVONXOS mapdyoviag ypnoworoinong; T Ba oupfel oto Baboc Tou
xatakéyou av 1o apyelo anotehelitar and 100.000 eyvpapéc; Na eletaoel
N ouvvénea e atinone Tou peyéhoues e oeiidac.

<5> H nponyoduevn doxnon va Abel xau ndh yvio ta e€hg dedopéva: 1000
bytes/oehida, 24 oerldec/dtpaxto xar 12 drpaxtor/xihvdpo.
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<6> Alvetar apyclo ISAM pe ta edhg yapoaxtnelotixd: phAxog eyypagic
100 bytes, uéyeOog oeridag 1000 bytes, néyelog xhedod 38 bytes, uéye-
Oog delxtn 4 bytes, eved o aplbudc twv eyypapody eivar 100.000. To apyelo
elvar anofnxevpévo o HPT7925. [léoa enineda xatakdyou anatovvtar; Na
uroroyiolel o anattolpevos ypdvoc:

o v pla duadixh avalftnon pévo ota dedopéva tou apyelou, xat
o v pla avalfitnon oto apyelo we clvolo.

<T> Av dev emtpénetat oL eyypagéc va anolnxebovtal oe 2 oeiideg, t6Te
va Bpebolv avahutixés exppdoes (og cuvdptnon Ty apapétpwy n, R, K
xau B) v

A e 7 e
® T0 YOpo nou To apyclo xatahapBdvel o8 aeAldeg,

/7 e 7 A e /7 7 /7
® nooec oeAldeEg XaTUAAUAvVEL TO TE®TO ERlnedo evig GTATIXOY XATAND-
you, av o deixtng ypewdletal 2 bytes,

o néoa enineda xatahdyou araLttolvTol;

e 1660¢ elvatl 0 GUVORXGS Y ®EOS Tou aralteltal and 6ia Ta enlnedo Tou
XATARGY OU;

<8> Elvat duvatdy o xatdhroyog va elvat anolfnxeupévos oe StapopeTtixh ou-
oxeu and To xuplog apyelo. "Eotw étu éva apyelo anoteieital and 10.000
eyypapés Ty 80 bytes pe xiewdl twv 8 bytes. To pévebog tne oeridag elvar
1024 bytes, evéd to péyeboc tou delxty elvar 2 bytes. Xpnowonoudvrag
TOuC TUTOUS TNS mpornYoUpevns doxnons va Beebel o apllpds Ty emnédwy
TOU XATAAGYOU XAl 0 oUVOMXGS yWpoc (oe bytes) mou amatteltar yio v
anofhxeuon Tou xatardyYou, av To péyehog tng ceiidag petafdiieTal and
256 bytes wc 3072 bytes pe PAuata twv 256 bytes.

<9> Yepraxd apyelo pe debetn €xel tpla enlneda xatardywy. And to S
YEWLoTH Tou cuoThAatos anogaciletal dTL avadiopydvewor npénet vo yivetat
btav 1 meployh urepyelhong, wou €yel néyebog 20% tne xlplac reployhs,
elvor mhheng xatd 80%. Na unohoviohel o péoog ypdvoc npoonéhacnc piog
eyvypaphs Hewpdvrag é6tv B fr=10.
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AENAPIKEY AOMEX

8.1 Eiocaywyy

O xatdhoyos elvar pla douh mou vionotel pla cuvdptnor. To dplopa tng
ouvaETNoNS elval N TR Tou XAEWBLOU XaL 1 TWH TNg cuvdptnong elvat o
aptlpdec g eyypaphc. Aniady, elvat duvatd pe ) Ponbea Tou xatardyou
va Beebel 0 apbudc (h 1 Béom) plag eyypaphc pe Bdon to xhedl tne. “Evag
dhhog TpoéToc Yo TNy entiteudn autol Tou oxonod eival n néhodog Tou xata-
XEPUATLONOY, ou dev anantel pmio ouyxexpuévn douh (dnwg o xatdhoyoc),
akhd vrogépel and To mEdLinua TV cuveyupley (deg Kepdhato 9 BiSilou
v Aopéc Aedopévov).

Fevixd, o xatdrovos elvar aveldptntog and 1o apyelo xatd dvo évvolee,
hoYWd ahhd xar Quowed. Xtny neplntworn Tou apyclov ISAM o xatdioyog
elvar uévo hoyuxd aveldptntog, agol Quowd dtayéetar péoa oTny xlpla
neproyf. To xbéotoc avalhAtnong otov xatdhoyo elvar oyetxd wixpd, xot
BéBata ok mo mixpd and 1o x66T0g avalhtnong ohdxknenc TS EYYPAPic
xat” eubelav péoa oto apyelo. Xe €vay xatdrovo to xrewd uropel elte va
elvatl éva pévo yapaxtneloTtixs, elte €va PEpOS Y APAXTNELETIXOY f GUVILA-
opos TOAAOV yapaxtnptotix®dy. Mropel va undpyet pévo €vac xatdroyog
(6nwg oo apyelo ISAM), adkd propel va urdpyouv xa neploodrepol Tou
evog xatdhoyor. Nto Uyhua 8.1 napovordletar pla neplntwor apyelov pe
300 daopetixolg aveddptnToug xaTahdyous.

To phxog plag eyypaphc xatardyou npéner va xpatnbel 660 to duva-
6 mxpdTepo. Y amholc xataibdyoug xdbe eyypapn arnoteheltal and tny
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loc xatdhoyog 20¢ xATdAOYOC

l l

Kiépro apyeio dedopévov

Yyhua 8.1: Apyelo pe 8o aveldptnrtous xatahdyouc.

T Tou xAedol xar Tov aviiotouyo delxTy, evd mo ovvletol xatdioyol
neptéyouy xat dika medla. Muxpéc evypapés oTov xatdhroyo enitpénouy pe-
YoaAUTEPO GUVTERESTH opadormolnons, ondte €10l emLTUYYAVETAL OLXovoula
070 YOpo anobfixeuong xal 6To ¥pbévo e6ddou/edddou Ty dedopévoy.

O arholotepog tinog xatardyou elvat o yYpaputxbg xatdhoyogs (linear
index), érwe yia mapdderypa o xatdroyog evidg BifBhlov. “Evag ypappixde
XATIhOYOS TEPLEYEL TI eYYpapéc Tadivounuéves xatd avdovoa tdln ywels
xapla dikn Séunor. Evac tétolog xatdhoyoc pnopel va npooneiacel oet-
plaxd, ahhd elvar anotereopatixdtepo va npooneiachel pe Suadixh avalh-
o f avalftnon dipatog. Mdhota, 1 tehevtala pébodoc yenoponoteita
Yt TV Wwavorolnor epwthoewy dtaothuatos. O xatdioyog autdc Statnpel
OAL TA LELOVEXTAUATA TWV OELELOXGV apyelwy, dNAadh pun anoteicopatixég
nebddoug eloaymwyhs, dtaypaphs XaL avadLlopydvwong.

Aevdpuxdg xatdhoyog (tree index) elvar évac xatdhoyog He oUYXEXEL-
7z e 7z re /7 e 7
névn tepapyio emunédwy. H pila tou xatakdyou dewxtodotel npog to devtepo
e /7 A e e 4 7
exinedo Tou xatakéyou xox., evéd to teheutalo exinedo (Snhadh Ta @iiia)
nepLéyouy delxtes mpog o apyelo Tov dedopévwy. llpopavde, o xatdroyog
tov apyelov ISAM, rou edetdobnxay oto mponyoluevo xepdhato, avo-
motel Tov mponyovpevo optopd.  Ou devdpuxol xatdrovor dwaxplvoviar oe
d%o eldn: 1o etepoyevh (heterogeneous) xor 1o opoyevy) (homogeneous)
dévdpa. Etepovevh elvar ta 3évdpa, tov onolwy ou xopfol neptéyouy poévo
7z e A /7 e 7z 7z /7 e
éva eldoc dewxtdv. Ot xopfol twv peoalowy ennédwy neptéyouy povo del-
xTeC 08 xOPPoug, eved ol xéuPol Tou tereutalou emnédou mepéyouy pévVo
deixtec oe dedopéva. Avtifeta, ota opovevi dévdpa undpyouy dvo edn
deuxtdv, o delxteg dedouévwy (data pointers) xoau ov devdpixol deixteg
(tree pointers). Yo pecala exireda xat ou d%o tinol elvar evepyol, eved oo
tereutalo eninedo elvar evepyol wovo ol deixtes dedopévomy.

Yto Yyfua 8.2 nopovoidletar  ecwteptxh) dou evdc xdufou opoye-
vouc 3évdpou, 6mou ou devdpwol deixteg Pploxovtal petadl Tov xhedudy,
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Aevdpixdg Keud Aevdpixdg Aevdpixdg Keud Aevdpixdg
delxtng Acbxtne delxtng delxtng Acbxtne delxtng

Yy 8.2: Kéufoc opoyevoic 3évdpou.

A rs 7z e 7 /7 7 AN re
eved ot delxteg dedopévoy Pploxovtal xdtw and ta xiewdid. "Onwe palvetar,
7 e 7 7z /7 rs 7z rs 7z
v xdle xhedl undpyel Evag Sevdpuxdg delxtng, évag delxtng dedopévey xat
emmiéov €vag axopyn devdpuxdc delxtng. O npdtoc devdpixde delxtng xa-
Teuhivel Tpog xAhedid mou elvar pixpdTepa antd To TE®TO XAEW( ToU XOpPou,
A e /7 rs 7 7 7 /7
eved o tereutalog devdpuxdg delxtng xateulivel mpog xAedild peyarltepa and
To tereutalo xhedl Tou xéufou. Kdbe dihog devdpixde delxtng xateuhiver
TpOS XATOLoY XOUBo Tou 3EVpou pE TUES XAEBLOY pETAl) TOV TGOV TOVY
XAEWLGY 1oy mepixielouy to delxtr. Ye neplntwon enloxedng Tou xoppou,
6mou mpaypatixd Peloxetar anobnxevpévo to avalnrodpevo xhedl, 16t 0
delxtne dedopévmy xateulivel npoc TRy avilotouyn evyypaph.

Yy 8.3: Opoyevég dévdpo.

Yra Uyhpa 8.3 xat 8.4 napovordlovral dlo napadelypata opoyevoie xat
gTepoyevouc 3évdpou, aviioTouya. Mia Bacue Swapopd uetalld ctepovevdy
P pou, X 1 oLxpopa 1 e

Yyfua 8.4: Etepoyevéc dévdpo.
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XL OpoYEVOY 3Evpwv elval to Udog tou dEvSpou, mou €yel wg amoTEéhe-
opa Stapopetixd extdoor oty avalftnor. H péon Ty npoonehdoswy v
avalhtnon elvar peyaritepyn yvia ta etepoyevh dévdpa, yiatl n avalftnon
pOdvel onwodfnote péypl Ta QUAAX Tou dévdpou. To oyeTd mhcovéxtTnua
ToV opoyevey 3Evipny wooluyiletal and tov emnhéov anattoVHEVO YOO
v delxtec.

Y10 8€vdpo Tou Lyfuatog 8.4 0 Aoyog Staxiddwornc elvaw y=4, ondte To
3¢vdpo ota 3 exlneda tou propel va ywpéoet 64 xhedid. 'evixd, mpoxintet
6t 0 VUiog, h, Tou xatahdyou mou dewxtodotel n eyypapés elval:

h > log,n

‘Eva opovevéc 8évdpo pe Gdog 3 xal Aéyo Swaxhddworng 4 prmopel va a-
nofnxetoer 63 xhewdid. L'evixd oe éva opoyevéc 3évdpo pe h enilneda Oa
urdpyouy (y-1) xhedid ot plla, y(y—1) xhedid 610 Seltepo erinedo, y*(y—
1) xhewdid oto tplto xox. ‘Apa, 0 cuvolxds aplfpds TV eYYpAPHOY ROU
dewxtodotolvtar Ou elval:

P+ +yr+ oty ) x(y-1) = ¥ -1

XAL GUVERMC:
n < yh-1 <= h > log, (n + 1)

To Suoxordtepo pépog g dayelpions evog xatahdyou elval 1) eLoaywyYH
xaL N Swaypaph yopels va xatactel avayxalo n yevue avadlopydvworn Tou
xataroyou. L xdle eldog xatakdyou undpyouy ou oyetixol arydplbuot.
Yn ouvéyea Oa e€etaochel pio owoyéveia 8évdpwy, Ta heydueva B-8évdpa,
mou elvar 1 Pacixd Soun) yia xatardyous. Ta 3€vSpa tng owxoyévelas authc
yenouronololvtal 6e Gho oyeddy Ta eunopxd cucthipata Swayelpong Pa-
oewy dedopEvmY, 6nwg Y napddetyua oto ouotnua tns Oracle, tng Sybase,
oto DB2 tne IBM, oto Ingres tnc Computer Associates, oto SQL Server
e Microsoft xin xix. Ou Sopéc Ou napovoiacholy pe napadelypata xot
Oa yiver avdhuon Ty ypovixdyv x66ToV Yo Tic dtdpopes depyacies. Lto
XeQIAaL0 TV WOV Oepdtoyv Ou yivel xar ndiw avagopd otic Soués autéc
070 TAa{oL TV TEOBANUATOY TOU SNULOLEYOUVTAL XATE THY TALUTOYEOVY
TpoonéAasT TOUg and ROAKOUS YEROTES.
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8.2 DB-0évdpa

H Sop¥ auth npotdlnxe and toug Bayer xar McCreight to 1972, Aéyetar
6t ovopasia tou 3évdpou, To "B, mpoépyetal and To endvupo tou Bayer,
f and tny ovopaocio tng etawpelag Boeing dnou epyaldtav o Bayer, # axdun
6t mpoépyeton and i A&y balanced (tooluyiopévo). To BéBao elvar 4L
dev mpoépyetar and tn hEn binary (Suaduxd).

To B-8¢év8po elvar pla pepuety neplntwon tou dévdpou avalnthons m
dpduwy (m-way search tree), mou €yel avantuybel oto Bfrlo oy Aoudy
Aedopévoyv. YLippova pe évay optopd, og B-8€vdpo tddng m oplletal to
opoyvevés 8Evdpo ue Ta axdrouba yopaxTneltoTed:

o 1 plla éxel To eldytoto dYo nudid,

e oL cowtepxol x6pPot (extds tng pllag) éxouy To edyioto [m/2] mat-
dLd xaL To pévioto m noudid,

o évoc eowTepxds x6uPoc pe k xhewdid Eyel k41 nadid, xan

o oL elwtepwxol xéufol Beloxovtar oto (Suo exinedo.

Y Bhoypapla cuvavtdtat évag napdpolog optolog tou B-3évdpou Bab-
ot (degree) d, mou Sapépel and tov nponyoluevo uévo oto deltepo oxé-
roc. Anhad¥, ou eocwtepixol xopPot, extdc g pllac, meptéyouy 1o eNdytoto
d xhewdud xau to péyroto 2d xiewdid. llpogavdg o Sedtepoc oplopide elvar
nepweny mepintwon tou tpotou. To B-3¢vdpo tou Yynuatog 8.5 elvar tpltne
a&ne  mpotou Pabuod.

al1 2| E 4 |z]s 9| m4 16

Yyhua 8.5: B-8évdpo téing 3.

O rapdyovtag xpnoiponoinorng xodpouv (storage utilization factor),
U, oplletar wg 0 Aéyog tou aptBuod tov anobnxevpévey xheldtdy npog To



AcevdpLxég douég 169

T0 oUvoho ToV Swbicuwy Oéccwv. And tov oplopd palvetar 6tL N eAdyL-
o XL 7 LEYLOTY TR TOU TApdYovTa enoiLonoinons ydpou elvat neplnou
Upmin=50% xat Upar=100%, avtiotoiya. Yyetxd pe tnv elpeon tng pé-
oNS TWAS TOU TapdyovTa autol Eyouy eppavialel apxetéc dnpooievoes ot
BiBoypapla mov elvar buwe and Alyo wg norl albvletes. Axohoulel pio o-
mhomownTih ahhd npooeyyiotixh pébodoc mou 366nxe and tov Leung (1984).
Av n o apBudg Ty xAewddv xar nod o aplbpds Ty xopBoy Tou dEvdpou,
tétE and To devtepo oploud Tou B-3évdpou (mou dev Ba ypnoiporowmbel dido
oTn ouvéyewa) Loy e

n
v = 2d X nod
o pla otabeph Tiph Tou n oy lel:
n 1
ElU] = —xE[—
U] 2d X [nod]

EVO YLt TNV EAAYLOTN Xt TN LEYLETY TUUY Tou nod mpoxtntel aviloTolya:

n n
Noldpmar = —————— nol,min =

2d X Umm ﬁ

Yrobétovtag npoceyyiotixd pio ouveyy oLoLOPop)n XATAVOUT 6TO SLAoTY-
pot [n0d i, N0d 0, TEOXVOTTEL:

1 nodmax 1 2d Umzn 1

—— dnod = XIn

Fl—] =

1
nod N0 s — N0 in /nodmm nod n X (1 = Upin) Upin

Avrixabiotdvrag Upin=50% mpoxintel étv E[U] = In2 = 69%. Ynueidve-
Tot 6TL 6Ty avdiuvoy auth Oa yivel apydtepa avapopd oe oyéor e AAAES
dopée. L' to Réyo autd, to Upyy Deowpilnxe og napdpetpoc.

Aré tov oplopd tou B-3€vdpou elvan ebxodo va unoroyialel n péon tun
TOV TPOOTERIOEWY Yia emtuyh avalhtnoyn otn yepdtepn neplntowor. "E-
otw, howndy, éva B-8évdpo tddne m xau Vdoug h. O erdyrotoc aptbude
xAeWLdY Tou uropel va meptéyet elval:

2 % [qu 1
n = — —
2

eved o péylotoc aplhpdg xhedidy mou propel va neptéyet elvat:

n o= mh-1



170 Kepdhraro 8

Yuvendg 1 Ty Tou Vhoug evdg B-8évdpou nepuieletar petalld twv oplwv:

n+1
2

log,,(n+1) < h < 1+log,,

H edpeon e Béitiotne tunc tou m elvan éva evduapépov mpdinua.
Ye pla mpaxtixh vioroinon evég xatardyou pe Tt dopR tou B-8€vdpou ot
eyypapés Ou amotehovvtal and pla tptada nedivv: to xAiewdl, To devdpuxd
delxtn, xat o delxtn Twv dedopévov. Enopévwe cuvoixd to pévebog evig
x6puBou elvar m x (I + 2P) bytes replnou. O ypdvog yvia tnv avdyveon
evhg tuyalou xéufou elval:

m x (K +2P)

S+ 71+ "

Aobévtog tou x6pfou 1 elpeon evig xrewdiot propel va yivel ue duadixn
avalhtnon oe ypbvo:
¢ X logm 4+ d

/7 re 7z A 7 7
onou ta ¢ xau d elvar otabepés. Amhonoldvtac tov mponyoluevo Tino Y
To0 Uog, npoxintel 6T 6T yEwdTeEey neplnTwon to Udoc elval:
n+l1
log "3~

e X
logm

6rou o e otabepd. Enopéveg o péviotog ypdvog avalftnone divetoar and

n4+1 (s+r+d+m1§+—2pl )
e X log X +c

logm

Tov TtiRo:

mou ehaytotonoeltal av eraytotonomnbel to dlpolopa e ayyving. "Etot
oe xdfe meplnTwoY PE AVTIXATACTACY TOY TAPAUETPOY XAl YENOULOTOLOD-
vtac plo unoroyiotixhy pébodo hapfavetal to Bértioto m. Av npoxiiet
néyehog xéufou pevaritepo and o éyeboc TV ATOPLOVOTXOV HVHUOY,
t6te Oeopeltar v Tih Tou m mou dev Eerepvd to péyehog TV PVNUOV.

8.2.1 Ewaywyh oc B-3évdpo

[ v eloaywyh plag eyypaphc oe éva B-8évdpo, apyued pe faon to xhetdl
g eyvypahs evroniletal To URR0 6mou mpénet va yivel ) etoayoyh. Av
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T0 QUINO éyel ehellepo y®po, ToTE M eloaywYY elvat ebxoin undleor. Ak-
MO, anowteltar Waltepn tpocoy R xahoc npénet o ouyxexpévog xoufog
va Swacrachel oe dbo xéuPoug, dote va anobnxeubolv dhec ou eyypapéc.
H 8idonaoy evic piihou pnopel va npoxaréoel aluodoth avtidpaon xat va
yeewoholy nepattépn Swaondoec xouPoy ot avHtepa enlneda. H Stadixacia
TV dwondoewy Ha dieuxpivialel pe to exduevo napdderypa.

(o) etoaywyh 10

Yy 8.6: B-3¢évdpo pe Sadoyixés etoayoyéc.

‘Eotw 611 610 3¢vdpo tou Lynpatog 8.5 sodyetar to xiedl 10, mou
xatevhdvetar otov xéufo Z. O opiopds tou 3évdpou napafidletal, ouvende
npéner va dnpoupyniel véoc xoépufoc dnwg gaivetar oto Xyrua 8.6a. To
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pecalo and to xhewdid 8, 9 xar 10 (dnhadh to 9) €xer avéfer otov ratexd
x6pfo, eved to 8 enava-anolnxeletar otov xopfBo Z xou to 10 anobnxeleto
o070 véo x6ufo O.

H eswoaywyn tou xhewdol 6 oto 3évdpo tou Yynuatog 8.6a yivetal gi-
xoha ot Yyt autéd To véo oyfua mapoieinetal. LTn cuvéyew, €0Tw GTL
ewodyetat To XAl 7, ondte npoxintel o Ly fpa 8.65. Onwe xot xatd tny
sloaywyh Tou 10, étol xau €80 to peoalo xheldl (dnhadh to 7) npoyweel éva
eninedo npog ) plla. "Opwc xat 610 véo xéufo napafldletal o oplopds Tou
B-3évdpou. Yuverwc npéret avadpopud va epappochel 1 (St Sadixacia.
‘Etou, to peoalo xhed! (dnhadh 1o 9) avelalver xaw ndh éva exnlnedo xal a-
rolnxedetal oty pila. Katd napdporo tpéno pe tny eloaywyh Tov Xhelduody
15 xaw 12 mpoxintel. to Lyhua 8.6v. Av, dpwe, oto onuelo autd ewoay el
o xhewdl 13, té1e petd and Swdoyxés Swaondoeic xopPoyv Ha Siaonachel
xat v plla. ‘Etot npoxintel to yhua 8.63.

H epdnon elvar néco cuyva yvivetar v Sidonacn twv xopfov. Elva
pavepd dtL N npdTy didonaoy (dnhadh 7 Sidonaoy tng apyixhc pllag) dn-
moveyel d%o véoug xéuPoug, eved ol exdueves dnpoupyoly and €va poévo
véo x6pfo uéypet xaw h-1 véoug xépPoug otny neplntwon mou 7 didonacy
petagepbel péypl ™ plla (dmou h elvar To Udog tou 3évdpou). ‘Exot, dtav
T0 3€vdpo €xel MO p xopPoug, €xouy cupPel p-2 Swondoeg. Kdbe xépfog
€yel o endyioto [m/2]-1 xhewdid, extds and tn plla mou €yel To ehdyL-
oto éva xhewdl. Yuvendg éva 3¢vdpo pe p xopfouc mepLEyel To EAAYLOTO
1+ (p—1)x([m/2] = 1) xhedid. H mbavdtnta va oupfel dudoraon pe tny
ELoaYWYN EvHS VEOU XAEWLOG elval Ay dTeEpo and:

p—2
L+ (p—1)x([m/2] = 1)

mou elval Mydtepo axd 1 dudoraon avd [m/2]|-1 eoaywyéc xheldidv. Aou-
prTeTed (Snhadh, peydio p) yia m=10 xor m=20 v mbavétnta Sidonaong
elvar 0.25 xow 0.204, avtiotorya. Aniadh, 6co peyardtepn elvar n tén tou
3¢évdpou, T600 auth N mbavétnta pixpalvet.

H zponyolpevn avdivor elvar npooceyyiotixh. Erxaxpdnc avdiuon twv
YopaxXTNELoTXGY Tou B-8évdpou elvar elatpetind morlnhoxn xoat péypt oTLy-
uhg neploptletal ota xatotepa entneda. H avdivon auvth Ayetoar avdivon
xpaonédou (fringe analysis) xav ypnowonowe! aiuoldeg Markov. H or-
pavtixétepy, dnuooieuoyn oty Bhoypapla eupavichnxe to 1982 and toug
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I3 7

Eisenbarth et al., énou €yer anodeiyfel dtu n nbavétnTa va oupPel pla
TEPLOGOTERES BLAOTAGELS XATA TNV eLoayewYh Tou n+1 xhewdiol elval:

1

(m—1) x In2 + 00m™)

8.2.2 Awypapn oc B-8évdpo

H Swaypaph oc B-3¢évdpo elvar capdg duoxordtepn diepyasia and tny eloa-
yoyh. Autd opelietar 6T0 veEYOVOg OTL PE T Staypaph evic xAetdlol propel
va napaPlachel o oplouds tou B-8évdpou xal va ypetachel cuyy®veuon dvo
vertovie @y xopPov. Mdieta, n ouyydveuon dbo xé6pPov propel va npo-
xahéoel dhhec ouyywvevoes xouPwy ot avoHtepa exnineda. Yrevhupileta
oto onuelo autd Gt to apyelo VSAM elvar Suvapixd xatd tig sloaymyéc,
opwe dev draxplvetar yia duvapxdtTnta xatd T dtaypapéc. Auth elvan 7
xupLéteen Staopd uetall apyeiov VSAM xar B-8évdpou. H Swaducacia tov
ouyywvevoemy Ha Sieuxpiviclel pe to exduevo mopddetypa.

‘Eotw, howmdy, bt divetar éva B-8¢vdpo tddng 5, dnws oto Uyhua 8.7a.
Apywxd napovordlovtar Tpelc TEpLTTOOELS GToU To XAl Tou npénet va Sa-
yveawpel avixer oe éva pUiho. [a napdderypa, €otw 6TL npénel va dtaypapel
o xhewdl 26. Auth n npdtn neplntwon elval 1 amiovotepn xal exteAs{tat
yoplc dikeg napevépyetes, enedn o oplopos dev SlatapdooeTal.

‘Eotw 611 o1t ouvéyea npénet va Staypapel to xhedl 5. [Ibavh draypa-
@h tou xhewdov 5 Oa dwatdpale Tov oplond, eneldh tedxd otov x6pfo Ha
gueve névo éva xheldl, dnhadh hydtepo and [m/2]-1=2. Ytnv nepirntwon
auth eréyyeTal av o yertovixdg ota dedid xOpuPoc Z €yel neptocdtepo and
2 xredid. Auth n ouvihxy cupPalver, apol o xéufog Z Eyel Tpla xhewdid.
Exzlong, galvetal 67t o matpixdg x6pfog tou xépfou E (3nradh o B) nepié-
¥eL To xAewdl 6 mou anotehel To apéows pueyaritepo xAewdl and to 5. ‘Apa
elvatl duvatd va Staypagel To xhewdl 5 ue Tautdypovn dvodo tou xiewdiol 7
and tov x6pufPo Z atov xépfo B, xal xdhodo tou xhewldiot 6 and tov x6uPo
B otov x6ppo E. "Etou npoxinte to B-8évdpo tou Lyfuatog 8.75. Av o
dedid vertovixdg x6pfog dev elye neprocdtepo and 2 xéufouc, Tdte N TEOY-
yovuevy dtaduxaocio Oo vhomoloUVTAY UE TO YELTOVIXS apLoTepd X6uPo xat
To avtioTolyo xAedl Tou matpuxol xéuPou. Auth Aray 1 Seltepn neplntwon
nou propel va napouciablel o neplntwon Siaypaphc.

Av 8ev propel va Bpelel napdpota Aon olte and ddid odte and aplote-
ed, T6te mpénel va yivel ouyydvevor (1 tpltn neplntowon). H ouyydvevon
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Yy 8.7: B-3¢évdpo pe Sadoyixés Staypapéc.

apopd o8 TeE xOUPoug, 6mou oL dlo elval and To xATOTERO eninedo xal
o évag and to avotepo. o nopddetypa, €otw ot npénel va Swaypagpel To
xhetdl 2. H Staduxaoia axohovbel ta e&hc PApata. Hpdtov, 1o xhedl 1 mou
anopével otov xopfBo A, to xhedl 3 tou xopPou B xar ta xhewdid 4 xal 6
Tou xoppou E ouyywveboviar xal anofnxevovrar otov x6uBo A. O xéufog
E 3ev €yel miéov xavéva xiedl xar anodidetal 610 olotnua, evéd 0 x6pPog
B éyel povo éva. To Seltepo PAua elvar mapdpolo npog tn dradixacion mou
avantiyOnxe xatd tn Swaypaph Tou xiewdiol 26. Aniadh, eréyyetor av o
de&dg yeltovag Tou xépfou B (dnhadh o I') éyel neprocdtepo and 2 xhetdid.
Avuto npdypate oupfalver, ondte to xhewdl 13 tou x6ufou I avefaiver xatd
éva eninedo xar @Odver ot plla, evd to xhedl e pllac mou elval apéowc
peyahltepo and to 7 (dnhadh to 10) xatefalver otov xéufo B. Yto Lyhua
8.7y palvetal n telhxy Lopph nou ralpver to B-8évdpo petd tn Saypaph tou
XAEWLOG 2.
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Méyper topa edetdobnxay nepuntdoeis Staypaphc mou 1o xhedl elvar a-
rofnxeupévo o @ikho. H Swaduxaoia Staypaphc xiewdiod mou elvar anobrn-
XELPEVO GE E0LTERPXO XOUPo elvat Alyo Staopetier. Xtny neplntwon auth
npénel va evtonolel to heduxoypapund apéows nponyoluevo xhetdl xal va
xatoadPBel tn Béon Tou Swaypagopevou. Kot mdiw Staxplvovtar pepixés nept-
RTOOELC.

[Na mapaderypa, €oto 6tL and 1o 3évdpo tou Lyfuatog 8.7y mpénel va
Sraypapel o xhedl 17. Erévyetal, howmdy, av o xéppog O nepiéyel neplo-
ootepo and 2 xhewdid. H ouvinxn auth mpdypatt oupfalvel xat cuverde to
xhedl 16 avépyetat xatd éva enlnedo atov xo6pfo I', dote va pn Satapay el
0 oplouos tou B-8évdpou. Palvetar 6Tt auth 7 neplntwon Staypaphc avTiue-

(8) Sraypag#h 17

A V/ H o I K A

11 3 a][7 8|l 12)fia 15]jis 19][21 22[24 23]
A 7 H © I K A

(o7) draypagh 13 Al 16

Bl 6 12 I"120 23
|

(1 3 4|7 8 o 1114 15]18 19|21 22|24 23]
A ®© 1T K &

() daypanh 20 Bl6 12 16 23

113 4l 7 8 9 11]fia 15)[i8 19 21 22[24 23]
A 7 0 A

Yyhua 8.7: B-3évdpo pe Sradoyxés Swaypapée (ouvéyeia).
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toriclnxe eixoha “evoyrodvrac’ pévo évay xéuPo madl Tou x6upou, 6mou
avixe to xhewdl mou Staypdpnxe. H véa popph tou dévdpou rapovoidletal
oto Yyfpa 8.73.

‘Eotw 61t otn ouvéyea npénel va Staypagel o xhewdl 10. Av dpowc a-
vErDeL To xhetdl 9 yio vo xakber o xevo, téte dev oytel Tiéov 0 oplopdg
v Tov oo Z, yitl nepiéyel pévo to xhedl 8. H ouvéyeia axoroubel
xatd T Yvwotd. Aniadh, eréyyetal npog ta dedid o xdufoc H, adhd autde
dev propel va ouvetopépet. O npog ta aplotepd xoufog A €yel neplocdtepo
and 2 xhewdid. "Apa, pe avodo tou xhedlol 6 and tov x6ppo A otov x6uPo
B xat xdB080 tou xhewdiot 7 and tov x6pfo B otov xépfo Z to dévdpo xa-
TOARYEL TNV TEAXT Lopph Tou Lyfuatog 8.7¢. "Etou, otny neplntowon auth
uretoRibay tpews xoufor ot Sraduxaoia anoxatdotacnc TN Loopponioc.

Anopével va edetacholv d0o dikeg nepuntdhoeg diaypaghc. Eotw 6Tt
npénel va Staypagel to xhedl 13 e pllag. Tny neplntwon auth to apé-
ows Uxpotepo xhewdl 12 nalpver n Oéom tou 13 oty plla xar cuvende to
npoPnua petagépetot otov x6uPo H, nou anopéver névo pe 1o xredl 11. O
x6upoc H dev €yel 8e16 adehd, evdd 0 aplotepds Tou adehpdc Z dev propel
vo ouVELGQEpEL, Yiatl €xel LOMS dU0 xAedid. Ye enopevo PR, To TEpLeyd-
nevo tov xOupoyv Z xat H pall pe to xhedl and tov x6pfo B, nou avixel
070 P€oo TOV JLUGTNUETOY TGOV ToVv 300 xoufov (dnhadh to 9) ouyyoe-
vevovtat og éva xoppo xat anolnxevovial oty Béon Tou xépfou Z. "Apa, to
npopinua €yel netagepbel otov xé6pPo B nou nepéyel pévo to xhedl 6. H
Moo mhéov propel va 8o0el névo and tov adehpd tou xépfou B, dnhadh tov
x6puBo I'. Ytov x6pfBo B xatépyetor to xhewdl 12 (mou mponyoupéveg elye
avérbel ot plla), evd to xhewdl 16 tou xéufou I avépyetar ot pila. Tou-
Toypova Sueg, exetdh) arrdlovy ta StaoThpata TWOY Tou deixtodotolvtal
and ) plla, 0 x6pPog O dev dewxtodoteltan Théov and tov xéuPo I akhd
and tov x6pfo B. H el popph tou 3évdpou napovoidletar 6to Lyhua
8.707.

H <ehevtala neplntwon Swaypapic elvar exelvny nou npoxaiel tny erdt-
Twon Tou Vdouc tou dévdpou. ‘Eotw, howndy, 6tL npénel va Staypagel to
ahedl 20, Apyuxd to xhedl 19 avefaiver and tov x6ufo I otov xépfo I yia
v xakber o xevd. To mpdfinua niéov Peloxetar otov xo6pfo I nou nepié-
Y&l wovo to xiedl 18. "Orwe ot mplv, To nepleydpevo Tov xoufov 1 xo
K pall pe 1o xhedl 19, mou Peloxetar petalld tov Staotudtoy Ttuey Tov
x6pPov autody, anobnxedoviar otov xéufo I, evd o xépfog K anodidetar
xaL tdhl oto ovotnua. Todpa niéov to npdPfinua Peloxetar otov xéufo I
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mou €yel névo to xhedl 23. Axdurn o aplotepds aderpdc xal n pila €yxouv
Tov eAdytoto aptipd xheldidy. “Apa, Oa yiver véa ouyydveuon. “Etot, to
nepleyouevo Tov xopPoyv A, B xal I' anofnxedetar otov x6pfo B xou ot
arrol anodidovtar oto avotnua. H tehueh popph Tou 8évdpou palvetar 6to
Yyhua 8.70, 6nou gaivetal 6Tt to Vhog tou dEvdpou and tpla €yive ddo.

*Ocov agopd otny enldoon TN dtaypaphs avapépetal 6TL 6T YELEHTERY
repintwon (drnou pla Swaypaph Oa npoxaréoel ouyydvevon g pllag) Oa yi-
vouv 2h-1 mpoonehdoeig xopPov yia avdyvwor xou h+1 npocneidosic yia
anobfxevor. Qotéco, auth N neplntwon dev elvar Waltepa mbavy. Katd
néco bpo anarteltar n avdyvoon h+14+1/k xopfov xa v enava-arobfxevon
442/ k x6ppov, énov k = [m/2]-1.

Yy 8.8: Opdda BT(3,5).

Elvaw euvénro étv and tn popyph tou B-8évdpou edaptdtar o cuvoixde
XATAAAPBAVOLEVOS Y DEOS (%ol EROUEVES 0 TAPEYOVTUS XENOLLOTOINoNS Y O-
pou) xat 1 exldoon xatd TNy extuyh K TRy avemtuy R avalhtnoy. Yto Nyh-
po 8.8 galvovtar dVo daxpttés dopéc B-3évdpwv tdne 3 mou neptéyouy 5
ahewdid. Ou d%o autée exdoyée xatarauPBdvouy 3 xar 4 xoéppous aviictot-
¥, €xouv mapdyovia yenouronoinong yweou 5/6 xau 5/8 avilotoiya, eve
N péon T npoorerdocwy v exttuyh avalftnoy elval 9/5 xou 8/5 avti-
otowya. O avayvooetng Oa Siamietdost 6Tl extéc and autd ta dvo dévdpa
dev propotv va undelovy dika napdpoia tdéng 3 pe 5 xhedid. Ot ddo autée
Suaxpitég dopéc amoteholv pla xhdorn nou cupforiletar pe BT(3,5).

Yo Yyhua 8.9 rapousidletal  xidon BT(3,15) nov aroteheltar axd
10 Sraxpitéc dopéc. Xtov Ilivaxa 8.1 yia xabe Souh divovrar ov avtictouya
N péorn T TpooTeERdoEwY Yio emtTLY T avalATnon xaL 0 oUVORXOS XaTd-
hpPavéuevos yoeos. And tov nlvaxa autéy mpoxvntel bt

ta B-6Zvbdpa mov elvar Bédtiota ané mhevpds ywpou slvar meplmou
Pédtiota rat awé mAsveds xpdvou, svw ta B-6¢vbpa mou elvar Bédtiota
amwé TAEVEdS XeOvou gival TEPITOU XELQLOTA ATo TAEUPAS YWOOU.
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Yy 8.9: Opdda BT(3,15).
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Aévdpo Méon Tiph Katarappové-
npoonehdoEmv | peEvog ydpog
x 3,27 15
B 2,60 9
¥ 2,40 12
5 2,53 10
c 2,53 10
ot 2,60 9
4 2,47 11
7 2,47 11
0 2,47 11
. 2,27 11

Mivaxac 8.1: Xiyxpion Sopdy tne xidong BT(3,15).

H Swaniotomorn auth duxatoroyeltal and o yeyovic 6Tt ot dopée (B) xon (07),
TOU XATAAAUPAVOUY TOV ERAYLOTO Y OpO TV 9 XOUPwV, £xouy ypovixd xo-
o70¢ 2,60 nou elvor péhg 8,3% peyohitepo and tny ehdyiotn Tiph Ty 2,40
npoonerdocwy. Aviileta, v doph (v), mou elvar 1 xahdtepn and mhevpds
xpévou, xatarapBdver 12 xéufoug mou elvon 33,3% nepioodtepo and tny e-

Koty Tiph v 9 x6pfov. H Swriotworn auth avixel otoug Rosenberg
xat Snyder (1981).

Bépowa, n popph evég B-3évdpou npoodiopiletar and tn oepd dapiing
TV XAEBLOY xat dev elvat Suvatoy va yiver exthoyh ex Lépouc Tou ypRoT.
Qoté00, T0 npaxTixd ouurépacua elvat 6Tl Pe pia Al ot Stayelpong
TV dwondoewy/ouyywvetoeny propel va undplouy dlapoponohoel 6TV
en{doomn tng Sophs. Ut ouvéyea napovotdletar pla tétola péhodoc.

8.3 DB*-0évdpa

H péon i tou rapdyovta yenowonoinone yopeou (dniadh E[U]=69%)
evog B-8¢vdpou elvar duvatd va auinbel av xatd v sloayoyy epappochel
N e€hg Texvih. Av xdrowa eloayoyh npoxakéost unepyellor, 16TE Vo YNy
viver Sudoraon (ondte Ha mpoxddouy 8o xépPou pe neprextixdtnta H0%),
ARG xdmowa xhedid va anolnxevlody oe £va vettovixd x6pPo mou dev elvar
100% mifenc. Av xal ou 8Vo vertovixol xdpfou elvar mhfpels, 16T dLaond-
vTat 8%o xépPot (o unepyehilov xar évac Yertovixds) xal TpoxVRTOUY TPELS.
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Me autéd 1o téyvacua N EAAYLOTY T TOU TApdYOoVIa YpNotLonolnong Y-
pou xablotatar Uy =67%, evéd pe avtixatdotacn otov tino tou Leung
mpoxvntel péor Tph E[U]=81%. ‘Alho mheovéxtnpa elvar dtv v avalhr-
or vivetar TaylTtepa, EVO To MELOVEXTNHA elval To audnuévo x60Tog xaTd
Tig ewoayoyes xar T daypapés. Ta B*-8évdpa, mou mpotdlnxav enlonge
and toug Bayer xav McCreight to 1972, opilovtal xat” avaroyla npoc ta
B-3¢vdpa.

Sippova e évav oplopé To B-Bévdpo tiing m elvas éva Bévdpo ava-
{htnone m Spdpwy énou:

o 1 plla éyel To ehdytoto S0 madid xaL To pévioTo QL%J—I-I nadid,

e oL cowtepxol xopPot, extéc g pllag, €xouvy To ehdyLoTo LQmS_QJ—I—l
nadLd xaL To pévieTo m noudid,

o évoc eowTepxds x6uPoc pe k xhewdid Eyel k41 nadid, xan
o oL elwtepwxol xéufol Beloxovtar oto (Suo exinedo.

Ta npdypata potilovtal xakbtepa pe ta UyhApata 8.10 xal 8.11, dnovu
napovorgletar aviiototya 1 ahinhouyin Stadoyxdy eoaywyohy oe éva B-
3¢vdpo xar ot éva B*-8évdpo tddng 7. Ye éva B-8évdpo tddng 7 o ekdytotog
xat o péytotog aptiude toudiodv e pllag elvar 2 xav 7 aviiototya, evé o
EAAYLOTOS XAl 0 PEYLOTOS apltOpdc TadLdY TOV E00TEPXOY XOUPoy elvar 4
xat 7 avtiotoiya. Ye aviifeon yvia éva B*-8¢év8po tddng 7 toybouy ta edhg:
0 ehdylotog xaL 0 péviotos aptBuds nadiov g pllac elvar 2 xar 9 avti-
oToLY A, EVE 0 EAAYLETOS Xat 0 LEYLOTOS aptidc IOV TOV E0WTERLXGOY
x6pPov elvar 5 xar 7 avtiotoiya.

‘Eoto 61t 610 B-84vdpo éxouv 01 cloay el 6 xhedid nov otevalovta
oty plla. Me v etoayoyh evig €Bdopou xhediod v plla Staondtal xaL npo-
x0nTouy dUo xépufor-nadid. H Staducacia auvth napovoidletar oto Nyhua
8.10B. Avtiotoya, €éotw 6Tt 6t0 B*-8évdp0 €xouv eioaylel #dn 8 xhedid
xat axohovBel eloayoyh tou €vvatou. Yto Yyhua 8.113 napovordletar 7
Sudonaoy tng pllac xar 1 yéveon dbo xéuPov-tadiodv. H plla oto B*-8év-
dpo propel va npoopépel otéyn ot TEpLocOTERA XAEWLE and TNy TEN Tou
3¢évdpou, wote pe TN ddonaoy e pllag va mpoxidouy xéufor mihpels xatd

67%.

H Swaduxacia tov etoaywydy ovveyletoar. Ta xhedid 100, 113 xou 142
xateuhivoviar oto dedid nandl tne pllac Tou B*-8évdpou tou Ly fuatoc 8.113
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4 5 10(|19 52 56|90 100 113||146 150 175 193 202 215

Yy 8.10: Awdoyuxés eoaywyéc oe B-3évdpo.

XaL TpoxahoUy TNy urepyellomn Tou, Oyl OU®S Xal TR ddonach Tou. XTo
Yyhua 8.11y rapovordletal to B*-36v8p0 petd tny cloaywyh tou xhetdiod
146. Elvow gavepd 6tL pepxd xAedLd £y 0Uv TEPAOEL GTOV APLOTERS YELTOVLXS
x6upo pe avaroyn pubuiorn tov xheddy e pilag. To Yyhua 8.10v napou-
owgler avtiotolyyo B-8¢évdpo nou nepiéyet ta (Sra xhedid. Xtnv neplntwon
auTh xatahappavovtal 4 xoppot Evavtt tov 3 tou B*-8€vdpou.

Av undplel unepyeliion oe x6ufo evic B*-8&vdpou xat dev undpyet y6-
e0S 08 YerTovixo x6ufo, tote dnulovpyeltal évag véog xopfoc. Tautdypova
Ta xhewdLd Tou xéufou rmou urepyethilel xat evdg yertovixol x6pfou (e mpo-
TEPUGTNTA OTa aplotepd) avadiavépovial théov oToug Teelc xouPouc.
napddetypa, £0Te 6Tl oTa 3évdpa Ty Lynudtov 8.10y xat 8.11y sodyetat
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Yyfpa 8.11: Awdoyués eroaywyéc o B*-8évdpo.

o xiewdl 150. H emthoyh twv dbo peoalwy xiediody nou Oa avérbouy oo
avetepo eninedo npoxintel pe v e&hc anhh pébodo. Ta xhedid mou unet-
ofpyoviatl otn Staduxacia tne avadiavophc elval Ta xAeWdid Tov d%o x6uPov,
T0 XAEWl and To AvOTERO ENIRESO XAl TO ELoAYOUEVO XAEWD(, dpa 0 GUVOAL-
x6c aptpoc xhediody elvan 2m. To npdto xhedl nou emiéyetar elval to
[(2m 4 1)/3]-0076 (éote 670 7 RocbdTRTa auth cupPBoriletal e a), eved To
deltepo elvar to [(2m+1—a)/2]-0016 and ta uvndhowra 2m-a. Ta Lyhuata
8.108 xat 8.118 Selyvouv tn véa popeh Ty d3évdpmy. Av xat ta 3Go dévdpa
€youy and Téoocplg x6uPoug, eviovTols oL dGo xouBot tou B-8évdpou elvar
ahfipeg xatd 50% xau o évag xatd 100%, evéd drou ot xépfol tou B*-8év-
dpou elvar mhhpelc xatd 50%. H Swadwacia tov agpllewv véov eyypapdy
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ovveyiletal pe ta xhewdd 15, 16, 17 xav 18. Ou véeg poppés tov 3évdpmy
patvovtar ota YyAuata 8.10e xar 8.11e.

‘Onowg paivetar T B*-8évdpa elvan o ypovoPdpa and ta B-3évdpa xa-
TE TNV ELOAYOYH XAl XATE TN SLAYPoPh, GUWS XAVOUY XAAUTERT, Y pNoT TOU
Y Opov and ta B-8évdpa, enedy Siaxplvoviar and pixpdtepo Vo xar Ayo-
Tepoug xopfBouc via tov (Blo aplud xrewdidyv. Emmiéov mpoopépouy xa-
Nitepoug ypbvoug avalhtnong, dniadh n péon T TOV TpOoTEAICE®Y YL
avalhtnor evéc xhewdlol oc 3évdpo tddng m pe n xAedid oty yelpdTepn
neplntwon elvau:
n+1
Tnpoo < 1+ Iog(2m—2)/ST
Aré wouc Eisenbarth et al. éyel anodeyfel 6t mbavétyra va yivel
pla A neproodrepes Slaondoelg xatd Ty etoaywyh tou (n41)-xhedrol elvor:
1 2
— + O(m~
— (%)
Yuyxplvovtac tov im0 autd pe tov aviiotolyo tino and ta B-8évdpa mpo-
xunter apéong 6tL ota B*-3évdpa yivetar onavidtepa dudonaoy.

Ané v mponyolpevn avantuln yivetar gavepd 4t yia Ty vionolnon
e dophc auths mpérel va Bewpenlel Stapopetixdc tinog eyypaphs Yo TN
plla. Awydtepo ouyvd ouvavidtar oty BiBioypagin évag mapakhaypévos
optopde tou B*-3€vdpou, 6nou o xépfoc tng pllac Séyetar to (Bio pévioto
TEPLEYOUEVO HE TOUS UROAOLTOUS XOUPoug, eved 1 molTxy Stayelplone tne
urepyeliong elvar xowh. H teyvueh tng didonaorng SYo x6pPwyv oe Tpec
uropel va yevixeulel pe Sidonaoyn tpldy xo6uPov ot téooepls, TECOAPLY
XOPPoY 68 TEVTE XOX. XTI TEPLRTOOELS AUTES 1) EAAYLOTY TUUY TOU Tapdyo-
vTa ypnoworoinone yopeou ba wwoldtar aviictoiya pe 75%, 80% xox., eved
n péon Tun npoxintel and tov tino tou Leung. BéBaia elvat euvénto dtu
To tiunpa évavtt Tou x€pdoug autol oe XaTaAaUPaAvOopEVO Y Gpo elval To
aLENUEVO XHOTOG OTOV ATALTOVUEVO YPOVO VLo ELOAYOYES XAl Slaypapés.

8.4 BT-3évdpa

H Sopn mou yenowonoteltar neploc6tepo 68 eumoptxd mox€Tta yio TN 8-
provpyla xatardywy elval ta BY-3évdpa. H Sop# auth npotdfnxe and tov
Knuth xat opiletar wg e&hg. Ne éva BT-3év3p0 Babpol d:
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o 1 plla éxel To eldyioto d%o madid, extic av elval QURRo,

e /7 7z /7 /7 7 /7
o oL sowtepwxol x6puPol dev €xouy neplocdtepo and 2d xhewdid xat Ay d-
/7 7 e /7 7z /7 7
tepo and d xiewdid. Ot eocwtepixol xéufot neptéyouy Lovo xAedLd xat
delxteg mpog To xathTEPO eninedo,

e 6ot oL elwtepxol xépPot Beloxovtar oto (Bo exinedo. Av 1o BT-8év-
dpo yenowonoteltal we xVplog xatdhoyog, téte ot ewtepxol xOpuSot
TEPLEYOUY EYYPAPES, EVG AV YENOUYLOTOLE(TAL ©F SEUTERELWY XATAAO-
voc, tote ou elwtepxol xopPor meptéyouy xhedid xat delxteg npog
eyypapés, xat

o évoc eowTepxds x6uPoc pe k xhewdid Eyel k41 nadid.

56

/ \

10 19 90 113

4 5 /= 10 12 > 19 52 > 56 71 = 90 100> 113 142

Syhpa 8.12: Katdhoyog pe dophy BT-3évdgou.

Az tov oplopd galvetar 6tL (brwg To B-3évdpo) To BT-83évdp0 dev ef-
vau azoapalitnta duadixd dévdpo. La napdderypa, elvar Suvatdv and xdbe
eowtepd x6pPo tou BT-83évdpou va deixtodotolvrar 100 xépfor modid.
Ye aviifeon npog 10 B-34v3p0, to B1-34v3p0 elval etepovevés. Yto Lyfua
8.12 rapovoidletar éva BT-34v3p0, drou o apfrol ota gliia Snhdvouy Ta
XAEWOLE ORGXINEOY EYYPAQPOY, eved oL apthuol oToug comTepxolc x6uPoug
dnrdvouy anid xiewdid. Enlong ta @ikia nepiéyouv delxtes npog to end-
HEVO QURRO Yo Steuxdiuver tng oetplaxhc excepyaoiag. Palvetal, howndy,
67l N Soud unodiapeital oe o hoywd péey, drou To avetepo edunrpetel
T0 XaTOTEPO ¢ xatardyos. llpaypatixd oe pla vhonolnoyn Oo mpérer va
elval StapopeTinds 0 THIOS TV ECWTERXMY A6 TOV TUNO TV PUAR®Y. X7
ouvéyel Ha pavel 6TL autdg o xaTIhoYOoS Asttoupyel ws €va anhd B-8€v-
dpo brwg avantiylnxe nponyoupéves. Kdiiota, exlong, Ha propoloe o
xatdhoyos autdc va elvar éva B*-3¢évdpo.
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Yto onuelo autd avolyel. pla napévlieon. “Eyer yenowonombel 787 o
6pog oehida yia va dnhwbel to ehdytoto Quowxd péyehog dedopévwy mou
petapépetal petadt xplac xar deutepevouvoas uvhung. 2otéoo, N peTago-
ed dedouévory yivetal hoywxd xatd xddouc. NNy mo anif pop@h uropel va
Oewpenlel 6t évag xddoc tavtiletar pe pla oerida. Ytn ouvéyeia howdy, yia
Koyouc guxohiag o bpog xadog Oa yenowwonownlel loodbvapa pe Ty évvola
Tou X6ufou.

H Baowh Stapopd petall tov B- xar B*-84v8pwv ap’ evég xat Tou BT-
3évdpou ap’ etépou elval 6Tt 6To BT-3évdpo ta dedopéva Beloxovtar pévo
ot PUAAAL. LUORPoVA UE TOV 0pLlold, oL ecwteptxol xoppot éyouy and d wg
2d xhewdid, evedd ta g (rou tautilovtar pe toug xddouc) neptéyouv évay
aptipd eyypapdy tou héyetal mapdyoviag xadonoinong (bucket factor,
Bk fr). To nopdderypa, oe éva eomtepixd xat ot éva e&otepixd x6pfo
uropel va éyouv amoblnxeulel 200 xiedia xar 10 eyypapéc, aviliotorya. E-
newd ot ecwtepxol xopSol nepteéyouy Povo xhedid xat Stevbiveels, o Adyoc
Staxhddwone elvatr okl peydrog. "Etol autd ta 3évSpa elvar pryd xau e-
Loapetixd mhatid. Autée elvar o Bacwds Aéyog zou ta BT-3&vdoa elvar
t600 anoteheopatixd. Mdhota ta BT-34vdpa elvar 1 xto xatdiinin Soph
v epoThoeg Swaothpatos (eved dnwg Ba pavel oe exdpeva xepdhoaa 1 To
XaTIAAN Sopy) yia anhéc epowThAoelg oTtnelleTal 6ToV XATAXEPUATIONS).

H Sop# tou BT-3¢év8pou mov exelnyhbnxe nponyoupéveg elivar pla xe-
elntwon mpwrelovtoc xatardyou, dNAadh xatakdyou ue Bdor to npwTevoy
xhewdl. Yty meplntwon auth, o npwtedony xatdroyos xabopilel Tov tpdno
anoffxeuong Ty eyypapdv. Av ou eyypapés elvar anolnxeupéves oe ver-
TovxoUs xd8oug xatd anbhuth TdEY Tou XAedLod Toug, TOTE 0 XATANOYOS
Myetaw ovpnayfg (clustered). “Etou, oto avétepo exlnedo and ta @ik
Mo xatdhoyog meptéyel névo Ty TR Tou wixpéTepou (h peyakitepou)
xhewdol xdbe xddou. ['a to Aéyo autd, o xatdroyog autdg Aéyetal xal
apatdg (sparse). o mapdderypa, o xatdhoyog evig apyelov ISAM elval
Evag apatdg XaATIAOYOS.

Qotéoo, To BT-3évdpo propel va ypnoworomnbel xau wg deutepelov

7 4 re 7z 7 /7 7z
xatdhoyvos. XTo Lyrnpa 8.13 Slvetar éva mapddeiypa, 6mou ou eyypapég
avagépovtal ot otolyelan Pfakxavix®v xpat®v (nou divovtal otov Ilivaxa
8.2). Il ouyxexpuwéva, npwtelov xhewdl elval 1o dvopa tou xpdtoug, eve
deutepedovta xhedid elval o thnbuopds (oe exatopuipla xatolxouc) xot n
éxtaon (oe yukddeg tetpayovix®dy yuhopétpwy). ‘Etol oto exndve pépog
ToU oyUATOS palveTal 7 SoUT TOU TEETEVOVTOG XATAAGYOU, EVE 6TO XATO
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Xébpo Dmbuopée | “Extaon
ABovia (A) 3 29
Boovia-EpleyoBivn (Bh) 4 51
Bovivapia (B) 8 110
TiovyxocraBia (Y) 10 102
Eamnéde (G) 10 132
Kooatia (C) 5 56
Kinpog (CY) 1 9
nram (F 2 25
Povpavia (R) 23 237
YhoBevia (S) 2 20

Mivaxag 8.2: IIanbuopdc xar €xtacn tov Bakxavixdy xpatdy.

G
Bh | Cy S
A|B Bh| C Cy| F G|R S|Y
3|8 415 112 10 | 23 2 |10
29 (110 51|56 9 |25 132]237 20 (102

\ S

©
(]
o

25129

51

56 102110

132]237

25

51

102132

Yy 8.13: BT-8¢6v3p0 w¢ npotetoy xau Seutepedoy xatdioyoc.

HE€pog Tou oy uaTog Staxplvetal 0 SeuUTEREl®Y XATAAOYOS oL ElvaL 0pYAV®L-
névog pe Baon to nedlo tng éxtaonc. Yto teicutalo enlnedo Tou xatardyou
autod urdpyouy arnolnxevpéva Lelyn xhedLdv-Sewxtdy, 6ou ot delxtes or-
HaTod0ToUY Tpog TS avTloTolyes eYYpapés Tou TpwTelovTtoc xatardyou. O
xatdhoyog autée dev elval apaide, ahhd avtiBeta héyetal muxvég (dense).
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Yuyvd v to (Bto apyelo undpyouv nokhol deutepelovies XaTAAOYOL,
TOU AVTLOTOLY 0V o€ SlapopeTixd nedla tng eyypapns. Ltol Steuxoibvetal
n avalftnon pe Bdon elte 1o npwTedoy, elte o deutepedoy xhedl. "Ouwg av
ulo evypapn Exel morrd nedla, dev elval anapaltnro va dnuoveynel évac
xatdhovog v xdbe wedlo, yiatl étou

o 1 (S mhnpogopla Oa exavarapPavétay dbo gopés xar Oa yperaldtay
TOANATAGOLOC Y OpOS antd To YOPO TOV Xuplws dedouévey, xat

¢ 10 %X607T0¢ EVIUEPLONS TOY XATAROY®Y Oa ATav Wialtepa peydio axd-
un xat v pla ankf eoaywyn véag eyypaphc.

EvBivn tou oyediaoth tov apyelov slval va anogacicer 1o mécous xat
noLovg xatahdyous mpénel va dnuovpyRoet, yiatl av yivel ep@dtnom pe Bdon
deutepetov xhewdl yia To onolo dev undpyel aviioTolyog xaTdhoYOS, TOTE V)
avalhtnor tavtiletar pe v avalftnon oe apyelo owpol. Ag onpeiwiel,
enlong, 6t Ta apyela ISAM Sev uropoiv va yenoiueicouy we dsutepelovieg
XATANOYOL.

H avalftnon oe BT-8évdpa vivetar pe v edfic péhodo. Zexivédvtag
and 1 ptla, ot delxtes mpog to xatdTEPO enlnedo ovoudlovtar and 0 we k
7 /7 e e re /7
xat tor xhewdid and 1 wg k. Av to xhedl mouv avalnteltar elval uixpdtepo
/7 A e re /7 7 rs 7 /7
and o npodTo xhedl e ptlac, téte hapBdvetar o delxtne v’ aplbud 0.
Fevixd, av to avalntoduevo xiedl elvar peyaritepo and 1o 1-0616 xhetdl
/7 /7 N /7 e /7 e N /7 e
XAl UXPOTERO ARG TO (l—l—l)-OG‘EO xhewdl, té67e axorovbelzar o 1-00tog del-
xtng. H Swaducaoia auth extereltan yia dha ta enineda tou 3évdpou. "Etot
n avalfitnon @Odver ota @iiha, 6nou evtoniletar n oyeTxh evypaph av
0 B1-34v3po0 elval npwtedmv xatdhoyog, evéd av to BT-34v3p0 elvan Seute-
EEVOV XaTdhoYO0g TéTE axohovlelitat 0 oyeTxds delxtne npoc TV aviioTolyy

eEYYPAPN.

8.4.1 Ilpoornéhaocn eyypaghs

‘Eotw 6t 10 BT-88v3p0 yenowonoeitar og rpwtelioy xatdroyos. Mro-
eel elxora va anodeiyfel, 6t 6Tav avolyel to apyelo, 1é6Te GhoL oL XSOt
EXTOS TV XOUPY TV dYo tekeutalvy emnédny anolnxeloviar oty xlpLa
UVARY. LUVER®S, To X06T0g dLdoylong TV enédwy autdy elvat aueintéo.
Araiteltan pla npoonéhacy yia Tov x6pPo mou PBeloxetal endve and to xa-
TaAMNAO PUAAO xau diin pia mpooréiacn via To QUAN0. Apa To oyeTxd
x6oToc clval:

Treos = (s+r+0bit) + (s+7r+dit)
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‘Eoto, tdea, 61t 10 BT-38v3po yenoyronoeltal g deutepelony xatdhio-
voc. Elvat ebhoyo va urotelel 6L otny xipta uvAun ywpoly 6ha to exlneda
Tou 3¢évdpou ANy Tou teleutalou mou mepléyel Toug delXTES TPOg TOug Xd-
douc. “Etot, xau oty neplntwon auth To ypovixd x6oToc dlvetar and TNy
nponyoluevy Exppac. Xe xafe neplntwon, o onpavTed ouurépacua elvat
4 7 + z 7 7 7 7
6t avalftnon oe BT-8¢év8po anattel Yo npooneidoeg oto dloxo.

8.4.2 EZavtintixh avdyveon apyesliov

Kdfe x6pfog nepiéyer 1o ehdytoto xou to péyioto d xar 2d xiedid avti-

/7 7z e 7 7z /7 7z 7
oTolya, Ouws Exel anodetylel otL xatd péoo dpo neptéyel 2d X In2 xhedid.
Yuverdg, o aptipdc Ty xddwvV tou arattolvTal Y Ty arnofnxeuon tou

B"’-Bévaou elvat:
n

Bk fr x In2

onou n elval o aplbpds Tov eyypapdy tou apyelov. O arnattoluevog ypdvog

= bk

v v efaviinTich avdyvoeon evég BT-3év8pou nou ypnoweler wg mpo-
ey xatdhoyog elval:

n X (s 4 r+ dit)
Bk fr x In2

Texon (npwtetov) = bk X (s + r + dit)

Avutég o tinoc npotnohétel 4t o xdhe pliio undpyel Evag delxtng npog To
enépevo QUANO. Av auth 1 ouvhixn Sev Loy let, Tdte evalhaxTixd propel va
epappoohel plo evdodiatetayuévy dudoyion pe apeintéo emmiov ypovixd
x6otoc. ' nopdderypa, av urotebel 6t o Pabude tou dévdpou elvar 100,
T6te 0 Aoyoc Sraxihddwong elvor 140. "Apa, ywa xafe 140 @iiia mpénet va
viver pla axopn npoonéhaoy otov xopo ratépa.

Meénel va onpeiwbel 61L to ypovixd xb66T0g oL TEOXLRTEL and TN oyéon
auth elvat peyakitepo and 10 x60T0¢ eEAVTANTIXAS AVEYVOONS £VOS GELpLA-
x0% tadvounuévou apyelov, enedh oL Sadoyixéc etoaywyés xar Siaypapésg
OUVTEAOUY GTT] PUOLXTH ATOPAXPUYOT AOYIXA SLmAavOY xoufwy. “Etot, arat-
TOUYTAL GUVEYMS VEES TPOOTEALCELS L€ XOOTOS EVIONMLOLOY TOU XATANANAOU
PANARICTIPH

O azrawtobpevog ypbvog yia Ty elavtintich avdyvoon evée BT-34vdpou
TOU YENOLULEVEL WS dEUTEREVMY XATAAOYOS elvat:

s+ r 4+ bit

Texoy (Seutepedov) = n X (s+ 7+ dit) +n x 5 2
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O mpdTog 6pog AVAPERETAL GTO XHOTOS AVAYVOONS TOV EYYPAQPOY o Tpog
nio, eved o devtepog avapépetal 670 XO66TOC AVAYVLONS TOu TehguTalou e-
uxédou tou BT-8¢év3pou. O deitepoc bpoc elvar onpavtind pixpdtepog xat
uropel vo napahetpel.

8.4.3 Ilpocnélacy eRdOUEVNS EYTPRPTS

‘Eoto xat ndit 61t to BT-34v3p0 ypnowonoeitar wg npwtedoy xatdho-
yog xaL 6TL urdpyouy delxteg and to éva pUAlo mpog to diro. To ypovixd
XGGTOC YL TNV AVAXTNOY TNS ENOUEVNS EYYpaPhc elval:

s+ r 4+ dit

Tsnop. (TCP(,L)'CEL’)(,L)V) m

H oyéorn auth elnyeltoan pe Bdon o vevovée étv 1/(Bkfr x In2) elvar n
nbavoétnta N endpevn eyypaph va Peloxetal otov (Sto xéuPo pe tny mporn-
youuevy,.

Av 1o BT-34v3p0 yenoponoeltar wg deutepedwy xatdhoyog, t6Te a-
ranteltar TouAdyLoTo Pl TpooTéhacy XOUPBoU Yia TNy eUpEaY) TNS ENOUEVNCS
eyypaphc. Enumiéov propel va anowtniel pla npoonéiact oto endpevo QUA-
ho yia v elpeon tng devbuvone autol Ttou xdéufou. “Apa, Telxd, To
YEOVXG XHGTOS YL TNV AVAXTNOY TNS EROUEVNS eYYpaphc elval:

s+ r 4 bit

Terop (deutepedwy) = (s+ 7+ dit) + YIS

O npdToc dpoc dlvel To x60T0C Y TNY €UPEST] TOU EXGUEVOL XABOU GTay 1)
devhuver, tou elvar yvwoth. O Seltepoc dpoc npoxintel and To yeyovic
ot elvan mbavo auth 1 Selbuvon va puny elval yvooth. Xtny replntwon
auTh, YYooth elval pévo 1 Sielbuvon tne oeildac, drou elval anobnxeupé-
v 1 Sevbuvon e endpevne eyypapnc. Kau ndh, o dedtepog dpog elvan
MYOTERO ONUAVTIXGS and Tov npdTo xat 1 oyéon propel va amionownlel.

8.4.4 Ewaroyh eyvpapns
O sloavwyéc oTo B"’-Bévao vivovtalr oto tehevtalo exlnedo. Mla cioa-

yovh navta apyile pe avalftnon tou xhewdiod mou npdxettar va etoaylel,
Oote va evromolel o xatdhinhog x6uPosc. Av to xhewdl Pploxetar dn oo
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apyelo amopelyetar €éva Adboc. Av undpyer dtabéoipoc ydpog péoa otov
x6pufo, 67 o xhedl (h 7 eyypaeR) anobrxeletal. Ytny axholotepn, Aot
nov, neplnTwon 10 x6070g plag eloaywyhs elval:

Tos = Tnpoo + 2r

"Opws elvon Suvatdv va undpdel Sidonaoy xéupou Aéye urepyeihong,
xar auth N Swadixacia va ouveytalel péypl ™y xopupn. L' mapdderypa,
éotw 6T To BT-88vdp0 ypnoyronoeltal wg mpwtedmy xatdhoyog xat 6Tt og
Evay xopufPo ouyxevipwvoviar Bkfr41 eyypapés. Ou npdtec pioés xat ot
devtepeg MLOES EYYPAPES AUTOY TOU GUVOAOU arolnxebovTal 6Tov TaAd ot
oe véo x6pfo, aviiotoya. Anradh, av Bk fr=>5 téte xahe xépfog déyetar
and tpeg eyypapés. Av Bkfr=10, 16t 0 naibég xat o véog xéuPoc dé-
yovtar b xau 6 eyypagpés, aviiotolya. Ltny neplntwon auth elvat pavepd
6L ou 3%o xépPou elvar mifpeg xatd H0%. Autéc elvan évag héyog mou to
apyelo autd xatorappavel neplocdtepo YO0 and éva apyelo cwpov.

Av o BT-34v3p0 yenowonoeitar wg deutepedoy xatdroyos, t61e xd-
Oc @Uiho mpéner va nepiéyel and d g 2d xhewdud. “Etol, otov noid xo
070 véo x6pPo anobnxebovtar d xau d+1 xiedid, aviiotoiya. Kot otig 8vo
TEPLNTWOELS, 1) TULH TOU XpdTEPOU XAEWLOU TOu vEou xoufSou xabodg xat 7
devhuver tou véou xéuPou npénel va avérbouy npog Tov xopfo natépa. Av
auté to Lelyog nou avthieltal npog To eXdve dev Y wpd 6ToV TaTépa XOUB0,
tote npénel va yivel véa Sudoraoy. (lotéco, oto onuelo autéd undpyel 7
elhc muph dragopd. ‘Otav otoug comtepixols x6uBoug undpiet didonao,
Tote Ta mp®Ta d xAeWd anobnxeloviar 6Tov nakd xo6ufo, Ta tereuvtala d
(xow Sy d+1) xhewdid anobnxedovial 610 véo x6pfo, evd to pecalo xheldl
avtieltal mpog to avodTepo eninedo. Aniadh, 1 Stapopd €yxeital 6To Ye-
yovéc 6t To avepyopevo xheldl anolnxevetar xar oe éva véo xépfo Tou
teheutalov emnédou aird Sdev cupfaivel To (Blo xau ota avetepa exineda.
H Siadixacio auth propel va ouveyiolel péypl ) plla. Yto MyApa 8.14 i-
vetal éva mapddelypa eloaywyhs Tou xhewdiod 142 oto BT-38vdpo nou elvan
Babpos 2.

To xéot0¢ swoaywyhc elvar cuvdptnon Ty diaondoewy mou o cup-
Bovdv. O Baeza-Yates (1989) erextelvovtag tny avdiuon xpacnédou tov

Eisenbarth et al. xatéinie 6t v mbavétnta va cupfody nepiocdtepes and
pia Siaondoeig xatd tny ewoayeyfh o éva BT-3évdpo elvau:

1

- -2
Bifrxina T OBk
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19 71 146 175

4 5 10 12|19 52 56||71 90 100 113||146 150||175 193

100

19 71 146 175

\

4 5 10 1219 52 56(|71 90|[100 113 142||146 150||175 193

Syhpa 8.14: Ewayoyh oe BT-36v8p0 pe d=2 xav Bk fr=4.

Yy replntwon pac Oeopeltar npooseyyiotxd 6Tt elvan woonlBavo oe éva
pUIo va elvar anobnxevpévee Bk fr/2, ..., Bk fr eyypapéc. H mbavétnra
mlo véa eyypaph va uny ywped 68 xarolo @UIAo elvan W = ﬁﬂ. “A-
e, N mbavétnra pla véa eyypapn va ywpd 6to PUAR0 elvat 17#. Me
T0 (3o oxentixd N mbavétnta va Siaorachel o natpixdg xépuBog elvan 1/d.
Yuverde, Oewpdvtac 6Tl dha ta enlneda Tou 3€vdpou ANy TV dVo TeAEu-
Talwy elvar anolnxeupéva 6Ty XVeLo UYAILT, TEAXA TEOXVUTTEL GTL TO XO6TOG
sloayoyhe oc BT-34vdp0 elvau:

Tos = npoG +2r +

s—l—r—l—btt)

X((s—l—r—l—dtt)—l—(s—l—r—l—btt)—l— y

BEfr

Ezedd o Babude tou 8évdpou elvar peydirog (xy. d=100), propel n oyéon
v amhonownel:

2
Tos = 1 1 Troos + 2
(14 gy ) X Treor 2

Av Bkfr=10 xa to pévehoc tng oeiidag elvan 2400 bytes, téte mpoxintel
OTL 0 anaToUUEVOS Ypdvog Yo in eloaywy elval:

2
Too = <1+3> x 25,1 +16,6 = 77 ms

Aré autd ta 77 ms, ta 10 neplnou opelhovtar oty Sidorao,.
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Av-o B"’-Bévao yenouronoteltat ©g deutepelmy XaTdhoyos, ToTE npénet
o 6poc 2/ Bk fr va avtixatactabel pe tov dpo 1/d. “Apa:

1
Teo (deutepeloy) = (1 + 3) X (s+7r+0btt) + 2r
Ezxewdh o Myog Staxhddwong evég BT-88v8pou, nou yenowponoteltal wg deu-
TEPEVMY XATAROYOC, elval peydiog xou 1 mbavétnta dudonaong elvar pwixeh
0 TURog auToE amiorote(tal oe:

Teo (deutepedwy) = s+ 3r + bit

"Ortay yivetar plo eloaywyh 6ToV TpETEVOVIA XATIAOYO, TEEREL VUL EVI)-
nepwbholv Ghot oL deutepetovies xatdroyol. H evnuépwon twv dsutepeud-
VIOV XATOAGYOV elvat Tpoinuatixy, eneldn xatd tn didonaoy, evoc xopSou
noikéc evypapés arrdlouvy devbuvon. [a to Adéyo autd, nolhd cuosThuaTta
duayelpiong apyelwy dev xpatoly pall ue to deutepedov xhedl tny avtiotot-
¥ devbuvern akhd Ty TR Tou npwTevovtog xAewot. To micovéxtnua Tov
CUGTNUATOY ALTGY elval 6Tl dev evnuep®vovTal Yia xdle eloaywyh dhol ot
deutepetovtes xatdhoyol. And v dAAN TAeupd, TO pelovEXTNUA elval 6T
v Ty elpeom plag eyypaphc ue Paomn to deutepelov xhed! npénel va yivet
TPOOTEAACT, XAl GTOUS SUO XATAAGYOUS.

8.4.5 Awaypaph eYYPRPhS

H Swyelpion tov Staypapdy e éva BT-38v3po eivar Sloxoro mpdBhnua.
Yoppova pe tov oplopd dev mpénel M TeplexTiXéTTA TV X6uPov Tou Bt-
3évdpou va elvar xatdTepn Tou H0%. ‘Apa, dtav Kéye dwaypaghc évag
xOpuBog pelver pe hydtepo and d xhewdid f Bk fr/2 eyypagés, tdte npére
auths 0 xopPoc va suyywveulel. Yrdpyouv noirés nepuntdoelg Staypapdy.

H npdtn xou anhovotepn neplntowon elvat dtay Letd ) Staypaph Xanotog
xOpufBog dev €yel hydtepes eyypagés and Bk fr/2 exyypagéc i d xhedid. Av
and Ta pUA Staypapel xdnota eyypapn e xaewdl mou elvar anobnxeupévo
o€ XAmoLo aveTEpo enlnedo we TLh ocUyXpLons, TéTE dev dnuLovpyeltal Tpd-
Binua, yviotl xal wdhe  avalAtnon Swapéoou tov emmédmy tou dévdpou elvat
owoth. Xto Lynua 8.150 auth n neplntwon aviiotolyel otn Saypapn TN
eyypaphc pe xhedl 52.
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() 12 52

4 5 10|12 19|52 56 71 90

(B) daypap?h 52 12 52

4 5 10(|12 19|56 71 90

() daypagh 19 10 52

4 5 |[10 12([56 71 90

(8) Sraypapr 90 10 52

4 5|10 12|56 71

(2) draypogh 12 52

4 5 10(|56 71

Yyhpa 8.15: Awaypagés oe BT-3év8p0 pe d=2 xav Bk fr=4.

Av éva @ilho anopeivel pe hydtepec and Bk fr/2 eyypapés, téte ehéy-
yeTaL av évag yettovixds xépfog (pe npotepadtnta edetdleTan o aploTepde)
€ 0UY TEPLEGOTERO antd aUTH TO Gplo. Av xdmolog, Aowéy, adehpic xopuBog
€yeL neploodTepo and To Gplo, THTE oL EYYRAPES TV dVo XOuPov polpdlo-
vtal e&loou petalld Toug xat TALTOYPOVA EVNHER®VETAL 0 Tatépac xOpuBoc.
Avth 7 Swadixaocio napovordletar oto Lyhua 8.15y pe wn Staypaph tng ey-
veaphc 19. Katémy €otw 6Tt Sraypdpetar 1 evypapn 90. Auth n neplntwon
elval mapdpola pe Ry neplntowon e dtaypaphs T eyypapns H2. H véa
nopph Tou BT-34v8pou gaivetar xau mdi 670 Nyfua 8.153.
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‘Eotw todpa dtL npénel va dwaypagel n eyypaph 12. Elvar gavepd 6t
xavels and toug vettovixolg adeipols xoppous dev propel va ocuvelspé-
cel. Emiéyetar o apiotepdc xoppog yia cuyy®veuon. Oueyypagpéc Tov do
x6pPov enava-anolnxevovial oTov Eévay x6uPo, evéd o dihog anodidetat 6To
obotnua. Tavtdypova, evnuepdvetal xat o natépoas x6ppog, 6mou draypdpe-
Tt éva xheldl xat o avtiotolyog deixtng. Auth 1 Swduxasia napovoidletat

oto Yyhpa 8.158.

Méypt otiyphc Sev edetdolnxav ol eowtepixol xépfor. Ipdypatt, elvar
antavo xdrolog eocwtepxdc x6uPog va xatahhiel pe Mydtepo and d xhet-
did, ol 6nws elval Yvwotd xatd HEGo 6po ol eowTepxol x6uPol €xouy
2d X In2 xrewdid. Av d=100, téte 2d X In2 = 140 xav cuvendg o x6pPog
autoe mpérmel va yaoel 40 xhewdid. Qoto60, Yia Aoyouc TANpdTHTAC TEEREL
va avagepholy ta edhg.

(o) 56

10 19 90 113 146

4 5 (|10 12|19 52|56 71|90 100(|113 142|146 150

(B) draypap 4 90

19 56 113 146

5 10 12|19 52||56 71|90 100|113 142||146 150

(v) Sraypagh 71 19 90 113 146

/

5 10 12(|19 52 56||90 100|113 142||146 150

Yyhpa 8.16: Awaypagéc oe BT-3év3p0 pe d=2 xav Bk fr=4.
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AN /7 7z /7 /7 7z /7 /7 7
Eoto 6t évac sowtepixdc xopuPoc péver pe Aydtepo and d xieldid.
Exéyyovral ov adehgol xdpfol (pe npotepatdTnTa 6TOV apLoTepsd) av nepté-
YOUV TEPLEGOTERPA XAEWLA and To bpLo. Av xdmotog adehpdc €xel neplocd-
7 /7 /7 /7 7 /7 7 e
TEPA XAEWDLA Ao TO HpLo, THTE TA AAEWLL TOU XOUB0ou auTOY, To XA Tou
7z /7 re 7 7 7 7 /7
natépa x6pBou nou yweiler toug dVo adehpolc xal ta xhewdtd tou un’ b-
/7 7z 7 /7 e e /7 /7
¢ xéppou avadiavépovtal otoug dvo xoppouc. To peoalo xheldl and autd
T0 GUVORO XAEWBLOV avépyetarl oTov matépa xoufo. Av xal ou %o adeipol
xOpufBol €youy axpBoc d xhewdid, téte npénel va yvivel ouyydveuorn (xatd
mpotepatdTnTa PE Tov aplotepd). To xheldid autd erava-arobnxedovral
ooy éva x6ufo, o dhhog x6ufog anodidetatl 6o cloTnua, EVE To aviioTot-
¥ 0 xhewdl xau o oyetixdg delxtng dtaypdpovial and Tov natépa xé6uPo. Av
xaL 0 notépas XOUPos 1e TN oelpd Tou anmopelvel ue Aydtepo and d xhedid,
T61e To TEOPANPa ueTagépetal xatd éva eninedo npoc T pila. Yto Nyfua
8.16 napouoidletar éva napddeiypa Staypaphc oe BT-83évdpo mou xataifyet
0E GUYYOVEUGT ECWTERLXOY XOUP®Y.

AxorouvBel n avdivon yia ) Swaypagh ot BT-3év3p0 nou yenoyonovel-
Tar 0g TpeTeloy xatdhovos. To xdotog Swaypaphc tne amhhs (xal o
ouvnfopévng neplntowong) elvau:

Ty (mpo>tetonw) = Troos + 27

Y1n devtepn meplntwon yivetar avadlavouh TOV EYYRAPOY TV YELTO-

VIX®OY xXOuBov xar tou natépa xopPou. Ltny meplntworn auth anateltot
7z 7z 7 A A 7z /7 7z 4
ETRAEOY RPOGREAAGT, TV dV0 AdEAQOV, eved 0 Ratépug xOUPoc Exel KO
npoonciachel, xau enaveyypaph ToV TpLdy x6uPov cuvolxd. H mbavétn-
7 re 7 7 4 re 7 7

Ta T0 PUANO va elval yepdTo xatd to Auiou elvon 2/ Bk fr. Edxola npoxintel
OTL TO oyETXG YpoviXs xboTOS elval:

Ty (mpo>1ebov) = Trooe + 4 X (s+r+dit) + (s+r+bit)

Av xa ou %0 adehgol xopPol neptéyouy axpBdc d xhewdid, TTe To OYETLXO
x6oToc clval:

) 4
TBLOLY (TCP(DTEU(DV) = (1 + W) X Tnpoo + (5 +r+ btt)

Av 10 B1-3év3po ypnoyronoeltar ©g deutepelov xatdioyog, TéTE 0
bpoc 2/ Bk fr avtxabiotator and tov dpo 1/d. To xéotog Swaypaghs elvae:

Tsiay (Beutepeiov) = (1 + %) X (s+r+btt) + 2r
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Enedn o d elvar apxetd peydio, o tinog uropel va anionmownfel:

Ty (deutepetov) = s+ 3r + bt

8.5 “AMlkeg naparhayég Twv B-dévopwy

Aré ta B-8évdpa Eyel npoéilet plo peydin opdda evdiapépouowy napahia-
yov. Metald twv dhiov oty Bhoypapia avagépoviar ou e&hc napahha-
véc: Ta B-3évdpa pe xhedid petaPintod whxoug (B-trees with variable
length entries), ta B-3¢évdpa pixphs téddne, ta Avadixd B-8évdpa (Binary
B-trees), ta Xvppetpuxd Avadixd B-3évdpa (Symmetric Binary B-trees)
xau ta ITpoBepatind BT-8év8pa (Prefix BY-trees). Avagopd-xheldi via tnv
owxovéveln auTH TV Tapahhay®v elval ) emoxdanon Tou Comer (1979), 6-
mou to B-8¢év8po yapaxtnelletar wg “navtayod napdv’. Xtn ouvéyeia Oa
viver extevéotepn avagopd ota llpofepatind BT-88vdpa, eved yia Tig uné-
rownes Sopég divovtar povo Alya xatatoniotixd otovyela.

Av ta xhedid elvar petafintol phxoug (y. oupforooeipés), tdte elvar
duvatéy vy dedopévn oudda xhediody va xataoxevachel éva B-3évdpo e
replexTedTTa XOuBov toukdyiotov 50% (McCreigh 1977). Anhad#, oto
3¢vdpo autd dev éxel onuacia o aptBpdc Ty xheldudy tou nepLéyel (dev yapa-
xtnplleton and xdnowa Tdn), ahrd T0 GUVORXS PiX0g TV XheWLdY. “Eyouv
npotabel apxetol arydplbpol xataoxeufic T€Tolwy 3EvdpwY Tou anoeX0T0UY
oty ehaytotonolinoy tou Udoug tou 3Evdpou xar Tou GuVoAxol aptbpol
XOUPV XAl CUVERGDS GTHY ehaytoTonolnon Tou yeovou avalhtnorng. Ievixd,
v v emiteuy el autde o oxondg Oa mpénet ta pixpol peyéhoug xhedid va
arolnxevhoiv npoc ) plla, Gote 0 Aéyog Staxiddwone ota uhnid enineda
va elval peydrog. To yapaxtneiotind tne SopAc AUTAS XAl TV GYETLXOVY
aryoplluoy elvar étL egapuéloviar pévo oe oTaATXE XAl YVOOTE and TNy
apy ) dedopéva.

Yy xatnyopla Tov B-8évdpwv pixphs 1ddng eunintouy moikéc mapah-
ryéc., Toa 2-3 dévdpa xar ta 1-2 dévdpa elvar B-3évdpa tdéng 3 xou 2
avtiotouya, dnhadh neptéyouy 1 g 2 xat 0 we 1 eyypapés aviiotorya. Ta
2-3 8évdpa adehpdv (2-3 Brother tres) elvar 2-3 3évdpa pe tov emnpdobe-
T0 mEpLoptopd 6TL évag xopfog e pla eyypaph npénel va €xel onwodnnote
adehpd x6pfo pe dvo eyypapéc. llapdpoiog nepropionds toylel xar ota
1-2 3évdpa adehpdy. Ta 2-3 3évdpa uLdvy (2-3 Son trees) elvar 2-3 dév-
dpa pe tov emnpdobeto nepoplopd bt dev propel va undplel éva Ledyog
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x6pPov pe oyéorn natépa-nadlon, 6oy xat ot 3o xéuPol va €youy pla pé-
vo eyypapy. llapduoloc nepoplopde oyler yio ta 1-2 3évdpa vidy (1-2
Son trees). Elvai suxohovénro 6tu ou nepropiopol autol xabiotoly dloxoho
xalOfxov TNy avantuln tov oyetxodv aryoplBuwy dtayelpiong Twv dopdy.
"Okeg autéc oL napahhayéc anotehoy neplocdtepo Dewpentixés avalnthoetg
napd opyavooeg U mpaxTtxh epapuoyh. O evdiapépouevos avayvOoTtng
v tig dopée autéc umopel va avatpéel oto Bifilo tou Gonnet, émou OHa
Beel neprocdtepa otovyela xot avapopés.

Ta Avaduwed B-8évdpa elvar plo ouyxexpuuévny vionoinon tov 2-3 dév-
dpwv pe yphorn ouvdedepévoy hotdv péoa oe xdbe xéufo (Bayer 1972).
‘Etol ot Sopn cuvurdpyouy ol devdpixol delxteg xar ol delxtes TV XOu-
Bov xat tehxd to 8évdpo powdlel pe éva ankéd duaduxd 8évdpo. Ttnv ex-
Soyh auth o dedide devdpunde xOpuPoc uropel va xataotel optlléviiog npog
Tov adehpd xoufo, enopévesg ot xdle eyvpaph yperdletal xal éva emmiéoy
nedlo mou Snhdvel av o dedide delxtrg elvar xataxdpupoc ¥ opléviioc. Ta
Yuppetpxd Avadixd B-3€vdpa enttpérouy xat tov aptotepd Selxtn va elva
oplévtiog (Bayer 1973). Mdota onpetdvetar 6tu ta 8évdpa AVL elvan u-
ronep(ntwon Tov Luppetexdy Avadixody B-8évdpwy. Yto BifSilo tou Wirth
URAPY 0LV TEPLOGOTERA aTolyela oyeTixd U Tous aiyoplBuous Siayelpione
TOV 3EVpmY auUTOY.

*Ohec autés ou napaihayés elvar Souég mou Aéyw exidoong avagpépovtat
xuplowg oty xbpta uvhpy. Avtifeta, ta lpofepatixd BT-3év3pa, mou xpo-
tébnxav and toug Bayer xav Unteraurer (1977), éyouv napdpoia Soph pe
ta BT-3év3pa xau elvar pla dhhn maparhayh yia vionolnorn xuplng ot deu-
tepevovoa uvApy. H Pacuxh déa elvar 6t av to xhedl elval cupforooeed,
T67TE elval TPOTULOTERO GTOUS ECWTERXOUS XOUPBOUS TOU XATAAGYOU VO ATO-
Onxedetal pévo exelvo to npdbepa tou xhewdiol, To onolo elvar anapaitnto
v T Sadixacio avalhtnong. "Etotr o xatdhoyoc neptéyel Toug heyope-
voug draywprotéc (separators) mou elvar petafintol phxouc. To phxog
TV SlaywpltoTt®y mouxiier and éva pévo byte péypt xar éva mifpeg xheldl

base bit data file graph tree

Yy 8.17: EXdyiotoc Staywploths.
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xa e€opTdtat and TS TYES TV YELTOVIXOV XAEBLOV TV eyYpapdy. Eva
napddetypa palvetar oto YyApa 8.17, dnou o diaywpelothc elval éva pévo
byte.

LT T

Gregg Hildreth Johns Johnson Jones King

Syhpa 8.18: Awaywpiotéc oe lpofepatind BT-3évdpo.

Yto Yyhua 8.18 napovordletar évag nifiprs xéupog evég Hpobepatixod
B"’-Bévaou pe €2 xhewdid xoar pe Toug Staywplotés PeTall TV XAEBLOY.
‘Eotw 611 otov x6pfo autdv ewodyetan éva véo xiedl, to évopa JUNG,
ondte npoxakeltar unepyelion xat Sidonaoy Tou xopfou. Av ta xAewdid a-
vadiaveunfoiv e&loou, téte npénet to xhewd! JOHUNSON va anoOnxeviel o
éva véo x6pfo npog ta dedid xar o ehdytotog Staywelothg, To JOONSON,
vo avérler xatd éva eninedo. Amevavtioc av ta xAewdid dev Savépoviay
eZloou oToug 8Vo xépPoug, ahid oTov aplotepd xOuBo arolnxelovtay ta
GREGG, HILDRETH xat oto 8¢€i6 ta JOHNS, JOHNSON xhix., 167 o
Sy wploths Oa elvat To J. Xuvendc n avadiavoph Ty xAedioy ot neplntw-
oy dudonaong elvar Oépa Bertiotorolinong. Ed® uneioépyetar v évvola tou
draotApatog drdoraong (split interval) oy gilov, 0., xoL TOVY ecHTEPL-
XDV XOPPOVY, 0.y, Tou oplletar we o apltiudc Tov bytes # Tov xheldLdv Tpog
onoladfrote Theupd Tou L€oou Tou x6uPou mou Do uropotoe va Hewpenbel wg
onueio didonaorg (split point). To onuelo Sidonaong exhéyeton petall
Tou Sl TANATOS ddonaorg, wote va ehaytotononlel o oyeTxds Staywpt-
oths. Ad%dnon Ty 0;, Xt 0c,y entTpnel XaRUTERY EXAOYH TOU SlayweloTh,
aANG umopel Vo 03NYAOEL GE XAXH EXUETAAAEUGT] TOU YOEOLU T®V QUAAGDY 6
xat Mydtepo and 50%.

Me v teyvixh auth oyt LOVo EAXYLOTOROLE(TAL 0 YOPOS TOU XUTAAA-
Bévouv ot ecwteptxol xéufot akhd xar 1 avalftnon yivetar tayvtepa. Autd
palvetar eixoha xal dtawalntixd, yiatl to dévdpo €xel mhéov Aydtepa enl-
neda. Aev alhdle, Spoc, tinote oe oyéon pe 1o BT-36vdpo o bt agopd
oty avalATnon e ETOUEVNS EYYRAPAS Xat TNG ELaVTIANTIXAS avaYVLmorg
Tou apyetou. H teyvixh auth ypnoyronoteltal tpaxTixd 6€ TOARG GUGTAUATA
Sayelpione Bacewy dedopévorv.



AcevdpLxég douég 199

8.6 Aoxnoelg

<1> Na 80000y avadlutixés exppdoeis yio Tov EAd)LoTo Xat LéyLoTo aptiud
eyveapoy ot B-8évdpo tdine M nou anoteheltal and L eninedoa.

<2> B-3¢vdpo tddng m=6 nepiéyel 17 eyypapéc pe xredid 8, 13, 26, 28,
41, 49, 54, 67, 83, 84, 96, 107, 132, 146, 151, 154, 170 xot axoterclton and
tplo enlneda. No oyediachel to 8€vdpo xal va gavel n Soun Tou peTd T
Staypapés Tov eyypapdy ue xhewdid 83, 67 xa 26.

X O
DDA DX X X X X

<3> Yto B-84vdpo td&ne m=3 tou nponyolevou OYAUATOS, OL XATELATALE-
veg Oéoeig and eyypapdy onuetdvovTal ue Saypdppion. Xtig Oéoes autég
va tonofetnlody eyypapés pe xiedwa P Y, A, Q, F. W, J, T, B, L, M, D xo
U. Na oyediaclel to 3évdpo xar va gavel 7 o Tou uetd and eloayowyh

eyypaphc Le xAewl Q, Staypaph eyypapnc Le xiewdl (), Staypaph eyypaphc
ne xaewdl M xou eloaywyh eyypaphs ue xiedt C.

<4> Na oyediachel to B*-8¢év8po 1d&ng m=6 nou dnuiovpyeltal uetd and
Stadoyixéc eloaywyéc ToV eyypapody pe xiewdwd 25, 26, 24, 39, 32, 9, 28,
45, 13, 41, 5, 23, 19, 27, 6, 14, 34, 21, 31, 11 xou 28. Xtn cuvéyeia va oye-
Sraclel 1 Soun Tou 3évdpou petd and Slaypaéc TV EYYRAPOY HE XAELOLA
26, 21, 11, 9, 45, 13, 39, 6 xou 14.

<5> Na oyedacbel v xhdon tov BT(4,15) xaw BT(4,16). Na exiBefarwbel

0 XAVOVIS TOVY PEATLOTLY SEVSpmY.

<6> Alvetar BT-8¢v3p0 mou ypnowedel o¢ npotedoy xatdioyos. O aplh-
oS TOV XAdwy Tou xateTepou emnédou elvar bk. Yo dloxo elvar anoOnxeu-
péva ta 3%o xatodTepa enineda Tou dEvdpou, eved Ta undrowna enineda elvat
anofnxevpéva oty xdeta pvhApn mou €xel néyeboc 10 Mb. Av urotehel 6t
o péoog hAéyog Staxhadwonc elvan 140, t6te néoo peydiro unopel va elvar to
apyelo Gote moté va unv undpiel x60T0g PeYalITERO antd 2 NEOOTEALCELS

1/0.
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<7> Alvetar BT-34v3p0 nou ypnowpeder o deutepedoy xatdroyoc. Na
Oewpenlel 1L o Thhloc Twv Leuydvy xhedi-Seixtne elvar 40.000.000, to ué-
vehoc tou xrediol elval 4 bytes xar to péyehog tou delxty elvar 6 bytes.
No uvnohoyiolel o apllpdc tov emnédwy xar o aplBpds Twv xOufwy avd
exinedo, Bewpdvtac 100% xar 69% ypehon Tou yopou. H doxnorn va exava-
Mol Bewpdvtag 67 To péyeboc Tou xhedot elvar 94 bytes (xal exopévorc
0 BT-3¢évpo ypnowelel g npwtedov xatdhoyog).

<8> Alvetar éva BT-34v8p0 pe 6.000.000 eyypapéc twv 400 bytes. Iéooc
xOpog anawteltal ywa to tereutalo exninedo; [léooc elvar o araitoluevog
YOPOS Y To exninedo endve and ta UIAa, av 1o Ledyoc xheldi-deixtrg
anotereltal and 12 bytes, evéy xdfe xadog anoteheltar and 1 A and 4 oe-
Adeg; T xdle neplntwon ndoog elvar o ypdvoc yia v eavtintixd Tou
avdyveon;

<9> ‘Eotw 6t oto apyelo tng nponyoluevns daoxnons exteielta pio e-
Eavtintixh avdyvwon xdbe 5000 aniés avalnthoes. O eocwtepindc xddog
éyer otalepd péyeboc pla oehida twv 2400 bytes. Ilowd elvar to BértioTo
néyehog tou xadou dedopévwy;

<10> Ta dedopéva Ty mponyolpevemy AGXACEOY elval 0pYavouEva ®g
npwtetov BT-38v3p0 xar wg deutepedov BT-88vdpo. T xdbe neplatwon
mowo elvan to Bértioto puéyebog xéufou wote pula epdTNOT SLUGTANATOS TOU
avaxtd t0 H% Tev eyypapdy va elval To owxovopxd and TN oelplaxh avo-
Lhtnon evic apyelov owpol;

<11> T apyelo mou aroteheitar and 100.000 eyypapéc twv 400 bytes xti-
Leton e deutepedoy xatdhoyog B"’-Bévao ue péyelog @iiiwy 2400 bytes.
‘Eotw 6t npéne va dobel AMota eyypapdy pe Tuh oto deutepelov nedlo
peyaritepn and pla ouyxexplévny Tih. Av oL xatdhinhes eyypapéc TNy
¢Z0d0 elvar 25% (h 10% % 5%) Tou ouvéhou TV eYYPaPdY, phrwg elval
npoTbTERO v yiver edavthnTixf] avdyveorn tou apyelou xat xatémy va
Tadivopunfoly ot eyypagpéc npty Sofody oto yehoty.

<12> Ye BT-8évdpo tding d=1 xav Bkfr=2 va epappoohel Siadoyixd o
ahyoéplpoc sloaywyhg via Tic eyypapés pe xhewda 4, 12, 6, 1, 3, 15, 5,9, 7,
14, 16, 10 xou 11. Katémy va vivouv Stadoyixés Staypapés twv eyypap®dy
pe xhedid 1, 3 xau 4. T T (B dedopéva va efetachel éva BT-3év3p0
té&ng d=3 xav Bk fr=2.

<13> Ta dedopéva tng nponyolpevns aoxnons propel va Sounboly elte we
apyelo owpob, elte g BT-88vdpo. Tlold elvar mpotydtepo av og xdfe 10
npooneidoelg aviiototyoly 200 eloaywyés. Na Oewpnlel 6t Bk fr=6.
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<14> To apyeio twv 6.000.000 eyypapdy twyv 400 bytes elvar npotiudte-
po va xtiolel wg BT-36vdpo pe 6.000.000 cioaywyés  pe tadivdunon tov
dedopévov xat netd arobixeuon;

<15> 'Eva apyelo anotereltar and 20.000 eyypapés pe xhewdl 9 bytes. To
néyebog tne oerldag elvan 2000 eyypapéc, evd o delxtng anoteielzal and 4
bytes. Exlong éotwoay dbo nepuntdoes uhxoug eyypaphs: 15 1 180 bytes.
Na Oewpnloly ou e€hc nepuntdoeis: otatixd devdpwd apyelo, otatixds nu-
(Vg xaTahovOoC XaL xuUpleg apyelo, Tp®TEteY Xdal SEUTEPELWY XATIAOYOC
B-3¢vdpou xar xuplog apyelo. ' xdbe replntworn va Peebel to cuvolxd
néyehog o oerideg xat To P€GO X66TOE NEPOCTNEAAOTS.
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YTATIKA TYXATIA APXEIA

9.1 Eioaywyy

Ta tuyaia # dueoa (random, direct) apyela elvar pla okl oroudala douHh.
Av ta apyelo autd elvar cwotd oyedaouéva, T6TE amoTEAOUY TNV LdAVLXA
opyavwor yia on-line egappoyéc, yiatl evronilovv tn {nrodpevn eyypaph
ne okl hyeg mpoorerdoeig ({owg xal pdvo pla). To Paocwxd pelovéxtnua
g Souhs authc elval 4Tl dev mpooépeTal Yia ogtplaxh avaxtno tadivo-
UNULEVOY EYYRAPOY XaTd onotodToTe XAetd.

H Baouh WBéa tne nehodou elval n epappoyn xdmowou amhol aryelet-
XOU HETATYNUATIOUOY GTNY TULH TOU XAEWBLOY, GOGTE Vo RPoXVPEL 1 andiuTY
dievbuvor e eyypagic. H arndivtny Siedbbuvor eaptdtal and to vixd xal
anotereltal and Ty tpLddo: aptipdc xuAivdpou, aptbpdc atpdxtou xal apth-
noc eyypaphs. otéco, elvar Suvatédy 1 nébodog va epappoochel xar xatd
Tp6R0 Tou va uny eloptdtal and To LAXO.

To xhewdid héyoviar nuxvd (dense) dtav ou tyés toug elval cuveydue-
vec. Nny anholotepy neplnTomor nuxvedy xAedtdy ol Tés Toug apylovy
and tn povdda. [ mapdderypa, €ote 6TL oL Tiwés TV XASWBLOY elval and
1 wec 5000 xatr 67t 1 ywenTxedTnTA TV GeAB®Y elvar plo eyypapn. Xtnv
neplntwon avth dnuoupyeltat éva apyelo Ty 5000 oerldwy, ondte 1 1-00TH
evypagh Ba anobnxeubel oty (i—1)-00th oehida. Elvar, exlong, duvatdy oL
TUES TOY TUXVOY XREWBLOY vo uny apyitlovy and n povdda aklhd, yia topd-
devypa, vo xupaivovtor and to 10.001 wg to 15.000. Téte apapdvrag pia
otafeph Tiph and Ty Tih Tou xhedol (o1 cuyxexpurévn replnTwon To

204
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10.000), xav mdie Beloxetar edxoha v xatdhknhn oerida tou apyelov. Ta ap-
yelo autd Myovrar avtodetxtodotnuéva (self-indexing) xar vhorololvral
anAOUOTATA 08 GAES TIS YAWGGES RPOYPAUUATIOLOY.

Av ta xhedid dev elvar muxvd, TOTE (e TNV TEYVLXH AUTH TO peyaiUTe-
eo nEpog Tou apyelou Oa napapelver xevéd xar Ha oratainbel deutepetou-
oo pviun. H neplntwon avth avtetoniletar petaoynpatiloviac my tu-
Uh Tou XAEBLOU, €T0L OOTE TO SLEAGTNUA TV XAEBLOY va avTloTolyel oe
7z 7 /7 7 A 7 7z 4
éva ToAG pixpdtepo dtdotnua oy Stevbiveewyv. H péhodoc auth ovo-
pdolnxe apyixd LETACYNUATIONGS Tou xAewdLod ot dtedbuvor (key-to-
address transformation), ahid TeAxd emxpdTNoE 0 Gpog XATAXEPUATLOUES
(hashing), xow yi” avtd ta Tuyaia apyela Aéyovtar xar apyela xataxepua-
twopob (hashed files).

Katd mn géptwon tou apyelou deopeietal xdnolog y®pog tou dloxou,
mou ovopdletal xlpla neptoy . e pepixéc mapakhayés tng pebdédou npo-
Bréretar ) peArovTIXh yprion neployhc urepyeiiong, nou cuvhbns Peloxe-
Tot 6Tov (BLo xVALVSpo pe TV xipla TEpLoy T, OOTE YO UNY UTAPYEL Y pOVIXO
x6070g evtontopoV. Ouwe oe dikeg mapahhayés dev npofhénetal Leyw-
oot meploy ) Yia T eyypagéc unepyelhone. Ilapdyoviag deubivocwy
(address factor) elvar o xhdopa tou pevéBouc tng xlplac neployhs Tpog
0 ouvoixo péyeboc tou apyelou. Av o ydpoc nou €xel xpatnlel and to
apyelo dev avioperdvetal pe TRy ndpodo Tou yedvou, TéTe To apyelo elval
otatxs. Opwc 1 épeuva and to 1980 xar eviedlev xatéinie o pla oelpd
Sopdv Tuyalomy apyelov mou peyehlivovial xaL GLUEEXYOYOVTAL, AVAAOY A UE
Tov apthud TV eloayeYOVY Xal Slaypapody eyYpap®y avilotoiya. Aniadh
T apyela autd elvon Suvapxd xat Ba e€etacholy oto endpevo xepdhato.

9.2 YuVapTAOELS XATAXEPUATLOUOV

O petacynuatiopds e TLuc Tou xAedol oe T Stevbuvone enttuyydve-
Tal pe TN PoRbea tng ouvdptnong xataxeppatiomol (hashing function)
Tou oxond €yeL THY aAvTLeTOlY oY Tou TEdlou TGOV TV XAEWBLOY 6To nedlo
TeV WOV dteuhiveewy xatd tuyalo tpémo. Kakh cuvdptnon elvar exeivn
mou daonelpet Tic eyypapés 68 GAn TNV ExTaoy Tou apyelou, axou XaL oV o
TYES TOY XAEBLOY GUYXEVTPOVOVTAL 68 PEPLXES TEpLOYEC Tou Tedlou TGOV
Tov xAedtoy. T'a 1o Aoyo autéd n péhodog Tou XaTaxXEpUATIONOY OVOUd-
Letan enlong xau TeXVixXH Staoxoprmiomol anobfxecuorg (scatter storage
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technique). Av ta xheldid elvar aplBuntixd, 16t propel va epappoohel pla
anih akyePpuxh Exppact. Av ta xiedid elvat ahgantixd N akpaptOuntixd,
ToTE npénetl va peTatpanovy npdta ot aptiuntxd. H petatponh auth propel
vou YIVEL YPNOULOTOLOVTAS XATOWE ECWTERLXY AVATALAGTACT, TOY YALAXTH-
POV TOV XAEWBLOY, 6nwg Toug x@dixes ASCIL, EBCDIC xirn. ‘Etou vy
ropdderypa, To xhedl Cl progel va petatpanel o 6749 (67 elvar 0 xdSxag
ASCII yw 1o C xa 49 elvar 0 xdducac yia to 1).

To npdfinua TV cuvapThoELY Xataxeppatiopoy elvat 6t dGo W nepLo-
ootepes SaopeTixés TS XAEWLOY propel va Swoouv Ty (B Stevluveor.
Auté to pawvdpevo xakeltar odyxpouvon (collision), evd ov eyypagéc mou
ouyxpolovial Aéyovial ouvdyoupa (synonyms). Av and pla cuvdptnor xpo-
xOnTEL onpavTxds apthudc eyypap®dy tou ouveotilovtal otny (S neployh
Tou apyelou, téte Ayetar 6Tl napouotdleTal TPMTEVOLOA CLUYXEVTPWAY]
(primary clustering). ‘Exoi, ouvffog, deopedetor yia to apyelo xeplo-
06TEPOS Y OPOS And TNY apy Xy TEOPBAedn oyeTxd ue To TeAxd TARloc ToY
eYypap®y. Xtn Piloypapin avapépovial TOAAE YapaxTnploTixd tapadely-
pota Tou Selyvouv avayluga 6Tl To TedlAnua Tov ouyxpoloeny eppaviletal
ne Bepardtnta. Xtn ouvéyelan avapépovtal dvo tétola napadelyuaTa.

‘Eoto 6t ov 31 mo ouvnbopéves ayyhuxés hé&ec (and, or, not, the,
xhxw.) amobnxedoviar ot éva nivaxa 42 Géccwv. To olvoro 1wy Suvatdy
tonofethoewy elvar 10%0, evdd o1 Bolxée Torolethoes (Snaadh ywpls 60-

’ 4 43 \ 7 7 7 z
yxpouon) elvar pévo 10%°. “Apa avtiotouyel! pla Bolx torobétnomn otig
dexa exatouulpta nepuntdoes. To deltepo napdderypa elvar To Aeyduevo
AN 7 e 7 AN /7 7z e /7 4

napddolo twv yeveliiov’'. ‘Eotw, étu emthéyoviar tuyaln and to mhh-
Oo¢ 23 dropa. H mbavétnta toukdyioto dGo dtopa and to clvoro Ty 23
atépoy v éxouy Ty B pépa yevébua elvar 50.83%.

To gawvépevo Tov ouyxpoloewy Ha poviciorowmnbel pabnpatixd. Av n
eyvpaéc npérer va anobnxsuboldy oe m Oéoeg, 16t 0 aplbude TV du-
vatey tonofethoeny elvar m”. ' napddetypa, av n=4 xaw m=>5 t61€ o
aptlpdc Ty Tonofethoeny elvar 625. Yt Boixéc Tonobethoels, mou elvat
(mmf!n)! = 120, xdfe eyypaph avaxtatar pe pla npoonéiacn. LN yewpdTepn
neplntwon oe pla Béon aviioTtolyoly xal ou Téooepls evypapés, ondTe Xd-
Ot eyypaph avaxtdtor pe (n+1)/2=2,5 npoonekdoeg xatd péoo dpo. O
aptpdc autdv Ty Suopevedy neputdoswy eivar m=>5. O undrowes 500
Ttonofethoeis Saxplvovtal oe tpla ldn: pia olyxpouon dbo eyypapdyv, dbo
ouyxpovoelg 3U0 eyypap®y xat pla cUyXpouoy TELOY EYYRAPGY.

monl _

/7 e e 4 7z re
H mfavétnra va eppavichel pla foiuxd tormobétnon elvaw pg = 5= =
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0.192, ondte n péon TWH TOV TPOCTEAACEWY YL evypapés unepyellong
elvar 0g=0. H mbavétnra va eppavichel n no Suopevic torobétnon elva
Pmar = o = 0.008, ondte o aplbpds TV cuYXPOUCEWY XAl TV TPOGTE-
raoewv yio eyypaph unepyelhions elvar c=n—1=3 xat 0y, =1+243 avti-
otoya. Nto Uyhpa 9.1. rapovoidlovial ta otolyeln TOY LROAOITWY TELOY
repumteoewy. Katd péoo dpo anawtolvtalr p =) p.o. = 0,3 emnpdohetec
npoonerdoelg yvia Ty avaxtnon plac eyypaphc. H péon tiph tov eyypa-
POV Tou cuyxpotolhnxay xat dev anobnxellnxay oty xatdiinin Oéon elva
0 = ) .pcc = 1,05 eyypapéc, dpa xatd péco bpo n—0=2,95 cyypapéc a-
roOmxetOnxay oto xipto apyelo. H nbavétnta va ouyxpoushel n endpevy
evypagh nov Ba ewoayfel oto apyelo elvar 1-2,95/5=0,41. [ diheg Tysée
Tov m xal n to oyxfpa o elvar tapdpoto. O aptbudc tov Brudtey avidvet
oAU YPNYORA YL LEYOAUTERA M XOL 1L XAL V) CUVAETNOY, opahonote(TaL.

95 | TpooTe-
’ Aoete
1,75 +
1,5 +
1,25 +
1 wla odyxpovon
xaplo
obyxpovon
0 | | | | | |
0 100 200 300 400 500 600 625

Yyfpa 9.1 Katavopn cuyxpoloewy xaL tpoonehdoewy.

Y Bihoypapla avapépovtal moiréc LEhodol yia Ty elpeorn cuvapTh-
OEWY XATAXEPUATIOOU Tou dev mapdyouy cuvdvupa. Ot cuvapthoelg autég
Myovrtar téheteg (perfect) xar cuvifoc yenouwronotobvial oty xpddy ot
mxpolc Tivaxeg e XUeLas UVARNG Yo EOLXEC EQaAPLOYES GRS, YLX TApd-
deuypa, oe petagpactés yia anolfxeuor deopcupévey héleoy, oe enelep-
yvoaoia puoxhic YAGOooaS Yo Quhtpdplopa hEewy LPNAAS ouYVETHTAC XAT.
Av pla téhewa ouvdptnoy deopelel Tov EAAYLOTO duvATO Y ®pEo, TéTE Aéye-
Tar eA@yroty (minimal). Mix avayxala npoindleorn tov téieiwv pedddov
XATOXEPUATLONOY elvat Tl oUVHDOS AmatTody TNy X TV TPOTEPOY YVOOT
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TOV TROY TV XAy, O avayvoetng uropel va Bpel neplocdtepa oToL-
yela ya T Téhetec HeBGS0UC XATAXEPUATIONOY TNy XUpLa LVAUT 670 BiSAio
v Aopée Aedopévov. Yyetxd npocpata €xouy npotalel téieeg péhodot
XATOXEPUATLOROY YL TEPLRTMOELS OYXWODY CTATXOV AAAL XAl SUVAULXOY
apyelov. Oupéhodor autéc anotehody pia xhdor nebddwv tov ovopdlovtal
eEwTeptxb6g TéheLog xataxeppatiopmds (external perfect hashing) xau dev
O e€etacholv o1 ouvéyeia Aoyw e eEalpeTixhg TOATAOXSGTNTAS TOUS.

O Aévog v xateppévey Oéoewy npog To obvoro Ty Héoewy Tou
apyelou ovopdletal mapdyovtag géptiong (load factor, Lf), xau wooltal

pe:
n

bk X Bk fr

/7 re /7 7 7 4 e
omou bk, elvan o aplbpds Ty xddwyV oty xpLa neploy ) Tou apyelou. Y-

Lf =

TApYEL APECT, OYEOTN TNS TULAS TOU RARAYOVIA POPTLONS XL TNG OUYVOTNTAS
TV ouyxpovoewy. 060 pixpdTepog elval 0 TapdyYovTaS POETLONG, TGO UL
xpoéteen elvan N mbavétnta clyxpovorg, xat To aviiotpopo. AppodidtnTa
Tou oyedlaoTh TV apyelwy elvar va Beet Ty toopponio petall Tou mihboug
TOV GUYXPOUCE®Y XAl TOU TOGOGTOU oy ENOLULOTONTOU Y ®Eou Tou apyelou.

Yrepyeliwon cupfaiver dtav pla eyypaph npénel va anoblnxeulel o éva

4 7 /7 4 7 4 7 7
wihen xddo. Téte n evypaph xateubivetar yio anobixeuon o dhhov xddo.
‘Oco peyaritepos elval 0 xddoc, 1660 pixpdTepn elvar ) mbavétnTa va u-
napyel urepyelion. o160, 660 peyaritepo elvar to puéyebog tou xddou,
1660 o ypovoPipa elvar N tpoonéiacy oto dloxo. "Apa, xat 67 autéd To
onuelo npénel va PBeebel nia oopponia.

H otatiotixd xatavoph nou yapaxtnellel tn Stavoph Tov evypapoy
oToug xadoug elvat 1 Stwvupxh. Av o eyypagpéc popdlovtat Tuyain oToug
x&8oug, téte N mbavétnta va €xouy xatevluvlel oe éva xddo 1 and tic n
eyvpapés slval:

[ peydhes tpéc tov 1 xal bk 7 xatavoph avth uropel va npoceyyiolel
and TV uroloyioTixd Poixotepn xatavopuh Poisson:

e x ()

o!

P(i) =
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H péon tiph tov eyypapody urepyeiiong o éva xado elvat:

n—Bkfr
Y. ix P(Bkfr+j)

=
XAl CUVETWS TO TOGOOTH TV EYYPAPOY unepyellong elvat:

n—Bkfr
1 — | x P(Bk )
00 x —= x > i x P(Bkfr+j)

i=1

Ytov Hivaxa 9.1 dlvetar 7 péon TWh TOU TOGOOTOY TOV EYYEAPDY TOU
unepyethilouy g ouvdptnon Tou pevébous tou xddou xar TOu TAPAYOVTA
popTiong. To péyeboc tou apyelou €xel npbel (oo pe 200 xddoug.

Mévyeboc MMapdyovtag @bptione

xddov 50% 55% 60% 65% T0% 5% 80% 85% 90% 95%
2 10,3 11,9 13,6 15,3 16,9 18,7 20,5 22,0 23,7 254
3 59 7,3 88 10,3 11,9 13,6 153 17,0 188 20,6
5 24 34 45 57 T1 86 102 11,9 13,7 156
8 08 1,3 20 29 39 52 67 83 100 11,9
12 02 05 08 14 21 31 43 58 15 94
17 01 02 03 06 1,1 1,9 28 41 57 715
23 00 00 01 03 06 1,1 1,9 30 30 6.2

[ivaxag 9.1: Méoo nocootd unepyelione apyelou.

Kdfe yphotne puropel va epelpetl pla véa oUVAETNON XATAXEPUATIOMOU
HE oX0n6 va Tuyatonotioel Ta dedouéva tou. XN cuvéyela napovotalovTal
nepés CUVARTAGELS Tou avapépovTal xatd x6po otn Biioypapia. “Eotw
ot divetan plo eyypaph ne xietdl 172.148 v va anolnxeulel oe apyelo mou
axoteheltar axd 7000 xddouc.

Avaipeon pe npdto aptbué (prime number division)

H <pd e Sedbuvone, dmou Oa anobnxeubel n eyypapy, toobta pe to
urérowno e Stalpeons TS TYAS Tou XAEBLOG SLa Tou peyéhoug Tou apyelou.
Yippova pe pld Tpax T TapaThenoT oL GUYXEOVGELS EAAYLETOTOLOUVTAL OV
Sapétne elvar o peyaiitepog npdtog aptbuds nou elvar wixpdtepoc and to
néyehog Tou apyelou. Xtny npoxeévn neplntwon woyver: 172148 mod 6997
= 4220. BéPaa, dronpétne propel va elvar onotoodinote apthude apxel va
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7 / / 4 s s 7
elval puxpdtepog and to mARbog Ty Steubivoswy tou apyelou. Avapépetal
enlong amd TEaXTIXES TALATHEAOELS OTL OL GLUYXEOVUGCELS EAAYLOTONOLOUVTAL
av o dtupétne dev mepléyel mpwToug apthuols uxpdtepouc and 20.

Mezatponf tng pilag (radix conversion)

Oeowpeltar 6Tt 7 TR Tou xAewdiol dev elval aptbudc Tou dexadixol ou-
OTAUATOS XAl ENOMEVLS Tpénmel va petatpanel oe apthud Tou cueTHUATOS
autol. "Etou av unotelel 1L o cuyxexpiuévos aplhudg Exel we Paon to 11,
TOTE YE TN UETATEONH TEOXURTEL:

Ix11P+7x 11 +2x 112 +1x1124+4x 11 +8 = 266373

To arotéheopa xavovixoroeltal Stapdvtac dta 6997. H Sedbuvon tou
x4dou Tou apyelou Loobtal ue To TeAXS anotéisopa mou elvar 487.

Méom tou tetpaydvou (mid square)

Yipgova pe  néhodo avth Aapfdvoviar ta peoata Prpla Tou teTpa-
YOVOU NS TYWAS Tou XAeWLot. “Etol, av ) ouyxexpurévy T Tou xAedlo
uvpwlel oto teTpdywvo, npoxitrter 029634933904, AopfBdvovtar ta 4 pe-
oala gnela, dnradh 3493. Axoroulel xavovixonoinon ws mpog to 7000 xo
TpoXUTTEL TO anoTéheopo 2445.

Metaxivnon # dinkwon (move, folding)

Medxettar yia dVo napdpoies pnebBddouc. H typd tou xhedrod yopileta
oe 8Vo 1| neplocdtepa Tupata tou npootifievtatl. "Eotw, 6t divetat o apth-
néc 17207359 nouv yopiletar oe dbo tetpadiprous apthunoie, Toug 1720 xal
7359. Xipgpova pe v npodt péhodo ou tpés Tty tetpadnplny aptbuoy
mpootifevral xaw npoxinter 9079 (shift folding). Ldppwva pe tn dedtepn pé-
Hodo npootilevtal ov tetpadhigrol apibuol, agol tpdTa N oeed TV Yneloy
Tou deltepou aplBpol avtiotpage! (boundary folding). Anhad#h npootifeton
o tetpadhprog 1720 xou 0 9537, mou npoépyetal and tov 7359. Ilpoxintet
11257, Y1n ouvéyeia axoroulel xavovixonoinoyn wg npog to péyehog tou
apyelov. “Etou oty mpdn neplntwon Oo npoxider v Siedbuvern 9079 X
7000/19.998 = 3178, evé ot deltepn neplntwon Ba mpoxltder 11.257 X
7000/19.998 = 3940.

9.3 Avayelpion cuveviney e avolxty dtebbuvor

H Siayelpion twv cuveovipey elvat to o xplowo tpApa xatd t oyedla-
om evog apyelou xataxsppatiopov. Auwaxplvovial Teews yevixés xatnyopleg
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nebddwy Swayelpione tng unepyelhions: ot péhodol tng avolxthg dredBuv-
ong (open addressing), ov péodol pe dueoeg ahuoideg (direct chaining)
xat ot péhodor pe devdoaruoideg (pseudochaining). H Poaocuxh Swagpopd
Tov pefddwy e mpdTng xatnyoplac and tic dihes pebddoug elvar n pn
xehon dewxtdv wg Wialtepwy nedlwy oTov THmo TS eYYPAPRHS. 1 TO UTOXE-
pdirato autd Oa napouvoracholy napaiiayés tng npdTne xatnyoplac, eved Ta
endpeva Vo uroxepdhata elvar aplepopéva oty eiétaoy Tov d%o iy
XATNY OPLOV.

Yy mpdTn, howdy, xatnyoplo avAXouy TapaAhayEs GTWS N YRAUULXY
avalétnon (linear search), n un ypapuixf avalAtnor (nonlinear search),
o exavaxataxepuatiomds (rehashing) xar o Suxhég xataxeppatiomds
(double hashing). H vpaupuch avalitnon rapovoidobnxe ypovixd mply axd
x&0e dnin pébodo xataxeppatiopot. "Hdn and to 1953 yivetow avapopd yu’
authy and epeuvntés tng IBM, o npdtog duwe mou ) oustnuatonoinoe oe
dnuoaieuon Arav évag Pooocog emotipovas, o Ershov to 1957, Axohoufel
TaEouo (Ao TV TUPAANAYOV aUTGY Tou €xouy xowd onuelo TN K vadedn
EeywpLoThs neployhs unepyelhiong.

Yioupwva pe ) yeappxh avalftnon n eyypaph nou urepyehilel anoln-
xeveTAl 6TOV Tp®OTO enduevo dtabéowo xddo. Anhad¥, n avalftnon npoyw-
eel ypoppxd otoug exduevoug xddoug Leypets 6Tou f va Beebel xevic ydpoc
va mpoonerachel xau ndh o apyxds xddog (av drol ou xddot elvar ThhpeL).
Avtéc o tinog avalhtnong Ayetar xou u€bodog avouxths unrepyelliong
(open overflow) # ypapuixfs e&étaong (linear probing) # mpoodeutixég
unepyeilong (progressive overflow). O aplipde Ty tpoonehdocov xddwv
nou pecoraPBoly nply npooneiachel o xddoc, 6mou npdypatL N eYYpaph elvat
arobnxeupévy, Myetal petatémion (displacement) tng eyypaphs. "OTav
oL TUWES TOV XAEBLOY dev elval mpaypatixd Tuyales, ahld cuGGLpEElovTal
YOpw and oplouéves TUES, THTE 1 LETATONLOY, 01T YEWOTERT, neplnTwo elval
apxeTd peyarvtepn and  néon tun. Exlorng, dtav o napdyovtac @dptionc
telvel Tpoc TN Lovada, Téte 1 LEor TLUH ThS peTaTémoNg auddvel onuavTiXd.

Yto Myhua 9.2 galvetar éva napddetypa e@apuoyhs e nebddou authc
oe éva apyelo anoterovpevo and 10 deuvbivoeg aplbunuéves and 0 wc 9.
Kdbfe Sietibuvon avtiotoyel oe 1 xd80 twv 2 cerldwy, ue yopntxdtnta 2
eyypap®y avd oealda. Hdn oto apyelo éyel eoaylel éva olvoro eyypa-
POV, dtay EpyeTal via eloayowyh N eyyeapn pme xiedl 220, Xipgpova pe
ouvdptnon petacynuatiopol e dwalpeorng (220 mod 10), v eyypagy auth
npéner va anoblnxeulel otn Siebbuvon 0, mouv duwe elvar mifenc. "Etou 7
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Yyhua 9.2: MéOodoc ypapuixhc elétaorng.

eyypapn 220 anolnxeletar oty apéows exduevy diebuvon pe Swbéowo
Y Op0, dnhadh tn Sievbuvon 1. "Etor, v petatdnion slval évag xddog.

[lNa va amogeuy el to npdfinua mou dnulovpyeltal and TN cuGGOEELOT,
TOV XAEWBLOY YUpw and pla neployl dteubivoemy, cuyvd YenoLLoTolUvTaL
un yeappxés uéhodor avalftnong tou enduevou dtabéoipov xddou. Tétowa
nébodog elvan v tetpaywvixy (quadratic) avalftnoy, nov oxond €xel Ty
ATOUAXPUYOY TOVY EYYPAPDY ATO TNY ApyXH TEPLOYT GUYXEPOUONS. LUUQPe-
va pe ) péhodo auth ov Béoec Twv endpevoy xddwv tou Ha edetacholy
Beloxovtar and n oyéon:

(A><i2—|—B><i—|—key mod bk) mod bk

émou 1 elvar o allov aplBpdg e avalhtnong (1=0,1,2,...), A xo B elvar
avbalpeteg otabepés, evd key elvar n TR tou xhewdod. "Eote xar mdi
N neplntwon ovyxpovons g eyypaphc 220 xatd v coaywyh otn Oéon
0 tou Yyhuatog 9.2. OewpdvTag TNy TEONYOUUEYY TETpaYYLXY oyéon UE
A=1 xav B=1, yia t=1 mpoxintel 6t 0 eyypaph 220 npénel vo anohnxeu-
Oel otny SieBuvon 2, mou elvan exlong xateinppévn. Teixd Oétovtac 1=2
mpoxvntel 6Tl N eyypaph 220 anobnxeletar oty Oéorn 6. Xtny replntwon
auTH 7 LeTaTomLoT elvat SYo xadot.

Mo dhin teyvuen elvat 1 p€O0SOC TOU ENAVAXATAXEPUATIOP.OU, OTOU Y ET-
owonoteltar pla dhkn ouvdptnon PeTacyNUATIONOU Yia v evtonioel Tov
endpevo Swabéoo xddo. [Na napddetypa, €otw 6TL ypnowronoteitat n ou-
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vaptnom tne dalpeong
hi(key) = key mod bk

v Ty elpeon TN apyxis Ofonc amobfxevong tng eyypaphs. e nepl-
TTWOY GUYXEPoUoTNS ypnouronoteltal pwlo GhAn ouvdptnoy YL va S®oeL TNy
andotaoy, oe xddoug and v apywxh O¢or. Ye neplntwon véag olyxpouong
vivetar Soxuh oe Oéon nov anéyet Ty (S andotaoy and n Héon ng del-
TEENS OUYXPoUONS.  Eva napddelypa cUVAETNONS ERUVAXATIAXEPUATIOUOY
elva:

dis = (hi(key) + p) mod bk

onou p elvan pla otalepd nou emthéyetal étol Gote va elval tpdtog aplhudg
npog to bk. Y10 yvwoto napddetypa LETd TN 6UYXpoLoT TS eYYeaphs 220
otn Béon 0, urohoy(leta n andotaon dis = (0+3) mod 10 = 3 xau 1 eyypa-
9h anobnxetetar ot 6éom 3. (To 3 o to 10 elvar mpdTol aptbuol petall
toug.) Exnlone, onueidvetar 6tu av mpoxider dis=0, téte tletal dis=1.

‘Onog avapépbnxe xakn elval exelvny 1 CUVAETNON XATAXEPUATLOROY TOU
Saonelpel opoldpoppa Tig eyypapéc oe 6ho to éyeboc Tou apyelou. Mtny
avtifetn neplntwon undpyel TpwTetouca CUYXEVTPWOY), dNhadh ToAAES ey-
yeapés ouvootilovial oe pla optouévr neployh tou apyelov. Elvar Suvatdy
vo mapouctacholv mokhéc ouYXpOUGES AGYW® CUVOYLULOY, 0TdTE LRAPYEL
deutepebovoa ouyxévipwon (secondary clustering). H exlSpaon tou gat-
vou€vou autol petdvetal Pe TN MED0do Tou Sumhol XaATAXEPUATIONOY ToU
elval pla o xoudhn exdoyh TOU ERAVAAATAXEPUATIONOG. XTO SLTAG XoTa-
XEQUATLONS N TopdpeTpos p dev elval otablepd ahhd urnohoyiletar xdfe popd
ne plo dhin cuvdptnor. Xuvenoc pe ™ pébodo auth anattovvtar GuVOAXd
tpec ocuvapthoets. H deltepn ouvdptnomn elvar tng poppRg:

ho(key) = key mod (bk —¢q) + 1
onou to g elvan otabepd. To arotéheopa tng ocuvdptnons hy sodyetal otny:
dis = (hi(key) + ha(key)) mod bk

Y10 yvwotd mapdderypa peTd TN ovyxpouoy tNne eyypaphs 220 otn Héon
0, urohoy{letal  anbéotaon dis = (0 + 220 mod 9 4 1) mod 10 = 6 xau 0
evypagh anofnxetetar otn Béon 4 (Oewphbnxe ¢=1). Ye replatwon véwy
ouyxpovoewy 1 eyypapn 220 Ha xateubivovtay Stadoyixd otic Oéoeig 8, 2,
6 xhz., eved ) evypapn 230 Oa xateubhivovtay otic Oéoeic 7, 4, 1, 8 xAx.
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Méypt otiypunc dev avagpéplnxe tlnote oe oyéon pe ) Swaypapn. H no
ouviine xar edxoln TeEY VXA Elval TO PApXIPLOUA TOY SLoaypauévey eYypa-
pov. Eddiiog, av elval avayxalo va eheubepwlel o yodpoc yio xatomivég
eloaywyés, ToTe anatTouvTal ypovoBopol akyoeibuotl Swaypaphc. Hpéner va
onuewwlel exlong ot oty Bhoypapla avagpépoviar pébodol mou dev ano-
Onxedouy pévipa xdnowa eyypapy urepyeliiong otny apyxh g HEon ahid
elval Suvatdy va Ty extonicouy mpoxenévou v Béon auth va xatoinglel
and eyypapn nou €pyeTal uotoroyixd oty Béon auth pe Bdon TV mpodT
ouvaptnon xataxeppatioot. O evdiapépovoes autés teyvixéc, nou Pei-
ToTonowoly TNy enldoon e avalhtnong pe tipnpa to avinuévo xéotog
eloayomyYhc, elval extéc Ty oploy tou Téuou avtov. EZ dihou, dnwg Oa
tovialel ot ouvéyela, ot pébodol tng avouxthc detbuvorne dev yprnotpo-
motolviar oty nedln yia dopés apyelov, akhd xuplwe yia Sopéc xlptag
whApns. Xto BPilo tov Aopdv Aedopévwy undpyouy nocoTxd ototyela
oYETXA e TNV enidoon Ty PebidwyY auTdy.

9.4 Avayelplon cuVOVILLY e AReEGES AAVGLBES

YnuoavTnd petoveExTnua Tov tponyoluevey nehidoy elvar i xaxh exidoon
oe neplntoor avalftnone tav o mapdyoviag @oépTionc ninowalel T Ho-
vada. O emdboeic Ghov TV Stepyactdv Pertidvovtar av Oewpnlel éva
emuniéov nedlo otov tino e eyypagic, yia va edunnpetel we delxtng npog
TLG EROPEVES AoYXA evypapés ot €ToL va Tic cuvdéel oe pla aiuolda. H
TGN avapopd oyeTixd pe T HE€O0do Ty akucidwy éyive and tov Dumey
(1956) xau and té7e éxouv npotabel morkéc rapalhayéc nou avhxouv ot dbo
OLXOYEVELES: TV GUUPLUTOY ahUGIBLY Xal ToV Lexwplotody ahoidwy. Kal
ot %o propoly va vhomowmnbolv elte pe Waltepn neployh unepyeliions elte
yoplc Tétola nepLoyy.

H pébodoc tov olpguiony akuoldov npotdhnxe and tov Williams (1959),
avarlinxe dpwg o peydro Baboc xar €xtaon and tov Vitter otn dexaetin
Tou 80. I'evixd 1 néhodoc Satnpel pia xuxixy cuvdedeuévny AMota and T
deuvbivoeig Tov Sabéopmy xadwy, dote va yenowonownboly yia Ty ano-
Ofixeuon Tov eyypapdy urepyeliiong. Otay pla eyypapy urepycthiost and
Tov xad0 A, téte anofnxeletal otov xado B, mou elval o npdtoc xddog e
ouvdedepévne otac. ‘Ooceg eyypagés vnepyethilovy anobnxedovtar otov
x4d0 B péypl va yveplost xou va Staypagel and tn Aota tov dabéopov.
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KdbOe evvpaph mov oto péihov Oa unepyetrios and tov xddo A Oa xateu-
Buvlel npoc tov I', 6nou Suwe Ba xateubuvholy xal onotesdAnote eyypapéc
e /7 AN 7 7 e
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Yy 9.3: MéBodoc olpputonv ahucidoy.

Yto Yyhpa 9.3 napovoidletar v Soud ue ta dedopéva twv nponyolue-
vov nopadetypndtoy. Kau ndie €xer 787 anolnxeulel xatd tov (Sto tpbmo
N St axoroubia eyypapdy. H dievbuvern 0 elval #dn yepdtn dtav €pyetan
n eyyeaph 220. H xopuyph tne AMotag tov Stabéopov xadwv delyvel otov
xado 1. Yuverndg, n eyypapn 220 xateuhivetar 6Tov xddo auto.

To mponyoluevo oyfua elvar apxetd apotpetixd xar dev delyvel Ty o-
X3 yeaupoyedpnon olte Tou xddou olte g eyypaghs. Elvar duwc
anapaltnTy N cwotoétepn dounoh toug. Il ouyxexpuéva, xdbe eyypapn
npénel va €yel dVo medla dewxtdy mou va delyvouv Tov xddo, érou elvar a-
noOmxeupévny N hoywd exduevy xat N Aoyixd nponyolpevn eyypaph. Elval
duvatéy enlone pla eyypapy va etoay el o xddo mou elvar xatethnupévog a-
16 eyypapéc unepyelhong. Enopévec anatteltoat éva emmiéoy nedlo-deixtne
o070 eninedo tou xddou, mou va delyvel tn Sevluver tou xddou, dnou elvar
anofnxevpévn N Te@TN Aoyxd eyypapn nov Oa énpene va elye anobnxeulel
0TO GUYXEXPULEVO XAdO.

Y ouvéyewa Oa e€etaclel n néhodog twv Eeywplotdv aluoldwy oy, 6-
s elval Yvooto, uropel va Statneel wialtepn hoyixd neploy ) unepyeliiong.
H zeproyn auth uowxd propel va elvar elte tpfApa Tou xbplou apyelou elte
avelaptnto apyeto. ES® Ou eletaclel v Seltepn neplntwon xar Ha doboly
avaAUTIXEG EXPRACELS YLOL TO YPOVIXG XGOTOS TV SLapdpwy dLEpYAGLOY,
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vt auth 1 wé€bodoc eappdéletar neplocdtepo 6Ta GUYYPOVA CUCTAUATA
Sayelpione Bacewy dedopévorv.

Mepoonéhaon plag eyypaphc onualver pia oepd evepyeldy. llpdrov, to
xhedl petaoynuatiletat, deltepoy, petagépetal 0 xddog oy xbpLo LvAuY,
tpltov, ou eyypapés Tou xddou dafdloviar oeplaxd xal, Téhog, o nepl-
ntwon anotuyloag B avalhtnorn ouveyletar otny neployh urepyeliions. Ap-
nodLéTnTa Tou oyYedlaoTh Tou apyelou elval N anéPAsY, TS CUYXEXPULEVNS
vhonolnong tng neploy s auThS Tou Uropel va yivel xatd mokholc Tpdmoug.
To xipro epdnpa elvar i peyébouc Oa elvar o xddot TN mepLoyfic auThS.
Av 7 meproyh urepyelione elvar Tuhpa Tou xbplou apyelou (ondte Aéyeta
xeANGpt - cellar), téte To péyebhoc tou xddou npogavoe elval evialo.

Kipta meproyh  Yrepyeihon
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Yyhua 9.4: MéOodoc Eeywptotdhy ahuoldov.

Yto Myhua 9.4 Slvetar éva napddetypa TNG TEY VXS AUTAS TAROOLO UE
To mponyovpeva. Xtny meployf unepyelhong yia xdbe devbuvern tne xU-
plac neploy s deoueletal évag xddog, mou aroteielitar and pln oeAlda pe
yopnuxotnta plag eyypaphc. Eyel anobnxeubel v (Sia axoroubia eyypa-
POV, onéTe elodyetal v eyypaph 220 otn Sietbuvorn 0 mou elvat 3N yeudtn.
Yuverdg, n evypapn 220 xateuhivetar oty neployh unepyeliong xat ano-
Onxedetal otov aviioTolyo xado.

9.4.1 Avalftnom eyvpaphs

H pébodoc elval mohl anoteheopatixy av 1 xpla teptoyf elvot apxetd peyda-
AN XA N XOUTAVOUR, TV EYYPAPOY GTOUS XAdouc elval neplnou opolbpope.
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Me v mpolinébeon 6t dev undpyet unepyelhomn, To YpPOVIXG XOGGTOS Y TNY
npoonéiact plag eyypaphc elvat:

Treos = s+ 1+ dit

Me v ndpodo tou ypdvou xal Ty anolAxeuoy, TOANGY eYyYpapdy elvat
BéBaro btL O undpler unepyeliion pe emphxels ahuoides. Xtny neplntomon
auUTH To Ypovixd xéoToc elval:

Troolemic) = (s+ 7+ dit) + g X (s + 7+ dit)

O tinoc e€nyeltoan we edhc. H npdtn nopévicor Snidver tnv npoonéhaon
TOU XAB0U TNS XVELAC TEPLOY NS, EVED TO YLVOUEVO SNADVEL TN dLdoyLlon TS a-
oidag & x8dwv urepyelhiong yia Tov evtoniond e {ntodpevne eyypaphs.
Katd péoo 6po 1 pof aruoda Oa npénet va Saoytobel.

Mia avalhtnon elvar avemttuyhc, 6ty GReg oL TULES TV XAEBLOY TOVY
eyveapoy nou edetdalovtat, elte oty xdpla elte oty nepLoy ) unepyelilong,
dev tautiloviar npoc 1o Intoduevo xiewdl. “Etou v avalftnon teppatilet
btav 9ldocel oe eyypah pe delxtny NIL. H avemtuyhc avalhtnor elval mo
YeovoPopa and Ty enituyh, ywatl npénel va Staoyiolel ohbéxhnen N aiuoida
urepyeiiong (eve oto BT-88vdpo n emtuyhic xau 1 avemtuyhe avalftnon
£youv To (BLo x6o710¢). ‘Apa, To oyETXS Xb6GTOG Elvat:

Treos(aver) = (s+r+dtt) + = X (s+7r+dit)

Avutég o tirog Loy lel 6Tay T0 1060616 unepyeliionc elvat peydro. Av to no-
060676 autéd elval Pixpd, TOTE Loy UL N Tp®TY oyEon Xot Y Tous dUo Tiroug
avalnticeony. Palvetar, howndy, dtL xatd TN pdon oyedlaonc tou apyelou
npéne va npooeyfoly pepuxés napdpeteol, Hote tpdypatt v enldoor Tou ap-
yelou va elvat uhpnih. Av to apyelo anoxthoel Leydin nepltoyh unepyelilong
npénel va avadiopyavelel xat va enava-anobnxeubel o peyaiitepn xipla
nepLoy .

[Meénel va toviehel bt ow mponyolpevol tinol elvan npoceyyLoTxol, yio-
©{ Sev hapPdvouy un’ Gdhn Tov napdYoVTA POETIONS XAl TN Y WENTXOTNTA TOU
xadou. Ou [livaxec 9.2 xav 9.3 Slvouv Tov aplhud Twv rpocnerdoewy o ap-
yelo xataxeppatiopol yia emttuyh xar avemtuyh avalftnorn avilotolya, o
OUVAETNOT TOU TUEAYOVTA POETLONG XAl TNG YwpNTXoTNTaS Tou Xadou. Ta
otolyela autd €xouy mpoxidel and pabnpatien avaiuon nou elvat exTég TV
oplwy Tou BiBilou, ou nivaxeg dpwe napovoidloviat yiatl and autoig e&dyo-
VTl TOLOTUXE TpaXTiXd cupnepdopata. Anapaltntes npolnobéoeis epyaociag
elvar 4Tu
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Mévyeboc MMapdyovtag @bptione

xddov 50%  70% 90% 100% 150% 200% 300% 500%
1 13 14 15 15 18 20 25 35
2 11 1,2 14 14 1,8 23 32 51
3 1,1 1,2 1.3 14 1,9 25 3,8 6,7
4 1,1 1,1 1.3 14 20 28 45 83
5 1,0 1,1 1,3 14 21 3,0 52 99
10 1,0 1,1 1.2 1,3 25 43 85 17,9
20 1,0 1,0 1,2 1,3 33 68 152 339
50 1,0 1,0 1,1 1,3 58 143 352 81,9

Mivaxag 9.2: Méorn tyuh npoonerdocony yvia enituyh avalhtnorn oe tuyalo

apyelo pe Leyoprotéc aluoideg.

Mévyeboc MMapdyovtag @bptione

xddov 20% 30% 40% 50% 60% 70% 80% 90% 95%
1 .0 1,0 11 11 1,1 12 12 13 1.3
2 1,0 1,0 1,0 1,1 1,2 12 1,3 14 15
3 1,0 1,0 1,0 1,1 1,2 1,3 14 1,5 1,6
4 1,0 1,0 1,0 1,1 1,1 1,3 14 1,6 1,6
5 1,0 1,0 1,0 1,1 1,1 1,2 14 1,6 1,6
10 1,0 1,0 1,0 1,0 1,1 1,2 14 1,8 20
20 1,0 1,0 1,0 1,0 1,0 1,1 14 1,9 23
50 1,0 1,0 1,0 1,0 1,0 1,0 1,2 1,9 27

Mivaxag 9.3: Méon tuh npoonerdoewy yio averttuyf avalftnon oe tuyalo

apyelo pe Leyoprotéc aluoideg.

® Ol EYYPUPES XATAVELOVTOL GTOUS XAB0US HE SUWVUPLXT] XATAVOUT,

o oL eyvpapéc avalntodvial tooniBava, xat

o 7 YOENTXOTNTA TV XASLY 6TNY XUplad TERLOYH XAl GTNY TEELOYT U-

nepyeihong elvar Bk fr xau 1, avtiotouya.

‘Onog avapévetat, xat 6T S0 TEpITOOELS 1 anddooy) Tou apyelou ex-

puiiletal xaldg avidver o mapdyoviag @dptions. Axdur, av o Tapdyoviag
pbdpTione elvar mixpdTepog Tou 100% xau Tou 50%, téte n addnon tne yoer-
TxdTHTAS TOL XAdou €yel wg anotéieopa otabepn Peitimon e anddoong
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NG ETLTUYOUC Xat TG averttuyovg avalftnong, aviiotolya, enctdh muxpalvet
TO WHxog NS ahuoidag TeV xAdwY. AuTd UL TO TASOVEXTNUA, TOU Loy vEL
Yio LEYEAES ywenTixdtnTes, avitotaluiletar and to yeyovic bt peyahdvel
0 ypbvos petagopds Tou xadou, dtt. lldvtwg, To npaxtixd cuunépacpa el-
val 6TL 0 mapdyoviag edpTionc dev npénel va unepPaivel o 70%-80%, yiatl
otV neployy auth Pehtiotonoteltal ) oyéomn xevic ywpoc npoc exidoon.

9.4.2 Awypagh eYYpaphs

Yrdpyouv dGo tpémot Saypaphc Tov eyypapody. O évag elval napdpotog
LE TOV TpOTO Tou ypnotponoteital ota apyela owpol xou ota apyela ISAM.
Anradh, avePalver plo onpala mou SnAdvel 6TL 1 eyypaph elval ovolaoTixd
Sraypappévy yopels va arnopaxpuviel puoxd, wote va anodobel o yopog 6to
obotnua. Katd tny meproduh avadiopydvmweon ol eyypapés Taxtonotobvtat
xaL I ywpls va yivetal onatdhn yOeou.

Yipgova pe to deltepo TpOTOo, N EYYRAPT SLaypAPETAL PUOLXA XAl a-
viwabiotatar pe v teievtalo eyypagh tng aluoidag mouv Lexwtvd and tov
%480 autév. Emumiéov, av o teheutaloc xddoc adeldoet and eyypapéc, tote
anodidetal xat tdh 6T0 clotnua. Auth 7 TeX VXA elvan neplocdTEpO anoTE-
Aeopatixh) and TRy dnodn Tou XATARPPBAVOUEVOU Y OEOU XAl TOU Y POVLXOYV
x6otoug v avalftnon. Qotéco v dwaypaph xablotatal mo ypovoldea,
viatl mpéner va yivel didoyton tne aiuoldag Gdote va petagephel n teheu-
Tala eyypah oTov xevéd yopo. Etol oty ovsla exterelton pla avemtuyhc
avalhtnor. “Yotepa npénct va enavanolnxeuboldv 8%o xddot, avtde dmou
vivetal n Swaypaph xar o teheutalog tng akuoldag. LNy anif neplntwon
6mou autol ot 8o xddol Tautilovtat, To ypovixd xdoTog elval:

Tsay = Trpoo(aven) + 2r

Ot neplocdTepes VAOTOLAGELS OTATIXOY AUECHY APYEIDY YENOULOTOLOVY
v mpoT pébodo. Ou véeg néhodol opydvewons Suvapuxdy apyeloy xata-
xeppatiopol dev ypetdlovtal avadiopydvwon, dnwe anattovy Teplodixd ot
otatxéc. Qalvetar 6tL 6to péhhov ov otatxés opyavooeg Ha yenoyso-
noovy xuplowe tn deltepn Léhodo Sraypapdy.

9.4.3 Ewayorh evvpaphs

‘Eotw 6t pla etoaydpevn eyypapy anolnxedetor otov teheutalo xddo tng
ahoidac. “Apa, xar auth 7 neplntwon podlet pe pla averttuyh avalfnon.
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Y1 ouvéyewa npénet o tereutalog xadog va enava-anolnxeulel cupneptiau-
Bavovtac tny teheutala ey ypaph. LUVERKS To Ypovixd x66Tos elval:

Too = Trpos(aver) + 27

O tinog autde dev hapavel To X66TOG TOU ATALTE(TAL YA TNHY TPOGAETNON,
e /7 7z 7 /7 e re 4

oTny ahuolda evdc veou xadou, dtay o TersuTalog elvatl TATENS xal dev Sta-

Oéter yodpo ywa Ty eyypaph. Palvetat, howmdy, 6TL xau 1 eloaywyh dev elva

damavneh diepyacia.

9.4.4 EZavtintuxh avdyveon apyesliov

H pébodog tou xataxepuationol XataoTeépel Tn AOYLXY GEWd TV EYYPI-
POV, xat elval npoflinuatxy 6tay tilevial epwthoec StacThuatog ue Baon
To mpwTevoy 1 xanoto deutepetov xhedl. I'a napddeiypa, €6tw 6T dlveta
éva apyelo ythlov vnohlnioy plac etalpeloc xat 6Tl aralteltal va tpoone-
raoOoly o evypapés TV LTAAARAGOY pE xwdxols and 100 we 200. Auth
n neplntwon Oo wavonownlel pe pla ypovoPdpa Sradixacio yiatl Oo exte-
reololy exatd aveldptnteg npoonerdocts. Opwe av Intnlel va npooneha-
ofolv oL eyypapéc Twv unAAARA®Y pE Baor o entleto and to Kédlas vg to
Mavwhémovdos, tote N andvinoy elvar urnepBoixd ypovoPdpa, enedh npénet
va tpooneiacholy Ghes ot eyypapés xal va YIvel ETLAOYH TOV XATIAANAGY.
‘Etol npoxintel 6TL 10 X60TOC YL TNV AVAXTNOY OA®Y TOV EYYLAPOY EVHC
apyelov elval:
Tsiocv = nX Tnpoo

Enuiéov anatteltar ypdvoc yio tny tadvéunon twv eyypapdy mety dobody
070 YEhot.

9.4.5 Avadropydvwon apyciov

Avadropydvwon tou apyetou ouuPalvel dtay oL anolnxeupévec eyypapéc Le-

nepdoouy ta mhalowa, mou elyav tebel xatd ) pdomn Tou oyediaouol, xat 1
e re 7 re 7 /7

enidoon expuiilletar. H avadiopydvmor elvar elatpetixd ypovofldpa Stadi-

xacla, eved GUYVE N ETLAOYH TOU Ypdvou eXTEREONS TNS elvat SUGXOAY, ENELdN

npoowplvd To apyelo dev elval Swabéowo oto yphot. To xdotog tng ava-

Stopvdvmong woltar e o x60T0g edavTinTiXfic avdyvwons Tou apyelou
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oUY TO X60TOC NS SLadoy XA ELoAYWYTS OALY TV evYpapdy ot pla véa
Extaorn oto dloxo. Anhadh Loy del:

TewotB - Tsiocv + n X Tsto

9.5 Avayelpion cuveviney e Peudoaluoideg

Yipgpova pe ) pébodo auty, mou npotdlnxe and toug Xardton xal Puio-
xUnpou (1978), o tiroc tng eyypaphc neptéyel éva " deudodelixtn’, dnhadh
éva emuniéov nedlo mou oxond €yl T Aoy ovvdeon e xdbe eyypapic pe
Ty enduevh Tng. Me dhdha Ay to nedlo autd Sev elvan Evac npayuatixds
delxtne pevéhouc puepux@dv bytes mou delyver enaxp o tn Oéon tne endpe-
VIS eYYpaphc, aAhd anoteisital and pepixd L6vo bits mou pe xatdhinhoug
uroroytopolc divouy TN Oéom tng emduevng eyypapnc. H pébodoc ovopd-
Letal xal 1€60d0g Twv urohoy{dpevwy aluoidwy (computed chaining),
eneldh yivovrar xdrowor unokoyiopol. EE dikou urevhupiletar 6t aocixde
XAVOVIS TNS 0pYAvewons dedopévwy elval 6TL mpoTipdtal 0 UROAOYLOPOS a-
n6 v anoffxevor, viatl 10 x66T0¢ UROROYLOPUGY elval uxpdTepo and To
x6ot0c anobfxevone ouv To xdoTog e1sddou/eLb68ou dedopévov.

Ye oyéon pe tic nehddouc mou avixouy GTNY OXOYEVELR TNS AVOLXTHCS
urepyeliong vrdpyel Lia emmiéov Pacixh dtapopd. "Eotw dtL v cuvdptnon
xatoaxeppatiopol xateuhivel tny sloayduevy eyypaph oe pla Oéorn xater-
appévn. Exéyyetal av n eyypaph nou elvar anolnxeupévn ot O¢orn auth
elval ouvdvupn 1 elvat eyypaph unepyelhions. Av elvat ouvevupy, T6Te 1) et-
oayouevy eyypaph xateuhivetar oe pia ahin Héon nou elvar ouvdptnomn oyt
TOU XAEWBLOY TNG EYYPAPNS TOU ELOAYETAL, AAAL TOU XAELSLOU TNS EYYPAPHC
mou elvar 787 arolbnxeupévy. Ilo ouyxexpéva, and Ty Ty ToU XAetdLo
npoxVnTeL Ue pio cUVEPTNOY XATAXEPUATIONOU Ml TYh 7, Tou SNAGVEL GTL
N ewoayopevn eyypaph Oa npéne va anopaxpuviel xatd ¢ Oéoec. Av 1 véa
auth O¢om Sev elvar xatethnupévy, Téte 1) eloayduevn eyypapr anobnxeleta
ot Béon auth xat o Peudodelixtng nalpvel Ty TN 1, Tou SNAGVEL 6TL GUVH-
vuun evypapn undpyet peta 1 X ¢ Oéoeic. Av n véa Oéon elvan xatethnupévr,
TOTE 1) ELOAYOUEVY] EYYPAPY ATOPAXPVUVETAL XoTd dAAES © O€oeig, dnhady ou-
vohxd 2 X 1 Oéoec and tny apyuxh O¢om. D'ivetar aviimntd étu av teixd
anobnxevlel 7 eyypayph oty tereutalo auth Béon t6te o Peudodeixtne Ha
maper TRy Tun 2. Av n ewoayopevn evypapn xateubuviel oe pla Oéomn mou
elval xatenuuévny and eyypapn unepyelhong, 16te 1 Tercutala napaywpel
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) Oéon oty eoaydpevn xa enava-eiodyetar pall pe dheg Tig evypagés
mou €xovtay oty ahuoida. Nto UyAupa 9.5 napovordletar éva napddetypa
Stadoyxdy eloaywydy eyypapdy pe xaedid: 4, 5, 10, 12, 19, 52, 56, 71, 90,
xar 113, oe apyelo 10 Oéoewv. Ta tpla otypdtuna tou oyfuatos divouy
N SOpUA UETA TNV ELoAYLYT TV eyYpapdy 52, 90 xav 113 aviiotoiya. (¢
Tp®TY CLUVAETNOT XaTaxeppaTiopoy yenotponoteital  key mod 10, evéd we
devtepn yenowononxe v cuvdptnon key div 10. Ynpeidvetal 1L av and
™ ouvdpTNoT auth npoxidel anotéreoua 0, Téte we anotéheopa ODewpeltat
to 1.

0] 10 10 |7 10 |7
1 71 71
2012 |1 12 |1 12 |6
3| 52 52 113

4] 4 4 4

50 5 5 5

6 56 56

7 90 90

8 52

91 19 19 19

(@) ®) (¥)

Yy 9.5: MéOBodoc Peudoaiuaidov.

H péhodog auth elvar évag oupfiBaocpds petalld tov pehddonv avouxtic
urepyeiiong xar Ty pefddwy pe yphon arueidag, 160 and drodn yGpou
660 xaL and anodn YEovXOV ERBGGEMY. LNUAVTIXO TAVTWS ElvaL VoL UTOAO-
violel ex Tov npotépwv to néyeboc tou Peudodeixty oe bits. o napdderypa
v apyeto 10 Oéoewy otn yewdtepn neplntworn apxoly Peudodeixtes TV
4 bits, v apyelo 100 Héoewv apxoiv T bits xox. Elvar Suvatédv dpwg o
Srabéopog apthuioc twv bits va elvatl oyetxd puxpds. "Etol av npénet va a-
noOnxeulel aplhude ahpdtoy, 1, peyaritepos and o dabéoyo, 1é6te amide
anofnxeletar o Swabéoipog. Katd tov tpdémo autd enttuyydvetar 1 ovvdeon
TOV EYYPAPOV, ahAd Tpo@aveg auvddvel To xdotog avalAtnorg.

Avaxegpoiraidvovtag yia 6ieg tig nebddoug, otw dTL évag x&dog amo-
teheltar and plo oehida yopntxdtntag plag eyypaphs, onoTE TO YPOVIXO
x6070g avalATNong PETEATAL UE TPOOTEAACELS EYYPAPOV. XTo Lyhua 9.6
napoustaletal GUYXELTIXd 1 enidoon Twy Tecodpey nehédwy Siayelpione TV
ouvevipey urepyelhong. Palvetal T dtay Lf > 90%, téte oL uébodol mou
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Aptbpde 6 T T T 1 1
TpocTErdGEWY
5L Avowxth Eravaxata- |
vrepyeiiion xeppaTtiopnds
4 — —
3 — —
9 L Yopepureg |
arucideg
1 Zexwpltotéc
arucideg
0 | | | | | | | | | |

0.1 0.2 03 04 05 06 07 08 0.9 1 1.1
Mapdyovrag pdetiong

Yy 9.6: Enldoorn teyvixdy dtayelpions ouvovipoy.

xenoworoly alucida elvar onpavtixd xakltepes. Exlong, av Lf > 50%,
Téte N P yeappixh avalfitnon uneptepel g avolythc unepyeliiong.

Extég and 1o xbotoc e166d0u/elbd0u dedopévmy, urdpyouv xal dila

/7 7z 7 7 /7 7 4 7z
x66tn nou npénel va Angbholv urn” 6. Kat” apyhv, o uéhodol tne avor-

4 7 7z 7 /7 /7 e 7 7 7
xThS Stevhuvong €xouy mold arnkd hoviouwxd, yatt obte anolnxedovy odte
Srayepilovtal deixtec. Autd o yeyovde Telvel va PEWOOEL TO YpdVo UTo-
roylopoy, mou (owg Oa uropoloe va cuvelsEépel oNUAVTIXE GTO GUVOAMXO
xeovo. Enlone, to yeyovig 6L autéc ou pébodol dev ypnowronotoly delxtes
dev onpalvel 6t yivetal Wialtepa peydin owxovopla and arodyn yodeouv. Au-
6 opelheTal 6T0 OTL UE TN YENoY TeV AUGBoY aviioTolyel €vag delxtng
avd xddo xar ouvendg To tocd elvan lowe apeintéo. H xplown xar Paot-
Xh napdpetpog elval o mapdyoviag @bptions, mou npénet va dtatnenel oc
YOPUNAG enineda via va pelver oe hovixd mhalowa xat 1 exioon.

“Apa telxd, Yo TV xatnyopla TV TEXVXGY TS avolyThc devhuveng
TO TAEOVEXTAPATA elval amhdTnTa AOYLOULXOU XaL owovoula oe ypbévo u-
TOAOYLOUGY, EVO Ta petovexthpata elvar avinuévol ypdvol yia eloodo xat
€Z0d0 dedopévoy xalde xar yopoc anolfxevonc. Av uropel va npofie-
@Oel n avéntuln Tou apyelov téte N yphon LeyxwplotdY ahuoBoy elval pa
elatpeTin? eV vie avalAtnon, ewoaywyh B Staypaph uloc eyypaphs.
Arevavtioc elvar pla mohs doynun enthovh via oelplaxéc Siepyaoies xat e-
POTHOELS SO TARATOS, ORwe oupfaiver €€ dhlou yia Gheg Tig Topairayés
TOU OTATIXOU XATAXEPUATIONOU. LuvAlwe auéons PETA TV apytXh PopT®-
om, n avalhnoy teppatiletar pe pla npoonéiaoy. Av elval yvootd ex tov
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TpoTEP®Y GTL oL EpwTHCELS dlaoThpatoc Ha yivovial ouyvitepa, téTe (oW
va mpotpniel n doph tou BY-3évdpou. Tlpénel va onpeiwbel Béfara dtu 7
oyetxf onoudatdtnTa GALY TV TEONYOLUEVEY Tapayiviwy edapTdTal o
16 0 @épTo gpyaciag, TS ATATHCELS TOU GUOTANATOS XAl YEVIXOTEPA TO
UROAOYLOTIXG TERUBAAROY.

9.6 Aoxnoeg

<1> Ye otatwxd apyelo xataxeppatiopnol 15 cerldwy ywpntxdtnrag wlog
eyypaphc va eoayfolv ou eyypapés pe tic endueves Tég xAediodv: 42,
57, 16, 52, 66, 77, 12, 25, 21, 33, 32 xat 14. Na yenoiwponombolv diec ot
TEYVLXES TNS oxovEvelag TS avowthg dtedluvong.

<2> Ye otatwxd apyelo xataxeppatiopnol 15 cerldwy ywpntxdtntag wlog
eyypaphc va eoayfolv ou eyypapés pe tic endueves Tég xAediodv: 42,
57, 16, 52, 66, 77, 12, 25, 21, 33, 32 xou 14. Na ypnowponowmbel n teyvi-
xh Ty PeudooaivciBoy. Iléca bits elval arapaltnta yia 1o péyeboc Tou
peudodeixty;

<3> "Eotw 61t 670V 0pLloP6 T0U TUROU TS EYYPAPRS TepLEyovTat dto (eudo-
delxteg, ouvenme unopolv va dnuoupynloly dbo urnorovilopeves ahuoidec.
Me xataxeppatiopnd oto xhewdl tng unepyehilovoas eyypaphc emhéyeta
motd ahuo(da Ba axohoubnbel (key mod 2). Na exavaingbel n mponyolupevn
aoxNoT YL TNV TApaARAYR auThH Xal va yivel abyxplorn tng extdoonc xatd
v avalftnon vy Ty S opdda dedopévoy.

<4> Alvetat otatixd apyelo xataxeppatiopnol 5 oehldov ywentxotntag 3
evypapdhy. Xenowrorowdviog T ouvdetnon h(key) = key mod 5 xau tn pé-
H0d0 e ahuoldag va etoay Doty oL ey YpaQEc PE TIC EROUEVES TUES XAELSLOY:
42, 57, 16, 52, 66, 77, 12, 25, 21,3 3, 32 xa 14.

<5> Mtatxd apyelo xataxepuatiool pe ypnorn aivoidac Siaxplvetar o-
76 1o elhc yapaxtnplotixd: Bk fr=50, exbupnté Lf=70%, n=100.000,
R=400 bytes. Metd tn @pbptwon xdbe eyypaph avaxtatal ue pla npooné-
haor oto dloxo, yviatl To phxog tng aiwoidag elvar 1. Metd and xapd oto
apyelo undpyouy ouvoixd 400.000 eyypapés. Av to p€oo unxog Tng alu-
oldac éyel yiver 3, notd elvan 1 véa T Tou mapdyovia poépTions. Me ndoeg
npoonehdoelg vivetar théov v avalftnon plag eyypaphc. Luppépet f oyt n
Sop# auth oc oyéon pe To BT-3évdpo;
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<6> Ye apyelo ue 100.000 eyypagpéc twv 400 bytes yivovtal 10.000 npo-
onehdoeig xal 10 avalnthoec Staothuatog mov agopolyv oto 3% v ey-
veapdv. Ilowd Sop npénel va mpotiunbel: éva apyelo xataxeppaTtiopol ue
oeptaxd didfacua, éva deutepedov BT-34vdpo # éva mpwtedov BT-34v3p0
oY ESLACUEVO XATAAANAL VLA TO GUYXEXPULEVO TUTO EPOTAGEWV.

<T> T to apyelo T mponyolpevng doxnorng va urokoytalel tv Oa frav
npotipotepo av oe xabe 10.000 npooneidoceic aviiotoyovoay 100 epwthoec
SwxoTApatog mou agopoty 10 H0% Tov eyypapdy;

<8> Ye apyelo pe 1.000.000 eyypaypés twv 400 bytes npéner va yivouv
10.000 mpooreidoeig xar 100 gpwthosg Siaothpatog mou axattovy to 3%
Tov eyyvpapdy. lowd péhodog elvar amotereopatixdtepn: éva apyelo xa-
TOXEPUATIOROU UE GELPLAXH AVAYVOOT YL TS EPOTACELS SWUOTALATOS 1 €va
rpwteloy BT-34vdpo oyediaouévo xatdiinha;

<9> Ye otatixd apyelo xataxeppatiopol e yehorn ahuoldag to 10% twv
evypapdy avalntdtor pe mbavétnta 50% xou to uxéhowmo 90% twv ey-
veapdy exnlong pe 50%. Na nepiypagel plo dwadixacsia torobétnong tov
eYYpap®y mou va Beitiotonowel Ty enitdoon xar va Bpelel to avtiotolyo
x6670¢ TPOOTENAOTS.
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AYNAMIKA TYXATA APXEIA

10.1 Ewsayoyn

Yto nponyodpevo xepdrato edetdolnxay ta tuyala otatxd apyela. O o-
VaTAC /TpoYpapaTloTAS XATd T QAoT oY ESLAooY Xat POETHOTS TOY Ape-
Yelov autody npérel va anogpacicel n6cog ywpos Oa xatainglel ouvolxd
OTNY XVPLOL TEELOYT XL GTNY TEpLoy ) unepyelhions. e noihés epappoyés
elval Suvatéy o aptlpdec Ty eyypapdy va mouxiiel xatd moil. Arevavtioc,
0 Y ®pog Tou apyelou Lével aueTdfintog aveldptnta av To apyelo £yel TOAD
YANAR K oG uhnhf Tnedtnta, yia mapdderyua 5% h 95%. Yny npd-
N ReplnTwon undpyel TEOPAnua ayenoLLonoinTou YOpou, eve otn delteey
npoPinpa pToyhc enldoong xatd tny avalftnon. Ta otatixd apyelo Staxpi-
vovTal vl autéc Tic aduvapies péypt tou onuelou mou Oa yivel avadiopyd-
voorn. Katd v avadiopydvwon 6ho to apyelo oyediacuévo and tny apyh
Do Eavaypagel o PixpdTepo 1 68 ueyahitepo Y OEO Xal UIMOTA GE GAAO
népog tou dloxou. otéco, N Swadixacia auth elvar Wialtepa ypovoPdpa.
Ye pepxéc cpapuoyés autd uropel va elval anapddexto enewdh to apycio
dev elvar Stahéolno 610 YENROTN XATA TO GUYXEXPULEVO YEPOVIXO dLdoTrua.

Yto noperldv €xouy npotabel toikéc opyavdoeis Tuyaloy apyelwy, Tou
dev mapapévouy malntués oTic eloaymYEs xat Slaypapés eYYpAP®OY AAAL
npooapuilovial, GoTe xat vo U1 yivetal onatdin yGpou akhd xot 1 eni{do-
o vo uny expuiiletar. Xty Bhoypapla avapépovtal nepl Tig déxa napoh-
havég tétowwy Tuyalwy apyelwy mou héyovial duvapxés (dynamic). Y
ouvéyewa Ba edetacholy and alyoplBuuch H/xar avahutixd dnodn ov elfc

228
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opYaveoes: o duvapixdg xataxeppatiopwds (dynamic hashing), o exe-
xtatdg xataxeppatiopmds (extendible hashing), o ex6etixdg xataxepua-
TLoU6g e TepLoploévo xatdhoyo (bounded index exponential hashing),
xat Téhog 0 Ypauutx6g xataxeppatiopmds (linear hashing). Kdbe plo a-
76 TLS TPONMYOUUEVES TEYVIXES UE TO TPOTEPHUATH XAL TA LELOVEXTHUATA GF
oyéon pe Tic undrowes anavTd e ovvhetoug akyoplBpoug ota npofAfuaTa:

/ 7 7 7
® TS XAl THTE dLaondTon €vag xadog,
7 7 / / 7 7
® TS SLAVELOVTAL OL EYYPUPES and TOV TUALG XADO GTOUS VEOUC,
/ s s 7 7
® WS Xo TOTE OUYY®VELovTAL 800 xadoL, xal TE A0S

7 / s s 7 s 7
® WS 0L EYYPAPES amd Toug dUo TaAolg xadouc anodidoviar 6To véo
xddo.

10.2  Auvvapixog XATAXEQUATLOMES

O duvapixdc XATAXEPUATIOPOS ATAY 1) TE@TN YPOVIXA SOUR SUVAULXOY Tu-
yalov apyelwv mou eppaviclnxe oty BiBhoypapla. O gpeuvntihc mou Ty
rapousiooe, o Larson (1978), Bewpeltar and toug Bepelwtéc g neployhc
authc. O duvapxde xataxeppatiopnss anotereltar and dbo puoixd aveldp-
Tteg dopéc: évav xatdhoyo xar €va xuplows apyelo. O xatdhoyog elvat
éva 34c0g duadixdy 3EvSpwy Tou VAoToLovYTAL W ouvdedeuéves Soués xat
elval anolnxeupéva oty xlpla pviuy. Yto teieutalo enlnedo tov duadt-
x@v SEVdpwv mepLEyovTal delxtes mpoc Tic oehideg Tou xuplne apyslov Tou
BéPata elval anobnxevpévo otn deutepetouoa pviuyn. O aplBuds tov dua-
Sy 3EVSpwy Tou amoTEAOUY To 33060g LooUTat pe Tov aptind TV XAdwV,
bk, tou apyelou dnwe €yl oyxediachel apyixd. Mia cuvdptnon xataxesppa-
twopob hi(key) = key mod bk and tnv Ty tou xhewdiold diver To Suadxd
3¢évdpo, brou elvar anobnxevpévn n Siebhuvorn tou xadou 6mou 1 eyypaph
elvar mpaypatixd amolnxevpévn. Auth elvar 1 yevixh @uiocopla Aettoup-
yiog e dophc mouv otrpiletar oty otpatnyxy | Salpel xau Paclieve . Xtn
ouvéyel avarvoviatl dVo eduxdtepa Oépata. Ilpdrov, nwe peyehivetal éva
apyelo xa, devtepov, mowd elvar n Souh xou 1 encdepyaocia Tov duadixdy
dEvdpwv.

Kdfe xddoc and toug bk €xer yopntuxdtnta Bk fr eyypapée, ondte av
xdnowog and autols deybel tnv (BE fr41)-007h eyypapy tdte npénel va Sa-
onaclel. Autéd onpalvel 6t évac véog xddoc napaywpeltar and to cloTHUA
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o7o apyelo xav ov (Bkfr41) eyypapéc npéner va avadiavepunholy petall
TV d%o xddwv. Autd emtuyydvetar ue ™ foRbeia plag Sedtepnc ouvdpty-
o xataxeppatiopol ho(key) mou malpvovtag wg ondpo to xhedl (H xdnoto
peTacNUaTLopS Tou xAewol) propel va napdyel pla Peudotuyalo Suadueh
oupfohooelpd onotoudhrote whxous, drou ta 0 xat 1 eppaviloviar wooniBa-
va. BéBata apywed anattodvtar pévo pepuxd bits, dpwe pe tig Stadoyixéc
Swaondoes Tov xddwv ypetdlovial dho xal neptocdtepa. Autdg elvat o A6-
YOS TOU AUTH 1) SEUTERY GUVAETNOY XATAXEPUATIONOY dev ueTatpénel anid
o xAedl 6710 duadixd aviiotouyo. Etol, clpgpova pe pla obuPacn, av to
mpdTo bit elvan 0 (avtiotouya, 1), téte n aviiotouyn eyypaph xateuhiveton
oTov urdpyovia (avtioTouya, 6To véo) xddo. Xt yvevixh replrTwon, yer-
owonototvtat Toca bits g Suadixhg oupPorocepds doa elval anapaltnta
oote ov Bk fr41 eyypagée va Stapopacholv oe 3Go xddoug.

Apywxd xabéva and ta bk Suaduxd 3évdpa tou ddoouc anoterelitat uévo
and pla plla, ondte Dewpeltar 6tL 0 xatdhoyos €xet pévo éva eninedo. "Otav
viver xarowa dudonacy xddou, téte npénel To aviiotolyo 3EvSpo va enexta-
Ocl xatd éva enlnedo. llpopavoc, dev ocupPaivel to (Bo o8 dha ta dévdpa,
ryeTal buws 6Tl 0 xatdhoyog enextelvetal xatd éva exninedo. ‘Etol and
plla tou avtioTolyou 3évdpou Snuovpyodvtal 3o @Uila pe Toug avilioTol-
youc delxtec mpog touc dYo xadouc. Katd olufacy, o apiotepds x6pupog
delyver otov undpyovta xddo, eved o dedidc xdufoc delyvel oto véo xddo.
Avth 7 Saduxaoia enéxtaong Ty Suadxdy dEvpwv yivetal avdioya pe Tic
eloaywYEs TV VEwY eyypapdy. Av v cuvdptnon hy Sworelper tuyala tic
eyypapés ota duadixd dévdpa, téTte Ta dévdpa Eyouv meplnou to (Bio péye-
Ooc, eved exTypdtar 6Tt ta 3évdpa elval tooluyiopéva enedh v Peudotuyalia
ouvaptnom he mapdyel woonlBava ta 0 xat 1.

Elvat euvémnto 4t ot 10n0L ToV ECOTERXGOY XoL TV EEOTERLX®Y XOUPOY
elvat Srapopetixol. Ilwo ouyxexpipéva:

o xdle comtepixds x6pPog anoteieltal and ta &g Téooepa nedlo: omn-
palo, devdpwde Selxtng nmpog tov natépa xo6uBo, devdpuxds Selxtng
TpOS TOV aploTepd andyovo xat devdpixdg delxtng npoc tov 8edié and-
Yovo,

o xdle ewtepixds x6pufoc anoteheltal and ta e&hc téoocpa nedla: omn-
palo, 8evdpixdg delxtng mpog Tov matépa xOpPo, delxtng npoc Tov xddo
Tou apyelou xat LETENTAS EYYPAPOY ntou elvar amobnxeupéves oTov a-
vtioTouyo x4&do.
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H onpala tov eowtepixdy xar tov ewtepxdy xéupov nalpvel tny tiuh 0
xou 1, avtiotouya.

R(0) R(1) R(2) R(3) R(4) R(5) R(6) R(T) R(8) R(9)
1011 0000 0100 0110 1111 0101 0001 1110 1001 0011

[Mivaxag 10.1: T'evvAtpra deudotuyaiov Suadixdy aptBudy.

H mponyotuevn dtaducaoia gaivetar 6to napddetypa mou axoroulel. k-
0Tw 0TL 68 XEVO apyelo SUVaULXOU XATAXEPUATIONOU UE Xadous ueyéhoug
300 eyypapdy mpdxettar va ewoayfoly Stadoyxd eyypapés pe TULES XAt
oy 4, 5,10, 12, 19, 52, 56, 71 xat 90. Apywxd to apyelo oyedidletar dote
va €yeL TRELS XABoug, dpdt TEEREL WS TEOTY CUVAPTNON XATAXEPUATIONOU VoL
xenowponowmiel v ouvdetnon hy = key mod 3 nou ywpeilel o 8doog Tou xa-
TahbYoU ot Tpla Staxpitd duadixd dévdpa. lpénel enlone va yenoyronowmbel
xau pio Sevtepn ouvaptnon yio To xtiowo Tev duadx®dy dévdpwy. Eotw,
rowdy, 6t emiéyetar 1 ouvdptnon key mod 10, dote and to xredl va
npoxtider undrowmo and 0 weg 9. Kdbe Ty tou urorolnou propel va Oewpn-
Bel we ondpog oe pla Peudotuyala yevvhtpwa, R(), mou va napdyel duadixd
dnpla 0 xaw 1 pe v B mbavétnra (dnhadh 50%). To anotéheopa pioc
TéTolag yevvAtelac yia xdfe ondpo palvetal otov llivaxa 10.1. Yto Yyfua
10.1 palvetal t0 TeMXd AROTEAEOUA TNS ELOAYWYNS TOV EYYPAPOV UE TN
dnuoupyla Tou XATAROYOU TV TELOY dEv3pwy xat Tou apyelou Twy névte
XABOV.

0 1 2
0 1
’V.\ 0 Kipta
___________________________________________________________________________________ i
Y 7
li2[oo] [19]s2] [4]w0] [s6]n] [s5] | AEULE\,%E:,?UW

Yy 10.1: Apyelo Suvapol xataxeppatiopmoy.

Me o napddetypa avtd gaivetal 6t 1 emtuyhc avalftnon xootilel pla
névo npoonéhacn oto dloxo. Enlong xatd tyv avalhnon un vadeyoviog
xhewdLot propel va Peebel @Uiiho Tou Suadixol 3Evdpou ue LeETENTH EYYPAPOY
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(oo pe undév. "Apa oty neplntwon auth To avtioTtolyo ypovixd x66Tog a-
vemtuyotg avalhtnorng Oa elvar pndév and v dnodr twv npocnerdoewy
oto dloxo. T napddetypa, €oto 6T yivetal avalftnor tng eyypagphc He
T xhedrod 68. D' v avalhtnorn auth Oa eletachel to teheutalo dua-
duxd dévdpo (eredh: 68 mod 3 = 2), xau etdixdtepa 1o dedid nadl tng pllac
(exewdh: 60 mod 10 = 8 xaw R(8) = 1001, 1o onolo apyilel and 1). Ilapa-
TNEOUUE, AOLTOY, GTL and To ouYXEXEPULEVO YUANO dev urdpyel delxtng npoc
To 8loxo, dpa o x66T0¢ AUTAS TNe avemtuyols avalftnong elvar 0.

Qot600, yvivetar avitinmtd 670 AOY® TOV ELOAYOYOV 0 XATINOYOS 0U-
Eaver Babualo, ondte uropel to pwéyelioc tou va encpdoet to péveboc e
Srabéoung xiplag pviung. "Etol o8 xdmowa ypovixh oTLY IR 1) ETLTUY S ava-
Lhtnon Oa xootilel %o npoonehdoelg 670 dloxo yiotl Tufpa Tou xatahdyou
Oa mpérer va anolnxeulel oty deutepedouoa pvApy. Xe oyéomn ue Tov ma-
payovta ypnouronolnong yOpou €yl anodelyfel avoarutixd 6Tt N néomn TN
Tou elvar 69%. H <wuh auth wwolton pe v avtlioTtoyn yia Tig Sopég g
owoyévelas Tov B-8évdpwy xar Ba cuvavtnlel xal ndit oTn cuvéyeia Tou
xeparalov auTtol.

Azé <ov Scholl (1981) éyouv mpotabel d%o naparhayéc Tou duvauxos
XATAXEPUATIOPOU Yia T Pehtiwon tng exldoong tng avalfnone. Lopgpo-
vo pe pla mapoiiay?h and autés, dev yivetar didonaoy tou xddou btav ¢’
autéy xateuBuvbel 1 (Bk fr41)-00th eyypaph alkd dnuovpyeitar ahuo{da
unepyelhong pe éva deltepo xddo. To Ledyog autd twv xddwv Ha Swaona-
ofel xar o xatdrhoyoc Oa evnuepwlel avtiotorya 6tayv Ou éyouv eloaylel
B X Bk fr eyypagéc, 6mou 1 < 8 < 2. H teyvuh auth Aéyetar avafoin
dudonaong (deferred splitting). “Etou BéPaia via pepuéc nepuntdoeis Ha
yeewaletar pla npoonéiaoy, oto dloxo, eved yia dhhes nepntdoelg Hao ypetd-
Lovtal 8%o npoonehdoss. To mheovéxtnua dpwe elvar 6Tt o xatdhoyos Ha
elval puxpdtepog xatd 3 popéc xaL Oa ywpd otny xpla uvhun. Av to apyelo
neyarooel unepBoiixd Téte propel divoviag 670 B peyahiTepes TULES Va &-
TLTpanoty alue(deg unepyelAlong PEYAAUTEROU PAXOUS, DOTE 0 XATANOYOG
Vo ywpd onwodhrote oty xUpta pviuy. Edxola cupnepalvetar 6t n péon
T npoorehdocwy oto dloxo oty yewdtepn neplntwon Oa elvar [F]. O
eVOLAPEPOUEVOS avayVHOTNS Uropel and Ty avapopd va Beel neplocdTepes
AETTOUERELES YL TLS RARAANAYES TOU SUVAULXOU XATAXEPUATIGHLOY.
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10.3 Enextatdc XATAXEQUATLONOG

H Sop#h avth npotdhnxe and touc Fagin et al. (1979) xar hrav n ypovixd
devtepn vionmoinon Suvauxol tuyalou apyelou. H adiniouyla twv peta-
OYNUATIOUGY TOU XAELLOU TOU EXTEAOUVTOL OTOV ENEXTATO XATAXEPUATIONS
patvetar oto Lyhua 10.2. O npdrog petaoynpatiopdc elvar pla cuvdptnon
XATAXEPUATLOP.0U Ttou anexovilel xatd tuyalo tpéno éva Sdotnua Xhetduody
oe éva otablepd didotnua deubivoewy. O pdvog neplopiopdg elvat 6Tl To
Sdotnua Steubivoewy npérel va elvat SYvaun tou dvo. Exedh dpwg npoti-
patar to Sidotnua Steufivoewy va elval mpoTog aptiuds, yu' autd teixd
emhéyetal 0 peyarltepog axépatog mou elval auéons PxpdTERog and TN
duadux) Suvaur. La napdderypa, o peyaritepog npwTog apthuids mou elvat
MXpOTEPOS And TO 216 elvar 0 65521.

Juvéptnon EZaywyd d Avdyveon
XUTOXEPMATLOLOY TpOTOV Pnoleny XATAAGY 0L

pwteboy Elcodoc¢ Aclxtng
xhetdi H{(key) xaATAASY 0oL apyelov

Yy 10.2: Metaoynpatiopol xAedLol 6TOV EXEXTATO XATAXELUATLONS.

Y1 ouvéyela, 1 TULY TOU XAEBLOY HETATEERETAL 6TOV LGOdUvVauo Suadt-
x6 aplpd xal happavovrar ta npdTa Pnela Tou, dniadh xarowa bits. Elval
duvatéy enlong va pun Aingpholy ta tpota bits adkd ta teheutalo 1) xdnota pe-
oala, 6nwe oupPalver o8 tohhéc napariayés e LeHGSou oy cuvavtodvTal
ot Bhoypapia. Ta bits autd happavovrar we eloodog oe xatdhoyo, mou
nepLéyel delxtes mpog toug xddoug Tou apyelou. O xatdhroyos autdg elvar
évag povodudotatos nivaxag pe 29 otouyela, 6rou d elvan o aptbpde Twv P-
plwv mou emiéyovial and 10 an0TEAEGUA THS CUVAPTNONS XATAXEPUATLOROY

7

xat Aéyetal Bd6og (depth) # eninedo (level) tou xataréyou.

O apllpds tov Pneloy mouv eddyovial and 1o anoTéAEOPR THG CLUVAETY-
ONS KATAXEPUATLONOY UETABAARETOL YPOVIXE AVIAOYR e T METABOAR TOU
neyéhoug tou apyelou. I to Aéyo autd, to eninedo tou xatardyou el-
vau pla anapaltnn nopdpetpoc. " Eva napddetypa napovordletar 6to Nyh-
pa 10.3, 6mou €youv ypnourorounfel ta mp®Ta Tpla Pnpla Tou petacyn-
MATLOOU, XOoL CUVERMS 0 wivaxag anoters(tar and oxté deixtes. Avtol
oL oxt® delxtec umopovy va avagepholyv 6e oxtd To MOAY xddouc. E-
O0Tw, hOWGY, 6TL 1 Suadue) [LopPH TOU HETAGYNUATLONOY EVHS XAELBLOU elvat
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i d'=2
d=3 —+»‘ A
/:/ H(key)=00...
i d'=3
__i_, B
: H (key)=010...
\ d'=3
; r
\ H(key)=011...
I d'=1
o A
/ Hkey)=1...

Kipra pvhun i Aczvutepebovoo pvhun

Yyfpa 10.3: Katdhoyog ennédou 3 pe téooepic xddoug.

0110100101100101. Ané autdv tov apbud amopovevoviar ta tpla tpdTa
bits mou ooduvapoly pe to dexaduxd aplud tpla. “Apa, pe npoonéiaoy
otnv un” aplBud 3 eloodo tou mivaxa (rou ouclactixd elvar 1 tétaptn eloo-
dog Tou nivaxa) Beloxetar o xatdiinhoc delxtng nou avagépetal 6Tov x4do
I'. Enlong ac npooey el 6t xdbe xddog ouvodeletar and pla napdpetpo, Ty
d’', mouv Myeton BdBog (depth) # exinedo (level) tou xddou. H napdpetpoc
auTh dnAdveL Tov aptipd Ty bits mou elvat xoLvég Yo Ta XAESLE GALY TOVY
EYYPAP®Y TOou XAdou xa elvan mavta uxpdtepn | lom and to Paboc tou
xatoahoyou d. Nuvenoc, o apliuds Ty dexT®y mou avagpépovial 68 éva
Sedopévo xddo elvan 297",

Avaxeparaidvovtag, n avalATnor 6Tov EXEXTATO XATAXEPUATIONS Yive-
T pe névte PApata. pdtov, epapudletal pla cuvdptnor xataxepuatiopos
oto xhewdl. Agitepov, e&dyovtal ta npodTa d bits. Tpito, yenowponoeita

7 e 7 rs 7z 7
0 xatdhoyos yia va evromohel o xatdiinioc deixtng. Tértapto, pe Bdon
to delxtn yivetal npoonéhaoy otov xado. [léunto, yivetar avalftnon péoa
OTOY XAB0 YLOL TOV EVTOMLOMSG TOU XAEWSLOY.

H enclepyacia twv eloayoyody xal Tov Slaypapdy eyypapoy slvat ap-
xet1d moAUmioxy. "Evac Bacwdc xavévac elvar 6t 1 mepextixdtnta evéc
7 e re 7 /7 7z re
x&dou dev propel va elval peyoriteprn and 100%, xau dev npéret va elvan pi-
xp6tepr and éva noc60otd nou oplletal and o yphotn, yia tapddetypa 50%.
AN /7 /7 7 /7 7 4 e
Oztav autdc o xavévas nopafidletal téte arrdler 1 Souh Tou apyelou.

‘Eotw 6t otov xddo A tou apyelouv tou Yynpatog 10.3 npdxeitar va
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ewoayOel pla eyypaph. Av o xddoc A elvar H0n thfenc, ToTe N véa ey Ypaph
dev propel va anolOnxeubel exel xar npoxaieltal enéxtaoyn Touv apyelov. "E-
To, évag véog xddoc B npootifetar oto apyelo. O piool and touc delxtec
mou mpwy avagépoviay otov xado A, topa arrdlovy xar avapépovial oTov
xad0 E. Ov avtiotoyeg evypapés petagépoviat and tov xddo A otov xddo
E. “Etou tehixd, ot 800 xddot A xal E éyouvv nepextixdtnta 50% xon undp-
YEL apXeTHS YOO Yia perhoVTIXES etoayoyés. H tehuxh popeh tou apyelou
patvetar oto Lyfua 10.4. Ac npooeybel 6Tt mpy tn Sdonaoy otov xddo A
Beloxotav dhec oL eyypapéc TOV 0nolwY 0 PETACYNUATIOUOS TOU XAELSLOYV
Gpyle and 1... Metd tn Sidonaon otov xddo A xat 6tov %880 E anobnxedo-
VTaL GAES OL EYYPAPES TOY OTO(OY 0 LETACYNUATLONOS ToL xhetdLov apyilet
and 10... xou 11... avtiotouya.

d'=2
d=3 -— A
/ H(key)=00...
d'=3
S
H(key)=010...
\ d'=3
I
\ H(key)=011...
I d'=2
A
\ H(key)=10...
S d'=2
E
H(key)=11...

Yy 10.4: Avadiavoph xhedidy hoyo Sidonaons xdadou.

H 3udoraon twv xddwv propel va cuveyiolel pe tig dtadoyixés ewoa-
YOYES VEOY evYRapdy uypt evog oplouévou onuelou. "Otav o xddog mou
mpdxertal va dwaorachel avagépetal and éva pudvo delxtr, dnhadh d = d,
T6te 0 xatdhovog npénet va enextabel. "Eotw 4t otov %O mihen xado I
Tou apyelov Tou Yynuatog 10.4 etodyetan pla véa eyypaph. Tote évac véoc
x4d0g 7 anodidetal oto apyelo. ot600, 0 xatdhoyog dev Sabétel ydpo
v va anofnxeufoly ol oyetixol deixtes. "Apa, oto onuelo autd npénet va
neyebuvlel o xatdroyog.

Ye xdbe Sadoyxh pevéhuvon o xatdhoyog dumhaotaletar pe abinon e
rapapétpou d xatd pla povdda. Kdbe delxtne tou apyxol xatahdyou xata-
ropfaver 3Go O€oeig Tou véou xatardyou. La napddetypa, o xatdioyog Tou
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Yyfpatog 10.4 nepiéyel delxtec mou avapépovtal Xatd oelpd 6TOUS XAdoUS
A, A, B, I A A, E xoaw E. Metd v eréxtaoy tov xatahdyou ot deixteg
avapépovTal xatd oepd otoug xadous A, A AV A B, B, I, T, A, A AV A,
E, E, E xav E. Me to Sumhaciaopd tou xatoaréyou o xadog I' avapépeta
mhéov and Vo delxtes xal cuveR®s uropel va tpoywpenoel 1 didonaoy. E-
ToL, 0 évag and autols Toug dVo delxtes oto ediic avagépetal oTov xddo Z,
eV Tapdihnia ot evypagés notpdlovtal otoug dUo xddoug avdhoya HE Ta
npoTa téooepa Pnpla and To ATOTEAEGUA TNS CUVIPTNOTNG XATAXELUATLONLOY.
H véa popph tou apyelov napovoidletar oto Lyhupa 10.5.

d'=2
A
H(key)=00...
d=4 d'=3
B
/ H(key)=010...
d'=4
I
\_ H(key)=0110...
*\ d/=2
= A
H(key)=10...
. d'=2
= E
H(key)=11...

d'=4
H(key)=0111...

Yy 10.5: Awmhaotaopnos xatoahdyou.

O xatdhroyoc Sunhacidletal xdle Qopd nou dwaondtar évac xddoc, yia
Tov oxnolo woydel n oyéon d = d’', aveldptnTa and xatdotacn Ty dhhev
x&dwv. Auth N teyvixh propel va odnynoel o nabohoyunés xataoTdoe.
INa nopdderypa, oto Lyhua 10.6 napovordletar éva apyelo pe 8%o xddouc
YoenTXoTNTAg dU0 eYYpap®y, 6mou apyxd codyovial dUo eyypapés UE
xhewdid 10 (= 000010103) xow 142 (= 100011103). Ytn ocuvéyewa esdyo-
vTat ou eyypagée pe xhewdid 52 (= 001101002) xow 56 (= 001110002 ), ondte
vivovtal 8%o Stadoyxol Sunhactacuol tou peyéhouc tou xatardyou, enetdn
To xaewdid 10, 52 xou 56 €yxouv xowvd ta mpdta Vo bits. Awhaciacuids
TOU XATARGYOU YIVETAL XAl PE TNV ELOAYOYH TOY EYYPAPOY PE xAedid 12
(= 000011002) xor 19 (= 000100113). ‘Etol o xatdroyog éye 24 = 16
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o) stoaywyy 10, 142 v) stoaywyn 12, 19
N N
0, |10 d'=1 d=4 . 1012 d'=4
d=1 [—
S
142 d'=1 \ 19 d'=4
(B) stoayoy? 52, 56 \ ‘ 52 ‘ 56 ‘ d'=3
10 d'=3 \
/ \ d/:2
d=3 —— »
— 52|56 | d'=3 \\
—\ _\’; 142 d'=1
) -1
és d'=2 -
AN
—

142 d'=1

Yyfpa 10.6: [abohoyuwed neplntworn Stmhactaopol xatahdywy.

etgbdouc, ondte undpyouy apxetol daxpitol deixtes mou delyvouv elte oe
Eva xevo xado elte oe £va xowéd xado.

EE autlag Stadoyuxdv Staypapdv eyypapody prnopel va npoxindel v o-
vilotpopr Suaduxh dtaduxacio tng ocuppixvweng tou apyelov. Ado xadot
OUGCLUATGVOVTAL 68 Evay Xddo xdTw and tpews npotnoléoets:

o 1 péom neplexTixdTNTA TV S0 x&dwv dev Lenepvd To H0%, yiatl o
avtifetn neplntwon, dev Oa unhpye yopoc oe Evav xado yia Ghec Tig
EYYPAPES,

7 /7 7 re /7 e
e ot xddoL nou mpdxettar va ouvduacholv yapaxtrnellovtat and v (S
Th g mapapéteou d', xa

o o XAheWdLd TV eYYPaPOY TV 3U0 xddwv éxouv xowvd ta tpdTa (d'-1)
nela Tou ATOTEAECUATOS TOU UETACYNUATIOULOY XATAXEPUATIOLO.

Ot 8%0 tekeutales npolnobéceic elvar anapalitnteg, €tol Gote dheg oL ey-
yveapés tou véou xddou va éyouv xowvd ta npota d npla. ‘Eote yw
napddetypa, 6TL N Tp@dTn cuVORXY cuvTEEyel Yl Toug xddoug A xat B tou
Yyfpatog 10.5. O xddot autol, pwg, dev uropoly va cuyywveuholy yiatl
To XAESLE TV EYYPaAP®Y dev £xouv Tov (Blo aptiud xowvedy dneloy. Arne-
vavtiag, ot xadot A xat E propody va cuyywveuboily yiatl ixxavonotobvta
bheg ov auvhhxec.
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Katd tov (8o tpéno, btav dhol ou deixtes elvar xatd Lelyn propel va
urodimhaotachel xat to pévehog Tou xatardyou. La napddetypa, av urote-
Oel 6TL o delxtec Tou xaATAAGYOU AvapépovTal XaTd Ged 6ToUS Xadouc A,
AAA BB, IV, A A A AJE E, Z xaw Z, téte pe tn ouppixvewor Tou
xatahoyou ot deixtes Oa avagépovtar otoug xddoug A, A, B, I', A, A, B
xat Z. Avtifeta, av ou delxtec agopoloay otoug xddoug A, A, A, B, B, B,
LU A A A AVE, B, Z xaw Z 8ev Oa uropotioe va yivel unodumhactacuos

TOU XATANSYOL.

Ac onpewwlel 6tL pe pud dhin anif viorolnorn Tou xatakdyou Umopel
vo uny undpyouy neptttol delxtes. Anhady, av yia dedopévo enlnedo d tou
XATAAGYOU Xl Yo Xdnolo ouvduacud d Pneploy dev undpyouv aviictolyes
Tiés xAeWBLOY, ToTE 0 aviiotolyos delxtng €xer TR NIL. H noapaihay?
auth €yel g anoTtéheopa Tayvtepn averttuyf avalhtnoy xar ankovotepy
Sradweaoia didonaong xadwy. Tautdypova duwe €xel peyarlbtepes anatth-
ogtg yopou yatl Do yperdlovtal torrol xddot pe hives eyypaéc o xabévac
XOL ENOPEVODS 600 PEYAALTEROS 0 XABOG TOGO NEPLOGOTEROS XAl O UM YPT-
OULOTIOLNUEVOS Y ®POS.

Oewpntixd, elval mhavd dtav N neplexTixotnTa evog xadou néoel XdTw

ané 50%, va pny urdpyel xdnolog dAhog xddoc xatdhknhog Gote ol dbo
7 7z 7z 7 4 7 7 /7

Touc va ouyyeveuholy oe éva véo xado. Aniadh, dev undpyel evyinoyn 6t

N neplexTwoTnTa Xdbe xAB80ou xat Tou apyelou cuvokixd elval TOUAAYLOTOY

50%. Av
o 0 aplhudg TV evyYpaPOV, N, elval ueydhog,
o 7 YWENTXOTNTA TV XAdwY elvar enlong peydin, xat
o ta xhewdid dapotpdlovtal opotdpoppa LeTall TV XASwV,

/7 7 /7 re 4 /7 7z 7 /7
téte anodewxvietar 6TL elvan pndapivi N mbavétnta va méoel xdto and 50%
7N neptexTixdTTa evic xddou. H teheutala undbeon onpaivel 6t 7 ywentxs-
TNt TV XA8wy elvat meplrnou 7 Bia, dpa 6hol ot xadot Staon@vTal neplnou
TouTéypova. e XAmowa YeoviXy oTLYMR, Aomoy, xdmotot xddot Oa €youv

/7 e A 7 7z /7 e
repextdtnTa mepl to 100%, evédd dhhot Ba éxouy mepextixdtnta nepl to

50%.

H péon mepiextixdinta tov xddov elvar replnov 69%, dpa n péon Twwh
7 7 e re n 7z 4
Tou apthuod Ty xddwv Tou apyelou elvat Bfrxing” H péor tph tou aplh-

7 /7 /7 re n /7 e 7z
LOU TRV EL60dwY Tou XaTardyou lval Bhfrx (o) Aré tny teheutala oyéon
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patvetat 6Tt 6tav To apyelo doyxwlel apxetd, aviloTolya SoyxdveTar xat
0 xatdhoyog. Ye edalpeTixés TEPITOOELS 0 XaTdhoYos punopel va yivel Té6o0
MEYAAOS, BOTE VA UNV ywpd otny xlpta pvAuy, ondte Oo npénel va anobrn-
xevlel ot deutepelovoa uvAuN xar Do anattovyTal ETTAE0V TPOGTEAAOELS
oto dloxo via eneepyaoia tou nivaxa. Autd anoterel éva cofapd peto-
véxtnua tne pebodou. Autd to mpdfinua emthbetal o pla mapadhayh TS
nebddou mou Aéyetar exletixdc xXATAXEPUATIONOG UE TEPLOPLOUEVO XATAAO-
vo xau nopovotaletar oty ouvéyela. Eva diko petovéxtnua tng pebddou
elval 6Tt dev TpocépeTal Yia EpWTAGELS SLAGTALATOS, GTWS YLo TAPADELY UL
7 Sop# Tou BT-8évdpou.

10.4 Ex0etixbg xaTaAXEPUATIONGS UE REPLOPLOUEVO
XATANOY O

Baowd perovéxtnua tng mponyoluevng nelédou elval o avedéreyxtog Sumha-
olaoPog Tou peyébouc tou xatardyou. “Eva dhio petovéxtnua tng pebsodou
elvat 6tL oL xddot Staon®vTat neplnov TauTdypPOoVa, ENELSY 0L EYYPAPES XATA-
vépovtal toonlfava otoug xadoug. Enopéves eved 10 x66T0¢ TN eLoaywy s
eYvpapoy dtatnpeltal neplnov otalepd, neplodixd to xdotog avtd Exet eddp-
oeLg TToU 0QelAOVTAL GTIC TOARES XAl TAUTOYPOVES SLACTAGELS TWVY XASWY TOU
apyelov xat Tou xatardyou. H opydvmen tou exbetixol xataxeppatiopol
ne neploplopévo xatdhovo, mou npotdfnxe and to Lomet (1983), emilel
xaL T G0 npofafuata.

*O0c0ov apopd 6T0 TEGOTO UELOVEXTNUA, 0 XATAAoYOg dev propel va Eene-
pdoel éva péyroto péyeboc mou xaboplletar and n Swabéouurn xdpra puviun.
Anradh, o apthuis Tov ceridwy mou ouuncptiauBavovTal oe Evay Xatdhoyo
elvat 8Yvaun tou dYo xal dpa dtadoyxd Suthaotdletatl péyptl Tou onpeliov va

phdoel 670 bpLo Ty 27

oehidov. [a napdderypa, yia peydia apyela to
néyehog autd Oa propoloe va elvar 64, 128 xox. oeildec. 'Etou o xatd-
rovoeg dumhaoidletar péypl va 9hdoel autd to otablepd oplaxd péveboc xar
enopévos napapével otablepds xat 0 apthudg Ty xadwy nou deuxtodotolvTa
and Tov xatdroyo. ‘Etol, petd and auté to onuelo to apyelo peyardvet

avddvovtag oyt tov apthud Tov xddewv aikd 1o péyeboc touc.

*Ocov aopd 670 SeUTERO UELOVEXTNUA, O UETACYNUATIONOS TOU XAEL-
S0l oe tétowa apyelo axoroulel Evay aplud Prpdtwyv. Apywed, to xhedid
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petaoynuatillovtal pe Bdon pla ouvdptnon Gote va npoxddel pla opold-
LOPQN XATOAVOUT. Y OTERA, TO ANOTERECUA TNS CUVALTNONS AVOXATAVEUETAL
exfetixd pe Pdom Tov tino:

exhash(k) = 2MF — 1

émou k elvan o xhedl, h(k) elval to anotéheopa TOU TEMOTOU PETACYHUATL-
opov, xat exhash(k) elvat to anotéheopa tou devtepou. Tehxd anotéheopa
elval 1 opotdpopen xatavouh vo avixotactabel pe pla dhin mou Staxpive-
TOL YL TV CUGCOPELGY] TOY XAEWBLOY TPOS TO XATG IXPO TOLU SLAGTARATOS
v dteubivoewy. “Etol ou xddol dev Sy ovtal Tov (o apthud evypapdy xat
7 exidoon tneg eoaywyhg elvar neplnov otableph oc dhn ) Sudpxea tng Lohg
Tou apyelov. Ytov [livaxa 10.2 napatnpodpe 6t v andotaoy petall dtado-
AXOY Tpody g exhash(k) peyahdver xabodg ou tywée tng h(k) avdvovrar.
[ mapdderypa, av xau v anéotaon petadt dtadoywdy tyody g h(k) elval
0,067, ev TovTolg N andoTaoy, TV TEOTEY dYo TWevY e ezhash(k) elval
0,47, evdd ) andotaoy Ty terevtalny 1oy g exhash(k) elvon 0,90.

h(k) | exhash(k) h(k) | exhash(k) h(k) | exhash(k)
0,000 | 0,000 0,400 | 0,320 0,800 | 0,741
0,067 | 0,047 0,467 | 0,382 0,867 | 0,823
0,133 | 0,097 0,533 | 0,447 0,933 | 0,910
0,200 | 0,149 0,600 | 0,516 1,000 1,000
0,267 | 0,203 0,667 | 0,662

0,333 | 0,260 0,733 | 0,662

Mivaxag 10.2: Egappoyh exBetixol petaoynuatiopos.

To npdta bits tou exhash(k) xabopilovv tn oerida tou xatahdyou, -
mou elvat arolOnxevpévos o delxtng mpog Tov xatdiinio xado. H emhoyy
g oerldag (and 1o o¥voro TV oehlBwv Tou %&dou), brou Ha mpénel va
ouveytobel n avalhtnor, yivetal pe Bdor pepixd and ta endpeva bits and
w0 exhash(k). Axépn oc xdbe %480 avtiotouyel pla neproyf vrepyeliong,
mou elval opyavopévn og duadued 3évdpo nou ovopdletal 0-8évdpo (and to
overflow). O xatdhoyoc yia autd to 3évdpo anobnxedetar 6Ty TpdTY GEAl-
da Tou avtioTolyou xddou. Katd napdupoto tpéno, 7 Swayelpion tng neployhc
unepyelhong yivetal pe to endueva bits tou exhash(k).

Ou nponyoipeves évvoies dracapnvilovtar pe to napddetypa Tou Lyih-
patoc 10.7. Apiotepd paivetar o xatdhoyos mou €xel phdoel ota dpta TN
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Yyfpe 10.7: ExOetixdc xataxeppatiopds Ye neploptolévo Xatahoyo.

avantuihs tou, eneldh mar=3. O xatdhoyog meptéyet delxteg TPoOg TOUC
xVpLoug xadoug. Ou 3%o teieutalol delxtec avapépovral otov (Bo xddo,
yeYovog mou dihwote elval Suvatd xar otn pébodo tou amhol exexTtatoy
ATOAXEPUATLGLOY.

Ag vrotebel 6t mpénel va avalnniel to xhedl pe typh 204, ‘Eoto 61t
exhash(204) = (.00110011003). Ened# o xatdhroyoc anoteheltal and oxted
oehidec, Dewpolvtat ta tpla mp@ta bits ywa v npoonéiacn Tou xatardyou,
dnhadh T 001. "Apa n avalfAtnon xatevhivetar oty Sedtepr oehida Tou xa-
Tahéyou, ) oerida A. Exedn n eloodog tou peyébouc otov xatdroyo elvat
1, o avtioTouyog deixtne avagépetar oe xado pe pla pévo oerida. “Apa
tehxd, n avalftnon teppatiletal otov xddo B tou TyAuatog 10.7.

Yn ouvéyewa, ag urnotebel 6t mpénel va avalnniel to xhedl 641. Katd
Tov (8lo tpdno, €0t 6TL woylel exhash(641) = (.10001011003). Ta tpla
npta bits elvar ta 100, dpa 1 avalfAtnon xatevhivetal otny néuntn oeiida
Tou xataréyou, t oeiida ['. Exewdn v elcodoc tou pevéhouc otov xatdioyo
elvat 3, o avtilotouyoc delxtng avagpépetal oe xado e oxtd cerideg xaL ou-
vendg npénel va ypnowporomnboly ta tpla endueva bits yia tn Siteuxplivion
g oLYXEXPEVNS oeAidac, 6mou npénel va ouveytolel v avalAtnon. Autd
ta bits elvar 010 xaL ouvende 1 avalhnoyn ouveyiletar oty tpitny oeiida,
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 oehida A. Av v oerida A dev nepiéyet to xhedl, téte n avalhtnor npénet
va suveytalel 610 0-8¢vdpo. Xtn oealda A undpyetl delxtng nou avapépetat
oY Te®TY GeAda Tou dévdpou, T oeAlda B tou xatakdyou tou dEvdpou.
Av 1o térapto xou to népnto bit elval 00 1 01, téte To xhedl neptéyeTan
ot oerlBa E ) ot oehlda Z, avtiotoiya. EWlddiiwe, av to tétapto bit
elvar 1, téte 0 avalfinon ouveylletal oty oerida O. "Eto, otny neplntwon
avalhtnong tou xiewdiod 641 arattodviol tpelg tpoonehdoels 6to dloxo, -
hadh Sradoywxd otig oeridec A, E xauv O. Av napovoiachel to pavépevo va
yeeracholy neplocdtepo and dYo npooreidoeic, téte oL delxtec ahidlouvv
dote va ouvtopeulel 7 Swadwxacia. “Etol o delxtne tng oeiidag A Sev Oa
delyvel mhéov otn oehida E, akhd oty oerida Z.

Téhog, ag vrnotebel 6t npénet va avalntnbel o xhedl 670. Katd tov (Sto
tpbno, wylel exhash(670) = (.10010010113). Ta tpla mpdTa bits elvar o
100, dpa n avalhtnon xal ndi xatevfivetar ot oeiida I'. Ta tpla endpeva
bits elvar 100 xouv ouvendg n avalhtnorn cuveylletar otny méunty oeiida
mou ovopdletar H. Av to xhewdl dev elvar anobnxeupévo otn oehida H, téte
n avalhtnon neénel va ouveytobel 6to 0-8évdpo. Xt cedlda H urndpyet
delxtne mou avagpépetar oty oeiida O, mou elval €va QUiAlo Tou 0-3Evdpou.
Anradh, tehxd to xhewdl 670 Beloxetor ) ot oerida H 1 otn oehida O.

"Onowg avagpéplnxe 6tay évag xadoc yeploer, tote o uéyeboc tou dumha-
owgleTat xat EVRPEROVETAL XATIAANAA 1) avTioTolyn eloodog Tou xatahdyou.
O %xd&8og petagépetar and 1o ouyxexpuévo onuelo tou dloxou xar Eava-
yedpetar oe xdnola Gl neptoy ) Tou dloxou wote va uny yeerdlovtal 8o
npooneidoels. Mo dhin ouvnliopévn teyvixh elval va aghvovTal eyypapéc
otny unepyelhon nopd va Suthaotdletar cuveyds to péveloc tou xddou,
ondte pe audnuévo xéotog avalAtnong emttuyydvetal xakitepy ypHor Tou
xOpou. Xe oyforn pe iy amif LEHodo TOu EREXTATOU XATAXEPUATIOUOV
urdpyouy ta e&hc mhcovexthpata: dev ypealetal npoonéiacy, oto dloxo
YL TOV XATAAOYO, EVO anawteltal wévo pla npoonéiaocy oto dloxo av dev
undpy el urepyelhLo.

10.5 Tpapuixds xATAXELUATLOUEG

H pébodoc auth npotdhnxe and tov Litwin (1980) xat yvédpioe nokhég Beh-
Tooee pe maporrayés. Av xou elvar StapopeTin and TS TRONYOVUEVES
vl dev €yl XATAROYO, €)EL WOTOGO TOAAES OMOLOTNTES [E AUTEC. XTO
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xheldi plag eyypaphs epappdletar pla cuvdptnorn xataxeppatiopol (xatd
Ta YVWOTE) xal anopovédvovial to terevtala (avtl ta npdta) k duadixd
dnela tou anoteréopatos. [a napdderypa, av apyxd to apyelo €xel oxTo
x&doug, TéTE anopovOvovTal ta Tpla tereutala bits Tou arnoteréopatog TS
OUVAPTNONS TOU XOTAXEPUATIOUOY YL TOV EVIONLOUO TOU XATIAANAOU Xd-
dou. Yto Yyfpa 10.8 napovoidletar avth v neplntwor, drnov xdbe xddoc
EYEL YWPNTIXOTATA TRELS EYYpaUpEc.

000 56 4 = 0000 0100

001 113 193 5 = 0000 0101

010 10 146 10 = 0000 1010
011 19 19 = 0001 0011
100 4 56 = 0011 1000
101 5 113 = 0111 0001
110 146 = 1001 0010
111 193 = 1100 0001

Yyfpa 10.8: Dpappixde xataxeppationods Ye yphon teuody bits.

To apyelo avidver pe Sradoyixés Saondoeic Twv x&dwv, 6oy oL eYYpa-
péc evic xddou mou €youv xowd ta teheutaia k bits, popdlovtar oe 8vo
x&doug avdroya pe TV TYWH Tev tereutaloy k+1 bits. Xto Yyfua 10.8
o eyypapéc pe xiedia 113 xar 193 elvar anolnxeupéveg otov xddo, mou
yoapoxtnelletar and ta tela Prgla 001. H Swavoph autdy tov evypapody
oe 800 xddoug yiveTtal avdhoya He TNV TWH TV TE66ApwY TehsuTalwy bits.
Katd olprtwon xar ot 8%o eyypapés Oa amobnxeuboly xar ndi otov (Sto
x4d0. Aev oupfalvel dpwe to (3L0 6TNY RERIRTWOY TV EYYEAPOY UE XAEL-
Sud 10 xar 146, mou teiuxd arofnxedovial ot Stapopetixolc xddoug. Autd
patvetar oto Lyfpa 10.8 dnou €youv dwaonachel ol tpews npdTol xadot. "E-
oL, Guwc pepxol xadol meptéyouy evypapés ue xhewtd mou €xouv k xowvd
bits, eve dhrol meptéyouy eyypapés e xhewdid mou €xouv k41 xowd bits.
Oprax#f twuh (boundary value) ovopdletal n Tph népa and v onola ot
xadot Sraxplvoviar and ta teieutalo kb bits. Xtny enucsparida xdbe apyelov
YRARMLXoU xaTaxepuatiopot anolnxeletal  optaxh Ty xar 1 aviioTouyy
Tiuh Tou k. Yto Yyfpa 10.9 ou tiypéc avtée elvan 011 xan 3 aviiotoiya.
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0000

0001 113 193

0010 90 146

* 011 19

100 4 12 52 —>‘ 100 ‘ ‘ ‘
101 5

110 12 = 0000 1100
111 71 52 = 0011 0100
1000 56 71 = 0100 0111
1001 90 = 0101 1010
1010 10 100 = 0110 0100

Yy 10.9: Fpappixdc xataxeppatiopds He yphom TpLdy Xl TE66dpwyY
bits.

10.5.1 TIIpoorélacm eyypaghs

Katd v avalfitnon eyypagic anopovodvovtar ta tereutaio k bits and to
anoTEAEGUA TNS GUVERTNOTS XATAXEPUATIOMOY. Av 1 Ty Tou TpoxinTeL e
yehon tov k bits elvor pixpdtepn and tny oplaxh Ty, TOTE Y pNOLULOTOLOY-
vtat (k+1) bits. ‘Ezoi, av oto apyelo tou rapadelypatoc tou Yyhpatog
10.11 avalntelitar pla eyypaph ue tereutalo bits ta 1000 % ta 1101, té7e
yenowonowoUvtar 4 ¥ 3 bits and autd, aviictoya.

H exdoorn tng avalhtnorng oe ypopuxd apyelo elvar okl xohh xal
npooeyy(lew tn pla npoonélacn oto dloxo. Av 7 ywentxdtnta Tou x&dou,
BE fr, elvar 50, eved o mapdyovtag géptiong, Lf, elval T5%, tdte n emtuyhc
xat ) avemtuyhs avalftnon anattody 1.05 xal 1.27 npooneidoctis, avilioTtol-
yo. Kdto and avtéc tic ouvbixes to ypovixd xdotog yia v avalftnom
elva:

Treos(emt) = 1.05 X (s 4 r +dit)
Treos(aver) = 1.27 X (s +r+dtt)

O apbpdc twv npooneidoswy elval cuVHlwe peyaritepog and tov avti-
ooy o apthud Tou oTATIXOU ApyEloU XATAXEPUATIONOU UE Yehon aAUGBLY,
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otay o tapdyovtac @bpTions elvar (dtog. Autd ogelietar 6To 6TL oL ey Ypapéc
dev xatavépovial opotdpopa HeTadl TV XASOY 6TO YEAUMXG XATAXEPUO-
Tiops. O xadol nouv avagépovtol pe k bits 3€yoviar ouvhbng neplocdtepecs
eyypapés an” 6tL oL xddoL mou avagépovtal pe k+1 bits. Ac npooeyhel,
ouwe, 6Tl 0 apliudc Ty npoorerdocwy dev elaptdTor and Tov apthud TV
eYYpap®y 6To apyelo. Aniady, axdun xat av 670 apyelo eoayHoly nolia-
nhdoieg eyypaés 1 exidoon Oa napapeivel otabepn. Autd elvar to peydaho
mheovéxTnua g pebddou authc Evavtt Ty Aoy nelddoy opydvwong ap-
yelov xat Wialtepa EvavTl Tng amhig TEYVIXAS XATAXEPUATIONOU UE Ypho
aAGSwy.

10.5.2 Ewsayor evvpaphs

H Swadixacia etoayowyhc oc apyelo ypappxol xataxcppatiopol Oo dobel
ne ) Ponbeia evic mapadelypatog. Ac unotelel 6tL éva apyelo anotehelto
and oxTG® XVELOUG XABOUS UE YLENTXOTNTA déxa eyypapdy. Eotw, exlong,
bt 0 mapdyovtag @épTione dev npénel va Lenepdoet to T0%. Extéc and tnv
VLA TEPLOYT URAPYEL XaL 1) TERLOY Y UTEPYELALOTS, 6ROy ypnoyLonoteltat 7
TEY VA TNS ahuaBac drwe axpBos xal 6Ty ankh otatxh uéhodo.

Yto Yyhua 10.10a rapovordletar apyelo Ypappixnod XaTaxeppaTiouoy

*000
001
010 — DX T |
011
(a) 100
101
110
111

0000
001
010 — DX ]
011
() 100
101 — DT T 1]

110
111
1000

Yy 10.10: Enéxtacn apyelov ypappixod xataxeplatioo.
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mou oe pla dedopévn ypovixn oty nepyel 56 evvpapés. Enopévoc, o
rapdyovrag @béptiong elval axpBoc T0%. Av mpootefolv dhheg T evypa-
péc téte ypedletal évac axdun xddoc, GOTE 0 TAPIYOVIAS POETLONG VA
rapapelvel oto 70%. Anhadh, vevixd dtav ewodyoviar Lf X Bkfr eyypa-
péc, ToTE TOo apyelo amoxTd €va xddo axéuyn. ‘Etol, o npdtoc xddog mou
yoapaxtnelletar and to string 000 Staondtor xar npoxvnTtouy d%o xddot pe
avtiotouya strings ta 0000 xo 1000. H Siayelpion twv sioaywyoy yivetat
ne faom tig mAnpopoples mou undpyouy anobnxeuuéves 6Ty emxePaAida Tou
apyelov, Ty optaxh Tiun xou Ty 1A tou k. To anotéhieopa tng eloayoyhc
napovorgletar oto Lyhue 10.100.

H 3idoraon tov xd8wv xat 1 taxtonolinor e unepyeliione elval avedde-
Tt veyovota. Aniady, olte v unepyeliion npoxaiel anapaltnta didonaoy,

(o) *00 | 4 |12
01 5
10 |10

11 19| 71 |175—|215

(B) sroayoyh 52
000
*01 5
10 10

11 19| 71 |175 —>‘215‘ ‘ ‘

100 4 (1252

() etoaywyyh 56, 100

000 |56
001
*10 |10

11 19 | 71 [175—|215

100 | 4 |12]52 —|100

101 5

Yyfpo 10.11: Tpoppixy Sidonacr xadwv.
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ahAd oUte xal v Sidonaoy petdver anapaitnta tny urepyelion. o ouyxe-
XEUWLEVA, Ol SLAGTAGELS EXTEAOUVTAL YRUUUXA and Ty apyh npoc To téhog
Tou apyelou, doyeta and tov xddo mou unepyelhoe. La napddetypa, n Sopun
Tou Yyfpatog 10.11 anotekeltar and t€00epic XAB0UC Y WENTXOTHTAS TELOV
evypapdy. Av o napdyovtag @bptiong dev npénel va urepfel to 67%, tdte
TO TOAG oxT® eyypaés unopel vo anolnxeuboly oto apyelo und auth
pop@f. Auth n xatdotaon napovoidletar oto Lyhua 10.11a, énov o té-
TopTog X&ados ouvodeletat and aivcida unepyelionc. Me v eloaywyh e
Evatne eyypaphs npénel va dtaonachel o npdToc xddog, dnwe palvetatl 6To
Yy 10.113. Me v stoaywyh TeLodY axopun eYYpap®y npénet va Slaona-
ofel 0 deltepog xddoc. H véa xatdotaoy napovoidletar oto UyApa 10.11y,
onou wiéov ot dVo xadol €youy ahuolda urepyelione. O tértaptoc xddog Ha
Sraonachel netd TNy eLoaYWYR TE00dp®Y AXOUY] EYYRPAPOV.

Mewpapatind anotehéopata éxovy dellel 6Tt oe apyelo ue Bk fr=50 xal
Lf=75% aznatodvtal xatd péoo dpo 2,62 rmpoonerdocs 610 dloxo yua va
ewoayfel plo véa eyypaph. Avth n tyh ednyeltar wg edhc. Kat” apyhy pla
npoonéraoy anavteltal ywa va éphel oty xdpta uvAun o xlptog xddoc. Me
mbavétnta 1/ Bk fr (v tny axplBewa pe axdun peyaritepn nbavétnta) Ha
dnutouvpynlel évac véoc xadog. Tote Oa mpémer o eyypapéc tou apyxol
x4dou va potpacholy otouc Vo véoug xadouc. Autd onpalvel 6Tt Oa yivouy
diheg SVo npoonerdoeis 6To Sloxo Yy TNy enaveyypaph Touc. Emumiéov, av
0 apywos xddoc dtabéter xar ahveida unepyelhong, téte Oa elvar anapal-
wnto va npooneiachel xal auth. Telxd, mpoxintel Tl T0 ypovixd x66T0G
via pla etoavoyh elval:

s+ r+dit s+r+dit+2r+s+r+ditt
Bk fr Lfx Bkfr

Tsto = npoo(sxw) + 2r 4+
Av Bk fr=50 xav Lf=0.75, téte t0 xb070¢ autd toodtal Ue:

1 2 1
Tos = 1.2 — + — dtt 14+ — 2
( 7+50+37)X(‘9+Mr )+<+37)XT
= Tdms = 2.34 x 31.8ms = 2.34 X (s + r + dtt)

mou npooeyyilel mohd v netpapatih Tiph. To adionpdoexto elvar 6tL 10
x6670¢ eloaywyhs wlag eyypaphc elval Alyo nepiocdtepo and dUo npoone-
raoeg 610 dloxo. Anhady, galvetat 6Tt 10 x66T0g AUTH elval oyeTixd LeYd-
ho, Wwaltepa av ouyxplel pe To aviiotolyo x60T0c eLloaYWYHS 68 GTATLXO
apyelo xataxeppatiopol pe auoides. dotéco, Ta pavdueva anatoltyv. To
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X6GTOC ELOAYOYAS EYYPAPHS OF AP EL0 YPUUUIXOU XATAXEPUATIONLOY CUTE-
pLhauPavel xal To x60t0g TomxXAg avadiopydvwons. Aviifeta, 6To oTaTid
apyelo n avadiopydvwor yivetar neptoduxd. Ye teheutalo avdiuom, 1 Loa-
yov¥h dev elvar ypovoBdpa npddy.

10.5.3 Awaypaph eYYpaQhs

H Swaypaph eyypaphc propel va yiver xatd mohlolc tpdmovc. Mia Abon
elvar va €plouy otny xlpla PvAUY GAES OL EYYPAPES TOU XABOU XAl TRS o-
holdag unepyeliong xal va petagepbel n teheutalo tng aiveidac otn Héon
NS eYYpapnc mou Siaypdpetat. Av n eyypapn mou mpdxettal va dtaypapel
elvar tereutala oty alueBa, T6Te ankee cheulepdvetal o yopoc. Av o
aptOoe Ty eyypap®y tou apyelou elvar xatd Bkfr X Lf mxpdtepoc a-
76 aUTOY TOU LTAYOEEVETAL AT6 TO SESOUEVO TUEdYOVTA POETLONG, TOTE TO
apyelo ocuppxvodveTal xatd éva xddo.

Kdato and autés tig ouvlnxes 1o ypovixd x66T0g Yoo T Slaypapn ey-

yeaphc elvat:
Tsay = Trpoo(aven) + 2r

Avutéc o tinog dev ouunsprapBavel To x66T0g Guppixvwerg Tou apyelou.
H mbavétnra vy 1o yeyovog autéd elvar mpaxtixd uixeh av urotebel 6t o
eubude dpine eyypapdy elvar o peydhog and to pubud Staypapdy.

Aré ahyoplbpuehy drodn n Stadixacion cuppixvweng elvar 1 aviiotpopn
e Swadixaciag Stdonaong Aoyw swoaywyhc. Ilapaxoioubdvrag to cuvoit-
x6 aplpd evypapdy tou apyelov dlamotdvetal néte undpyouy Bkfr X Lf
eyypapés AyoTEpo and To ouYXeEXpLULEVo Tapdyovia options. Téte o te-
hevtatog x88oc ouyywveletal UE Tov x4do Tou Eyel xowd ta k teieutala
bits. ‘Eva napddetypa ouppixvwons Aéyo Staypapdy paivetal 610 Ly o
10.12, émou to ypapuxo apyelo anotereltar and 9 xddoug pe yopnTtixdTnTa
déxa eyypapés ava xddo. Ac unotelel 6TL SaypdpovTal téooepls eYYpapéc
and tov xado 010, d%o eyypapés and tov xddo 011 xal pla and tov xa-
30 1000, ondte anatteltar cupplxvwon tou apyclou. And touc dGo xddouc
0000 xotv 1000 dnurovpyeital évac, o xddoc 000 pe T eyypapés Ty dvo
TEONYOUUEVOV.
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0000
*001
010 — DX 1]
011
100
101 X1 ]
110
111
1000

*000
001
010
011
100
101 — X 1111
110
111

Yy 10.12: Yupplevworn apyelov ypapuixod XaTaxepUatiouos.
10.5.4 EZavtintixh avdyveon apyeliov

‘Onwg ot otatixf €xdoon Tou apyelou XATAXEPUATIONOY, ETOL XAl O YPal-
MXOS XATAXEPUATLONOS dev Statnpel TNV 1LY TOY XAEWBLOY TV EYYPAPDY.
“Apa, av undpyel pla Aoto GAOV TOV XASBLOY TOY EYYRAPOV, TOTE 0 YpOVOC
yioe Ty e€avTinTi] avdyvwon tou apyelov toodtal pe:

Tesaw = 1 %X 1.05 X (s + 7 + dit)

S

Av Sev evduagéper va 8ofody oT0 yphotn ov eyypagés Tallvounuéves Ue
Bdon tv Tun xdmotou xhewdol, téte N Sradixacia emiTayvveTal XaL anid
cap®veTal 1o apyelo and TNy apyh o< To Téhoc. otdoo, edarting Tou xeVol
YOEOU 6T0 TEROS TOY XAdWV, 1 eEavTAnTixh auth avdyvworn elval to apyHh
and v aviiotolyy oe éva apyelo cwpo.

Abyw g un Ynopdng xatakdyou, o YRAUUIXOS XATAXEPUATIONGS elvat
N o evdlapépouca TEX VXY Suvapx®y Tuyaley apyelwy xat éyel yvoplost
TOAAES EMEXTACELS. LTN GUVEYELX AvaPELOVTUL ENLYPAUMATIXE KOV S¥o and
auTéc. LOUQOVA UE TO YPAUUIXS XATAXEQUATIONG UE LEPLXES EMEXTATELS
(with partial expansions), mou mpotdfnxe and tov Larson (1980), étav o
napdyovrtag yenowonoinong yopeou unepPel Ty npoxabopiopévy Ty, tote
dev Sraondtal pévo évag xddoc ahhd oL eyypapéc evic Ledyoug avadiavépo-
vTat petalld Tptdv xddmv. Ou xddol evdg Ledyoug aréyouy Bk fr/2 xddoug
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XOL ERAEYOVTOL YRAUUXE PEYPL Vo TEAELOGOLY, ondTe €xel oupfel nia pept-
xh SLdonacy. Ltn ouVEYELN UE TAEOUOLY TEY VLX) ETLAEYOVTAL TELASES XABLY
né€ypt To mépag g deltepns MEpXAS dLdonaorg xal TRV oAoxAfpwor uiag
mhhpoug enéxtaorc. H péhodog auth Bertidver Ty exldoor tng avalhtnorg
XL TN yphon Tou Y oOEou YE Tiunua To audnuévo x6oTog eLoaymYhc oe oyEon
ne v apy e w€hodo. Mia diin enéxtaon tne apyixhc pebddou éyive and
tov Tharp (1987) xat Aéyetal ypaupixds xataxepUatiopnds e TpoTEPALS-
nta dtdoraong (priority splitting). Av yiver unépBaon tng xabopiopévrng
TWhS Tou Tapdyovia yenouLonolnons ywpou, téte dlveton mpoTepaldTNTA
ot dtdonaoy, Tou xddou pe TN pevyarltepn aiuoida uncpyeliong. BéPala
x&0e xadog Sraonmdtal pla wévo @opd xatd TN ddpxewa plag enéxtacrc-
SmAAGLaAGLOG Tou apyelou axOUN XAl AV GUVEY®S SEyETaL evYpapés GTNY
urepyeihof tou. [ tny viormolnon autic tng pehodou anattodvtal ent-
mhéov Soufc mou Guws elval oyeTXd Uixpéc xal anobnxelovtar 6Ty xlpLa
wvApn. T dheg tig mapadrayés TOU YPAUULXOU XATAXEPUATIONOU Loy UEL
N yevueh napathenor dtu n avalftnon yvivetar pe pio nepinov npoonéiaoy
070 dloxo. "Opwe, N Soph auTh Sev TPOCPERETAL YLo EPWTNOELS SLUOTANA-
TOC TOU URAVTOVTAL TOA) anoteheopatixd and Ta BT-8évdpoa. Ye exdpevo
xepdharo Oo nepiypagel u€hodog mou evyuvdtar Ty emtuy ) avalhtnorn ue
ulo tpoonéraoy.

10.6 Aoxvoelg

<1> Ilotbg elvan 0 erdyiotoc xat o ué€ytotog apthuioc xadwy nou arattovyTtat
and apyelo Suvapxol xataxeppatiopol pe Bk fr=2 vy tnv anolfxevon 10
eEYYPaP®Y, av 6ieg xateufivovtar 6To (Slo Suadud dEvipo Tou XaTahdyoU;

<2> Ye apyelo duvapxol xataxcppatiopol ue Bk fr=2 va sioayfoly dia-
Soywd oL eyypapés ue Tpéc xhediwy 42, 57, 16, 52, 66, 77, 12, 25, 21 xou 33.
Na Geowpnfody ov cuvapthoes hy(key), ho(key) xabde xor n peudotuyala
vevvitpla Tou Kegahatov 10.2. H doxnorn va exavainglel epapuélovtag
TV Tapaihayh e avaPoing didonaons pe S=1,5.

<3> Na oyeduachel n popph evic apyixd xevol apyelov exextatol xataxep-
MATLo00 XaTd THY eLoayoyh Stadoyxd Ty xieduoy 27, 18, 29, 28, 42, 13
xat 16. Q¢ ouvdptnon xataxeppatiopol va inebel n h(key) = key mod 11,
Oote and Ta xAeWLd autd va mpoxtdouy tetpadhpror Suadixol aptbuol xo
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va Oewpnlel xddoc ywpnTxdInTac TELOY EYYRAPOY. LTN GUVEYELX VO dla-
veaouy ta xhewdid 16, 29 xal 13. H doxnon va eniulel Dewpdvtac apyixd
To mp@ta bits xat xatény to teheutalo bits.

<4> Na eniubel n tpon doxnoyn Bewpdvtag 6Tt oL delxtes ToU XATAAGYOU
uropoly va ndpouy tée NIL.

<5> llotég elvar o erdyiotoc apBudg bits nou anaitelzal oe apyelo ene-
XTATOY XOTAXEPUATIOUOU UE

e 10.000 eyypapéc xar ywpntwdInTa 25 eyypapés avd xddo,
e 100.000 evvpapéc xar ywentxdétta 10 eyypapés ava xddo, xat
e 1.000.000 eyypapés xat ywpntxotnta 8 eyypapés avd xado.

Mo elval n mbavétnta va pny undpyouy cuvdvupa ot apyelo ue 10.000 evy-
veapés, 6Tay N CUVAETNOT XaTtaxsppaTiopol divel Tiués oto dtdotnua 216,
224 »ou 232.

<6> Ye exOetixd apyclo (e TEPLOPLOUEVO XATANOYO O XATAAOYOS ATOTE-
reltar and téoocpis oehideg pe téoocpa Ledyn xhetdtdv-Sewxtdy avd oeiida,
eved xdbe oeiida dedopévey unopel va anoblinxeioet dGo eyypapéc. H ouvdpe-
oM xataxeppaTiopol diver oxtadfigloug Suadixolc aplfpoic. Ta mpodTa
3%o nola npocdiopilovy tn oedida tou xatardyou, eved Ta dYo endueva
npoadiopilovy n Siedbuvor tng oeridac dedopévov. Na oyediaclel 10 a-
TOTEAEOUA TS ELOAYWYNS TV eYYPap®y e xhewdid 255, 200, 56, 64, 155,
67, 43, 12, 205, 132, 128, 144 xau 79.

<T> Ye apyelo ypapuixot xataxeppatiopol pe Bk fr=2 xou L f=0.5 va et-
oayfoly Stadoyixd ot eyypapés ue Tipéc xaedidy 42, 57, 16, 52, 66, 77, 12,
25, 21 o 33. Apyuxd to apyelo anoteieitar and téooeptg xadoug. Ot Tuuéc
TOV XAEWBLOY vo peTatpanovy ot exntadrploug duadixols aptbuolc xat va
anopoveboly ta teieutala Pnpla. H doxnon va emavainelel yia Bkfr=3
xat Lf=0.67.

<8> Yrto apyelo tng nponyolpevng aoxnons va eoayfoly déxa eyypapés,
Oote va mpoxinlel unepyelion ne akuoida Svo xadwv.

<9> Ye apyelo ypappixot xataxeppatiopol ue Bk fr=3, L f=0.67 xa téo-
ogpls apyxols xddouc elodyovTal Swadoyxd ov endpeves 24 eyypapéc ue
wuée xredioy 42, 57, 16, 52, 66, 77, 12, 25, 21, 33, 32, 14, 50, 49, 47, 7,
56, 13, 62, 27, 31, 41, 30, 4, 10 xow 6. Ilowé elvor ta apyxd péyebog tou
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apyelov; Iléoa dnpla Ba yenoyronomnboiy Swadoyixd; owd Oa elval n Soun
Tou apyelou ue Tig dtadoyixés enextdoeis;

<10> Noa eravainglel v nponyoduevny doxnon epapuéloviag TNy napahia-
Y1 TOU YPOUUUIXOU XATAXEPUATIONOU UE UERLXES ENEXTACELS.

<11> Noa eravainglel v nponyoduevny doxnon epapuéloviag TNy napahid-
Y1 TOU YPUUUIXOU XATAXEPUATIOROY UE RPOTEPALOTNTA SLdonacTc.
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ANAKTHYXH ME AEYTEPEYON
KAEIAI

11.1 Ewsayoyn

‘Okec oL opyavioes apyeloy mou avantiyOnxay ota tponyoupéva xeQd-
howa elvar amotereopatiés, 6tav oL UTOBAAAGHEVES EpwTROELS YivovTal UE
Bdon tpéc Tou npwTetoviog xhewdtol. "Opmg, oAl ouyvd oty mpddy Ti-
Oevtan cpwthoeic pe Paon Tny TR Xdmolou deutepetovtog XAEWLoU. MNIny
neplntwon auth Aévetal 6Tt yivetal avaxtnon ue Bdoy devutepebov xhetdl
(secondary key retrieval). O Seutepedov xatdhoyoc, pe onoadhrote Souh
xaL av elvar opyaveuévoe (ny. BT-88vdpo xhx.), éyel wg Baoxd yapaxtnpl-
oT6 6Tl xd0e TR evic deutepelovtog xAedlol ouvodeletat and pin Alota
deTdY npoc Tig avtioTolyeg ey ypaéc. EtoL enttuyydvetot TaybTaTty npo-
onéhao), BéPota pe tlunua avinuéves arnatthoets oe uviuy xat emnpdoheto
YPOVIXG XOGTOG YL TNY EVALEPOOT TOY XATAAGYWY XA0E Popd Tou EVIUER®-
viar oL evypapés. ‘Ooo neplocdtepol elvat oL SeuTepelovTeS XATAAOYOL YLa
Eva apyelo, 1660 HEYAAGOYOLY Ta TEOPAAUATA TOU AUENUEVOU Y GEOU PVAUNC
XL TV ypovoPipwy evhuepdoeny. Eva pétpo yia Tov npocdloplond Tou
néooL xat motol deutepevovieg xatdhoyol npénel va dnuoveynboly elvat o
K6Y0g ToU aplthnol TeV EVAUEP®GEE®Y Tpog Tov aptiud TwY TEOCTEAAGELY.

Y10 nopdv xepdhoto apyxd npdxertar va peietnfoly dGo dopée xata-
roywv mou otnpllovtal otic ouvdedepéveg hloteg, Ta avieotpappéva ap-
xela (inverted files) xat ov moAharxhés Aoteg (multilists). Ou Sopée autée
uropotv va yenoiporonfody yia tny eEuRneéTnon AoYIXOY EpWTACEDY TOU

254
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oynuatilovtor and draledviec h/xar oulevieg anhdv cpwthoemy. Mla dhhn
EVOLAPELOUOA 0PYAVOOT XATAROY®Y E(VAL 1) SOUR TV CUVOIVACUEVWY XATA-
A6vwv (combined indexes), mou anooxore! 6Ny anoOTEAEOUATIXH ARIVTINOT,
rOYIXOY gpwThoEoY e Bdor culeuxtixods pévo ouvduacuols deutepeud-
viov xiewdiov. 1w cuyxexpéva, olppova pe tn néhodo autyh dnulove-
yovvtar xatdroyol, 6rouv xdbe delxtne mpog to xUplo apyelo aviiotouyel
oe Lelyn, TpLddes XA, LURAEXTOY TUUOY TV SEUTEPEUOVTOY XAEWBLOY and
To apyelo autd. Qotdoo, npénet va toviahel 6tL autés ou opyavooeg el-
vau emnpboletes Sopée oe oyéon pe to xuplwc apyclo, mou uropel va elvat
ontoLoudAroTe THNou and Gooug avapéelnxay oTa TEONYOLUPEVA XEPIAALIL.
*Okeg autée oL Sopée e&unnpetoly ATOTEAEOPATIXG ATAES EpOTHOELS ME Bd-
o THYV TLUH XATOLOU SEUTEEEVOVTOS XAELSLOY.

Mia 3evdpixh Soph eduxhy yvi avdxtnoyn pe deutepetov xAeldl elvar to
rohudidotato dévdpo (k-dimensional tree) xat, n yevixevor tou, To mOAU-
didotato B-8évdpo (k-dimensional B-tree). ISwaltepo yapaxtneiotind tov
Soudv avtdv elval 6t dev yivetaw Sudxpron petalld npwtelovtog xat deute-
PELOVTOY XAEWBLOY, ahhd Gha Ta xhewdid avtipetonilovtal wodtipa. Exlorng
ouyvd otny npddn propel va tebolyv and to yphotn cpoThoes StaoThHM-
toc. Toa moludidotata 8évdpa xar Ta morudidotata B-3évdpa propoly va
anavticouy tétowou eldouc epwthoes. To napdv xepdiato xielvel Ty ma-
EouGlasT TWV XUPLOTEPLY SOUGY APYEl®Y YLl AvAXTNOY UE SSUTEREUOVTX
xhewdid pe to Suxtuwtd apyelo (grid file), nov edunnpetel to oxond autd
anoteleopaTéTERa and xdbe dhin opydvwon,.

11.2  Avrteotpapméva apyela

‘Eva avteotpappévo apyelo yia xdnoto deutepetov xheldl neptéyel Ohec Tig
Sraxpités Tiués mou AapPaver To deutepelov xAedl and to nedlo oplopol Tou
pall ue delxtes npog Tig eyypaés Tou xlpLou apyelou, oL onoleg TepLéyouy
QUTAY TNV TH Tou deutepelovtog xhewdon. Téte to apyelo Oewpeltar 6t
elvatl avTeoTpauEvo we npog To suyxexpuévo xaewl. IIMpwg avieotpau-
mévo (fully inverted) ovoudletar éva apyelo av Siatnpel éva deutepelovia
xatdroyo yio xdle deutepetov xAheldl, eved oty avtiletn neplntwon ovopd-
letar pepuxd avieotpappévo (partially inverted). To Yyhua 11.1 napiotd
™ Soph evoc xvplou apyelou pe Tpla avieotpappéva apyela ue oxond Ny
avaxtnoy pe Bdorn ta aviiotolya 3 deutepetovia xAetdid.
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Katdhovoc Katdhovoc Katdhovoc
lov xhetdrod 20u xAhetdLod 3ov xhetdrod

| l |

Kiépro apyeio dedopévov

Yy 11.1: Kipro apyelo pe tpla avieotpappéva apyelia.

Av n evypapn dev npdxertar va petaxivniel puoxd, tote wg delxtne yen-
owonoteltal 1 Stevhuver tne eyypaprc oto dloxo. etdoo, elvat Suvatéy ot
O¢oeic TV eyypapdy va arrdlovy edattiag eloayoyody xar Swaypapody. Ye
nlo tétowa neplntwomn, ol Staxpttéc TUués Tou deutepetovTog XAetdlol péne
va ouvodetovtatl and Tic aviloTolyeg TS TOU Tp®TEVOVTOS XAEWSLOY, BoTE

e 4 7 7z 7z 4
va suveytolel n avalftnon npog Tic xatdarinies eyypagés. H péhodog avth
petovextel exeld elval mo apy¥, Spoeg Tautdypova elvar o allémoTn.

Kpdrog ITéMm

Boovia-Eplevofivn | Lapdyiefo

Boviyapio Yéora, dunnodnoln

Tiovyxoohafia Behypddt

EXhdda Ab¥va, Osooahovixy

Kpoatia Zayxpepun

IIrAM Sxémio

Povpavia Bovxoupéott, Kovetdvtla

Avpdve | 116k

N Ab¥va, Ozooarovixy, Kovetdvtla

Oyt Behypddt, Bouxovpéott, Lapdyiepo,
YUxémia, Léota, Puinodnoln, Zdyxpeun

Yy 11.2: Avteotpappéva apyela.

[Meogavde, oL AMotec TV JEXTOY TOU TEOCALTOVTOL GTLS dLAPOpES dLa-
XELTES TULES TOV SEUTEPELOVTOV XAEWBLOY dev elvan (Slou phAxous, ahAd pe-
TofiinTol. la mapdderypa, oto Yyfupa 11.2 Sivovtow 8%o xatdhoyor evéc
apyelov mou aopd 68 TOAELS TV PARXAVIXOV Xpat®V e TAnfuopd neplo-
ootepo and 340.000 xatolxous. O évag xatdhoyoc divel Tig ndheg yia xdbe
Staxplth Ty Tou deutepelovtog nedlou T Kpdtog’, evd o dihog xatdroyog
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empepilel Tic méhelg oe Audvia xar un hpdvia. Etol dnuiovpyeltar npd-
Binua and tny Urapdn eyypap®dv HETABANTOY UAXOLS GTO AVIECTEAUUEVO
apyelo. Ytny npdln o xatdroyoc dev neptéyel eyypapéc peTahntol uhxouc,
ahAd v Gheg Tic Alotec Seopetetal otalepic ybpog pe péyeboc nouv umo-
eel va mouxiher xat anoteiel pla TapdPeETEO XATA TO OYESLACUS TV apyelov.
Av o deopevpévoc ywpog edavtinbel, téte ot unepyehilovtes delxtes anolr-
xevovtat og véo otalepd yopo nou anodidetal and to olotnua. Katémuv, 7
arknhouylo Twv otabepdv yHeny Yia xdbe Staxplth Ty Tou deutepelovTog
xAeWLoG ouvdéetat, wote va oynuatielel éva oeplaxd apyeio f Eva oelplaxd
apyelo pe Selxtn. H péhodoc auth ovopdletar xuttapixd avieotpapprévo
apyeto (cellular inverted file).

Ot xatdhoyor dnuiovpyolvial xatd TN QépTwon Tou apyelou. Me v
eloaywYN xA0e eyypaphc evnuep@veETaL XaL 0 avtioToL0g XATANOYOS YL
x&0e deutepetov nedlo. Anhadn, ue Ty eloayoyh plag eyypaphs eréyyetat
av N T evog ouyxexpévou nedlou undpyel 6ToV AVTIGTOLYO XATAAOYO.
Av oy, tote dnuroupyeltar N oyetxn Aota pe €va povo delxtn, ahiidg
N UTAPY0uco AlOTA EVALEPOVETAL XL ERUNXUVETAL XATA dAAOY €va delxTy.
[l Swaypagn plag eyypaphs npénel va npoonciacholy 6iol ov ayetixol
xatdhoyor xor va dwaypapolyv ol delxtec (A o dieubivoeg). Av 1 hota
TV dexToOY anoteAeltal and €va Lovo delxty, ToTE Sraypdpetar ohdxinen
N AMota. Avdioyn elvar xau 1 Swadixacia oe neplntworn ahlaync e TLAC
xarotou deutepetioviog nedlou.

H avalhtnorn pe Bdon tny tyh evdg dsutepetovtog xhetdiod elvat théoy

evxohr. llpoonehdletar o oyetinds xatdhoyog xal enhéyoval oL avilioTol-
rs /7 A re e 4 7
you delxtec. Av n unofariduevn epdnon elvar pla hoywh oileuvin (e and,
A A 4 7 7 7 /7

or xat not) ToAGV anhdv cpwthocwy e Bdor deutepelovia xhewdid, tdte
npénel va npoonehacholv Ghot ov aviloTolyol xatdhoyor xat va Anelel 7
TOUR TV OYETXOV AOTOV TipLy Yivel 1 tpoonéiacy 6to xlpLo apyelo.

H pébodoc twv avieotpappévey xatakdymy yenowonoteltar and Gia
oyeddv o epnopxd maxéta Avixtnorg IDwmpogopidy (Information Retrie-
val), mou xuplog apopolv Bhobnxovopxd cuothpata. To yveotdtepo
gunopwxd olotnpa elvae tng IBM, to heydpevo STAIRS (STorage And
Information Retrieval System), xau n enedepyaoia tou otnplletar oty dh-
vePpa Boole. "Alka spnopixd cuothpata elvar ta BRS, DIALOG, MED-
LARS xav ORBIT.
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11.3 ITohiamiég Aloteg

Ye éva deutepelovta xatdhoyo xabe Staxplth TR Tou SeuTERELOVTOS XALL-
dov ouvodeletar and plo oelpd deuxtdy, enedh N (St TR Tou xhewdlol
s s 7 7 7 / s 7
uropel va eppavialel oe nokhéc eyypapés. Elval Suvatd va peiwbel to pé-
vebog tou deutepetioviog xatardyou, av dev anolnxelovtal 6hot oL delxtec
Tpog TIC AVTIOTOLYES EYYPAPES, AAAL LOVO EVAC TROS TNY Tp@TN EYYLEUPY.
Bépoa, yia va puny vndplet andheia Sedopévwy, tpénel GAeS oL EYYRAPES TOU
xVpLou apyelou pe Bieg twés oto deutepetov xhedl va elvar cuvdedepévec
s s 7 s s 7 ’ ’ 4 ’
oc pla Alota. H ouvdedepévn Alota propel va elvat amhf, LAY 1) xUXALXY
(simple, double, circular linked list). To (8to propel va yiver xou yia ta
/ s 7 s s \ 7 s
urdrowna deutepevovia xAeWid pe aviiotouyes Alotec. "Otav éva apyelo
ouvodevetatl and TETOLES 0pYAVOGELS AEYETAL ApyElo TOANATADY MOTOY.

16 Kpdrog Aclxtng Awpdve | Aelxtng
Ab¥va EXhdda Ocooarovixy N Ocooarovixy
Behypddt Trovyxoohafia - 'Oyt | Bouxoupéott
Bouxouvpéott | Pouvpavia Kovetdvtla Oyt | Zdyxpepn
Zayxpepun Kpoatia - Oyt | Zapdyiepo
Ocooarovixn | Errdda - N Kovetdvtla
Kovotdvtla | Povpavia - Nou -
Sapdyiepo Boovia-Epleyofivy | — N Yxdmia
Yxdmia nram - N Yéoa
Yéoa Boviyapio Dunnodnoln N Dunnodnoln
Dunnodnoln Boviyapio - Oy | -
Kpdrog 16 M#xog
Boovia-EplevoBivn | Zapdyiefo 1
Y 7 7 Bouvkyapla Yoo 2
tave | Iéhy M+xog , ,
7 Trovyxoohafia Behypadt 1
Nat AbHva 3 , )
R , Exréda AbHva 2
Oyt Behypadt 7 i X
Kpoatia Zéyxpeun 1
IIrAM Sxémio 1
Povpavia Bouxoupéott 2

Yy 11.3: Apyelo nolhanhédy MoTt@V pe aniy Aota.

Ta dedopéva tou YyAuatog 11.2 napovoidlovtal oto Lyhua 11.3 pe v-
honolnoy amihs ouvdedepévng Alotac. To xlpro apyelo €xel we npwtedoy
XAEW( To Gvopa TS TOANS XAl WS SEUTERELOVTA XAEBLE TA YAPAXTNELOTLIXA
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AN 7 7 AN 7 7 e 7 /7 7 7
Keatoc” xar *Awave”. To apyelo cuvodeletar and dGo deutepelovies xa-
Tahbyoug, éva yia xdle Seutepevov xhewdl. Ye xdbe xatdhoyo ou eloodot
e 4 4 7 7 7z 7 7 e
rlag StaxpLtng Tuurng Tou deutepelovTog XAEWLOY Exouy dika dUo nedla: To
delxtn (rpowtetov xhewdl) e mpdTne eyypaphs Tou xuplwg apyelov xat to
uhxog tng arvoidac. Enlong, to xipio apyelo €xel 8Go emniéov nedla, mou
elvatl oL obvdeopol ToY AoTOV.

ITéMm Kpdrog A.epnpds | Anlow | Aydvt | Agunpée | Anlow
Ab¥va EXhdda Oczooak. | — N Oczooah. | —
Behypddt Tovyxooh. | — - N Boux. -
Bouxouvpéott | Pouvpavia Kovor. - Oyt | Zdyxp. Behyp.
Zayxpepun Kpoatia - - Oyt | Zapdy. Boux.
Ocooarovixn | Errdda - Ab¥va N Kovor. Ab¥va
Kovotdvtla | Povpavia - Boux. Nou - Ocooah.
Sapdyiepo Boovia - - Oyt | Zxéma L4y xp.
Yxdmia nram - - N Yéoa Sapdy.
Yéoa Bovhyapla | ®uhn. - N [OIPNE 3 Yxdmia
Dunnodnoln Boviyapla | — Yéoa Oy | - Yéoa

Yyhua 11.4: Apyelo molharhdv Motdhy (Sunhf hota).

To Yyfua 11.4 elvar éva mapdderypa vionolnong pe Suthd ouvdedepévn
Aota, mou yia xdbe deutepevov nedlo undpyouy dvo delxteg, Evag npog Ta
eunpoc xaL évac mpog ta nlow. H vhonolnon auth mheovextel o oyéon ue
TNV TPONYOUUEVY, YTl Ol ELoAYOYES XAl Ol Slaypapés eyypap®dy yvivovtat
AMOTEAEGUATIXOTERN, OUOS ATALTE(TAL ETUTAEOY Y ®pog. LE éva apyelo ToA-
RTAGY AGTGY URdpy oY ToAkol Tpdrot yio va anavtniel pla epdtnon yatl
rpoopépetal N duvatdtnta thevorg (navigation) péoa oto apyelo. [Na xa-
eadetypa, tletan n epdtnon: " Ilowd elvar ta hpdvia e Boviyaplac;”. H
ep®TNoY aUTH propel va anavtnfel xatd tpelg Tpdrouc (Toloic;).

AN e A A 7z e 7 7 7z
Eva apyelo morhamidy MoTOV Exetl Pl O5lpd TASOVEXTNUATOY GE Oy EOT)
ne ™ p€O0do Ty avieoTpauuévey apyelny:

o cUX0AOC TEOYPAUUATIONGS TOU AOYLOULXOU GE UAOTROWAGELS UE OmtAd
ouvdedepévee Moteg,

o xali) enldoon xatd v avalftnon v mxpés Alotes xar yio pxpd
aptOpd Seutepeloviwy XAEBLOY,

e oAU xohh exldoon xatd tTny avavéwon, Waltepa i Sthd ouvdede-
uéveg Alotec,
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o dev anawteltal yopog oty xbpta PvAUY Yo TNy encdepvaoia Twv Ao-
YIXOV EpWTACEDY,

® oL XaTAIOYOL anaAlTOUY MYHTERO Y OPo xat Uropel xatd Ty enedepya-
ola va amolnxevboly otny xlpla pvApn. Autd €xel wg cuvénea Ty
TayUtatny enedepyacio Toue, yiatl Sev anateltal petapopd dedopévey
ané /mpog 1o dloxo.

‘Opoc N opyYdveon Tov TOAATAOV AGTOV ot oyéon ue Tt wéhodo twv
avTeo TR EVELY apyelov €xel xat nid CElpd LELOVEXTNUAT®Y, 6TKS:

® GYETXA TOAGTAOXOS REOYPAUUATIOUAS TOU AOYLOULXOU ELGAYOY OV Xt
Staypap®y o LAOTOWoELS UE SutAd cuvdedepévec AloTec,

o pétpla entdoon xatd v avalftnon yia peydhes Aotec,

o anowteltol TEPLEGHTEROC Y OpOg HEGU 6TO XVplo apyelo Yo TRV amo-
Ofixeuon Ty dewtdv. Ye vhonowioelg pe Sthd ouvdedeuéves hloteg
vt ToOAAG deutepevovia xheWd o emnpdoletoc ywpoc uropel vo u-
nepPaiver to péyebog Tou yopovu, tou edowxovopeitar 6ToV XATENOYO
and ) PN anolnxeuon SAOV TV SEXTOY.

“Eye npotabel pla mopakiayh tou apyelov ToAAATAGY MOTOY TOU UTER-
Balvelr to mpdPinua tng pételag extdoorng xatd Ty avalhtnoy oe peydheg
rotec. H opydvwon auth ovopdletar xuttaptxd apyelo mOANATAGY At-

’ 1 4 7 e re 7z A
oty (cellular multilist). To phxoc xdhe Aotac nepropiletan étoL dote ol
avtioTtolyes eyypagés va yopolv ot éva “xittapo’, mou npoodiopiletat a-
76 10 VAXO, Oneg yia tapddetypa o pla oeiida B pin dtpaxto tou dloxou.
‘Etou xatd tny avdxtnon tov eyypapody ping Alotac petdveTal o ypovoc
avalhtnong Aoy tng makvdpoptxhs xiviong tou Peayiova tou dloxou. To
Tlpunpa v Ty xakltepyn andxpior xatd tny avalftnon elvar o xotohap-
Bavopevog yopoc. Kdbe eloodoc tou aviiotolyou xatahdyou dev neptéyet

/7 7z 7 A 7 4 e 7 /7 7 /7
névo éva Ledyog (mpdtr dieibuvon, uhxog hotag), ahid tdoec tpLddec doeg
elval ta xOttapa and onou nepvd uia Alota. Enopéveg anaivteltal enimpd-

A 7 7z e 4 rs A

ofetoc ydpoc oTov xatdhoyo ot oyéon pe pio amAh LAOTOMNON TOAAATAGY
MoTOV. Nippova pe pla viorolnorn dev entpénetal and xdbe xittopo va

7 7 7z e 7 /7 A 7 7 e
nepvoly Tdpa ToAAES Aloteg, aAAd 0 aptiuds Ty AGTOV avd xvTtTapo el
vau pla mapdpetpog mou oplletar xatd 10 oyediacud tov apyelov. “Etou
EMLTUY Y AVETAL XANVTERT GUYXEVTEOOTN XAl TOTUXGTNTA TV dedouévey, ahid
anarteltal emmAgoy yOpog 670 xUpLo apyelo, yiatl Statnpelitat xevic yopoc
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oe xafe x0TTOPO Yia LEANOVTIXY ELOAYWYT EYYPAPOY and Tic N8N LTdpE)y ou-
ogc Motec 670 xUtTopo autd. Nto Lyhua 11.5 napovotdletat o dsutepelimy
xatdhoyos yio ta dedopéva tou MyAuatos 11.2 dtay elvar opyavopéva pe
nébodo auth. Yrotllhetar 6t to xlplo apyelo arnoteheltar and tpelg oehidec
LE YOPNTXOTNTA TEGOIPWY EYYPAPOY.

| 16 | Kpdrog | Aclxtng | Arpdvt | Aclxtng |
Ab¥va EXhdda Ocooarovixy N Ocooarovixy
Behypddt Trovyxoohafia - 'Oyt | Bouxoupéott
Bouxouvpéott | Pouvpavia Kovetdvtla Oyt | Zdyxpepn
Zayxpepun Kpoatia - Oyt | Zapdyiepo
Ocooarovixn | Errdda - N Kovetdvtla
Kovotdvtla | Povpavia - Nou -
Sapdyiepo Boovia-Epleyofivy | — N Yxdmia
Yxdmia nram - N Yéoa
Yéoa Boviyapio Dunnodnoln N Dunnodnoln
Dunnodnoln Boviyapio - Oy | -
Arpdvt ITéMm Kiéttapo | Méxog
N Ab¥va 1 1
Ocooarovixy 2 2
Oyt Behypddt 1 3
Sapdyiepo 2 2
Yéoa 3 2

Yy 11.5: Kuttapixd apyelo nohAamhody AGTOY.

Mia diin opydveworn mou avixer 6e authy Ty xatnyoplo elivatr to vPpt-
36 apyelo hotdvy (hybrid list file), nou npotdlnxe and tov Yang (1978)
xat arotehel pla Moy mou cuvdudlel Ta TAEOVEXTAUATA TOV SOUOV TV
avTECTEAUMEVELY apyEl®Y Xal TOV TOAATAGY AoT®v. Av o apllpdc Tov
eYYPap®y Tou €xouv pla ouyxexprévy Tun ot éva deutepelov xhedl elvat
pevahitepog and pla napdpetpo L, mou opiletal xatd to oyediacud tou
apyelov, t6te dnuovpyeltar pia aviiotolyn eloodoc oe éva aviesTpappévo
apyelo. Yty avtibetn neplntwon n cUvdeon TV eyYpapody autdv yivetal
ne ™ pébodo Ty moAhamA®dy hotdv. Av L=0 téte n uPpduxh auth opya-
voor petatpénetal o xaboph opydvworn avieotpauévey apyeloy, evéd v
oAU peydies twés tou L petatpénetal oc xabaph opydveon noAAATAGOY
notov. H enldoon tne pebdédouv authg xatd tnyv avalhtnor uneptepel TV
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/7 7 7 /7 e 7z
endbocwy Ty dlo aniolotepwy pebddwv pe avitiotolya avinuévy nolu-
TAOXOTNTA AOYLOULXOU.

(w]p o r]]r]L]R] | Kasdhoyos
R —
R TL, AVTE;;;:{%HEVO
~—
’\ \§

L] EVA

apyelo

Yy 11.6: YBpduwed apyelo hotdv.

Yto Yyhua 11.6 nopovotaletar éva uPptdixd apyelo hotdv. H eyypaph
TOU XATARGYOU amoteAelTal and Téooepa nedlo: TNV TLUY Tou deutepelovTog
xhewdod (), To delxtn mpog To aviteotpappévo apyelo h 1o xdplo apyelo
(F;), T0 6Uvolo TV eyYpap®y tou €xouv TN ouyxexpuévny Th (L), xat
ula onpala (F;) mou dnhdver mowd wébodoc yenowronoeital yia xdbe Twwh
Tou deuTEEEUOVTOS XAELSLOY.

Opyavdoeg molhamhdy Aotdy yenowonooival oto maxéto IMS (In-
formation Management System) tng IBM nou elvar plo wepapyixd (hierar-
chical) Bdomn dedopévorv, xabde xa raradtepa 6to naxéto IDMS tng Culli-
net nou elvar plo Suxtvwth (network % Codasyl) Bdorn dedopévewv. Ou oye-
owaxée (relational) Bdoeic dedopévmv dev ypnowonowiy Sopéc e delxtee.
Ye avtibeon ov avixepevootpagelc (object-oriented) Bdosic dedouévev
yenowronotoly dopéc pe delxtec.

11.4 3Xvuvdvaocuévor xaTaloyor

Ou ouvduaopévor xatdhoyor elval pla opdda dopodv mou edunnpetody o-
TOTEAEOPATIXG EPpWTAOELS HeEpLxAg Tadtiorng (partial match queries). O
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TOROC AUTHS EPOTNOEWY AVTLSLAGTEAAETAL KPOS TOV TURO TV EPWTNOEWY €-
raxptBoig tavtiong (exact match queries). Me tov dpo " upepuxh tadtion’
EVV00UVTOL 0L MOYIXES EpOTHOELS Tou arotehovvTat annd 1 oUleudy (e and)
MEPLXOV YAPAXTNELOTIX®Y Uiog eYYpaphs, evO He Tov 6po " emaxplfhg Tad-
o’ npoodioptloviar Tés yia dha Ta yapaxtrneloTixd e eyypaphc. [
napddetypa, €oto 6tL tihetan nin epdnon pepxc TadTioNg, Tou Tpocdlopl-
Cet Ty T @ yapaxtnetoTixdy xot 6Tt ot xdle yapaxtnelotixd aviiotolyel
évag xatdhoyog pe dopdh BT-34v8pou. To xdotog avdxtnong r eyypapdy
TOU LXAVOTOLOVY TNY Ep®TNoY elval:

ax2X(s+r4btt) + ¢ + rx(s+r+btt)

/ 7 / 7 / 7 s s

OToU 0 TE®TOg Gpos dlvel To XG0T TPOOTEAAGTS TWY dU0 TEASUTALLY E-
7 -|_ 7 7 7 I 7 7

aédwy Twv BT-3¢vdpwy, o tpltoc dpog dlvel To x66TOC REOOTEAAOTS TOU

XVpLoU apyelou Yo THY avAXTNOYN TV EYYRAPOV, EVE ¢ elvar To ouvHloe

ALEMNTED XOOTOC OUYYOVEUONS GTNY XUPLE UVAILY TOV ALGTOY TOV dEXTOVY

npog o xUpLo apyelo.

O ypbvog andxplone yia Ty ixavonoinoy ping tétolac epodnong Ha frav
HwxpdTepos av v xdbe mhavéd ouleuxTind GUVSLAGUS TOY & YAPAXTNELOTL-
xOV g plo epdTNoN LEPXAS TAUTIONS UTHpYE €vac avT{oToLy0g XATAAOYO0S.
Ytov xatdhoyo autd vy xdbe uRapxTé GUYSLACUS TOV TGY TV ux’ 6y
yopaxtnetoTe®y Ha énpene va divetar pla Alota and delxteg mpog Tic oye-
Txés evypapés tou xplou apyelou. Etol o mpdtog dpog tou xboToug Ha
EAATTOVOVTIAY ONUAVTLXY.

To tlpnua oty neplntwon auth Ha Aray Suwid:

e /7 7 7z 7 /7 AN
o avtl evic xhewdtol Oa mpéner va anobnxeloviar replocdtepa. Etot
x&0e xatdahoyoc Oa Arav oyxwdéotepog xal enopévwe oe oyéomn pe
7z /7 7 A /7 7
Evay anhd xatdhoyo Ba pewdvoviay o Aéyoc Saxhddwong (y), xat To
oyeTxo x60toc Ho fitay mxpdtepo xatd Mydtepo and a popéc.

/7 7 /7 4 /7
o 0 aphudc Ty anatolpevey xatardyoy Oo fray unepfoixds.

Ag unotelel bt plo evypagy €xel tpla yapaxtrnetotixd nov ovopdlovtar A,
B xau I'. Edxola mpoxinter 6tu ou Suvatés epwThOELS TOU PRopoly va and-
vinlolyv elval ndpa mohrés, yia napdderypa propel va elvar epwThoeg UE
Bdom pévo éva yapaxtneiotxd (A, B, 4 '), epwthoec pe Bdorn 8bo yapa-
xtnpwotixd (AB, BA, AL, T'A, BI', I'B), xou cpwthioeig pe Bdon xar 1o tpla
yapaxtnpwotxd (ABL, A'B, BAT', BI'A, 'AB, I'BA). Anhad#, cuvoixd
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e 7 7z 4 4 7 7
uropel va tefoidv 15 Slagpopetixés epwthoeg nepxns tadtions. Edxoia a-
nodeixvieTal 6Tt 0 GUVoAXGS aptiuds SuvaTt®y epwTHoE®Y Tou UTopel va

> ()

Av via xdle nbavi epdtnom unhpye xal aviloTolyog xatdroyos, THTE EU-
vonTo elvar 6tL, axoun xau yua Uxpés Tés Tou o, 10 X66ToS SaTtheNnons
xau encéepyaoiag Tov xataréywy Oa frav anayopeutixd.

7 re
mpoxiouy elval:

O Lum (1970) rapatipnoe éti dev €xel onuacia n dudtaln tov yapaxtn-
PLOTIX®Y 6TOUS OUVOLAGUEVOUS XATARGYOUS XAl enoUéves o aptipdc Tov
oUVOLAGUEVOY XATAAGYWY propel va ehattwlel Spaotixd. 1o cuyxexpiué-
VO ATAUTOUVTAL LOVO XATAAOYOL HE EYYPUPES TOU TEOXURTOUY aAnd TO GUY-
Suaopd GAV TOV YopaxITNEtoTX®y. Etol av a=3 téte apxoly Tpeg Xa-
tdhoyot, nou ovopdlovtar ABI, BI'A, xat IAB. Ooceg epwthoeig agopoiv

/7 A /7 A 7 /7
070 yapaxtneloTixd A anavidvial and Tov npdTo xatdhoyo (ABL'), doeg
agopody 670 B and o devtepo xatdhoyo (BI'A), doeg agopoilv to ' axd
Tov tplto xatdhovo (I'BA), doeg agopoilv ota A xau B 4 B xav A azd <ov

A /7 7 4 /7 7 4
Tp®To, 60ec agopoly ota B xav I' ¥ I xaw B and 7o Seirepo, cpwthosis
nou agopoly ota A xau I' 4 I' xau A and tov tplto, evd ol epwthioes oy
apopoty ot oTa Tela YAEaXTNELETIXE URopovy v aravtnloly and onoto-
dhrote xatdaroyo. O cuvorxdc aplhuds cuVBLAGUEVELY XATARGYOY Yid @
YAPAXTNELOTIXA elval:

( a2, ) = Taj2liay2]]

‘Etouv av a=4 té7e apxolv €& xatdroyol (oo ABI'A, BTAA, BAAT, TAA-
B, TAAB xov AABI'), av xot o aplpds tov mbavédy cpotiocny pepuxic

Tadtiong mou uropel va tefody elvar e€hvta Eva.

Azé tov Shneiderman (1977) npotdfnxe n pébodog tov peropévey
ouvduaouévey xatdhoywy (reduced combined indices), nov otnelleto
OTNY TARATAENOTN OTL EXTHS oG £vay XATAAOYO GAOL Ol UTOAOLTOL XATAAOYOL
Tou TEoXURTOUY GUPELYL LE TN HEO0do Tou Lum propoly va aniorownfoiv.
Anpadh av a=3, 167 0 apllpic Ty anapaltnTeOY XATARGYOY elval xat TdAL
TEELS, AAAE ATAOUGTEVOVTOS Tous mpoxurTouy ou xatdiovolr ABT, BI' xo
I'A. Av a=4 <67e 0 aplhuidc tov anapaltntoy xatardyoy elvat xat ndh €4t,
aAAd amhouoteloviag Toug mpoxvurtouy ol xataroyor ABI'A, BAA, TAA,
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AT'B, AA xou BI'. 't mapdderypa, yenoyronoidvros tov xatdroyo ABI'A
ATAVTOVTAL Ol EPWTHOELS UEPIXAS TAVTLONS Tou aopovy otous eifc Ttéo-
ogpls ouvduaopois yapaxtnprotixdv: ABI'A, ABI', AB xov A. Katd <ov
(8to tpémo xaL oL undrowol xatdhoyot edunnpetody neplocdtepes and pia
epwThoEs Uepeic TadTiong, eved dtacpariletar 6t xdle mbavh epdtnom
Oa wavorowmbel and authy Ty opdda xatardywv. Elval npogavéc 6t 7
1€0080g TV PELOPEVEDY GUVBLACUEVEDY XaTakdYwy uneptepel e oyéon U
v apywxh n€bodo 1660 and mheupds ydpou 660 xal TAsupds ypdvou. 1o
OUYXEXPLLEVA TIEOXUTTEL GTL 0 apthude TeY XATAAGY®Y Tou dewxTod0oTolY &
YAPAXTNELOTIXA elval:

(?)_(i—il) v [af/2] <i<a

eV amattelTal Xar €vag XaTdhoYos mou detxtodotel GAa TA Y opAXTNELOTIXA.

Aré tov Shneiderman enlong mpotdlnxe n evadraxtixyy pébodog Tov
TpOTOTOLNUEVKDY CLUYdLACUEVELY xatdloywy (modified combined indices),
nou ot oyéon Ue g nponyovpeves nebddoug Statnpel neplocdTepous xata-
Koyouc, ahhd uixpotépou peyéboug. O cuvorxde aptbudc tpononomnuévey
OUVOLACUEVOY XATAROY®Y YL & YALAXTNELOTIXG elvat:

2(1—1

Av a=3 té7e 0 apBuidc tov anapaltniey xatardyoy elval téooepic (ABT,
AT, BI' xo I'), eved av a=4 t61e o aplBpds tov arapaltniov xatahdywy

elvar oxtd (ABI'A, ABA, ATA, AA, BI'A, BA, I'A xa A). Hw ou-

YXEXPULEVA TPOXVUTTEL 6TL 0 aptuds TV XaTakdywy mou dewxtodotolv ¢

(7))

Eropéveg dtav o ypdvoc elvar mo xplowos napdyoviag and tov npdTo 1

YAPAXTNELOTIXA elval:

nébodog TV TponononuUévey XaTakdywy tpénet va npotiunbel ot oyéon ue
™ 1€0080 TV PELOREVDY, EVE av 0 Y ®pog elval o Xplouros TapdyovTag 1
npotipnon Oa npénel va aviiotpagel. Béfota, extdc and to ypdvo avdxtn-
ong, npénet va Dewprooupe xal to ypdvo etoayewyhic xat Staypapic. §dc mpog
Tig mapopétpous autés, N nEfodog TV TpononONUEVEY XATANGYLY VoTERE!
enedn yia xdle sloaywyn 7 Staypaph anotteltal n eviUépwor TEpLEGOTERLY
XATANOY V.
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Mopd o onuavixd neplopiopd tou aplpol Ty Xatakdywy Ghes oL
nponyolueves mapaiiayés elval anayopeutixéc v Alyo pevaiitepo aplh-
1o yapaxtneioTixdy. And tov Stonebraker (1974), to bepelhwth Tov Xu-
omnudtey Awyelpiong Bdoewv Acdopévev Ingres, Postgres xau Illustra
nerethinxay Tpénol ebpeons Tou PEATLOTOU aptBpol GUYILACUEVEY XATARG-
YOV Xat Tou BEATLETOU TEOToU opadonolnong TeV YapaxXTNELoTIXGOY ot xale
éva ouvduaouévo xatdroyo. Ag Oswpenlel ploa anif neplntwon: yia napd-
devypa, av a=9 tote npoxinTouy 126 cuvduaopévol xatdroyor. Av pepuxd
yapaxtnetotxd dev ouvdudloviar noté petalld toug oe pla epdTNRoY pept-
XA TAsTIONG, TOHTE TA TPAYMATA dleuxorlvovTar onuavtixd. Ac urotelel
6TL =9 xaL 6TL TA YAPAXTNELOTIXG AUTA UTOSLULPOUVTAL GE TEELS SLAXELTES
TeLddeg, eved otouyelo and Stapopetinés Tptddec dev cuvdudlovtar petall
TouC. LTV RERIRTWOY AUTH TEOXURTOUY evvER XaTdhoyol, dniady aptbudc
mou elvar (6og pe Tov aplpd TV YALAXTNELOTIXOY XoL CUVERKS (60S UE
Tov apthud Ty ankody xatardvoy. Opog, obupova pe ™ pébodo auty, ot
xatdhoyor €youy peyaritepo eldixd Papoc.

11.5 IIohudidotata 6Evdpa

To rohudidotato dévdpo (rou anhovotepa Myetar xal k-d 8¢vdpo) elvor pla
oAU anoTeAeoPaTIX? Soun Yia avdaxtnoy ue deutepetov xAedl, xabodg xat
YL EpOTAOELS LEPXTC TavTLoNS H epwThoels Swaothuatos. H Soph auth Sev
xavel Stdxplon petall Tov k xheldiodv ot npomtelov xal deutepelovia, ahhd
o avtipetonilel Sha wétpa. “Etol n douh napovoidle Wialtepa theove-
XTAUATA.

Ta mohudidotata dévdpa npotdbnxay axd tov Bentley (1975). *Extote
€youy pneretnlel and norholc epeuvntés xat €xouy npoxtdel tohrés PerTio-
MEVES TopahAaYES. TNy apyxh exS0yR 1 SOUN YENOLLOTOLOUVTAY Yid TNV
arolfxevon twv dedouévoy otny xlpta pviun alhd Ty Blo otiyuh edunr-
cetel xat wg xatdhoyog (Snwe dhhwote oupPalver xar ota B-3évdpa, mou
eZetdobnxay 610 Bihio Ty Aopdv Acdopévey).

Ta arnhd duadued 8évdpa avalfAtnong uropolv va Hewpnloly wec povo-
dudotata (1-d) 3évdpa. H opobtnta tov d%o tiney dévdpwy éyxetal 670
veyovog 6t o Pabudg tous elvat 8o, ondte ot xdle xopfo amobnxelovia
300 uovo delxtes. Qotdoo,  Pacxh Swapopd Towv k-d 3Evdpwv and ta anid
Suadwxd 8évdpa avalftnong elval 6t o xdle exinedo tou dévdpou ypnoiuo-
moteltal €va SLapopeTXd YARPAXTNELETIXG TNS EYYPAPNS, MOTE 0L EYYPAPES
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va urodatpefoly og dlo aveldptnta netadl Toug uTocUVola GUULPLVA UE T
otpatnywed | dalpel xat Pactieve . T napddetypa, oto enlnedo e pilac
oL eyypapés unodlatpolvTal og d%o LTOGUYOAX UE BAoT THY TULH TOU TE®TOU
YAPAXTNELOTIXNOV, ONOTE OL EYYPAPES UE TLS UXPOTEPES XAL TIS UEYUALTEPES
TWES 0T0 TpOTO YopaxTtNeLoTd xatevhivovtal 670 aplotepd xat oto deid
unodévdpo, avtioToiya. Aniadf, oto deltepo, tplto xox. eninedo 1 Sidxpt-
on TOV eYYPAP®Y yivetar pe Bdon Tic Tiéc Tou dedtepou, Tou TelTou XoX.
yapaxtnpLoTxoy, aviiotora. Nto (k+1)-0076 exlnedo v Sudxpion yiveton
XoL TAA ME Paon To npdTo yapaxtnelotixd. Etot, n Stadwacia npoywpel
XATE XUXAXO TEOTO.

“Eyer anodeiy el avoarutixd ot v éva tuyalo nohudidotato 3évdpo n
rohumhoxdtnTa e ewoayeyhs xau e tuyalas Swaypaghc elvar O(logn),
eV N ToAUTAOXOTNTA plag hOYIXC Ep@TNOYS oL apopd ota t and o k ya-
PoOXTNELOTLIXA elval O(n(k_t)/k). O enddocig autée elval RoAl xarée, ahid
TEAXTIXE GUVLOTATAL VAL Y pNnoLLonote(tar auTth 1 Souh mévo av o apthudc Tov
eYYPAP®Y elvar peyaiitepog and 220 6pog autog tihetal Gote va elvan
BéPato btL 1o 3évdpo Ha €xe neplocbtepo and 2k enineda, ondte xdbe yapa-
xTNetoTed Oa yenoironoteltatl ToURAYLoTOY SU0 Popéc YL T SLAXELOT TOV
eyypap®y oe dVo unootvola. Nedtepn nopariayh elvar ta tooluyLoume-
va rolvdidotata 8évdpa (multidimensional balanced binary trees) xatd
avaroyla npog ta 3évdpa AVL, nou eetdoblnxay oo Biiio Twv Aopdy Ac-
Sopévev. “Eyel anodeiybel and tov Vaishnavi (1989) 67u v molurhoxdtnta
v Ty avalAtnon, eoayeyh xat Staypagh plag eyypaphs elvar tng téddng
O(logn+k), eved oe xdbe ewoaywyh f Saypaph anartolviol TEPLOTPOPES TNC
t4&ng O(k).

Qotéo0, Ghes oL nponyolueves napahiayés elval opovevels Soués xat
oyediaolnxay yio anoffxevon otny xipla pvApy. Béfaa, propoiv va aro-
Onxeubolv xar otn deutepetovoa VALY akhd 1) exiBooh Toug Ha expuialel
(6nwg o anhéd duadwxd dévdpo avalhtnong). Kdte and avtd o nplopa
pla evdiagépovoa napairayh e opydvwons auths ovopdleTtal EXTETAULE-
vo moludtdotato 8évdpo (extended k-d tree) xau npotdBnxe ané tny Chang
(1981). H etepoyevic auth doph propel va Bewpnbel dtv anoteheltar axd
300 péen: éva amhd k-d 8€vdpo nou amolnxeletar 6Ty xGpLa VALY XaL Aet-
TOoLEYEL WS UNYAVLELOS XaTAROYOU Yia TN SexTo86TNoY TV dedopévey Tou
xuplou apyelou, nou tpopavog elval anolnxeupévo 61N deutepelovoa VAT,
Yn ouvéyea edetdletan éva napddetyua opydvwons dedopévey clppomva
ne ™ pébodo auth.
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‘Eotwoav ta dedopéva tou Hivaxa 7.2 mou agopodv oe dedopéva (mhn-
Buopd xau éxtaon) Tov Bakxavixdy xpatdv. Anhad, ta deutepelovia yo-
paxtnploTixd elvar dvo (k=2) xaL exopévoc 1 anobfxevon Tov dedouévoy
Oa yivel oe éva Siodidotato 3évdpo. Ag unotelel dtL ta dedopéva ewodyo-
viar 610 dévdpo pe ahgafntixy oewea: A, B, Bh, C, Cy, F, G, R, S, Y. H
olla Tou 2-d 3évdpou Ba elvan 1 eyypaph A(3,29). H exdpevn eoayoyh tne
evypaghc B(8,110) Ba yviver n plla Tou apiotepol dévdpou yiatl 8>3, eved
n eyyeaph Bh(4,51) Oa xateuBuvbel ota apiotepd tne evypapfhc B(8,110)
yiotl 51<110. Yto YyApa 11.7 napovotdletar to 3€vdpo otny TelAx? ToU
nopeh. Ac onuewwbel 6tL av o neplntwon olyxpione npoxidel wodtnTa,
ToTE T eLoayopeva dedopéva xateubvvovial 6To aploTepd UTodEVSpo.

A(3,29)
Cy(1.9) B(8,110)
~
1
F(2,25) Bh(4,51) G(10,132)
N/ v
4 5 9
$(2,20) C(5,56) R(23,237)
e N e e N
2 3 6 10 11
Y(10,102)
¥ N
7 8

Yyfpa 11.7: Awodudotato 3évdpo pe ta dedopéva tou Iivaxa 7.2.

Ytoug xo6ppouc tou dévdpou tou Yyfpatoc 11.7 anobnxelovtar xal ot
300 Tés TV oyxeTxdy eyypap®dy. Ouws ot ula mpayuatixh vhonolinom
dev elvar anapaltyto va arnofnxedovtal xat ot 3Go Tiués, ahrd pévov exelvn
TOU 0T0 GUYXEXPUEVO enlnedo ypnotuelel yia Tn oUYXpLon. LETol 0AGXAN-
pec ol eyypapéc anolnxevoviar 6to apyelo, nou elval arnobnxeupévo oo
dloxo. And ta Ul Tou 3€vdpou deixtodotouvtat 11 xddot tou apyclou, pe
devbiveeig mou palvovrar oto NyApa 11.7. Elvar euvénro bt av n elvar ot
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eYYpapés Tou xatahbyYou, TOTE oL dextodotoluevol xadol Tou apyelou elvat

n+1.

24

10

4
3
2

! 2 3

0920 56 110 237 240

0

Yy 11.8: Yrodwalpeon yodpou olppova pe ta dedopéva tou Hivaxa 7.2.

Kdbe x6ufoc tou 2-d dévdpou Srapel 1o yopo o 3Go uRoyGpoUS Avd-
rova pe Tic ouvhfixes < xau >. Ye xdfe xatdtepo eninedo yivovtor Sa-
doywée umodlapéoeis TwY uToYOpwy. XTo Lynua 11.8 galvetal v Stalpeon
TOU Y ®EOU 68 UToYGEOUS, Ve ot xdle unoydpo napouctaletar v dievbuvon
Tou avtiotolyou xddovu, dnwe npoxvntel and to Uyfua 11.7. Xtov opllé-
vTLo d&ova palvovTal ot Tiwéc Tou yapaxtnetetixol éxtaocy (9,20,56,110,237)
Tou yenotponotolvial Y ovyxpLon ota exineda dptiag tddng. Avtiotouya,
07OV XaTax6pLYo dEova QalvovTal oL TULES ToU YapaxTNELoTxol TAnfuoude
(2,3,4,10), mou yenoyronoolvial yia olyxpeLorn ota exlneda nepttthg 18EnC.

To xlpio apyelo, howmdy, €xer 11 xddoug. H anobixcuon twv eyypa-
pov paivetar otov [livaxa 11.1. Iapatnpelitar étu évag xadog neptéyet dvo
eyypapés, evd dVo xddor mapapévouy xevol. Aniadf, oc pla tétola vio-
no{nom 0 XATAAOYOS SLALOPPOVETAL TELY T PORTOWOT Tou apyelou xal elval
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Xébpo

Kédoc

AXBavia (A)
Boovia-EpleyoBivn (Bh)
Boviyapio (B)
T'ovyxoohaBio (Y)
Exhdbo (G)

Kpoatia (C)

Kinpog (Cy)

IITAM (F)
Povpavia (R)
SroBevia (S)

R O = B =E I

Mivaxag 11.1: AnoOfxevon eyypapdy oToug xddous tou apyelou.

otatxés. XLwotd oyedacuévos elval o xatdhoyog mou elvar neplnou Loo-

Cuyiopévos. T to oxond autd mpénel xatd T dnuioupyia Tou xatahdyou

oe xdle dadoyxd enilnedo Tou dévdpou wg plla va emhéyeton 1 eyypapt

exelvy, mou 670 xatdhinho nedlo Eyel tn pecala TR o€ oYEon HE TIC TUES

Tou (BLou wedlou GALY TV EYYRAPOYV, TOU AVAXOLY GTO GUYXEXELUEVO LTto-

3¢évdpo. Yto Yyhua 11.9 nopovotdletar éva wwoluyiopévo 2-d d€vdpo mou

7 /7 4 e re /7 4
npoxintel egappélovtag auth Ty Swadixacia. Av elvar yvootéd to nhhboc

TOV EYYRPAPOV XAL N YOLNTXOTNTA TOV XAdWY, TOTE €UXORAL TEOXUNTEL O

aptudc v xhewdiody, mou ypetdlovtal yia ) dnptovpyia Tou xatakdyou.

R(23,237)

C(5.56)
F(2,25) G(10,132)
Cy(1,9) A(3.29) || B(8,110)
$(2,20) Bh(4.51) || Y(10,102)

Yyhua 11.9: Iooluyiopévo 2-d 8év8po pe ta dedopéva tou Iivaxa 7.2.
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Av ou xddol tou apyelou autol yeploouy, téte dnULoupyYodvTaL XASOL UREE-
yelhons. Av o gawvédpevo e urepyeliong yiver évtovo xat 1 exidoon
xatd v avalfnon expuiolel, téte  avadiopydvwon Tou apyelou xat 7
dnutovpyia evoc véou xatahdyou elval avayxala.

Ytn ovvéyewa divoviar mapadelypata avalhtnong yia epdTnon Lepxic
TATIONG XAt £p®INOY dtaoTANAToS e [Bdon ta Myfuata 11.7 xou 11.8.
Ac vnotelel 6tu tlBetan n epdnon: llowd Pakxaviehy ydpa €xer minbu-
opd 10.000.000 xatoixouc xal éxtaoy 102.000 tetpaywvixd yhdpetpa;’.
H avalhnon Eexwvd and tn plla, dnov v olyxpion yivetal pe v Tpdh 3,
xa ouveyilel 670 8edi6 Unodévdpo. YNto véo xéuPo N olyxpion yivetaw pe
Béon v A 110, ondte v avalhtnor cuveyilel oto aplotepd LROSEVSpO.
Yto tplto niéov enlnedo petd and olyxpion pe ™y Th 4, axoroulelzal
o dedldg devdpixdg delxtng mou napanéunel oto tétapto eninedo. Exel
ovyxpLon viveta pe Bdon to xhewdt 56, ondte n avalftnon n avalhtnor ou-
vey(let 070 3e€1b maudl (mou elval @URho). And tov xépfo autd hapfdvetal
o aplotepde delxtng mpog tov xado un’ aptbudy 7. TOkn auth 1 Staduxa-
olo yivetar otny xlpla uvAun xar Heowpeltar apeintéou xéotouc. And to
dloxo npoorerdletar o xddog un’ apludy 7, mou mepiéyel dYo eyypapés:
e Boukyaplag xar tne N'iovyxoohafBlac. O eyypapéc ehéyyyoviar otny xi-
ELOL VALY XAl TEMXDS ERLGTREPETAL GTO YpNOTY 1| OWOTH andvtnor. Autdc
0 EAeYY0C TV eYYpapdY Tou npooneiaclévioc xadou elval anapaitnrog,
ol £ToL GAADOTE SLATLOTOVETAL XL 1) avemtTuy s avalhtnor.

Ac Oewpnbel tdpa 1 epdtnon dwaothpatoc: " Iloéec PBakxavieés ydpeg
€youv minfuopd neprocdtepo and 6.000.000;". Ko ndi n avalhtnon e-
xwvd and ) ptla xar npogavee cuveyilel oto 3edié LRodEvdpo. Xto véo
x6upo dev punopel va yiver ovyxplor, ondte v avalftnon ouveyilel xau oto
aptotepd xat 6to dedid unodévdpo. Yto tpito miéov enlnedo petd and ov-
yxpron pe tig Tpés 4 xar 10, v avalftnon ouveyilel oe tpeig xatevhivoels.
H wehueh xatdindy elvar va npooreiacholdy ou xddot un” aplbudy 6, 7, 8, 9,
10, xat 11. Ou eyypapés eréyyyoviar TNV XVELa VAT XAl TEAXOS ATd T
TEPLEYOUEVO TV XABLY auTOV anmopplntetat povo 1 eyypaph tne Kpoatlac.
Av xau 1 eneepyaoia Tou xatakdyou Oewpeltar apekntéouv xéotouc, oTny
neplntomor auth npénet va toviolel 6t avalAtnor elval oyetind torbnioxy
Sraduweaoia, yiatl npénel va Statnpolviatl eVepYd TOAAG LOVORITLA.

To mohudidotata B-3évdpa (k-d B-trees), nou mpotdbnxav and tov
Robinson (1981), elvar pla yevixeuon twv moluddotatov 3évdpwv (4rmg
ta B-3¢évdpa elvan pla yevixeuon tov anhdv Suaddy dévdpwv). H douh
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auth elval oyediacuévn yia vhonoiney oto dloxo, ondte oe xdbe xo6pfSo ToV
3Evpwy aut®y dev meptéyetal wovo pla eyypaph akhd mepiocdtepes. Ot
ahyoépiuol eloaywyhs xaL dtaypaphs elvar Wialtepa ToAGTAOXOL GTOV TpO-
YRAUMATIONS XAl TRy xatavénor Ttoug, yiotl 1 doph mpéner va mopapével
woluyiopévn. "Etol yua va amhorowmlel 1 Sopd dev woydel to ehdytoto no-
60076 yehorne mou woylel ota B-3évdpa (dnhadh, to Upnin=50%), oxdte n
néomn yehon Tou yGpou elvar udvo 60% nepinou, dtav ta dedopéva vraxovouy
OE OMLOLOLOPYY, XATAVOUY.

11.6 Awtuntéd apyelo

‘Eote bt and Sopupopixéc putoypapics €xel dnuovpynlel éva apyelo-ydp-
e pe Tic noreg e Pwolag. Kdébe noin Sraxplvetar and 1o vewypapuxd
TALTOC XAl TO YEOYPAPXO UAX0G, TOU AnoTEAOUY S0 todTipa xpttheta. Ay
To apyelo opyavehel ue Bdon 1o yewypapwd nhdtog, t6Te noAES PE (BLo
YEOYEUPUXO TAATOC ARG SLapopeTxd YewYpapwxd Phxos Oo anobnxeuboiy
pall. “Etou, yia mopdderypa, To Mayxavtay (59° 577 Bépeia xar 1500 43
AVaTOMXE, %0Vt oTa olvopa pe Ty lanwvia) Oa anobnxeubel pall pe to
Aévivyxpavt (59° 577 Bépea xar 30° 207 avatolxd, xovtd ota olvopa e
) Pudhavdia). Autéc ou méhelg anéyouy petall toug 4000 plho xar dpoc
npénel oUpPoVA HE AUTAY THY opydvwon va anobnxeufoly pall. Luvends,
yeealetar pulo Souh pe yapaxtnelotixd dtapopetixd and éoeg edetdobnxay
Héypls e,

‘Eotw 6t pla eyypapn éxel téooepa xhedid. Oewpeltar o tetpadidota-
T0¢ Y Opoc nou oplletar and ta nedla optopod TV yapaxtnetoTix®y. Autdg
0 xopoc elvat Suvatdy va ewpenel we évac Suadixdc nivaxac. Xtov nivaxa
autdy 1 Swaotaoy ¢ Ha €xel téoa otouyela boec elvat ou Staxpttés TLLES TOU
yopaxtnetotxol 1. Eva otouyelo tou tetpadidotatou nivaxa Oa tooltal pe
1, av undpyet eyypaph P Tic avTioToLYES TULES YL T TECOERA YAPAXTNEL-
otxd. Eva otouyelo tou nivaxa Oa elval undév, av dev vplotatal n oyetixn
eyypapn. Etou o nlvaxac tov bits Oa elvar pla mifeng avanapdotacy tou
OUVOAOU TOV EYYRAPOV.

Apywxd galvetar 6t 1 Sou auth propel vo LXavomooeL GRES TIC amdL-
Thoelg and €va ovotnua apyelwv. Enclepyacin tov onpelaxdy epwtioeny
yivetaw pe e€étaon evic Lévo otolyelon, evé oL epwTHOELS dLacThHUATOC ana-
viovtat pe enelepyacia dhwv Tov ototyeloy Tou j-Sidotatou yopeou, 6ou
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J < k. Oueoaywyéc xar ou Staypapés emttuyydvoviar Hétovrag ta avti-
otowya bits (oo pe 1 A pe 0. Téhog, Sha ta xhedid avtipetonilovtar xatd
Tov (8to tpdéro. Qotdoo, auth N opydvemor dev propel va avianeléilel oe
npaxtxés xataotdaoes. [ napddetypa, av uahpyav t€ooepa nedla pe 100
Sraxpités Twés o xabéva, tote o mivaxag Oo arotehotvray axnd 1.000.000
otowyela. H nponyoluevn opydvwon, howdy, elvar pla outomxh Abom.

To Swtuwtd apyelo elvar pla véa opydvweorn nmou npotdbnxe and to
Nievergelt (1984). H dou# auth dwayeplletal o (Slo anoteheopatind 1600
oTATLXE 660 xou duvauxd dedopéva, eneldh oyedidobnxe pe Bdon Tic e&hg
ATALTAOELS:

® UNOTEAEOUATIXH WXAVORO(NOY, ONUELAXGY EpwTHCEWY (point queries),
mou yivovtaw pe Pdorn ouyxexplréves Tég Yo Ao Ta XAELWSLY,

® QNOTEAECUATLXY LXAVOTO(NGON TOV EPWTACEWY SLAOTAUATOS XAl EPWTH-
OEWY UEPLXNS TAUTLONS,

o JUVOULXH TRPOCUPPOCTIXOTNTA OTLS ELOAYLYES Xat dtaypapés eyypa-
POV, xaL TENOS

® LGOTUUY AVTLLETONLOY GAGY TV XAEBLOV, Tp®TEVOYTOC XL SEUTEREVO-
VTOV.

Avxxtuwtde xatdAoyoc Kddot xar eyypopé

>mi—| T | A|A|A At (t,5), (5,10), (p,4)
Sm ——— Z B B A B: (kalo)a (aalz)a (.f’4)
<d+——|7Z | B|B|E T: (t,1), (s,2)
T T T T A (1,52), (k,T1)
INTAVIVIR S-S
<31<8 (< :
e <3| <8 |L19(>19 E: (a,52), (¢,56), (d,71)

Z: (a,1), (d,2), (f,3)
Yy 11.10: Aop¥ Sixtuwtol apyelou.
Yto Yyhpa 11.10 rapovoidletal  Sou# tou dixtumTol apyelov ou o-

roteheltar and touc xadous A B,....Z, mou mepiéyouy ta dedopéva, xat Tov
xatdhoyo nou anaptiletal and dUo puépn: To SixTLLTS xATIANOYO H Nivaxa
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(grid directory, array) xou Tig ypapuixés xhipaxes (linear scales). [
x&0e yapaxtnplotixd undpyet xal pin avtiotolyn yeappxy xhipoxo, mou
neptéyer Ledyn TodY xhedtdy xar aviiotolywy dteufivecony npoc tov xa-
tdhoyo. Ou xilpaxec arofOnxebovtal otny xdpla uvAun xat delyvouy nold
(k—1)-8udotato Tuhua tou xatahdyou nepéyel Toug delxteg "pog Toug Xd-
douc TV EYYPAPOY.

O dutuwtéc xatdhoyos elval évag mivaxag pe ddotaon k (6nou k elval
o aplBpdc TV yapaxTNELoTIX®OY), Tou av elval puixpds, Téte arobrxeletal
oty xUpta uvipr. To péyeboc tou xatardyou nepropiletar tepaylovtacg
T0 6Uvoro oplopol xdbe yapaxtneloTixoy oe avdioyo unooUvoia. Kdabe
eloodog Tou xatardyou meptéyet ) Stevbuvon Tou aviloTolyou xddou TV
eyypap®y. Elvat Suvatdy noirés eloodol va reptéyouy tny (S Sievhuvor,.
Yuvhbwe, 0 xatdhoyog elval apXetd LEYIAOS Xat SEV YOPA OTNY XVELAL UVh-
un. Yrdpyer évag neploptolhdg 660V apopd 6TLS EL6080UG TOU XATANGYOU,
mou pnopel va wepéyouy Ty B Stevuvon. Av ol eloodol (ay,aq, ..., ar)
reptéyouy Tic (Biec Steubivoeig pe tig etoddouc (by, by, ..., by), T67e TIc (Breg
dieubivoeig mpénel va nepéyouv xat ou eloodol (21, xg, ..., k), Yia xdbe 2,
émou 1 < @ < k xow min(a;,b;) < 2; < max(a;,b;). Auvtdg o mepropiopde
onuaivel 6T évag xadog mepléyel eYYpaAPEs Tou avixouy ot pla TETEAYWYT
# xoikn (rectangular, convex) nepoyh. Yto Uyfua 11.11 zapouvoidletal
ula neplntwon nou napafidlet Tov neploplopnd.

Yy 11.11: AavBacpévn opydvemorn xatardyou dixtumtol apyelou.

Av o xatdhoyog elvar oyeTed pxpds xat propel va arnolfnxeulbel otny
XL UYAUT, TOTE 1) ixavonolnoy plag anifc epdtnong elval ebxoin undleor,.
Medra, yenowonoteltar 0 ypauuixh xilpaxa vy vo evtonelel n eloodog
TOU XATAAGYOU Tou mepLyel To delxtn mpog to dloxo. H eloodoc tou xata-
Koyou umopel va Bpelel ehxola YENOULOTOLOYTIAS TS YVWOTES TEYVIXES A
0 BBhio tov Aopdy Aedopévev yia tny enelepyacio nvaxwy. Me tny gd-
peon tou delxtn xau Ty encdepyacia Tou xE30u 6TNY xVpLa UVARY EREY YETAL
av npdypatt n {ntodpevn eyypapy elvar anobnxevpévn oto apyelo.

Av 7 unofadkopevr ep@dtnom elvat epOTNON SLAGTARATOS, TOTE XAl TAAL
7 enedepyacia dev elvar Svoxokn. ‘Eotw, yia nopdderypa, dtu Inteltar va
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Beeboilv dheg oL mohec mou anéyouv and T Mboya +2 polpes wg mpog o
YEOYPUPXO TAATOS XAl TO YEOYPaQWo YhHxoc. "Apa 1 ep®dInoyn propel va
tebel wc:
53% 45" Bépera < phxog < 57° 457 Bépera
O
359 377 avatohxd < mhdtoc < 39° 377 avatohxd

H enelepyaocio apyiler and tig ypappxés xhipaxes yia va evtomolel notée
eloodol tou xatardyou nepéyouy autés tig Tipés. To amotéheopa ne e-
s 7 7 s / / 7 s
nedepyaoiag elvar éva olvoro ewoddwv. And tov xatdrovo PBeloxoviat ot
deixtes npog N deutepevouca uvApy. Mdiota, elval mohs mbavéd bt pept-
xol delxteg Ou mepléyovial neplocdtepo and win Qopd 6Tov XATAAOYO, AAAL

npopavods Ba yivel wovo pla npoonéiact oto Sloxo.

H Swaduxaoia tng etoaywyic yperdletal altepn npocoyh. BéBala, av o
x&dog 6nou Ou yivel n etoayoyh Stabéter axdpn xevéd yopo dev elvat dboxo-
M. "Opog av o xddoc unepyehioet, tdte Staxplivovtal Svo nepuntdoets, win
amif xou pla obvletn. Ko otic 8o nepuntdoeig 610 apyelo napaywpeital
Evag axou”n XAS0g YLo VA GTEYAGEL HEPLXES AT TLS EYYPAPES TOU XAB0U oy
unepyelloe.

Av undpyouy neplocbtepes £{6080L TOU XATAAGYOU TOU AVAPELOVTAL GTOV
x&do nou unspyelhoe, Téte oL eyypapéc Sravépoviar exatépwley plac opla-
XA TYAS peTall ToY TWOV g Yeappixhs xilpaxas. Exlone, npénet va
evnuepwloly oyeted xat ol deixtes Tou xatakdyou, enedn pepwxol Oo ava-
pépoviat mpog 1o véo xddo. [ napddetypa, oto YyApa 11.12 n yoentixs-
NTa TV Xddov elval Tpeg eyypapés. Me v ewoaywyh tng evypaphc (b,5)
mpoxintel v 8e&id Soud Tov MyApatog 11.12.

>d — A >d —
<db—| A | A <db—| A | A
<19(>19 <19(>19
A: (k,10), (a,12), (f,4) A: (a,12), (b,5)
B: (k,10), (f,4)

Yy 11.12: Ewoayoyh pe anhf evnpépmorn xoataidyou.
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H nwo odvletn neplntwon napovoidletar 6tav o xddog nou unepyeliloe
avapépetal and pla wovo el6odo Tou XATAAGYOU B dTav oL eYYPAPES TOU
X&S0u Tou LTEEPYEIAOE AVAXOUY GE €va LOVO SLEGTNUA TGOV TNG YPALMUIXAC
ah{paxag. Ntny neplntwon auth exTéc and Ty enEXTACY ToU apyelou xatd
éva véo xddo enextelvetal xat 0 xatdhovos. Auth i Stadixacio alvetal oto
Yyhua 11.13, drnou ewodyetal 1 eyyeaph (5,90) xav o xatdhoyog exextelve-
Tot XAt €va LovodLdoTato Tivaxa. YT YEVIXH RepliTmon, av 0 XATINOYO0g
elvar k-Sudotatog, téte  exéxtaon yivetal pe éva (k—1)-3udotato nivaxa.
A&{lel va onpelel dtL oT0 napddetypa autéd N SLAoTACT TOU XATARGYOU
€vive xatd éva voepd xataxdpupo dova. Enetal 6t o neplntwon pekho-
VTS dLdonaong Tou xatakdyou o voepds autdg ddovag Oa elvar optldvtiog.
Pevixd, av undpyovy k yapaxtnpiotixd, téte ow Stacndoeis Ha yivovtat xatd
XUAMXO TEORO, dNhadr) xdle Yopd ¢ TEOg Eva SLAPOPETIXS YARPAXTNELETING
TN YRAUMIXAS XA(axaS.

>m—| A | A >mi—| A | A | A
<miI—| B | A <miI—| B | A | A
<db—| BT <d—|B|T|E
<19[>19 <19|<56|>56

(152), (k,71) A (52), (K,71)

I': (a,52), (¢,56), (d,71) I': (a,52), (¢,56)

E: (d,71), (b,90)

Yyfpa 11.13: Ewcayoyh pe enéxtacn xatoahdyou.

Y10 onuelo autd TPOXVRTEL XAl TO XUPLOTERO TEOBANUA TOu SXTLUWTOY
apyelov. "Eotw 6t eyypapy anoteieltal and tpla xhedid, eved xdbe ypau-

4 re e /7 7z AN 7 e 7
uixh xhlpoxa anoteheitar and 100 tipwés. “Ortay o xatdhovog enextalel xatd
7z 7 re e e 7z e
éva Siodiaotato nivaxa, oty oucla npocstifevtar 10.000 véeg eloodor otov
xatdroyo. Av xdbe eloodoc elvar téooepig yapaxthpes, Tote Palvetat GTL
v plo etoaywyn eyypapnc anatteltoar enéxtaocn xatd 40 Kb neplnou mou
wooduvapel ue pla atpdxto ot éva ovotnua dloxwv IBM 3380. Av ta dedo-
néva dev unaxotouy ae ula opolbLoEPn XaTavour, Thte auth N dtadixacia
uropel va cupfaiver oyetxd ouyvd. “Etou o xatdioyog propel va ypeld-
(et onuavtied neptocdtepo yopo and dtL xatahaptBavouy ou eyypapés.
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Axéum, av vrofinfel pla epdnon dwaothpatos umopel va ypeachel pia
xpovofBopa enelepyacio Tou xatardyou yia va npoonehacholy telxd Alyot
névo xddot tou apyelou.

[Iévtowe, npérer va onuendel 6t (répa and to mpdBhua Tou xataksd-
you) vy pla anhh onpetaxh epdnon nov faciletal o onoodhrote xhedl,
anattovvTal To PévLeTo dUo mpoonehdocic 6To dloxo. Emmiéov petd tny
TPOOTENAOY, TV XAdwY anattelital xaL encdepyaoia TOV eYYPAPOY 6TNY X-
ptor pviun v va Steuxpivialel néoec xar noés eyypapés avianoxpivovia
Tpdypatt TNy ep®Inoy. And ta mponyovupeva elval mpopavés GTL N aAvent-
Tuyhs avalftnon ulag ankhg epdnong €xel to BLo x66T0g PE TRV EmTUYH
avalhtnor, dniadh dlo npoonehdoelg oto dloxo. Enlong elvar euvénto 61t
ot Sradwaoies wavorolnone plag epdtnong dwaothpatos B ping epdNons
nepefic TatTione dev Stapépouy onpavTixd and Ty aviloTolyn Stadixacia
nloc anhhc onuelanis epoINoNg.

24
A B B
12
A B B
00 ° 60 120 240

(@)

Yyfpa 11.14: Ewocaywyh dedopévoyv Ilivaxa 7.2 oe Suixtuwtd apyelo.

Y ouvéyeia ta dedopéva tou [livaxa 7.2 ewodyovrar oe éva dixtuwmtd
apyelo PE XABOUC YOLENTLOTNTAS TEGCAPLY EYYPUPOY. Eotw dTL xal ndhl
Ta dedopéva ewodyoviar ot Soun pe arpafintixy oepd: A, B, Bh, C, Cy,
F, G, R, S, Y. ¥t Eyfua 11.14a napovordletar 1 pop@h tou Sixtuwtol
XATAAGYOU X0l TOY AVTIICTOLYOY YPULUIXOV XAUIX®Y HETA TNV ELoAYOYN
g mépntne eyypaphc (Cy) xau tn oyetixh enelepyaoia, dnhadh didonaon
YRARMXDY XALAX®Y, SIXTUGTOY XATAAGYOU XAl aApytxol xddou ot dGo xd-
doug A xau B, evé pe onuela napovoialovtal ot tévte eyypapés. Yto Lyhua
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24
AT B B
12
AT B B
6 °
AiT . B B
Ak
0 30 60 120 240
(®)
24
AT B B
12
AT B B
6 °
AiT | B B
L
0 30 60 120 240

(v)

Yyhua 11.14: Ewayowyh dedopévoy [livaxa 7.2 oc Suxtuwtd apyelo (cuvé-
YELL).

11.14B napovoidletar v xatdotacn tng SopAS HETE TNV eloaywYH e €xXTng
evyeaghs (F) xau mn oyetuch enelepyaoia nov xatalfye ot Sidonaocy tou
x&dou A xa ) Snpovpyio Tou xddou I'. Yto Tyhua 11.14y napovoidletar
N TEAXH xaTdoTaoy), 6mou xdbe xddoc meplyel eyypapés mou avAxouy oe
ulo TeTpdyo VN REPLOYA.

H Swadixacia petdfacnc and tnv apyixd xevi douh Tov Lynuatog 11.14a
oto 11.145 elvar avayiupa napadelypata tng ypovoPipas daduxaaiag, mou
avapéphnxe otic nponyodpeveg napaypdpoug. ALilel oto onpelo autd va a-
vageplel ) ouyyévela autic e Staduxaciag Tov Stadoyxdy Statpéoemy Tou
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YOpOU TOU JXTUELTOY XaTakdyou pe TV naforoyixh neplnTtwon Tou dimha-
OLAGPLOU TOU ENEXTATOV XATAXEPUATIONOG. Lippova ne wio dikn vhonolnoy
0 duxTLwToC xatdhoyog uropel va poldlet pe ) péHodo Tou Suvapixol xa-
taxeppatiopol. Axd tn Regnier (1985) pdiota anodelybnxe avahutind 4t
av N yeeNTWOTNTA TV XA8wVY elval Aydtepo and elxoot eyypapés B av o
TULES TOV YARAXTNPLOTIXOV SEY UTAXOVOUY GE OUOLOUOPYHES XATAVOUES, TOTE
npénel va npotiunel v tereutala péhodoc.

Ac vrotelel, howndy, 6TL pe Pdaon to YyfApa 11.14 tlBeton v epdnon:
‘Howd Paixavixh yoea €xer minbuopd 10.000.000 xatolxouc xar éxtaom
132.000 <etpaywvixd yuhdpetpa; . H avalftnon Zexivd and tn yeoppixh
xh{paxa, 6mou o deixtng xateuhiver oty aviiotolyn eloodo Tou Suxtuw-
oY% xatardyou. H eloodoc auth nepiéyet va delxtn mpog tov xddo B, mou
npoonehdletar and to dloxo. O xddoc B nepiéyel téooepic eyypapéc, mou
EAEYYOVTOL GTNY XVELOL UVALT XL TEMXGS ETLOTEEPETAL 6TO YPNOTN 1) CWOTH
andvinor. Ag Oswpenlel tdpa n ep®non Swothuatog: " llows Paixavixés
xOpeg €xouv éxtaor hyodtepo and 50.000 tetpaywvixd ytadpetpa; . Ko
md v avalhtnor Zextvad and T yeappeh xhlpoxa xat To SXTuWTS XaTd-
rovo xat oty ouvéyea npoonehdlovtar ot xddot A xai I', mou neptéyouy tig
XATIAMNAES EYYPAPES.

H Saypaph plac eyypaphc elvar pla noibmioxn Stadixacio, aviictpopy
NS ELoAY®YRG, Xar puropel va ouvodeletal ue e dTTwor tou aptipol Tev
x&dwv. "Onwe xar 6TLg 0pyavhoes Tou duvauixol xataxsppatiopol tihe-
Tot antd To OYESLAOTH TV ApyElnY €va EAAYLOTO GpLO YL TOV NAPAYOVIA
YENoLLOTOMOoNS TOU YOPOU TOV XAdWwY. Av 7 TLUH TOU Tapdyovia YENoLLo-
molnong yivel wxpdtepn and v npoxabopiopévn tuh, téte edetdaletar av
uropel va yivel ouyydveuon. Xuyydveuon uropel va vivel ue xdmolov xa-
30 nou dnuiovpyhbnxe and tny S dudoracn pe Tov urn’ b x&do (buddy
bucket) o onowdhrote and Tic k Swotdoeic xal pe Ty wpotindbeon STu
TO TEPLEYOUEVO Xl TV S0 XAdwv propel va arnolnxeubel oe éva pévo xd-
do. Yipgpova pe pla dhAn 1o TOAGTAOXY, TEYVLXT, CUYYOVELCT Kropel va
vivelr ue onotodfinote and toug dVo veltovixols xddouc otic k dlaotdoetg
(neighbor bucket) apxel to anotéheopa vo puny mapafdler Ty analtnon
mou unayopevel xdfe xddoc va avtioTolyel o pla TETPAYWVYY TEPLOYH TOU
SuxTueTOU xatarbyou. BéPota, extoc and tn cuYYOVELCT TV XAdWY TpERel
va ylvel xar cupptvwon Tou xatardyou. Opwe o TpaxTixés TEPNTOOELS
N oupplxveworn aropelvyetat, Gote va arnopeuyfel To duthd xbotog oe i
MEANOVTLXYH ENEXTAGT, TOU XATARGYOU.
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To Suxtuwtd apyclo oe olyxpion pe to morudtdcTato 3évdpo €yl pia
OELpd TAEOVEXTNUATOV:

o civaw neploodtepo tooluyiopévy Sopd,

/ 7 7 7 s / 7
o vevixdtepa o8 duvauixd dedopéva €yel xailtepes emdboec oe xdbe
eldouc avalhtnon,

o cruituyydvel xatd péoo Gpo yphon tou ywpeou 69% nepinou,

o £yel xaiUtepn exldoon oc nepBdhhoy ROAGY ypeNnoTdv (v Adyoug
mou Ba yvivouy avtunrtol 6to teheutalo xepdhato Tou ToRoU auTOV).

*Opoc undpyouy xal theovexthuata tou k-d 3évdpou dnwe:
® 7 AWAGTNTA TOU AOYLOULXOY TOU,
o Syl xahlTepy exldoon xaTd TV ELoAYLYN XAl TN dtaypapy,

o &yel tny (B mohumhoxdTTa Xau enidoon aveldptnTta and to nahbog k
TOV YALAXTNPLOTIXOY,

o av to apyelo elval cwotd oyedlaouévo Y oTatixd dedopéva, ToTE
7z 7 7z /7 /7 re A 7
€yel moAU xahéc emdboels oe Ohes Tig Asttoupyieg, xabog xal ToAs
XA YERON TOU YOEOU.

To xepdhato autd Aoy APLEPOUEVO G 0pYAVOOELS XATAAMNAES YLd (AT
aniée epoThoes. And to TAR0og TV 0pYAVHOE®Y AUTOY Tou elval LEYEAO
eletdolnxay ta avieotpappéva apyelo, ou mohhankés hloteg, oL ouvdua-
opévol xatdiroyol, o nohudidotata dEvdpa xar To SxTuLTS apyelo. Ot
nponyolueves dopés elvat ovvhetes xar anattoly Wialtepn Tpocoyf Yo TNy
vhoroinon touc. EE dhhou, xau ) enaxpifiic nabnpatixh éxgppaoy tng extdo-
oNg ToUg elval TOALTAOXY).

11.7 Aoxnoelg

<1> Aavetotxh Bphobixn Swatnpel minpogoples yia BiBila xar Savells-
LEVOUG, DOTE VA ATAVTOVTAL TOAD YERYOPA EPWTAGELS TOU TUTOU:

o llowd BiBila mou €xel ypewbel o x. Tade’,
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o "Elval to Bihio tdde davelouévo, xal av val o€ motdv; .

Na oyedrachody ta apyelo nov Oa uroothplay anoTeleopaTiXd AUTES TLS
EPOTHOELS.

<2> Alvetar apyelo pe 100.000 eyypagpéc achevirv twv 400 bytes, 200
evveaéc yiate®y tov 400 bytes xar 500.000 eyypapéc epyvaotnptaxdy ede-
tdoewy Twv 100 bytes. Yrdpyouv 100 eidn cpyaotnpraxdy eletdoenmy. Na
oyediachel plo Soun TOAAATAGY MOTOY Xat Vo x06T0A0YN000Y oL anavth-
ot TV £&Ac EpWTHOE®Y:

o llowol elvan ot aclevelc Tou yviatpol x. ATdade’,

o 'lloés epyaotrewéc eletdoeis éxave o x.BTade”,

o 'lloég epyaotnpixés eletdoeg éxavay ot aclevels Tou x. ATdde ", xat
\ 7 7 7 7 7 7

o 'llowd ta anoteréopata TV epyaoTREWGOY e&eTdoewy yolnotepivng .

<3> T évay apihué a yapaxtnelotixdy va Beeboly ou akydpibuot Snpoue-
yiac:

® TWV CUVSLAOUEV®DY XATAAOYOV,
® TOV UELOUEVOY GUVSUACUEVELY XATANGYODY, ot

® TV TPOTOTONUEVODY CUVSUAGUEV®Y XATAAGYOV.

<4> Na dnpovpyniel éva Stodidotato d€vdpo elodyovtag ta dedopéva Tou
Mivoxa 7.2 xatd tny aviliotpoey oepd. Na oyediacholv ol unodwlpeoeig
TOU Y @POU Xat var YIVEL 1 XATAVOUN TV EYYPAPOY GTOUS XATAAMNNAOUS Xd-
douc.

<5> lléoeg avrunpoowneutinés eyypapés and €va apyelo 1000 eyypapdy
yeeralovtar yia va dnuovpynlel éva tplodidotato 3¢v8po xal nold elvat to
Bé&bog tou; Ac unotelel btL 7 yoentxdTnTa TV Xadwy elvar 10 eyypapés
xal 6Tl To 8évdpo elvar meplnou Luytopévo.

<6> Na dnuiovpynlel éva Suxtuwtéd apyelo pe ta dedopéva tou Hivaxa 7.2
Oewpdvtag 6t N ywentwotnTa xadwv elvar tpews eyypapés. Na oyeda-
ofolv ov unodialpeseic Tou SIXTUOTOY XATAAGYOU XAt va YIVEL 1 XATAVOUN
TOV EYYRPAPOV GTOUS XATIAANAOUS XdABouc.

<7> Na dnpovpynlel éva Suxtuwtd apyelo ewodyovtac ta dedouéva tou
Mivoxa 7.2 xatd tny aviliotpoey oepd. Na oyediacholv ol unodwlpeoeig
TOU SIXTUMTOY XATAAGYOU XAl Vo YIVEL 1 XATAVOUT] TOV EYYPAPDY GTOUC
XOATARKNAOUS XESOUG.
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AOMEY ME AYAAIKH
ANAITAPAYTAXYH

12.1 Ewsayoyn

H e€éhin tov unoloyotxdy cuotnudtoy foRinoe dote va dnpovpynbody
Semupdveies yphotn oc uhnidTepo eninedo, dnradh ue Ayotepn oyéon npog
To VRS TN pnyavic. Etou ) emxotvevia €yive guuxdtepn xar avdhinxe 7
napaywywotnta. 261660, 670 xepdiato autd oe pia avtifetn xatevHuvon
and v e€EnEn auth, Ba e€etacholy opyavdoeic apyelowy tou €xouy 1o dua-
dud Pnglo (bit) wg douxd otoiyelo yia Ty avarapdotach tous. To xépdoc
and pla tétowa npocéyyion elvat Sumhd: owovopla 610 y®po xat TayliTnTa
otny enedepyasin. Katd tny vionolnorn tov Sopodv autdy o npoypaupatt-
OTHS TOVY EQAUPULOYOY pnopel elte va ypnoLtonothoet pia YAGGo yopuniol
emnédou yia Ty anolfixeuon xau Ty eneepyacia tov dedopévwy elte va
yenowonooel pin yadooo vhniol emnédou xal vo petatpéder ta bits oe
bytes. A¢ onueiwbel enlong 6tL nohhol UTOAOYLETES € 0UY EVOOUATOUEVES
Tayvtateg dwdwacles avalhtnone o duadixés oupBolroocepés (bitstring)
neyéhoug byte, Aé&ng xix.

H opydvoon xou enelepyaocin Bdocwy xewpwévov (textual databases)
elvar éva eupd avtixelpevo mou edetdletal xuplog and tov xhddo tng A-
vaxtnons nmpogopidv. BéBawa, otov avayveotn elvar 701 yvwotés dvo
xatnyoples nefodwy:

e ot péhodol Tifipous odpwong xewévou tou eletdolnxay oto BiPiio Ty

Aopdv Aedopévov (akydpBuor Boyer-Moore, Knuth-Morris-Pratt
XhT.), xa

284



Aopég e duaduxy avarapdotao 285

o 1 péhodoc Ty avieoTpappévey xatahdywy tou eletdoblnxe 6to nporn-
YOUUEVO XEPIAALO.

H xatnyopla tov apyeiwy vroypapdy (signature files) anoterel plo axs-
un owxoyéveran pefGdmy yio Ty opydvemon xat v enelepyacio xeWévey, e
Wraltepo yvoplopa 6t elval dopéc pe duaduery avanapdotaoy. H péhodog
auth dev elvar véa. Xpnowomothlnxe yia Tp®dTn Qopd HE OXORO TNy AVA-
xtnom dedopévey to 1949 and tov Mooers xat avagpépetar 707 and to 1963
oe dudaxtxd Bihla (dec Biilo Bourne).

Ytn ouvéyewa Tou xeparatov Ho eletacholv Sevdpixéc xar tuyales Sopéc
apyeloy Tou yenouedouy yia TNy opydveor xat enelepyacio Sounuévey de-
Sopévov (dnos ol xhaowxés eyypapés mou Oewphlnray péypet todpa) xaboe
xat pn Sounuévey dedopévoy (6rwc ny. to ehelbepo xelpevo # ntohupeot-
x& dedopéva, dnog hyog, exdva, xwvodpevy exdva xixn). Ta Bépata tng
vhoroinong twv olvletoy autdy Sopdy dev Ha eletacholv o Bdbog, akhd
neplocdtepn Eugact Ha Sobel oty napousiacn Twy evvoldv.

12.2  E&aynyh vnoypapoy

Mew e€etaobel onotadhnote Souf xatardyou nou otnelletal oe uRoYpapés
(signatures), npérel npdra va edetachel v évvola tng unoypaghc Ty dedo-
HéEveY xat ot Tpénol e§aywyhs tng uroypagyg (signature extraction) axd
T dedopéva, elte Sounuéva elte un Sopnuéva.

Apywd, howrdy, ag Oewphoovpe v replrTwon tou ehelbepou (U do-
punpévon) xewwévou. H pébodoc tov uroypapdv propel va ypnouronoun-
Ocl oe thnbdpa cpaproy®Y opydvwons xal enelepyacioc PAoEWY XEWWEVLY,
oS Y napddelypa o eyxuxionaldeies, vouuxd xelpeva, ypapela mote-
viov xin. Exnlone, propel va ypnoworowmbel xau oe nolupeoixd ouothuata
(multimedia systems) eZdyovtag vnoypagés and ta Sidpopa TORUMEGLXS
yopaxtnetotixd. Ev ndoe nepuntdoet, 6to nepBdihov g opydveong ot
eneepyaoiag xewévou 1 péhodog epapudletar we eic.

To mihpec xelpevo capdvetal dote va elaketpbholv ou xowvég héeig (via
rapddetyua, debpa, npobéoeic xhn.) xar va aropelvouv ol Aeyopeves " yeh-
owes” Mewc. Ou yphowes Aleg petatpénovial otn pila Toug (dnradh
evixde aplBude, ovopaotixh ntdon xhr). O Méeg mou ywpoly oe pla Qu-
owh oerlda Tou dloxou (physical block) fswpeltar dtL anoteholy pla hoyxh
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opdda (logical block). Ye xdfe Aé&n plag hoyixhc opddag epapudletar xd-
mota TEY VXY Pactouévy oTov xataxepatiopd, ondte ) AN petatpéneta
oe pla Suaduh oupPorocepd otalepol uixous, 1 orola neptéyel Eva péyt-
oto otalepd aplpd doowv. H oupforooeipd auth elvar v urnoypaph TN
ouyxexpévng AEng xou anotehel pla apopetixd " neplhndh’ tou.

Mia ouvnOiouévn mpaeti yia Ty anewxdvion Adewv og duadixés oup-
Borooeipés elvar 1 edhc. Oewpolpe ta yedppata e AEng xatd xuldueveg
teuddec. Anhad¥, and tn héln signature hapPdvovral ol tplddeg sig, ign,
gna, nat, atu, tur xat ure. Koatémyv, oc xdle tpudda epapdletal plo ou-
vaptnon xataxeppatiopol. [a napdderypa, Aaupdvovtac to dfpotopa Tov
xw3wdy ASCII tov ypappdtony xdfe 1pddag, yia Tig tponyolueves TpLddeg
mpoxVnTEL T0 6UVORo TV aptBpdy (83+T73471), (T3+71+78), (T1+78465),
(78465+84), (654+84+85), (84485+82) xar (854+82+69), dnradh: 227,
232, 214, 227, 234, 251 xou 236. lapatnpodue btu 7 mpdn xal 7 tétap-
™ Tetdda (dnhad¥, sig xau nat), map’ 67u elvan Sragpopetinés phavouv oto
3o anotéheopa. Qotéoo, pla ol xatdotacy unopel va mpoxtdel pe
OTOLABATOTE GUVARTNGT XATAXEPUATIGHLOY.

Katémy, o axépator tne mponyoluevng opddas ewodyovior o uio véa
OUVEETNOT XATAXEPUATIONOY BOTE Vo Tpoxdel 1 vnoypah e ring. T
napddetypa, av To pAxog tTNg umoypapns elvar 50 bits, téte OewpdvTac
ouvaptnon " mod 507 xatahfyoupe 6To oUvoro TV aplpoy: 27, 32, 14, 27,
34, 1, 36. “Etot, and ta 50 bits tng vroypaprc, Ta orola elvar aptbunuéva
and 0 péypr 49 xou apywonomnuéva pe 0, Ba petatpédovue oe docoug to
lo, to 140, 270, o 320, 0 340 xat t0 360. Enopévewe, tehxd 1 uroypaph
g MEng signature elva v cupPorooepd

01000000000000100000000000010000101010000000000000

dnaad¥h, o aplfuds v docwy elvar €2t (xa by entd). O aplfudg autic
ovopdletar Bdpog (weight) tng vroypaghc. Exlong, elval npogavéc 6t hé-
Yo NG PUONS TOU XaTaxepPaTIoNoY, elvatl duvatdy Vo dtapopetixéc hédelg
v €xouy Ty (Bla uroypapy, evéd exntong dev elvar Suvatdy and pla vroypa-
@h va Pyet ovunépacua yia Ty apyuxf &N epappélovtag pia aviiotpopn
Sradixacia.

Y1n cuVEYELR, Ol EREPOUS LTOYPAPES TV MEEMY Mlag CUYXEXPUEVTS
rovuihs opddag ouvdudlovtar pe tn hoyueh neddy oring, ondte dnulovpyel-
T plo wévo uroypagh o eninedo hoywhg opddag xewévou. H npddn auth
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Apyelo 001 100 001 010
Evypaph 000 101 011 000
ITedlo 001 000 001 110

Yroypapd 001 101 011 110

Yy 12.1: Kwdwonoinon pe vaépbeon,.

Myeta enlone xwdixonoinom pe urnépbeon (superimposed coding). ‘Eva
napdderypa e xwduxorolnong auths rapouotdletal oto UyApa 12.1.

INa va elvar anoteheopatind 1 avalftnon oe uroypagés npénel oL uno-
yeapés va €youy elaybel xatd to Béhtioto tpéno. "Eyel anodeiybel avahu-
Tixd 6t plo uroypaph pépet T LEyLoTty nocéTHTA TAREopoplag av o aptudc
TOV 4600V toobTal U Tov aptiud Tov pndevixdy. Autd emTuyydveTal av
woyvel  oyéon:

FxIn2 = mxD

onou I elvat To pfxoc tng unoypapvc ot bits, m to Bdpoc oe xdle uroypaph
rEng, evd D elvar to tifflog Tov Moy nou anoteholy ULd hoyxh opdda.
Enropévos, to Bdpog tne unovpaphs tne xdbe hédne npénel va elval apxetd
mxpdTepo and To Bdpog TS UROYPAPAS TNS AOYIXAS opddag. Xtny avti-
Oetn neplntwon, 1 uroypaph nou Do npoxider petd tny unépbeon Oa elvor
YERATN and docouc xal dev Oa €yet Stodepttixh weavéTnTa. LTo Tapddetypa
Tou Yyfuatog 12.1 oL tipés Ty mapapétpwy elvat: phxog unoypaphs F'=12
bits, Bdpoc uroypaphc AMiewv m=4 xor thnOwxde aptbuds hovixhs opddac
D=3. 'Etou, petd v unépbeon to Bdpog tnc unoypaphs 6to exninedo Tov
TeL®V AMewy elvar €€ (Snhadh, dddexa o dv0).

ITiéov, 7 uvnoypayh auth aroterel Ty povada ovyxplong xatd T avalr-
thoels. [ ) Sranlotwon av pla Médn avhxer oe pla hoyixh opdda axohou-
Oelrar 1 e€hg Sradixaocia. E&dyetal n unoypaph tne ouyxexpurévng Aédng
XoL GUYXEIVETAL LE TNV UROYPAYH TNS AoYxhc opadag, bit mpoc bit. Av xd-
ToLog 4060g NG LTOYPAPHS TN AEENS avTioTouyel o uNdév tne unoypagphc
g opddag, tote elval oagés 6T N AEN auth dev ouuneplhapdvetal petall
Tov Moy Tng hoywxhs opddac. ‘Opwe av 6hot oL doool Tng unoypaphc
g AEENC avTLOTOLL0UY XATOLOUS and TOUS dOCOUS TNG LROYRAPAS TNS Ao-
yixhs ouddag, téte ovpnepalvetar dtL mbavde v AN auTth va avixel ot
rovuh opdda. Xtny nepintwon auth elvar avayxalo va edetacholy dheg ot
K€l e hovixhg opddag, wote va undelel Dt i apvntixh andvinor ue
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Bepardtnta. Av tedxd 1 ouyxexpuyévn AL dev avixel ot oy opdda,
téte hévetan 6T ouVERT pin AavBaopévn ntdon (false drop).

Qotéoo, N Péhodoc TV uRoYpaPOV Uropel va epappochel xat oe Soun-
néva dedopéva, dnradh oe eyypapéc mou StaxplvovTal oe Sidpopa entpuépoug
nedlo. Do napddetypa, €0tw 1 eyypaph evéc URAAAAAOL oL TEpLAAUBAVEL
ta g€ Tela medla: "Ovopa, PoIko xar Mueldc. Me tn foRleia plag ou-
VapTHoNg xataxeppatiopol ) tiwh xdbe nedlouv plag eyypapic petatpénetal
oe pla empépouc unoypapyh dedouévou atalepol uhxous. BéBaia, dev elvar
avayxalo ot uvnoypagéc autés va €xouy To (BLo Unxog, 0UTE oL GUVOETAHOELS
xatoxeppatiopol vo elvat (Siec yia 6ha ta nedla. "Etot, 1o nedlo "Ovopa
uropel va napactabel pe tpla bits, to nedlo ®Viko purnopel va nopactabel
ne éva bit, evéd to nedlo Mioldc pe ddo bits, egappélovtag xdhe gopd pia
Sragopetixty ouvdptnon. H cuvolud uroypaph tng eyvpaphs oynpatile-
Ta and Tig Tpels empépous unoypapés Le Rapdbeon (concatenation), ondte
mpoxintel pla unoypagh phxoug 6 bits, 6nwg tapovordletal oto Lyhua 12.2.
Aré 1o onpelo autd umopel va axorouinbel 7 Siwadixacia mou nepLypdpnxe
TEOMYOUREVELS YLa TNy Tep(nTtwon Tou erellepou xeyévou. Aniady, ol uno-
YeapEs TV EYYRAPOY Tou avixouyv ot ula oeAlda Tou dloxou umopolv va
ouvduacholv pe unépleon, dote va edaylel v vnoypayh e oeiidac.

‘ ‘Ovoua ‘ DHrro ‘ Muo84¢ ‘

N

Yyhua 12.2: Elaywyh uvroypapic and eyypaph.

O Roberts (1975) yenoyronoinoe éva anhd oepraxd apyelo yia v op-
Yaveon Tov SedopEvey evic TRAEQLIX0U xatardyou. Mia yphown napa-
Thenom Tou ftay 6TL To apyelo Ty unoypapdy Hu uropolos va anolnxeulel
xatd “@étec” (bit-slices) oe LeywpLotés dopée, dnhadh mpdta dha Ta mpdTa
bits 6kwv TV unoypapdy, Yotepa Ta devtepa bits dhwv TV LROYPAPOY
xox. To anotéheopa avtic e nebddou Arav tohs xakf enldoon xatd tny
avalhtnon pe avtiotdbuiopa pétpla entdoor xatd v avavémor. NTo npd-
Binua tng @uoxis anolfxeuvone evoc apyelou uroypapody £youy dolel ap-
xetég Moelg, nou Spog dev Oa eletacholv ota mhalowa tou BiBiiov autol.
‘Opws, avagépetat 6Tt oL unoypapéc Twv AMiewv elvar apatés, ue Ty évvola
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OTL TEPLEYOLUY TOARG Undevixd, xal propel va epappochel xarowa pébodog
ovunieong and avtés mou Oa edetacholv oe endpevo xepdiao. O ava-
YVOOTNS HRopel Vo avaTpélel 0TIg avapopés Yo TEPLoGOTERX EVILOPEpOVTX
otouyela (Faloutsos 1985).

12.3  Aévdpa vnoypap®y

Epwthoes pepixfc tadtione uropel va ixavoronholy pe apxetéc and Tic
douée mou eletdolnxay oto mponyoluevo xepdhato. Yty ouvéyeia o Dew-
enbel o mapdderypa e tereutalag mopaypdpou, dniadn Tou apyelou e
eyypapés mou amoteroVvTal and Ta Tpla YVwotd medla, xat and Tic onoleg
ne napdfeon xou vnépleon oynpatilovtar ov avtiotoyes vnoypapés. Yto
apyelo autd Oa edetachel n neplntwor cpoThoEWY pepixhs TadTiong pe
Bonbeia twv uroypaPdOV.

‘Eotw, howdy, 6tL xat” apyfy ou evypapés anobnxelovial oc éva oet-
praxd apyelo. Ouunoypagés touc oynuatilovy éva deltepo oelplaxd apyelo
mou elvar pio oupnuxveopévn éxgeacr Tou xlptou apyelou xatr ovopdleta
apyelo vroypagpdyv (signature file). Exlong, éote dti tlletar pla amih
EPOINOYN WS Tpog onotodnnote and ta tpla nedla B pin cp®Tnon pepxhg
TATLONG WS TPOS ONOLOVOATOTE GUYILACUS TOV TELOV Tedlwy Aapfavoué-
vov avd d%o (h xau pla epdtnoy exaxpfolc tadtions). Apywxd ov Tyuée
tov un’ 6N nedlwy mou avalntdvtal pe TNy epdTNOY HETATRETOVTAL OTLG
avtiotolyes unoypapés xar mapatifevial yia T0 GYNUATIONS TNG GUVOMXTAS
uRoYpahc TS epdTnons. Av dev undpyel evdlapépov we tpoc xdrolo nedio
( xdmowx medla) and ta tpla, 161€ oL TipéC Ty bits otic aviloTouyeg Héoelg
Bewpovvtar adidgopeg (don’t care bits) xal cupBorilovial pe cpoTRuaTixd
(7). “Ezov, n avalfitnon apyllel pe tny npoonéhacn tou apyelov uroypo-
POV, 6Tou N Rpoonéhaoy elvar oetptaxy. Av 1 unoypay tne avalntoduevrg
eyypapnc tautiolel pe xdmowa and T unoypaéc Tou apyclou, Téte nEEnel
va npooneiachel To xUpLo apyelo yia va Stamiotwlel av npaypatixd n avi-
oTolyn eYYpapy wavonolel To ypnotn B arnotehel pla Aavloopévn ntoor.
H avalfitnon teheidvel pe tny e€dvTinoy Tov LToYEaQ®Y Tou avTtioToLYoU
apyelou.

H enldoon propel va Pertiobel av xataoxevachel évag xatdhroyos, nwe
oupPalver ne TNy XATAOXEVH EVHS XATAANOYOU OTo anhd oetptaxd apyela. H
Soun auth avaroywd mpog ) pébodo ISAM ovopdletoar uéhodoc IDAM
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(Indexed Descriptor Access Method). O xatdhoyoc otny neplntwon auth
oynpatiletal eddyovtag and Tic uvnoypagés evég otabepod aptbuol Swado-
Yoy aptipdy pla véa urep-unoypah pe ™ w€hHodo tng xwdworolnong ue
urépleon. “Etou, and 10 6Uvolo TV UROYRAQPOY TpoxUnTEL Eva VEO GUVORO
UREPUROYPAPOV LTonolhanAdotou pevéloug. Yto Lyhua 12.3 napovordle-
Tat éva 8évdpo uroypapdy (signature tree) pe 3o enineda, dnov and xdhe
tpelg unoypagés eddyetar pla urep-unoveaph. Levixd 1 Swaduxaocia auth
pnopel vo exavaingBel yio doa enlneda yperdaletar, dote epappélovtac v
xwdwonolnem pe urépheor va Tpoxidel Eva GUVOAO URER-...-UTER-UTOYLAPGDY
Tou va yopd i anolfxevuor otny xbpla UvAUT. Le TpaxTixés UAOTOWoELS
TOo UAX0c TV unoypap®y uropel va elvar and 100 wg 200 bytes, evéd o
napdyoviag opadonoinorng elvar tng tddne tou 100. Me dida Aoy to pé-
veBog tou dEvdpou TV uRoYpapdy elval ula emBdpuvorn e Téng Tou 10%
nepinou ae oyéomn ue 1o peyéboc tou xiplou apyelou.

010 0 01 J.Smith

=

160.000

010 0 10 100 0 00 B.Wong 142.000

/ 010 0 10 M.Smith M 150.000
010 0 01 010 1 00 P.Smith F 113.000

£ =

100 0 10 M.Wong 150.000

100 1 00 T.Wong F 146.000

Yy 12.3: Aévdpo unoypapdy.

O tpérog avalhnong oto 8évdpo autd yua epwthoe pe Bdorn deute-
eevov XAEWSl ARG XAl YEVIXOTERR EPOTHOELS LEPLXTIC TadTLoTS elval Théov
npogavic. Ac onuewwbel enlong ot pla avemtuyic avalftnon propel va
teppatiolel ota avodTepa enlneda tou dEvpou ywplc va xataotel avayxala
N mpoonéiact 6to xLpLo apyelo.

Qotéo0, 1 npocéyyion e Souhc IDAM elval otatxd, dnwe €& dilou
otatxd elvat xou 1 Souh tov apyelov ISAM. Yt cuvéyeia Oa e€etaobel pia
axopy devdpuen Souh Y unoypapés, 1 onola el Ta yapaxTNELeTXd Tou B-
3évdpou, dnhad¥ elvar tooluyiopévy xar Staxpivetal and SuvauxdtnTa ToU
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exppaletal Ye SLaondoes XOUPoY UETE and eLoaymYH XaL UREPElMOT), Xl
ERAVAELOAYWYES EYYPAPOV HETE and Staypaph xat unoyeiior. H Soph auth
ovopdletar S-86v8po (S-tree) xal npotdfnxe and Tov Deppisch 1o 1986.

S-8¢vdpo tding (k,K') elvan to etepovevég dévdpo pe Ta axdhouba yapa-
XTNELOTLXA:

o 1 plla repiéyel (extdc av elvar gURho) Toukdyioto 8o Lelyn xa To
péyioto K Lebyn tou tinou (p,s), 6nou p elvon évag delxtng npog éva
madl, s elvat 1 urRoYpaPh ToU GUYXEXELEVOL XOPBOU, EVO 1) UTOYPAPT
auTh napdyetat L unépleor TV UROYEAPOY GALY TOV TALSLOY,

e oL cowtepuxol x6pPol (extéc e pllac) neptéyouv To erdytoto k Levyn
xat o péytoto K Ledyn tou tinou (p,s), émou 1 < k < K/2,

o ¢vag comtepnds xopPog pe | Ledyn €xe [ nandid, xo

7 e e e 7z 7 7
o ta pUlha Bploxovial oto (Blo enlnedo xal neptéyouy Ledyn Tou tinou
(p,8), 6mou p’ elvan évag delxtng npoc o aviioTolyo avixeinevo oto
xuplwe apyelo xat s elval v LTOYPAPT TOU GYETIXOU AVTLXELULEVOU.

Eredy ou unoypagés mapdyovial ue xatoaxeppatiopsd, uia vnoypaph Uxo-
eel va elvar anobnxevpévn neplocdtepo and pla popd péoa oto S-3€vdpo.
Enlong, onuetdvetar dtu dev undyer xapla ddtadn yia ta {edyn tov xou-
Bov. ‘Eva napdderypa S-8évdpou napovoidletar oto Lyhua 12.4, énou o
uroypaés anoterolvTal ané oxt® bits, eved to Pdpoc elvar tpla bits.

00111110
11100111
11100001 00101110
11000111 00111000 =
00011110
10100001 11000010 00101010 00111000 00010110
01100001 01000101 00101100 00111000 00011010
11100000 10000011 00100110 00011100
11000001

Sy 12.4: Hapdderypa S-8évdpou (k=2, K=4).
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Ta nocotixd yapaxtrneltotixd tou S-8évdpou elvat dtapopetixd and Ta

e 7z 7 7 /7 /7 re
avtiotoiya tou B-8évdpou, adhd e&dyovtal pe napdpolo tpéno. Elvar npo-
pavée 6TL:

Unin = k/](

xat Gyt H0% bnwg oty neplntwon tou B-3évdpou. BéBaia, autd onpaive
6t dev woydel olte dtu E[U]=69%. H wwyw# Touc Gdouc, h, reproplletal and
™ oyéon:

h < [loggn] — 1

onou 1 elvat 0 aptiudc TV LTOYEPAP®Y, EVED 0 EAAYLOTOS Xat 0 UEYLOTOC
aptlpdc xopPwy dlvetal and tic oyéoec:

h=2 : kh—l -1
ol =1 + ; k nodmer = 1 + Qﬁ
H Swadixaoia avalhtnong wlag vnoypaghs oe éva S-8vdpo elvar oyeddy
TpOYaVAS YLt TOV avayveoth. LEotw 6t v avalftnon agopd oty unoypa-
9% 00100110. H Swadixaocio apyiler and tn plla. Ex twv 3o unoypapdv
g ptloac tarptdlet n 00111110, yviati €xel docouc exel drou €yel docoug xat
n avalntodpevn. ‘Etot, n Swaduxasia cuvey e oto 8eid x6pfo tou deuté-
pou emnédou, o onolog nepLéyel Tpelg Lnoypaéc. EE autdy twv unoypapdy
Tawptdlet vy 00101110, yia Tov (8to Aéyo dnwe nponyoupéves. Me tov tpdno
autéd 7 Sradixacia XaTAARYEL 6T0 avTlETOLYO PUARO, 670U SLATLETGVETOL OTL
N avalntoduevn uroypagh npdypatt undeyet. H dtadixacio mou neplypdpnxe
apopd ot pia epd oY exaxptBols Taltiong xat HTay emttuyhc. Av v avalr-
Tovpevy unoypah fitav 1 00001110, téte Oa enpdxetto yia pla avemttuyh
avalhtnon nou Oa xatéinye oto dedibtepo pirho.

Me tn Sop¥ Tov S-8£vSpwy uropolv va arnavtnfoly xal EpwTAGELS UERL-
xhg Tavtions. Katd tn Sudoyion tou 8évdpou oe pla tétowa neplntwon, to
7 /7 re 7 re e /7 7
povondtl and tn plla npoc ta UAAa dev elvar anapaltnta povadixd, akhd
uropel va axorouOnloly mepiocdtepa tou evég povordtia. [a nopddery-
po, ot 6TL avalntdvral ov unoypagéc 77177717, ‘Eto, and 1 pila Ha
7z 7 7 /7 7z 7z 7
npénel va npoonehacfoly xal ot dVo xépPot tou deutépou emnédou. Edetd-
Lovtag 10 nepleydUevo TV XOUPoY authY, apyixd dtamoTovetal 6Tt elvat
adUvato and tov aplotepd xOuBo va Peebel xdnola vnoypap pe tic Intov-
HEVES Tpodlaypaéc, eved and 1o dedid xéuPo undpyel pévo pla vroypaph
HE doooug oy Tpltn, TNy éxtn xat Ty £B3oun Béorn. Enopéves, npaxtixd
1 Staduwaoia ouveyiletar 610 aplotepdtepo noudl tou dediod xdufou, 6mou
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SLmOTOVETAL XAl 1) TEAXT andvIney, mou amoTere(tar and Tig unoypapés
00101010 xat 00100110. T'evixde, 660 hydtepol docol npoodiopilovial ot
nlo epdTNON PEPLXAS TAVTLONG, TOCO NEPLEGHTEPA (VAL TO [LOVORATLA TOU
npémel vo axohoulnboiv.

H Staduwasioa tne avalftnone o éva S-8évpo dev elvar Waltepa doxon,.
eproobtepo Sloxohn elvar 1 Stadixacia Twv eloaywydy, ondte dtaondvTo
ot unepyethilovteg xéppor. H duoxohia €yxettar 610 yeyovog 6TL av uno-
yeapés dev xataveunholv otoug dVo xéuPous pe éva €dunvo tpdno, téHTE
oL UROYPAPES TV XOUPOY auTOV tou Hu avérbouy oto avotepo enlnedo Ha
€xouy nohholc doooug. “Etou, oe endpeveg avalnthoeg Ba axohouholvtal
TOAAG LOVOTATIA TOU SEVIPOU aXOUT XL AV 1) UTOYEAPH TNS Ep@TNOTS dev ne-
et€yel AMyoug doooug. Xtn ouvéyela dlvetal éva mapdderypa XaAfic Xat Xaxns
dudonaong. "Eotw 6t otov xépfo tou Lynuatog 12.5a, o onolog €yl puévyt-
OTN YWENTWOTNTA TECCAPLY LTOYPAPOY, etodyeTal N uroypapy 10001001
xa wpénel va yivel didonacr hoyw unepyelhone. Yto YyAua 12.503 xatl oto
Yyhua 12.5y7 napovotdlovtatl 300 evahhaxTixd 6EVEpLO XATAVOURS TV LTTO-
veapdv oe dGo xéufouc. Ilpopavde, to oevdpro tou Lyhuatog 12.5vy dev
mpéner va mpotiunbel yiatl ov unoypagéc mou avépyoviar otov natépa (a)
€youv Bdpog €41 doowy, xau (B) elvar tautdonuec. Avtifeta, ou urnoypapég
mou avépyovial otov natépa TV dVo xOuPov Tou Lyhuatog 12.50 €youv
Bépog tec0dpwy doomY.

11101001 11100001 11101001

e 10101001 11101001
10100001 10100001 10101001 10100001 11100000
10101001 01100001 10001001 10101001 10001001
01100001 11100000 01100001
11100000

(@) ®) (Y)
Yy 12.5: [lopdderypa Sidonacng oc S-8€vdpo.

To rpdPinua, howrdy, tne etoayoyhc avipetoniletal we ehc. Acdoué-
YIS NS LROYPAPhc Tpog eloaywyYh, yivetaw pia Sidoyion and n pila npog
To PUAN €ToL bote oe xdl0e enlnedo va emthéyeTal wg endpevog xopuBog, o
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x6pPog Tou onolou N uroypaph av uneptebel pe TNV eLoayYOUEVT UTOYPAPT VAL
mpoxider  uixpdtepn addnom Bdpouc. llpogavde, 7 otpatnyxh auth aro-
oxonel 6TNY EAAYLGTONOINON TV SLAPOPETIXOY LovoTaTL®Y Tou Do npénet va
Sraoyiofoly oe perhoviixés avalnthoes. Teixdg, howrdy, npoorerdletar
éva @UAho. Av 1o @UANo Eyel Swbéowo y®po, TéTE N UTOYPUYY ELodyE-
ToL 6TO QUARO auTH xou TauTéypova eAfyyetal av npénel vo evnuepwiel 7
uRoYpaph Tou Tatépa, XaHMS XAl 0L UTOYEAPES TV XOUPOY TOV AVOTELHY
emnédwy mpog T plla Tou dévdpou. Av to @URIo bnou xatahfyel 1) Eloa-
yovh elvar thfipes, T6te yivetaw ddoraoy olupwva pe Ty e&hc euptoTixh
teyvixh. Kat’ apyfv emhéyovtar 8%o unovpapéc s1 xat sz, mou ovopdlo-
vtar ondpot (seed) Twv d%o oehidov. Q¢ ondpoc s1 emhéyetal n unoypaph
ME TO UEYARUTERO PApOg, EVE S ONOPOS Sz EMAEYETAL V) UROYPAPT HE TO
neyaiitepo aplipd doocwy otig Héoeg 6mou o ordpog sg €xel undév. k-
oL, dedouEvng NS UROYRPUYAS S1, N UTOYRUQH Sg elvar excivy mou Stapépet
nepLoobTepo tpog T s1. Sdg pétpo Sragopdg (dissimilarity) emhéyetar n
anéotacy, Hamming, 3nhadh o aplbpdc tov Béoewy drou 7 pla uvroypaph
€yeL dooo xav ) dhn €xel undév. Av ue 6(s1, s2) ovpPBoriletal n andotaoy
Hamming 800 urnoypapdv s1 xat sz, eved pe vy ocupPoriletar 1o Bapog piag
UROYPAPAS, TOTE Loy vEL 1 oyéomn:

0(s1,82) = Y(s1V s2)—v(s1 A s3)

Katénuy, ou undhownes uroypapéc happavoviat pla-pla pe tuyalo tpomo xo
ouyxplvovtal pe toug d%o ondpoug. Etol, xdle unoypagh xatalnyel ot
oehida, 6mou ue To ordpo TNg dlvel ehdytoTy adinon Bdpoug ot neplntwon
urépleonc. Opwe undpyet neplntwon, xabos yivetar  avdbeon Tov uno-
A 7 e 7 e e /7 e 7z /7
veap®y ot dbo oeildec, xdrota oeilda va yeuloel and K vrovpapéc. Tote
/7 /7 7z 7 e e 7z 7z
6heg ov undroineg avalétovtal oy diln cerlda yopls nepattépn edétaon.
Bépaia, otn ouvéyeia npénel va edayfolv oL unovpeagic Twv 300 pUikey xal
vo avérbouv oto avetepo exlnedo. Autd onpaiver 6tL av o natépac elva
TAReNC, ToTE Tpénel va yivel véa dudonaoy o avdtepo eninedo xox. uéypt
A e re e 7 7z
mhavérg va Swaoraclel 0 ptlo xar va avinbel to Ydoc Tou dévdpou.

Ynpetdvetar 6t auth 1 L€Oodoc Sidonacns ceridwy Sev elvar 1 féATioTy
ané Ty drodm tng dnpovpylag oehdwy (a) pe neplnou tov (Blo aplBpd uro-
Yeapdv, ondte Ha avaBarovtay yeovixd 1 LEAROVTIXH SLdonacy Ty Wiwy,
xat () pre To ywptopd toug ot 300 UROGUVORA €T6L HOTE OL UROYPAPES TOVY
300 unoouVOALY va €xouv To ehdyioto Bapos. To Sedtepo yoapaxtneiotind
Oa propoloe va ixavorowmlel pe Evay aiyoptbuo exbetixhc nolumhoxdtnrac,
eved 0 akyoplhog mou neplypdpnXe TEONYOLNEVWLS elval YpauuLxdc.
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Ou dwaypapéc exterolvtar enlong pe Suvopwxd tpémo. Aniady, oc ne-
elntwon Swaypaphc elval duvatdy va anarteltal evnpépwon TS VTOYPAPNS
TOU AVOTEROL H TV aveTépey emmédmy péypt to extnedo tng pllac. IIiéov
ovvletn elvar 0 neplntwon drov évag xéufoc pelver pe k-1 Ledyn. Xnv
neplntwon auth o x6puPoc anodidetal 610 GUOTHUA, EVAUELOVOVTAL OL LUTO-
veagéc Tou matépa (xar (oog avadpoptxd ot xéufoL 6To PovoRdTL TEOg TN
olla), evdr ov k—1 uroypagés exava-ciodyoviar ®ote va torobetnholv oc
véa QUAAAL.

Ta otatixd (IDAM) xav ta Suvapixd (S-trees) dévdpa unoypapdy ot
oyéon Ue T aviesTpappéva apyela xat tig toihaniés Aloteg €youv ouyxe-
XEULEVA TAEOVEXTAATA:

¢ G570 3EV3p0 UTOYPAPHDY TO XOOTOC NPOCTEAAONG TAPAUEVEL OYESHY GTa-
Ocpd aveldptnta and tov apthud Ty tedlny tou xabopllovtal and Ty
epOINOY pepxic TavTiong, o aviifeon pe tic dhies nehddoug, brou
avddvovtac tov apthud tov nedloy auvidvel xat 10 x60T0g ATAVIROYC,

o 1 é0odog TV avTECTRAULEVEOY ApYEIWY XAl TV TOAAATAGY MOTOV
7 viomoteltar B dev uhonote{tar yvia xdrmoto cuyxexpiévo nedlo. Mta
3Evdpa uroypapdV av xdrmoto nedlo elval To onpavTixd and To LTdhoL-
mo oL avalntdtal teptocdTepo LY VA, TOTE To PAX0S TS LToYpAPhS
v to nedlo auté puluiletar dote va elvar peyahitepo xal va undpyet
peyahitepn allonotia (dnhadh, Mydtepec havbaopévee ntdoelg), xa
téhoc

e o smnpdobetoc ydpog v Ta dévdpa uroypapdy mowiier and 5% o
40%, evdd oTic dhheg pebBddouc propel va @hdoel to 100% <ou dyxou
Tou xpLou apyclou. BéBaia, undpyel xat 1o x66T0¢ EVNUELWOTNS, TOU
ota 3évdpa unoYpPAP®Y elval peyarltepo an’ GTL 6TIC AARES 0pYAVHD-
oelc av 1 evnpepodvovTal hya medla (yia napddetypa éva 8o redla),
ahhd elvor uixpdtepo oty aviifetn neplntwon.

12.4 Avdxtnoyn ne vroypapés oeAldmy

Ta 3évdpa unoypapdy tng nponyoluevnc pebddou Aettoupyoly cay €vag no-
hueninedoc unyaviopos @lhtpou, Gote va petwdel 0 6yxog Tov UTOYPAPHOY
mou npénet va edetacholv. Ouwg elvar duvatd yenoponoldvas éva Sua-
POPETIXG TEOTO ATEXOVLONG OTY) SEUTERELOLGA UVAILY], Ol EYYPAPES VO UV
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anofnxedovtar Tuyala oTic oeAldes Tou apyelou, ahhd ol eyypapéc ue (Sieg
Twés oTa Sudpopa yapaxtTneloTixd va xateuhivovtar oty S oerida. E-
oL, o€ pla epdTnom pepxic TadTions oL eyypapés Oa elvat ouyxevipwuéves
(clustered) xa. Ba mpoonerdlovtal pdvo ov oyetiés oerldec avtl va yive-
Tt 6dpwor ohdxinpou tou apyelou. H avaxtnon uepixig TaldTiong ue
vroypagés oehidwv (partial match retrieval with page signatures), zmou
mpotdfnxe and Tov Ramamohanarao (1983), epapuélel pla tétota teyvixh.

H pébodog Paciletar oe dVo pnyavicuolc @lhtpwy npoonéhacns nov
Bonbolv, dote va yivel taydtepa  avalftnon exctdf pewdvetar o aviioTtot-
%05 yopoc avalhtnorg (@uhocopia “dalpel xa Baciheve ). Kat” apyhy pe
Bdom Tic eyypapés xdbe oehidag xataoxeudletar éva povoeninedo (oepa-
x6) apyelo unoypapdy. Ye deltepo otddlo, ané xdbe eyypaph e&dyetar pula
oupPorocelpd oG TEPLOPLOUEVOU UAXOUS GE OYECY) HE TNV TEONYOVUEVY
uroypah, N orolo dlvel xar tn dtebbuvorn tng oeildac Tou apyelov dnou Ha
viver i anoBfxevor. H Svadixh auth cupPoroocepd e&dyetal yenoponold-
VTUC VEES GUVAPTACELS XATAXEPUATIOMOG [UE UXPOTERO UAXOS GLUPBoR0TELEAS
v xdfe yopaxtnetotixd. Xtn cuvéyeia autés ot enuépous ouporooelpés
TOV yapaxtTnploTix®y napatifevtal yio va oynupatiolel xatd ta yvootd pia

vE€a GUUTUXVOUEVY UROYRAPH TNS EYYPAPNS.

Apyelo Baoixé apysio Yroypaph ApiBpde
UTOYPAOGDY oerldag oerldag
010 0 01 J.Smith M 146.000 000 0

001 1
010 0 10 M.Smith M  150.000 010 2
010 1 00 P.Smith F 113.000 011 3
100 0 00 B.Wong M 142.000 100 4
100 0 10 M.Wong M 150.000 101 5

110 6
100 1 00 T.Wong F 146.000 111 7

Yy 12.6: Yroypagéc xou Steubivoes oerdwy.



Aopég e duaduxy avarapdotao 297

Yn ouvéyewa Oa e&etanlel xau ndit To nponyoluevo nopddelypa g ey-
veaphc mou mepthopBdver ta medlo: Ovopa, ®oiko xar Miehdc. Kav mdin
ne ™ poRbewa plag ouvaptnone xataxeppatiopol n T xdbe nedlov plag
eyypaphc petatpénetat o pio Suadixh ocupPorocepd otalepol pixous. E-
oTw, howdy, 6t 1o x40 nedlo naplotatar pe éva bit, ouvende n nepLypaph
g oerldac £yel phxoc tela bits. Ou €€L yvwotée evypagéc tou Lyhuatog
12.3 torofetolvtal oe oxTd oeAldeg pe yopnTixdtnTa plng eyypapnc onwe
napovorgletar oto Lyfua 12.6.

O tpdnoc avalfAtnong otn Soph auth yia epwThcels pe Bdorn deutepelov
XML, AAAG XAl EPWTACELS PEPLXAS TAVTLONG Elval Tapduold e TNV TpoT-

7 7z A /7 7 7 7z 7
yvovpevn néhodo. Ilpdta, howndy, e€dyovrat ou %o cuuforooeipéc oluPwVa
1e Ta 300 GUVORA TOV CUVARTAGEDY XATAXEPUATIOLOU XAl SLATLOTOVETAL OF
notéc mbhavés oehideg tou apyelou propel va elvar arnolOnxeupévy n avaln-
ToUpeEVn eYYpah. XN ouvéyewa npooneidloviat oL xatdhinhes oehideg and
T0 apyelo LTOYPAP®Y XL EAEYYOVTAL 0L LToYpapés TV arnobnxeuuévey ey-
Yeap®y Tou xuplou apyelou o oyéon pe TNy uroypagl tne avalntoduevrng
eyypaphc. Xe neplntwon un tadtiong, YiveTtal avTiinntd 6Tl TpdXeLTaL YL
avemtuyh avalftnon xau 1 Swadixaocia teppatilel. Ye neplntworn tadtiong,
N Swaduxaoia ouveylletal pe npoonéiacn oto xVplo apyelo vy Tov TEMXS
7z AN /7 7 /7 re e A 7
Ereyyo. Lotw, howndy yia rapddetypa, 6t divetal pla epdtnon pe Bdon To
nedlo ®UIIo mou mpénel va Exe tiph T M. “Etou, eldyeton 41 oL dievluvoelg
TV 6eA oY elval 707, ondte telxd npoonehdlovtar ou oeridec 0, 1, 4 xou 5.
Elvar npogavéc étu boa neprocdtepa yapaxtnetotixd xabopilovtal o pia
EPOINOY PERLXAS TAUTLONS, TG0 TayUTepa YIVETAL 0 EVIOTLOUOS TOY OYETL-
xOV oeAlBov. "Eotw, tdpa, 6Tt tileton ula epdnon pepxic talTtiong, 6mou
npénel va toyve: | @viho=F" xar * Mie06¢>145.000". Xtny nepintwon au-

4 7 /7 8 7 e re ‘? /7 7

h eddyetar 4t oL Sevbivoeg Tov ocerldoy elvan 711, ondte npoonehdlovtat
ot oehideg 3 xar 7. H ouvéyewa tne encdepyaociag elvar théov euvémnt.

H péhodoc auth napovotalel onpaviixd nhcovexthpata oc oyor UE
1€fodo Tou SEvdpou LunoYPAPGV:

o 7 Soun PE TIg UToYPAPES TOV oeABLY dev elvan anapalitnto va Peloxe-
Taw pall pe 1o xuploe apyelo, ondte av xatd v encdepyacia lvat
anofnxevpévo oty xlpla pvAUY, ToTE dev umdpyel enBdpuvon Y

e 7z 7z
£l6030/£2080 TV dedopévory,

o Gtav plo eyypagh elodyetat, Staypdpetal f avave@dvetar arlhalel pdvo
N uRoYpAPH NS oeAlBac, ywpels va tpoxaiolvial akuctdwtés ariayég
OTLS UROYPAPES TOY AvOTEP®Y TSy Tou dévdpou,
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o av ot apyed oxedidolnxe yia oTatixd Sedopéva XaL Yid EpOTHCELS
avaxtnong pe deutepetov xaedl, N Wéa tng vhomoinonc evic apyelov
nepLypap®y propel va ouvduaclel pe ta Suvauixd tuyale apyela, o-
n6te pnopovy va edunnpetnloly xau epwthoes pe Bdon 1o tpwiedoy
xheldl.

12.5 Kataxepuatlomdg e LROYPAPES

Azé <ov Larson (1984) npotdfnxe éva otatixd apyelo xataxepuatiopos
pe vroypagés (signature hashing), mou emituyydvelr Tnv emtuyf xau ave-
muyh avalhnon pe pla xaw pévo pla npoonéracn oto dloxo. Elval avri-
o 6tL ) pébodog auth elvar mokd evduagépovoa yiatl xapla Soun an’
boec edetdobnxay péypt topa dev pnopel va eyyunbel v enldoon auth.
N napddetypa, rokhéc and g pefddoug twv Suvapxdy Tuyaloy apyeloy
Sraxplvovtal yia authy tny enldoor pue tny npotindleor 6T o xatdhoyoc el-
vou Pixpog xat yoed oty xlpta uvAun. BEBala, otny npoxeévy neplntwon
t{rote dev elvar dwpedv. Ta pelovexthpata tng nebhodouc elval:

® 1) TOAUTAOXOTNTA TOU AOYLOULXOU TS,

o 1 cloaywYh Unopel va xooTioel apxetd neplocdtepo and pla npooné-
haom 670 Sloxo, xat

o deoupeveTal y®pog oTNY Xupla UYAUY Yo Ty anolfxeuor tou apyelou
TOY UROYPAP®Y Tou €xeL To (BLo uhxog (dnhadh, apbuidc dieubivocwy)
ue To xvplo apyclo.

[l v xatavénorn e pebdédouv Oa eletaolel apéows éva napdderyua
mou dacapnvilel tig dadixacies etoaywyhc xar avalhtnong. [a v ecu-
xohlo Tou mapadelypatog vnotifetar dtL To xiplo apyelo anoteieltal and
11 oehideg pe yopntxdtnTa pla pévo eyypeaeh (b=11). To (Sio phxoc éxel
xat To apyelo oY unoYpap®y tou ovopdlovtal Staxwplotég (separators).
YrotiOetal enlong 6t o péyebog twv unoypapoy elvar téooepa bits, evd
apywd oe xdfe O¢orn tou apyelou unoypapdy arolnxedetal v TR 1111.
Katd v sloaywyh ypnoponoeitar o cUVAETNOT XATAXEPUATIONOY ) Lé-
Hodoc tng dalpeong:

f(key) = key mod b
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eve og neplnTewoy oUYXpouoTc ®¢ dEUTERT CUVARTNOT YenoLLonoteltal 1
oyéon:
k
i(key) = L%J mod b

Oote va npoxidel 1 andotacy s véag Oéomng Tou apyelou mou Oa npénel va
eletaochel.

‘Eotw 611 oto apyelo npdxettar va etoayboilv eyypapés pe xiedia 52,
19, 71, 56, 68, 5 xat 12. Ydpgpwva pe tn n€hodo anavteltal yia xdbe xiedl
va unohroyiehel pla aviiotouyn axoroubia uroypapdv. Mdieta xdbe uro-
yeoph tng axohrovliag avtiotouyel o xdle Swadoyixh edétaon nov propel
va yiver yia éva xied elattiog tov ouyxpoloewv. Anhady, n uéhodoc avth
powdler pe t pébodo tne avouxtic dievluvong yiatl dev yenoiponoel Sel-
xteg ¥y peudodeixtec. O unovpagéc ouvhbwe e&dyovtat and to xhedl pe
Bonbeia plag Peudotuyalag vevvhtelac aptbudy mou elvar povadueh ya xabe
xrewdl. Qotéoo, yia Ty euxoila Tou napadelyuatog otn ouvéyea Oa yprnot-
ponownfel xou ndhl pld CUVAETNON XATAXEPUATLONOY, OTOS YL TAPADELY UL
n oyéon:

s1(key) = key mod 15

onou to 15 ypnowonoeitar og dtapétng yiatl To0 PAXOS TGV LROYPAPOY
elvar téoogpa bits, eved yevixd yia xdfe endpevn npoondbeia e&étaorng Ha

yenowonowmbel n oyéon:
si(key) = ((si—1(key)+ 1) X key) mod 15

“Etot, otov [livoxa 12.1 gaivetar v axorouhia tov unoypapdy twv nporn-

Kheld! E&étaom
1 2 3 4
52 7(0111) 11 (1001) 9 (1001) 10 (1010)
19 4(0100)  5(0101) 9 (1001) 10 (1010)
71| 11 (1011) 12 (1100) 8 (1000) 9 (1001)
56| 11 (1011) 12 (1100) 8 (1000) 9 (1001)
68 8 (1000) 12 (1100) 14 (1110) 0 (0000)
5 | 10 (1010) 10 (1010) 10 (1010) 10 (1010)
12| 12 (1100) 6 (0110) 9 (1001) 0 (0000)

Mivaxag 12.1: Axohoubla unoypapdy xAeSLOY.
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yvovpevoy xhewdtdy. Ou unoypagés avtéc ovopdloviar vroypapés Oéong-
xAewdrol (position-key signatures). Elvar gavepd 6t av npoxdder pndéy,
TOTE 61N GUVEYELX TPOXVUTTEL Xat TAAL 7y (Stor axoroulia oy, O Adyog mou
yenowronoteitat pla ohdxinern axorovbio TLuGY LToYPAPOY elvat o Saopt-
opdg S0 cuvevipey ot pla exdpevny elétaon,.

"Otav npdxettar va ewoayfel pla eyypapn, téte xat” apyfv eddyeta 7
uroypaph Tng xat pe TN PoRbela g ouvdptnone xataxeppatiopol evronile-
Tow N xatdAAnin Béomn Tou apyelov unoypapdy. Av v unoypap TN EYYPAPHC
elval peyorittepn 1 (on mpog Ty avtioTtolyn unoypapy tou apyelou, TTE UE
) Borleia g dedtepne ouvdptnone xataxcppatiopmoy evroniletal v véa
O¢on tou apyelov. “Etol, tn popd auth v dedtepy unoypah Tou xheldlol
and T yvwoth axoroulio uroypapdy ouyxplvetal pe Ty aviioTolyn uno-
yeoph tne véag Béong tou apyelou. H Staduacia auth cuveyiletor péyplg
4TOU N UROYPAPH TOU XAEWBLOY elval mixpdTepn and TNy aviioTolyr Tou ap-
yetou, ondte npoonehdletar to xVpto apyelo. Av v Oéon Tou apyelov autol
elval xevh, T6te N eyvpapn anolnxeletar xat v Siadixacion teret@vet. Av
xamolo A eyypapy elvar anolnxeupévny otn O€on auth, téte TEMXE TN
O¢on xatarauPdver exelvny N eyypapn mou €xel TN UXpOTERY UROYPAPY, &-
v 1 avtiotouyn Oéomn tou apyelou UROYEPAPOY EVNUELGVETAL HE TNV TN
TNe peyarUtepnc and Tig dYo unoypapés Ty ux’ 6 eyypapdy. Eto, 7
Sradixaocio ouveyiletal yia Ty ewoaywyh g dhhng eyypaghs ot pla véa
Oéon,.

H Swadixacia mou avantiyOnxe Oewpntixd palvetar xakltepa 610 Lyh-
po 12.7 mou delyver v e&éhln tne Sophg pe Tic Stadoyxée etoaywyés TV
eYYpap®y pe ta mponyotueva xiewdid. H eyypaph 52 xateubivetar otr O¢-
on 8. H urmoypagph tne 0111 elvan pixpdtepn and v TR 1111 nou elvon
anofnxevpévn oty avtiotolyn Oéon tou apyclo vnoypap®dy. “Apa yivetal
npoonéract ot Oéon 8 tou apyelou xav 7 eyypaph anobnxeletar yiatl 7
O¢or elvar xevi. To anotéheopa napovoidletar oto LyhApa 12.7a. Xt
ouvéyewa etodyetal N eyypaph 19 mou exlong xateubivetal oty Oéon 8. H
uroypagh g O¢org elvar 1111, dpa npoorerdletar v Héon 8 xat Saniotd-
vetat 6Tt elval xatetknpupévn. Mia and tig dbo eyypagéc npéner va pelvet
oty Oéom xau v ddkn va @iyel. Méver n eyypaph 19 yiatl €xer puxpdtepn
vroypagh (dnhadh 0100 oe oyéon pe to 0111), eved 0 eyypagh 52 anopaxpel-
vetaw xatd [22] mod 11 = 4 Béoeig, xau anofnxetetar o7n Oéom (844) mod
11 = 1. Tautdypova evnuepdvetar 1 vnoypaprn g Oéong 8 and 1111 oe
0111, énwe palvetal oto Lynua 12.76. H eyypayph 71 etodyetar ebxoia ot
O¢on 5. Katémy 7 eyypaph 56 xateubivetal ot Oéon 1, rou v unoypaph
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01111 1111 1111 111171 1111 (71
11111 1111 | 52 1011 | 52 1011 | 52 1011 | 52
21111 1111 1111 1111 | 68 0100 |12
3| 1111 1111 1111 1111 1111 |68
411111 1111 1111 1111 1111
5| 1111 1111 111171 1011 | 5 1011 ] 5
6| 1111 1111 1111 | 56 1111 | 56 1111 | 56
711111 1111 1111 1111 1111
81111 |52 011119 011119 011119 0111 |19
9| 1111 1111 1111 1111 1111
10( 1111 1111 1111 1111 1111

(@) ®) () (3) (€)

Yy 12.7: Ewoaywyés o apyelo xataxepuationol e URoyYpapes.

elvar 1111, dnhadh pevaritepn and tny unoypaph 1011 tng ouyxexpurévng
eyveaphs. Apa npoonerdletar v Oéon 1, nou elvar xatetknupévn and v
eyyeapn 52. H eyypah 52 napapéver otn Oéon avth yviatl €yel puxpdtepn
vroypeah (dnhadh 0111 évavte 1011). H eyypapy 56 aghvel tnv uroypagh
g ot Béomn 1 xar amofnxedetan petd and | 28] mod 11 = 5 Héoeic, Snrads
ot Béon 6 onwc palvetal oto Lyfua 12.7y. H eyypaph 68 amobnxeleta
yoplc tpdlinua otn O¢or 2. "Opoc npdlinua napoucidletal oTny eLoaywYH
e eyypapnc b, mou xateuhivetar ot Oéon 5 mou elvar xatelthnupévy and
v eyypapn T1. Ex tov 3lo autdv eyypapdyv, n eyypaph 5 anobnxeie-
tal ot Béom 5 yatl éxel wxpdtepy uroypagh and tny eyypaph 71 (1010
évavtl 1011), xow n eyypapy T1 anobnxeletar ot bBéon 0 epapudlovrag
deUTEPY CUVARTNOT XUTAXEPUATIOUOY, EVE TAUTOYPOVA EVAULELOVETAL XL V)
uroypaph g O¢ong 5. Mto Tyhua 12.78 galvetatl to anotéicopa YETA TNy
eloaywyh g eyyeapnc b. Téhoc n eyypapn 12 xateubivetar ot Oéon 1
mou elval xateuinuuévny and v eyypapn 52. H evvypaph auvth napapével ot
O¢on e yiatl €xel puepdTepn unoypapy, evéh N evypapn 12 xateuhiveta
oty enopevn Béon mou elval xateinuuévny and Ty eyypapy 68. Xto onuelo
autd ouyxplvetal N 7pd TN uRoYpah TNg eYYeaphic 68 (dnhadh 1000) pe tn
deltepn unoypagh tng eyyeaphs 12 (dniadh 0110). ‘Etor, n eyypagph 12
xatorappaver  O¢on 2, evd n eyypaph 68 aghver TRy umoypaph TNg oY
O¢on 2 xau xateubivetar otn Oéon 8. H unoypaph tng HBéone auvtic elvan
0111, mou elvar puxpdtepn and Ny TWh e deltepng uroypaphs (SnradH
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1100) tne eyypaghc 68. ‘Etou, tehxd 1 eyypapy 68 anobnxeletar otn Héon
3 petd and Vo npoondbeiec. O avayvdotne unopel théov va Guunepdvel
TS TEOXUTTEL 1 TEAXH mop@h Tng dophs oto Tyhua 12.7¢. H avalftnon
axorouBel pla avdiroyn Aoy xat yu' autd To Adyo dev dlvetar neplocdtepn
guoacn ot Sadixacia auth.

(@)

1000 1011 1111 1000 Aoy wploTtég
Kxred! Yrovpaph| |Kred! Yrovpaph| |Kied! Yrovpaeh| |Kied! Yrovypaeph
cd 0100 ef 0100 ki 0101 op 0010
Yerideg
gh 1000 mn 1001
ij 1000
10 46 95 116 AwebBuvon
(B) etoayoy? ab
1000 1000 1111 1000 Ay wplotég
Kxred! Yrovpaph| |Kred! Yrovpaph| |Kied! Yrovpaeh| |Kied! Yrovypaeph
cd 0100 ef 0100 ki 0101 op 0010
. Yerideg
ab 0101 mn 1001 1) 0101
gh 1011
10 46 95 116 AwebBuvon

Yyfpa 12.8: Ewoaywyés o apyelo pe peydin yopntxdtnta.

Av n yopnmxdtnta Ty oeABowy elvar peyaritepn e plac eyypaphs,
tote 7 Swdixacia dev Srapépel onpavtixd. Lotw éva apyelo pe oehidec
YoeNTXoTHTAS 3 eYYpapdy. Nto Lyhua 12.8a napovordlovtal pepixéc oe-
ABec tou apyelou, 6mou npénel va ewoaylel v eyypaph ab. Alvetar 6t 7
axoroubia Tov Béoewy 6nou To xhewdl npénet va etoayOel xau ov avticTolyes
uroypapés elva:

flab) = (10,46, ...) xa s(ab) = (1011,0101, ...)

‘Etot, howndy n eyypapn ab pe uvnoypaph 1011 Sev propel va anolnxeulel
ot oehida 10 mou yapaxtneiletar and wxpdtepo dwayowpioth (1000). Exo-
névwe 1 Staduaoia ouveyletal otn oelida 46, mou £xel tov (Slo Staywpeloth,
alhd elval mhfeng. Ou eyypagés gh xau i e€dyovtar and tn oeiida avth,
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Oote va swoaylel to xhedl ab. Tautdypova evnuepdvetal 0 SlaywpLoTHS
e oerldag oe 1000, dnwg paivetar oto NyApa 12.85. Tdpa ov eyypapéc
gh o 17 mpémer va enava-eioayfoly. Alvetar dtu

flgh) = (46,95, ...) xa s(gh) = (1000,1011,...)

f(ij) = (...,46,116,...) xauL s(gh) = (...,1000,0101,...)

Elvaw euvénto nhéov nwg npoxintel to Lyfua 12.83. "Etot, vy pla etoayo-
vH €npene va npoonciacholy tpels oehideg xat va akhdiel €vag Sty wplotic.

Avaxeaiaidvoviag PERIXE TRaxXTXd GUUREPACUATE ARG UAOTOLYGELS
e peBddou authe mapatneeitat 6T

o 1 emTuy RS xau 1 avemTuyhg avalftnon exterovvtal eyyunuéva pe pia
npoonéracy oto dloxo,

o 7 Swaypaph yivetar mohl ebxoia e ) LEHodo tng onpalac, mou SNAG-
veL T hoywen) Saypapr Tne avtioTolyng eyypaphc,

o 1 puowxf Swaypaph elvar ypovoPdopa Sradwacia, yiatl (owe Ou énpe-
ne va evnpepwiel o nivaxag vroypapdy xar va petaxtvnfoiy pepués
eYYpapEc Tou xpLou apyelo,

o 1 cloayoyh elvar axpBh av o napdyoviag @épTiong mhnotdlet T [Ho-
vada, yviatl unopel va npoxaiécet Stadoyixés exavasioaywyés HdN o
noOnxeupévey eyypapdy,

e 0 nupdyoviac PopTioNe woTdoo propel va elval udPnide (Yo Tapddely-
pa, va toottar pe 80%), to péyeboc tng oehidag elvan 10 eyypagpéc
XaL To Ufxog Tou dtaywetoth elvar 8 bits, téte pla etoaywyh anavtel
npoonéract 1,5 cerldov,

o undpyel anepooth mbavétnta xatd Y ewoaywYR N Saduacia TV
Stadoyxdy Soxipudy va Peelbel extoc eréyyou f xar va elvat eviehdg
adUvaty, ondte dnpovpyeltal unepyelion pe Tautdypovn adénon tou
x66T0UC TpooTEAAGTS,

® 0 ANALTOVHEVOS YOPOS 6TNY XUpla PvAUY elval Waltepa pixpds, 660
peyaritepn elval 1 yoenTXdTNTH TOY GEAS®Y, Yio Tapddetypa dnme
mpoxvntel xou avohutixd (Gonnet 1988) hydtepo and éva byte avd
eyypap” Tou xVplou apyelou, xat téhog
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® LUNIPYEL TO AVAAOYA TIUNUA TNS TOAUTAOXOTNTAS TOU AOYLOULXOU.

H pébodoc mou mapouciaclnxe elvar otater, dniadn to pévebhog tou
apyelov dev petadihetar avdroya He To TARDOC TV ELOAYOYOY XAl TOVY
Staypap®dy. "Onwg elvar yvootéd n pé0odog Tou YpAUUX0) XATAXERUATL
opob elvar duvapixy, Staxplvetal dpuwg and unepyelhion xat dev eyyudTal
6t emTuy i K avemtuyhg avalhtnorn propel va exteieobel pe pla npo-
onéhaon. Ané tov Larson (1988) éye mpotabel pla Suvapixd exdoyh tng
nebédou yprone uroypapdy (Siaywpetotdv), 1 onola Basiletar oto Ypau-
wxéd xatoxeppatiopd. H perétn and n Bihoypapla tne obvlietne authg
SOUNAS APAVETAL GTOV AVAY VOGTY).

Y7o onuelo autd avagépetar emtypappatixd Tt axnd Tov Larson (1985)
npotdlnxe ploa dihn evdiagépovoa douf nou ovopdletar edwteptxdg Té-
Aetog xataxeppatiomds (external perfect hashing), yiatl Sev Sraxplveta
and ouyxpovoes xar unepyethloes. H Soph avth elvar edarpetind ovvle-
T, 2ol oUVSUALEL TOV ERAVAXATAXEPUATIONS, TOV TEAELO XATAXEPUATIONS
xat T B-8évdpa. Ytov avayvooty enapletar  peiétn and ) Biphioypapla
Tev ahyoplipoy drayelptong xar authc e oUvletng authc Sophs. otédoo,
palvetatl 6Tl napd To YeYovog 6Tl Ta Teheutala ypdvia €xouy npotabel téo0
ravioyupes xat anotereopatixés dopés, EVIOUTOLS GTU EUNOPIXA CUCTAUATA
Swayelpiong Bdocwy dedopévov to “maviayol rapdv’ B-3évdpo (xau v mo-
padhayt Tou BT-88v3pou) elval 1 mto Snpoguifc xau avaviixatdotatn Sopt.

12.6 ®{\tpo Bloome

Ye nohhég eappovés elvat Suvatédy 1 peydin mictodhnpla Tov epwTRCEWY va
apopd ot eyypapéc mou elvar avinapxtes. Onwg elvar Yvwotd, ouvilog
N avemtuyhs avalftnon xootiler axpBotepa and v emtuyh avalftnon
eneldh 1 Sadixaocio StanioTwong un Uraping evic xhetdlol elval oyetixd mo
xpovoBopa. To giitpo Bloome (1970) elvar pla pébodoc nou yenouyelel
otny tayvtepn dwaniotwon plag avemtuyoles avalhtnong. Lippova pe
nébodo auth yia xdbe xhedl eyypaprc mou elvar arnofbnxeupévy oty deute-
pevouoa pvhun npoxdntel wia cupminpopatixh Suaduxh Soph epapudloviag
nepweés ouvapThoels xataxeppatioot. Kdbe ouvdptnon xataxeppatiopol
eunnpetel oto va exthélel Tuyalo xdrowo bit tou @litpou xar va to peta-
teédel and pndéy o doco. H Soun auth elvar apxetd uixph dote vo ywpd
oty xpta pviun. Enopéveg n enelepyaocia tne elvar okl yefyoern xal
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Oewpeltal 6TL dev ouvelspépel 6T0 Guvohxd xbotoc. O mbavéc anoxploeig

e A re 7 AN e 7 7 4 AN e 7
oc pla cp®tnom elvar dVo: " To xAedl dev urdpyel” 1 T to xAedl lows undp-
ye. . Xty npdty neplntwon dev anatteltal npoonéiacy 610 xlplo apyelo,
eved oTn devtepn N npoonéiacy exteisital av xar propel vo elvor meplTT?

e 7z A AN 4 4 e e
(replntwon havBaopévng ntdorng). “Etou, n Soph avth uropel va Bewpnbel
og plo vroypaph dhou Tou xlpLou apyelou.

Axohroulel va uixpd napdderypa yio TRy XahbTepn Xatavénor tng peho-
dou. Alvetar otatixd apyelo xataxeppatiopnol b Héoewy pe ywpntxdtnTa
nlac eyypapnc, 6mou ta dedouéva eLodYovVToL UE EQAUPUOYH TN CUVARTN-
ong: f(key) = key mod 5, evé o replntwon olyxpouong epapuéletal m
TEYVIXAS TNG Ypapuxhs edétaonc. Yuyypdves xataoxevaletatl éva @iktpo
Bloome peyéfoug 16 dnelowv. a xdbe ewoaydpevy exyypaph cpappélovia
Ghres BU0 GUYVUPTAGELS XATAXEPUATIOMOG: 1 cuvdpTtnon key mod 167 xo
n ouvdptnor “key mod 14 4+ 27. Y10 Yyhpa 12.9 rapovordletal to neple-
YOPEVO TOu XUpLou apyelou xat Tou avtioTolyou PIATEOoU HETA THY ELoAYWYN
TV eyypapdy 52, 19, T1 xav 56. ‘Eote tdpa, 6Tt ayvoeltar o pnyaviopsc
Tou glktpou xal 1L avalntodvtal dbo avirapxtes eyypapés 12 xal 68. H
avemtuyhg avalftnone Oo teppatioel uetd and T€ooEpls Xal TRELS TEOOTE-
raoeg 6to xUpLo apyelo, avilotoiya. O avayvodotng propel va Stantotodoet
OTL uE TR yphon Tou plATpou oL npocreidoes autéc Ou anopelyovtay. e
neplntoworn avalftnong e eyyeaphc 44, edxoia mpoxintel 6Tt to @lhtpo Hu
odnyolvoe oe havhaopévy ntoon,.

0

171 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2152 60111011 10001000
3|56

4 (19

Yy 12.9: Apyelo xav avtiototyo plitpo Bloome.

Mia tétoia pébodog uropel va pavel nohl yphown oc thnbodea epapo-
YOV, 6mou elvar Tohs mbavé bt cpdtnon Oa elvar avemtuyhc, 6rnwe yia
TapddeLyua,

o xatd tny avalftnon and évay xataotnuatdeyn oc uio AMota xheppé-
YOV | YAUEVOY TLOTOTXOV XAPTOV,
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7 4 /7 7 /7 7 e e
o xatd Ty avalAtnor and xdnoov tehevelaxd undiinho ot pio hiota
XAEPPEVLY Safatneloy,

o xatd v avalitnor and éva npdypappa enelepyaociag xetuévou yia
T havBaopévee héewg (spelling check), #

o xatd n yphon tne enroyic DISTINCT yia v andheudn twv Sunhoey-
Yeapdv, nou propel va tpoxtouy and pla epdtnon pe SELECT g
YAGoous epwThoswy SQL.

Qotéoo, Waltepa avapépetar 6Tt éva piktpo Bloome propel xdhiota
va eaplpoalel xat otn pébodo tou xataxeppaTiopol pe unoypapéc. Onwe
pavnxe pe ) LEOodo auth elvar duvatd pla eloaywyh va elvat apxetd ypo-
vofbpa av mpoxaiéoel TN Sladoyuxh SLaypaph Xl ERAVA-ELOAYWYT IAA®Y
EYYPAP®Y. TN YewpoTepn neplintwor pnopel Oewpntixd 1 extéieon plag
eloaywyns va pny teppatiolel noté. Me oxond v mpdindn Tou exguit-
opoY g extdoong xatd TNy ewoaywyh propel va dnpovpyniel éva apyelo
urepyelhong, 6mou va anolnxeloviat oL eyypagés nou dev €yive xatopbo-
6 va anobnxeubolv 6to xlplo apyelo uetd and €va cuyxexpurévo Uixpd
aplpd mpooneidoewy. Elvar npogavéc dtu to apyelo autd pe tig eyypa-
péc umepyelhong Do elvar oyeTxd puxpd, ondte xat to avtiotolyo @lktpo
O elvan exlone oyetind wxpd xou enopévos arotereopatixd. H enelepya-
ola Tou plhTpou autol otny xipta pviuy Ba elvar AMydtepo ypovofopa and
v enedepyacio Tou apyelov TV LTOYEAPHOY xat Tic dtadoyixés cuyxploets
LE TOUS SLdpopous dLayweloTEéS, ToU EXTEAOUVTAL ERloNg GTNY XUpLa PVAUY.
Yn ouvéyea edetaletar avahutixdtepa pla onoudala mpaxtix? eQappoyh
Tou @ihtpou Bloome.

Av ta dedopéva evic apyelou yenouonololvTal xuplng Yo avay vooes,

eV 0L ELoaYYES XaL Sy paéc eYYpap®y elval Mydtepo ouyVES, TOTE UTo-
e e e 7z 7 /7
eel va yenoyronomnBel pla pébodog nou npotdhnxe and Tov Severance (1976).
Yippova pe ) pébodo auth To xGpLo apyelo napapével GTaTXG, EVOD OF é-
7 e 7 rd d . .

va deutepevov apyelo, nou ovopdletal apyelo Siagopdv (differential file),
anofnxelovtar Ghes ot evnuepdoes Ty evypapdy. To apyelo Stapopdy
uropel va elvan éva oeplaxd apyelo pe Ty npolinébeon 6Tt dev Do peya-
rodoer unéppetpa. Etot, ta Sedopéva elvar anolfnxeupéva ot dGo apyela,
mou uropel va ouyywveuholv oe neplddouc yaunhol @oéptou enclepyaoiag.
Avdioyn Sadueaoia oupfalver 6o xbpLo apyelo apyelo xat oto apyelo ou-
vahhay®v mou e€etdolnxay 670 np®To XEQIAALO, WOTHOO OTNY TEOXEWEVT,
neplntwon ta dedopéva Oo npénel va elvar dwabéowa xdle otiyph otouc

yehotes.
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Mo anhoixh uéhodoc avalftnone npoteivel tny elétaon xat’ apyhv Tou
apyelouv Swapopdv. Av 1 eyypapr Sev undpyst 6to apyelo autd, TéHTE 0T,
ouvéyewa edetaletal To xdplo otatixd apyelo. Mia nepiocdtepo edehypévn
nébodog avalhtnone avhxer otov Gremillion (1982), mou cuvietd tn d7-
povpyio evic piktpou Bloome yia tv tayltepn enelepyacin tou apyelou
Stapopdy pe oxond Ty mbavh npdPredn averttuyolg avalftnone. Etot,
apyxd n e&étaon tou piktpou pnopel va dooel dYo mbavég anavihoelg:

o 1 avalntoluevy eyypagh dev elval anobnxeuvpévn oto apyelo drago-
eOV, ondte apéons eletaletal To xipLo apyelo, A

o 1 avalnrodpevn eyvpaph uropel va elvar arnolnxeupévy oto apyelo
Sapopdv, ondte 1 e&étaon apyilel and autd. Av v eyypaph dev Ppe-
Oel oo apyelo autd, Tdte xan dht 1 Stadwxacia ouveyiletal 6o xpto
apyelo.

Yto Yyhua 12.10 napovoidloviar pepixd TELpapaTixd anoTeAEOUATA TOU
Gremillion nou delyvouv peydin anoteicopatixdétnta s LeHBOdou, av to
névehoc tou plktpou elvan g tddng 3 wc 4 Kb xau yivetal yphorn nepinou 5
oUVAPTHoELY xaTaxeplatiopol. Evdiagpépovoa elval ) napatienon 6t yia
mxpd pevedr Tou pliktpou n mbavétnta havlaouévne ntoone avldvel xabde
avidvetar o aptbuds tev ouvapthoewy. To gavdpevo avtd ednyeltoar and
TO YEYOVOS OTL O7TIS TEpnTOoes autés elvat tohhol oL oyetixol dooot.

Mbavétnra 0.8 T T T T T T T T

X ,

ocveoc’op.svng 07
TTdoNng

0.6 —
0.5
0.4 I~

0.3 -

0.2 1 petacynpationdg

0.1 - 3 HETACYMUATIOLOL]
5 UETACYNIAATLOOL
8 AETACYNIAATLOMOL

0
05 1 15 2 25 3 35 4

MéveBog plhtpou (oe Kbytes)

Yy 12.10: Ibavétnta havlaopévne ntoong oe apyelo dtapopdy.
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Yt ovvéyeta axoroulel pio ankh avarvutixh edétaon e pebdédou nou
avagépetal ané Tov Mullin (1983). ‘Eote 6t 10 glktpo Bloome éye pé-
vebog m Suadixd dnela, drou to m elvar g &N TV HERXGY dEXAS®Y
yddwvy. Ta dnpla autd apyixd toobvtar 6ha pe pndév. Ye xdbe npwtedoy
xhedl etoaydpevne eyypaphc oto xdpro apyelo epappélovtal k ouvapth-
oelg xataxeppatiopol (6nou To k pixpds axépaloc), ondTte TpOXVRTOUY oL
O¢oeig tov Pneploy tou glitpou mou Oa ndpouv Ty TR Tou docou. Ar-
rdh, o péviotog aptiuds tov Pneloy tou @iitpou mou Ho yivouv doocot
v x&d0e xhewdl Oa elvar k. Emopéves xatd tyv avalhtnorn tou xhetdiod
nlag eyypaphic npota epapuoélovial oL CUVAPTAGELS XATAXEPUATIOMOU XAl
eréyyovtar Ta aviliotolya Pnpla pe ™ oepd. Av and xdmoln cuvdptnom
mpoxidet v Béom evic Pnplou mou elvar pndév oto piktpo, téte N avalftnon
teppatiletal wg avemtuyhc. Lty aviiletn neplntowon uropel va oupfel puia
ravOaopévny ntodon pe pwin ouyxexpuévy mbavétnta. Ilowd elvar dpwe auth
n mbavoétnTy;

‘Eotw 6t 610 xlplo apyelo €xouy eoaybel n eyypapéc. H mbavotnta
xarolo Pnplo va yiver dococ and plo GUVEETNOT XATAXELUATIONOY LGOUTAL
pe 1/m, evéd n mbavétnia va pn yvivel docog elvar 1-1/m. H mibavétnra
autéd o Pnelo va py yivel dococ petd and tny epappoyh nk ouvaptThoeny
petacynuatiopoy elvar (1—1/m)™ . *Apa 1 nbavétyta o dnelo autd va yi-
veL 4660g HETE THY QoY h TOV sUYARTRGEGY auTdy elvar 1 —(1—1/m)" .
‘Eoto tdpa, 6Tt avalntdtal pla eyypaph. And tny eyypaph auth pue toug
XaTIAIAOUS pETAOYNUATIopoUS TpoxunTtouy k docol. H mbavétnrta o k
autol docol va undpyouv oto piktpo elvat (1 —(1- 1/m)”k)k Av a elvan
n mbavétnta n avalftnor va elvar averituyhs, 1ot N mbavétnta vo oup-
Bel pla havlaopévn ntodon elval a X (1 —(1- 1/m)”k)k H avdiuon auth
odnyel o Tuéc mou Peloxoviar xovtd ota anoteréopata tou Gremillion xot
uropoly va yenoironomnholv xatd to oyediacud Tou apyelou Stapop®dy xat
Tou aviioTolyou @litpou.

Ta mheovexthupata plag tétolac opydvwons Ty dedopévey e éva op-
xelo Stapopdv elval Tohhanhd, 6w yio Tapddetypa:

o xaf) extdoor xatd v avalAtnon, yatl to xdplo apyelo propel va

anobnxeubel oe eldixh Tayltepyn deutepetouca GUOXEUT,

e amhorno(noy tou hoviopwxol enedepyaoiag Tou xiplou apyelou,

o JuVaTOHTNTA TAUTOYPOVNS XEAONS TOU XUpLou apyelou and noliolc Yeh-
otec Y hoyoug mou Oa ednynboly oe endpevo xepdhato, xal TEhog
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o peydin alroniotia Ty dedopévwy Tou xdplou apyelou, apol udiiota o
x40 TpOoYPAUMATIOTHS EQpapoY®Y Uropel va €xel To dixd Tou apyelo
SLapop®y.

H B purocopia Statpéyel xar tn Soun tou B-3évdpou pe meproyr aiia-
y&v (change area B-tree) mou npotdfnxe and tov Mullin (1981). Yipgpova
1e auTh TN Soun xat To xUpLo apyelo ahhd xat To apyelo Stapop®dy elvat dGo
anhd B-8évdpa.

12.7 Aoxfoelg

<1> Na xataoxeuvachel Eva SEVEp0 UROYPAPDY UE EYYPAPES TOU VAL ANOTE-
rovvtaw and ta nedla Ewluwdtnra, Awedbuvon, Aeuvbuvtic, xarw Mishds. To
ouvohxd pixog e uroypaghc elvar 16 bits xau empepiletar oe 3, 4, 4 xau
5 bits avtiotoiya. Ot endPeEVES OUVAPTACELS XATAXEPUATIONOY ~ oNXGBYOUY
éva bit oe dooo we elfc:

to lo bit av 7 ovopasia tng edwdtnrac apyilet and A — ©
H = 20 axdé I —11
3o ané P —

to lo bit av 1 ovopasia tng Sielbuvorg apyilel ané A — 7

. — 20 ané H—-M
2T 30 amé N — %
4o and T — Q
to lo bit av n ovopasia tou dievbuvti apy et and A — 7
. — 20 ané H—-M
° 30 ané N — %
4o and T — Q
o lo bit av o uehoc elvar pé€ypr 150.000 Spaypmés
20 and 150.001 péyet 250.000 dpaypés
Hy = 3o and 250.001 péyet 350.000 dpaypés
4o and 350.001 péyel 450.000 dpaypés
50 neptocdtepo and 450.000 Spaypéc

Katd to oynpatiopd tov avotépeny ennédony tou 3Evdpou va Oewpnlel 6-
Tt 0 mapdyovtoas ouadonoinone wooltar e tpla. Na yivouy napadelypoata

avalftnong.
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<2> Na xatacxevachel napaderypa plog dophc e vnoypapés oerldov pe
Bdon ta dedopéva tng nponyolpevns doxnonc. [ tig unoypapés twy ey-
Yeapdv va yenoironomnholv ot (Sleg GUVARTACELS XATAXERUATIOUOY Yid GAX
to nedla. H mepurypagph tng oeiidag éxel phxog oxtd bits, 8%o bits avd yapa-
XTINELOTLXO, XAL YEPNOLLOTOLOUVTAL OL ERGUEVES GUVARTHOELS TOU  6NXOVOUY
ta avtiotouya bits:

to lo bit av  ovopasia tne ewldixdtnrag apyilet ané A — M
Tl = /7
20 ané N — Q

to lo bit av v ovopasia tng Sielbuvorng apyiler ané A — M
T, = )
20 ané N — Q

to lo bit av 1 ovopasia Tou devhuvth apylet andé A — M
T3 = /7
20 ané N — Q

to lo bit av o pieldc elvar péypr xor 350.000 Spayuéc
T4 = /7 /7 7z
20 repLocotepo ano 150.001 Spayuée

Na vivouv rapadelypata avalhtnons. Na yivel mototixd olyxpiorn pe tny
en{oomn tne avalAtnong tng Souhs g TEONYOVHEVNS doXNOTC.

<3> Y10 mapddetypa Tou Yyfuatog 12.7 va ewoaylel n eyypaph 38 4
eyyeapn 49. Tu adhhayéc mpoxarolvtar oto xlplo apyelo xar 6to apyelo
TOV UROYPAPOY avTloTolyd;

<4> Ta xhewdid tou napadelypatos tou Lyfupatog 12.7 va coaybolv oe
avtiotpopn oepd. Na oyediaclel Stadoyixd n Stadixaoia.

<5> Alvetar apyelo xataxeppationol b Oéoewy pe yopntuixdtnta plag ey-
yeaphc, 6mou epapudletal  ouvdptnor key mod 5 xoau 1 péhodog tne yeau-
e e&étaons yia v enfhuon tov cuyxpovoewy. Plhtpo Bloome twv
16 bits xataoxevaletar pe ) BoRfea twv ouvapthoewy key mod 167 xa
“key mod 14427, Na etoayfOoiv ou eyypapés 22, 51, 26 xat 85 oto apyelo
xat va eviuepwbel to plitpo. Ye noég nepuntdoeis xatd tic avalnthoes ToY
eyypapoy 81, 27, 46, 23, 51 xav 39 oupPalver havlaocpévn ntdorn; lléoeg
npoonehdoels 070 apyelo elowxovopolvial Aoyw e Unaping tou @lhtpou
xatd tig avalnTACELS TOY XAEWBLOY aUTOV;
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YYI'KPIXH TOQN AOMQN

13.1 Ewsayoyn
13.2  Kputhpia enthoyhs TNng XATAAAANG 0pYAV®OTS
13.3 Ezni)oyog

13.4 Aoxvoelg
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YYI'KPIXH TOQN AOMQN

13.1 Ewsayoyn

Yta nponyolpeva xepdioa napovctdolnxe pla oepd nebbdwy npooréa-
ong (access methods), dniadh opyavdoewy apyelov xar ahyoplBuoy da-
yelpong, oL onoleg elvar npocavatoiouéves otny enelepyacio ue oy to
mpwTedov f/xal To deutepetov xhewdl. Anhadh ou opyavoeoeg elval ot do-
néc, eve ov ahydplhuol Sayelpiong elvar ot tpbnol exnelepyaoiag tne dophc
xaL exTerOVVTAL and €va oUvoro poutveyv. To xlplio mpdfinua, Aowmdy,
ot puowxy oyedlaom evic custhipatog Sayelplone Pdocwy dedopévmy elva
N ddtadn TV eYYpaAPdY, GOTE N TPOOTERACY TOUS and TA TEOYPAUUAT
eQaAPLOYAS va YIVETAL XATA ANOTEASOUATIXNG TRpOTO.

H enelepyacio pe Baorn 1o npowtedov xhetdl propel va elvor pla and Tig
Tapaxdte Pacixés epwTNoELS:

o anh) ep@tnom ue Baorn plo cuyxexplévny Ty,

o palixh (batched) epdtnom pepuxdv tadivounuévey eyypapdy nou Ha
eletaochel eldxdtepa oty ouVEyeLa,

o coOTNON SLaoTANATOS, N TEAOG
o coavTnTIXT) EpOTNOT GAOY TV EYYPAPOV.

Yrov Hivaxa 13.1 yivetar pla avaxeporaliwon tne enldoons Tov ep0THoEDY
auTeY ota apyela tpwtetoviog xhewdtol. "Onou A onpalver 6T 1 enldoon

312
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Epdtnon
Aoy apyelov Amhy Malixdy  Awotipatog  Elavtintixd
Yopde E r E B
Setptaxd tadtvounuévo A r A A
Yeaptaxd pe delxtn B r B B
Asvdptnd A B A r
Tuyalo otatixd B E E A
Tuyalo Suvauxé A A A r

Mivaxag 13.1: Exidoor Sopdv oe cpdtnon pe Pdorn npwtetov xhetdl.

elval moA) xohf, to B onpaiver xaif exnldoon, to I' Snidver 6T anartelito
mxph npoordfewa, To A 6t anaiteltal ToAAY npoondfeia, evéd to E bt Sev
elval Aoy m yphon tng opydvwong auths via tétotou eldouc epdtnor. O
nivaxag autdg elvat apxetd elYAOTTOS 660V aopd 6Ty emthoy Ling Souhc
YL TNV ATOTEAEGUATIXT VAOTOIMNOT (oS GUYXEXPULEVNS EPAPHOYTS.

Epdtnon
Aoy apyelov Smpetaxh Malixd Mepixhg  AraotApatog
Tadtiong
Avteotpappéva apyela B B B r
IToAhaniéc Aotec B T T T
Svvdvaopévor xatdhoyol B r A r
Mohwdidorata 3évdpa B B B B
Awxtvotd apyeio A B A A

Mivaxag 13.2: Ex{door Sopdv oe epdtnoy pe dor deutepetov xietdl.

Av oL eyypapéc npdxertar va avaxtnolv pe Baon rneplocdtepo and éva
XAEWLA, ToTE oL opyavooes Tou Hivaxa 13.1 ev elval ou Théov xatdhiniec,
e 7 7 A A re
viatl pepoinntoly ot Bdpog LEpXxOY XAeWLOy. Xtov Hivora 13.2 avaxepa-
rdveta 1 enldoon Tov Sopdy nou edetdobnxay 6To eviExato xepdiato o

oyéon ue:
® 1 oNUELAXY) EpGTNOT,
o w1 palixh epdHNo,

® TNV £pOINOY PERLXAS TAUTLONS, XAl TEAOG
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® TNV £p®OINOY SLACTAUATOS.

YrevOupiletar 6t ta Suxtuwtd apyela elvar pla and tic no odyypoves xat
ANOTEAEGUATIXES 0pYAVOOELS 6Tay oL TYés Ty dedopévey xdle nedlou u-
TAXOVOUY GE OLOLOLOPYY, CTATLOTIXH XATAVOUY), OROTE UE TN SOUR auTh a-
nartovvTal 3Uo Loévo npoonehdoels 6To dloxo Yo TN onuElaxy epdTnon. Ay
oL xatavopés TV TGOV Tev 1edley dev elvar opolduopypes, t6Te 1 Soun
auth elval mpofinuatixh and anodrn ydpeov. Ta nokudidotata dévdpa xat ta
rnoruditdotata B-3évdpa elvar enlong alidhoyeg Souée yio v uxavoroinon
ONUELAX DY EPWTACE®Y X0l EPWTACEWY SLAGTAUATOS. LUy VOTEPA OUOS GTNY
TpAEN CUVAVTOVTOL Ol TAPASOOLAXES OPYAVOOELS TOV AVIECTRAUUEVOY dp-
yelov. Yto exnduevo xepdroro Ha avantuyboly xar diieg Sopés mou €youy
npotabel oty mpdopaty Biioypapla xar propoly va avianoxptfoly ot
aratthoets g avalftnons e faong to mpwtevoy xat to deutepelov xhetdl
oe eZeduevpéves epappovés (v napdderypa ta R-3évdpa, deg Kepdiato
14.2). Téhog, ag onpeiwbel i ov dbo nponyoluevol nivaxeg dev dlvouy tny
en{doon TV Soudy xaTd TV eloaveYh xat TN dtaypapr, Aettoupyicg mou
onwodinote ypedlovion Waltepn npocoyy.

13.2  Kputhpia enthoyhs TNng XATAAAANG 0pYAV®OTS

H emhovi tne xatdiining opyavworns yivetal pe fdon opiopéva xplthpLa.
Kapla dopr dev propel va yapaxtneiolel yevixd wec n xailtepn yua xd-
Oe Aertoupyia. okl nepiocdtepo v emhoyh plag Sophc v éva npdBinua
dev elvan evxoin undleon, yviatl unopel 300 A nEELOGOTERES OPYAVOCELS VA
rettoupyoly neplnou to Bto wavonomtxd. Mia 660 to duvatdy mo eune-
ploTatopévn andvinon npénel va eetdoet Toug e&hc névie napdyovies:

o TUROC, OYXOS XAl YARPAXTNELOTIXA TOV SESOUEVWLY,
e npbdTuna ypfiong apyelov (xuploe epdnom, eoaywyh f diaypapy),

o dop¥h, opydvemon xal yapaxTtnetoTxd (TaydtnTa, YoenTixdTnTe XAx.)
TOU UALXO0U,

& ANAUTAHOELS, 0TS YEOVOS TPOOTEAAGTS, TOGOGTO YENONS TWY UTOAO-
YIOTIX®Y TOPOV XAT., XAt TEAOS,

o dida xpLthpla, 6nwe my. StafeoudTnTa, AVOXTNGLLOTNTA, TpWELLOTN-
ta, alomotio, eZeMEOTNTA, ACQPERELR, AXEEALOTNTA XAT.
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Yn ouvéyea oyondlovtal pepixés motoTxéS napdpeTpol tou ennpedlovy
TNV ERLAOYH TOou Xatdhiniou apyelou. llocotixd cupnepdouata propovy va
eZayHovy and ta otouyela autd elte

7z /7 /7 ras 7z 7z
o e avaiutixés pebddouc, ondte yia va vhorownel Eva poviéio Oa npé-
meL v Yivouy apxetéc anhonothoets, elte

e e npocopolewan, mou elval pla oUvletn xal o ypovoPdpa dtaduxaoia.

To wéyeBog tou apyelou (file size) petpdron o yapaxthpes xow Loodtal
1e To ywéuevo tou minboug Tov eyypapdy enl to pévebog plag eyypaphc
oc bytes. To pévebog plag eyypaphs tooltar ue to dhpoloua TOY PNXOY
TV 1edlov g eyypaphc oe bytes. Av elvar yvwoté to tpéyov péyeboc Tou
apyelou xau yivel cwoth npdBiedr yia tny €€y tou pevéhoug Tou apyelou
070 Pérhov, TéTe propel va emheylel enapxés UAXS deutepelouoag PVAUTS.
Av n evpaph elvar petaPinTol unxoug, ToTE N xatdotaoy elvatl ouvlhetdtepy
xoL Tpénet v Yivel AentopepéoTepy) AVAALGT Yid TNV EUEEGT), TOU TUTOU TOV
EYYPAPDV.

7 7 7 7 7 7
Aoy apyelov | Autla emtnpdobetov anattodpevou Y Hpov

Setptaxd Xdpog yia deixteg (ouvhbog tpla enlneda 4 xat
pe delxty neptoodtepa) xot neploy? viepyelhions.
B-8¢vdpa Aczixteg Tpog Toug xépfouvs. Méon ypnotponoinoy

Tou yhpov mepinov 69%.

Axtuwtd Tpoppuxés xhipaxeg, dixtvwtdc xatdhoyog.

apyelo Ytovug xddoug péom ypnotponoinon Tov yopov 69%.
Yrattxd Mn ypnotponotmpévog x®pog 6Toug xddovg anartel
Tuyala delxteg yio Tig véeg eyypagés unepyelhtong.
Avvouxd Asvdpixol xatdhoyor. Méon ypnotponolnon tov
Tuyalo x®pov nepimov 69%.

[Mivaxag 13.3: Emmiéov anattoduevos yOpog.

Yrov Ilivaxa 13.3 dlvetal évag xatdhoyoc mou dlvel yia TIc XUPLOTERES
0pPYAVOOELS APYElDY TO Y ®EO Tou SECUELETAL TAEOY TOU Y®EOU TOU XoTA-
hopfBavetar poévo and Tig eyypapéc. llapatneeitar yevixd dti ot Sopée mou
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elvar tooluytopévee xar duvapés eompntind emtuyydvouy uéor ypnotLo-
roinomn Tou yopou nepinov 69% (via napddetypa, 1 owovéveia B-8évdpwv,
T0 duxTuwTd apyelo, Ta Suvapxd Tuyala apyeln xAx). AN xat 6TLg oTATL-
xég dopée undpyel erelbepog ydpoc (1660 670 XpLo apyelo, 660 xaL oY
reploy ) unepyelhong, nwe oty doph ISAM) pe pévebog mou npérel va
exTiunlel and 1o oYESLAGTH NS PUOLXAS 0PYAVWOTS.

[Mpérer wotdoo va onpewwbel napemntévimwe 6Tl oty Teddy ou xata-
OXELVAOTES AOYLOULXOY eV UAOTOLOUY Tic Soués Onwg axplBoe neplypdpo-
vial fewpntixd. T mapdderypa, oto BT-8évdpo, rou elvar 1 Baoudh Soph
o070 puowxéd eninedo xdbe ouothuatog dayelpions Pdocwy dedopévwy, dev
vivovtal ouyyoveioeg XOUBov 6Tay 1 TEpLEXTXOTHTA Toug elval Ay 6TERO
ané 50%. ‘Ezou, mpogavde v péon tyh Tou mapdyovia ypnoironolnonc
xopou yivetar Mydtepo and 69%. O npdtoc héyog yia tv emhoyh auth
elval 6Tt ouvilog ol Staypapés exterolvial oRavidTEpd AT TLG ELOAYWYES
XL EROUEVLDS TO X60GTOG 68 YOpo dev elvat onuaviixd. Agltepov, pe tny
eZéMin Tov péony anolfixeuong, To x60TOG TOU ANAUTOVHUEVOU YMEOU Xot-
Olotatal ouvey®e pixpdtepo. O tpltog Aoyog v TNy emthoyh auth elvar,
ot étou n Soun propel va ypnoworowmnbel tautdypova and neplocdTepoug
xerotee, xabdg exterodviar Aydtepa xhedopata xopBov (deg Kepdiato
15.4). Azd tov Shasha (1989) éye eZetacbel éva B-3évdpo pe n eyypagpéc,
onou yivovtar m > n evnuepwoes. Av, howndy, xdbe evnuépwon avtiue-
tonolel og pulo Staypaph xou pla soaywyh, 16Te anodeixvieTtal avaluTixd
OTL av oL x6uPol ouyywveloviat Lévo dtav elvar terelwg xevol, Téte 1 péom
xenoworolnor tou ydpou elvar udie 39%.

Katd ) @don tou guowol oyediacnol, howndy, o avaiuTths Tpénel va
exTiaRoet To datthépevo ydpo v Ty xlpla Xar TN deutepelouoa PVAUY.
N mopddetypo, av 0 oUVOAXGS XATAAAUPAVOUEVOS Y OEOC anoTehel Evay
reploploTid napdyovia, tote lone anaiteltal Waltepn npocoyh (via mapd-
devypa, maboroynh neplntwon enextatol xataxepuatiopnol). Exlong, pept-
X€C 0pYAVOGELS €Y0UY XA anddoon Hévo av o xatdioyos Tous Pploxetal
oty xVpta vAun. Emopéves, axdéun xov av o dloxog elvar peydine yoen-
TX6THTAS, N UN Ynapdy T arattoluevng xbptag pvAung xabiotd tig Souée
Tou JxTUETOY apyelou xaL TV TUY ALY SuvauXdY opYaVOoERY (EXTOS TOU
YEAPMLXOU XATAXEPUATLONOY) anpbOPOpES.

Ye auté o onpelo urnevhupiletar 6Tt yia Ty owxovouxdtepn anobxeu-
on TV 3edopévey Xat TNV TayUTERN ATOXELOT) YENOULOTOLE(TAL TOAS GUY VA
ot 7pdln v tey VA e ouprieorg (compression). Ytn Biioypagpla cuva-
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vtdtar manfopa teyvixdy cupnieons nou elte elaptdvTal and TN CUYXEXEL-
névn epappoyy elte oyt Xto Kepdhowo 15.2 yivetar plo emheypévn nopou-
olaon pepx®dy nebddwy ocupnileons. Axdun xatd to hoywxd oyediaoud plag
Béone Sdedopévev npénel va npooeylel mowd elvat ta xowvd yapaxTnetoTixd
petall Tov Swpdooy apyelny (dnhadh, mvdxwy xatd to oyxeolaxd povié-
20). Me oxond tov nepopiopd tov nheovaldvtov dedopévov (redundant
data) emdidxeTtar autd T xowd yapaxtnploTxd va axofnxeubolv pévo
ula gopd. To avtixelpevo autéd Oa edetachel hentopepde ota mialowa tou
pabfpatos Tov Bdoswv Acdopévwy.

Me <ov 6po ypbdvog avantuine (development time) evvoolvtal ot e€hg
napdyovieg:

® LROVOE(TAL O ATATOUUEVOS YPOVOS YLOL THY AvATTUEY Xal ouUVTHENOTNG
Tou Aoyiouxot. Mia mo olvletn Soun apyelov araitel, Tpopavos,
TEPLOGOTERO Y WpO Yia va dnuoveynlel.

® URIPYOUY XAl TANOL RAPAYOVIES TOU TPEREL VA GLUVLUTOAOYLEH0UY 6To
xeovo avdntudrng tou apyelou, 6nmg 0 YpGVog avarTLENS TOU AOYLOUL-
x0U v Ta Bonintixd apyela, 6nwe To apyelo GUVIAAAY GV XAT.

e 1 Soxtpaoia (testing) tou hoyiouwxod tou apyelou elvar évag tpltog
TapdyovToC.

Evadhooetixd, avtl va yiver mifiprc avdntuln tou hoyiopixol, propel va
7 7z 4 /7 7z
yenowonomboiv €toueg Piaobnxes ywa pefddoug npoonéiaong, mou da-
t{Bevtan elte epnmopuxd elte elvar Swabéoiues péow tou dradixtiou. Xe pia
tétoln neplntwon, anatteltar tpoordfela yia Ty evonolney ot Ty oloYe-

YOTolnoY TV GUVLGTOWOMY.

O anattodpevos xpbévog andxpiong (responce time) elvar évag dhhog
oNUaAVTIXGS TopdyovTas Tou Aappavetar coPapd un’ 6dn xatd To PUOLXS
oyedlaoud tou ouosThuatog plac epappoyhs. ' napdderyua, av arattelito
andéxpLor, o€ ypoévo e Tadng Tou deutepoiénTou oTn YewpdTERY, TEpinTwo
xal 6yt NG TEENS AenTOHVY 1 nepLtoodTepo, T6TE To Tuyalo apyelo elval N po-
vaduxh emhoy. Av oL anotTAGES TV YENoTOV Yia TpooTéAAGT] GE XATOL0
apyelo elvar okl ouyvée, Téte elvat emtlBupntd o ypovog andxplong va elvat
s Waltepa oe auth ) dopk. Qotdéoo, o ypbdvos andxplong elaptdTan
ané moihovg olvletoug napayovtes. [ napdderypa, anoteiel aviixelpevo
g meptoyhc g Alwréynone Exldoore (Perfromance Evaluation) n peké-
™ Wl tépwy Tapayoviwy, 6w o puiudc dpng Ty At TACE®Y Tpog To
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ovotnua, o (Bl yapaxTneloTixd Tou ousThuatog (drwg ahyoptbuol ypo-
VOdpopHoAGYNoTS, XpOVoS evToniopoy, Tayltnta exclepyaoiag, Stabéowun a-
ooV TR VAN, alydelBpog avixatdotaong oehldwv) xhr. Xe xployeg
epappoYés bnwg ot ouoTALATA RpayPaTXol yedvou (6nwg ot ousThAUATA
ASPOTOPLXDY ETAURELOY YL XpaTnoes Oéoswy, oe tpanelixd | ypnuatioTy-
plaxd ouoThuata xAx.), npénel va ypnouroromboly texvixéc mapdhhning
avalhtnong, eved enlong npénet 1 Soph Tou apyelov va hauPavel ux” bdgn v
EAAYLOTORO(NOY TOU YPGVOU EVIONLGUOU.

Ye éva olotnua ToAAOY ypnoToyv elvatl oL SuvaTtdy oL EPOTACELS VoL O-

7 7 7 4 A 7

padonomnfoly xal va arnavinfoly we obvoro. Ankady, ayvoodvtac tn ocpd

pEng TV EpOTACEWY Xal JLATACCOVTAS TES XATE XATOLO SLaPopeTIXd TEd-
To uropel xat:

e oL tdpoL Tou oUSTAUATOS va yenoonotnfoly to arnodotixd (epyacies
oty xUpla PvApY xal 6to dloxo), alhd xou

o 1 u€om YPOoVIXH andXELeY) TEOS Toug YpNoTES va eAxTTwlEL

Avth n pé€hodog, nou elval Yvwoth wg palixoroinor (batching), avagpépbn-
XE YL Tp®d TN Qopd and Tov Shneiderman (1976) xau propel va epappooel
1660 xatd TNy enedepyacion Soudv e deutepelovoag f tng xUptag UvAPYS
660 xat o€ Ypovodpopordynor dloxwy. o napddeiypa, avtl o avalnth-
ot o€ éva oelplaxd B oe Eva devdpwxd apyelo va exteresholv aveddptnta
N ploe and vy Gy avdhoya pe ) oepd aping, elvat Suvatdy o xhedid
oV avalntoluevey eyypapdy va ouyxevipwloly xat va Statayfoly xatd
v tddyn Tou apyelov wote va anavinhody opaduxd. ‘Etol n edowxovéunon
npooneAdoewy 670 dloxo pmopel va elvar onpavtixy, xau Wialtepa LE
Bonbeio peyoahdy anopoveoTxdy pvnpoy. Onwc yivetar dpwg aviiinntd
N TEYVLXY AUTH XAvel Sudxplor o€ Bdpog HepXdV EpTHoE®Y oy xabuoTe-
pel 7 edunnpénoy Toug, Kote va edunnpetnlel ypnyopdtepa To cUvoro TV
cpwThoemy. Etol dev evdelxvutal yio yehon 68 GUOTANATA TEAYHATIXOV
Yeovou.

H Spaotnprétnta (activity) evég apyelou elvar éva pétpo nou delyvel to
TOGOGTO TV EYYPAP®Y TOU XUpLoU apyelou mou evnuep®vetal ot xdbe Tpé-
Eupo evde nmpovpdppatos epappoyhs. Eva apyelo pe mold peydro delxtn
dpaoTnetdTNTAg XoTd TEOTUNOY 0pYAVOVETAL XATA GEWLIXO TEOT0, ENELSH
oyedbov xdbe eyypaph Oa npénel va npoonerachel xau va evnuepwbel xatd
) Sudpxeta Tou tpedinatoc e egappoyhs. Eva apyelo pe younid Selxtn
dpaotnetotntag Ha elvar neplocdtepo anotereouatixd av opyavedel xatd
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tuyato tpéno étol bote va npoorerdlovial xdbe Qopd pbvo ov eyypapés
mou Oa evnuepwloly. “Otav pepwd nedlo plac eyypaphc dev evhuepdvo-
vTar 1660 Guyvd 660 dAAd, TOHTE EmLTUYYAVETAL XOAUTERY, enldoom av To
apyelo yopiolel oe dbo uixpdtepa, to éva apyclo otalepd xar to dhho e
neyaritepn dpaotnedtnta. To mpdfinua autd elvar xar aviixelpevo tou
roywol oyediaopol Ty Bdocwy dedopévov xar u peietnlel ota mialow
Tou aviioTolyou pabfuatog.

H petaBitétnta (volatility) evde apyelou elvar to pétpo mou delyvel
TO TOGOOTH TWY EYYRAPOV TOU ELGAYOVTAL B StaypdpovTal and To XUpLo ap-
yelo. ‘Eva nokd petaPaiidpevo oeptaxd xiplo apyclo avavedvetat pue pio
Sradueacia cuYYOVELOTS TV VEOY EYYRAPOV HE TS eYYpapés Tou apyelou
ouVIARY BV Yia va tpoxidel To véo xipto apyelo. H enldoon tov oelplaxdy
apyelov gbhiver boo avddvel v petafintdtnta Tou apyelou exeldy elvar ana-
paltnTy plo exTeTAEVn avadlopYdvwon axoun XaL Yid TEpLopLoeévo apthud
sloayeyHy f/xal Swypapdy. L'evixd, ou otatixéc Sopés dev npoogépovtal
oe cpappovés mou dtaxplvovtor and LPNAY petafinTtoTnTa.

Ou 8%0 autéc évvoleg e SpaoctnpldTnTag xat tng UeTafintotnTac Si-
vouv To Babud mpoonéhaorg tou apyelov yia avalftnon f yio evnpépwon,
avtiotouya, o plo ouyxexpuévn ypovixh neplodo. llocotxd pdiiota ex-
ppdlovial pe to A6Y0 TV eYYpapoy mou avalntodvial f eviuepdvovTal,
avtioTolya, Tpog T0 GUVOAO TV eYYpapody. 060 o mp®dTog AdYog Telvel
mpoc TN movdda (to pndév), 1600 wo wyupd elval To emyelpnua LREp TN
oelptaxhs (aviiotoiya, tne Tuyalag) opydvwone. H exthoyh elvar dloxohn
btav autéc o Moyog elva, v mapddetypa, 30% 4 50%. Mla tétowa exmt-
rovh Oo propovoe va urootnelybel wévo pe Bdorn ta aroteréopata plog
npocopolwons. Axdun npénel va Stacapnvichel av o napdyoviag petafin-
TotnTag opelhetal 68 amAlS EVNMEPWOELS N OF ELCAYOYES XAl dlaypapec.
Mia doph apyelov ISAM Sev dnuiovpyel npofifuata otny np®dTn neplntw-
oy, dnulovpyel duwe ot dettepn. Avtileta n owoyévewr twv B-3évdpmv
ouuREpLPERETAL TONY OUARE OTLS eLoaywYES Xal Staypapés.

Ytig heyopeveg Ytatiotixés Paoeig dedopévwy xdle eyypaph €xel ndpa
TOAAG Tedlo xaL GUVERKS ExEL LEYAAO HAXOS, EVE TaLTOYpova 0 apthuds Tev
eyypap®y elvar enlone tepdotiog. "Eva xhaouxd mapddetypa thg xatnyo-
elog authc elvar Ta apyela tou mEoXURTOLY XATA Tig anoypapés TANOLGHOY.
Ye epappovés autol Tou eldoug anmotteltar v clpeoyn TOU HEYLETOU, TOU &-
AEYLOTOU, TOU LEGOU GpOU H TNG ATOXAONS TOV TUYLOY EVOS GUYXEXPULEVOU
nedlov. Béfaa oe pla tétowa neplntwon n Spactnpiétnta Loodtar UE T



320 Kegpdraro 13

HOVAda, OUOS N 0pYAVWoY, TOV dedouévey 6To nepBIAioy auTd avTiue-
tonilletar dtagopetixd. Eneldd araiteltar 1 odpwon 6inc tng dophc tou
apyelou exterodvtag pla edavtintixh avalftnon pe Baor éva pévo ouyxe-
xpuévo nedlo tou apyelou yia xdbe epdnon xdbe Qopd, yenoyronoteital
pla Srapopetind opydvworn: to apyelo aviipetdbeong (transposed file),
mou npotdhnxe axd tov Easton (1969). H Sop# auth anoteheltar and téoeg
eyvpapéc oo elvar Ta nedla Tou apyxol apyclou, eved xdbe eyypapy tou
véou apyelov amotereltar and Tic TUES evog nedlou and GAeC TIg EYYPAPES
Tou apywxol apyelou. H tddn tov nedloy otic eyypapéc Tou apyelou aviiue-
tdheong elvar 1 (St pe v TddN TV EYYRAPOY 6T0 apyxd apyelo xal dev
neptéyel xabéhou delxtes npog xdnolo dhho apyelo (elval xbplo apyelo autd
T0 Buo). Elval mpogavég dtu to péyeboc tou apyelov avtpetdheone elvon
(oo pe o pévebog tou apyixic dophs. otéoo otig Sradoynés Tiuée plog
eyypaphc Tou apyelov avtetdbeons uropel va epappoochel puio teyvixh ou-
unicong pe oxomd TN LeYarvTepY owxovoula 68 xodeo xat ypévo. Ev ndoet
TEPUITOOEL, YL T otatiotxd enelepyacio evic nedlov Tou apyxol apyelou
dev mpoonehdlovtar and 1o dloxo doyeta dedopéva ahhd pévo 1 oyeTIXh
eyypap”h tou apyclov avtuetdfeonc. Béfowa, npénel va onueiwbel 6t to
x667T0g Yoo T dnurovpylo xal tny evnuépwon Tou apyelou avtiuetabeornc
KOY® TOV ELOAYOYOV XoL SLaypapdy elvar UPNAs.

Ytevd ouvdedepévy pe tic Paowxés €vvoleg TN SpacTnELdTHTAS XaL TN
petafhntétntac elvar ) évvola g ouxvéTttag xprons (frequency of use)
Tou apyetou. O nmapdyovtac autdg elvar enlone nokl oroudalog yia tn ow-
oth puowh oyedlaor. Koatd xavéva 660 mo ocuyva yenowronoteitor pin
dopy, 1660 mo Loy vpol elvat oL Ay ot Tou emPBAAROUY THY VAOTOMNMOT TOU UE
uio Tuyala opyavewon.

“Eyet Stanmiotolel enlong 6t ouxvotTnTa Avapopds TOV EYYPAPHY
uloc doung dev elvar otabeph ahid petadietar. Aniadn, tpoxtixd €xet Sia-
motebhel tL w0 80% (o 20%) v eyypapdy avalntdvral pe mbavétnta
20% (avtioTouya, pe mbavétnta 80%). Auth n napathenon Aéyetor xo-
vovag tou Heising xat ouvetéhese 6Tov oplopd TS AEYOUEVNG CTATIOTIXAC
xatavophs 80-20 (1963). XuvAboc pditota oL mo cuyvd avalntolueveg
eyypapés elvar exelves mou €youv ewoaylel otn doph teheutales. "Etou av
xdrota avtarlhoxtixd plag anofhxng avalntdvrol no ouyvd téte Ho Enpene
va tonofetnloly ot dopy, étol Bote va ehaylotonoteltal o ypdvog and-
xprong (v mapdderypa, otny apyf plag ahuoldag xat dyL oTo téhog Tng).
Ou Seutepedovieg xatdhoyol evic apyelov Oa €xpene va aviuetwricholy
xatd tov (Bto tpbdro, Ou €npene va tomobetnloly otov xevtpued xUALvdpo
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Tou dloxou, ®ote va chayiotonownlel o ypdvoc evromopol. [a Aéyouc
guxohlog TOAG ouyvad yenoyronoteltal oe neAétes Ye avalutixd urdfabpo 7
unéleon epyaoiag b1t dheg oL eyypagés avalntodvia toonlfava. Qotdoo,
7z e /7 /7 7 /7 4 e
€yel anodey el wotdoo and 1o Xpiotodouhdxn 6tL N nopadoyh odnyel o
RECOUOTIXES EXTULAOELS TOY dLaplpmy ypovix®y aratthocwy (1984).

Me <ov 6po opadoroinoy, cuyxévipwon # cuvdbpoion (clustering,
aggregation) Twv dedopévev evvoeltal N teyxvixf tornobétnong tov eyypa-
9oy mov oyetiloviar xar Ha avalntnloly tautdypova oty (Bua cerida 4
oe yettovixéc oehides oto dloxo. Katd tov tpdémo autd emtuyydveTtal xa-
Nitepn enldoon xatd v avalfnon. Do napdderypa, Sivetal éva apyelo
AVTHANAXTUIXDY UE TEWTEVOY XA TOV XwdLXd TOU AVTARAAXTXOU oy &l-
vau éva arpaptiuntixé nedlo. "Eotw, enlone 6t ta xoppdtia pe xwdt-
xotg and 21TAK300 wc 21TAKT700 arolOnxedovrar oty (Sia neproyh Tou
dloxou. Qotéo0, diadoyxés ewoaywyés exatd xoppatidy and 217TAK400
g 1o 21TAK499 propel va npoxarécouy npdfinua 6T QUOLXT 0pYAVWOY).
Mepixéc Sopés umopolv va anoppo®hoouy T GUYXEVTP®OT) TV SeSOUEVLDY
ywplc Waltepa npofifpata (owxovéveia B-8évdpmv). Ye dhheg dopée dpoc
dnutovpyeltal Tomxh unepyelloyn pe ™ cuvaxdrovdn ntwor tng enldoong,
eved og diha onuela e SopAS To T060GTH ypnoorolnorg Tou Yheou elvat
OYETXA YOUUNAG. LoTh uoxh oyedlacn tng ouvdlpolong Towv dedoué-
vov araitel obvleta palbnpatied epyaiela, dnme yio tapddetypo pabnuatt-
x6 npovpaupatiopnd. H emoxdérnon and tov March (1983) elvar WSuaitepa
XOTATOTLOTLXT.

Ye noikég epappoyéc mpaypatxol ypdvou elval mohs xplowo Oéua va
undpyel uhnif Srabeoipwdtnta (availability) tou apyelou, dnhadh va elval
avd ndoa otiyph dwabéouo xar TAfpes eviuepwuévo. XTg TEPITOCELS
autéc Sev oy el n L€hodoc tng drathenonc xiptou apyelou xar apyelov Gu-
vorhayev. "Okeg oL sloaywyéc xar diaypapéc npénet va yivouy 6Tto xbplo
apyelo mou mpéner va elvar oty eviéieia evnuepopévo. Autd €yxel wg ou-
vénel TNy anoQuyYh oeplax®dy apyelov. Axéun pepixéc @opés ol ouoxeuég
anobfxevone nabaivouy BAdBec. [ va amogeuylel auth n xatactpopun
neplntwon, ta dedopéva anobnxelovtal dGo N xat neplocdtepes Yopés olU-
pova pe Ty npaxtixh Tov ovotnudtoy RAID (8e¢ Kegdiawo 2.6). “Exot,
ot epappoyés elval ndvtote on-line, axdéun xar av xdrwowa dedopéva yaboiv
and Prafrn tou hoyiopwxol 1 tou dloxou. Mia devtepn evariaxtixh Abom
elval 1 ypnon popntdyv off-line Sloxwv xat yevixd 0 Taxtxh Ajn @edpixdy
avtypdpov (backups).
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"Aldote propel va uny xatactpagel 0 0AOXANEOS 0 dloxog, Ak Loévo
éva uxpd tuipa tou. Iladhabtepa frav anapaitnto va urdpyouv poutiveg
avaxtnong N avadnuiovpying Tov apyelwy and ta epedpwxd apyelo xar o
urérowna Bondntixd B wotopwd apyela. Xta ovothuata RAID n neplntw-
o auThH avTLEeTORILETAL CUOTHUATIXE, XAl 1] ATOXATACTAOY), TV dedouévmy
vivetal pe ) PoRbeia eldixdv xwdxdv Sidpbwonc habdy (error correcting
codes). H avdxtnon (recovery), howmdyv, elvar pla axdpn onuaviixh napd-

LETPOC.

H Swaduxaoia tng avadiopydvwaong, énwg eletdolnxe, o Suvamxés do-
néc yivetar xatd N Sudpxewa tng encdepyaciag e Souhs. Avtifeta oe
otatixés dopés (Snmg oaplaxd, Tuyala apyelo, ISAM xix.), étav neptodixd
extereltar auth N avayxala Stadixacia, téte to apyelo tlhetar off-line, -
rad¥ Sev elvan Stabéowo otoug ypnotes. To mpdfinua tng Béhtiotng entio-
YIS TOU Ypovou avadlopydveons Exel tpoceyyialel avahutixd xatd moihovg
TpdRoUg Tou avapipovial TNy extoxdéanoy tou Sockut (1979). Ytny npdln
lowg YENoLLOTOLOUVTAL LIAAOY TRpAXTIXES GUYVTAYES YL TN CWOTH ETLAOYT
Tou Ypovou avadiopyavwons. [a napdderypa, av yivel dexté ot oe apyelo
ISAM o eyypagéc unepyeihong xatahapBdvouy to 80% tou cuvoxol Y-
pou mou €yet dtatelel yia Ty unepyelhion, Tote pla TETOL TEAXTIXH CUVTAYH
urayopelel 6t Avabiogydrwon tov apxelov Teéter va yive tny Wty vikTa
ToU 1] wEQLOXT) UTEpXElNonS vregfaiva 1o T5% Tov ourolkoU xonouyuomoLnué-
VoU XWRoU Kat otay 1 pEon nusenola avinon s mEQLOXTIS UTEQXEINONS elval
10%.

H tpworudtnta (vulnerability) oyetiletar pe tny ixavétnta tov Sopdv
va elvar avlextixés oe mbava Aaln. Ye pepixéc Souég elvat mo elxoio a-
n6 6L oe dhhes va yabolv dedouéva and Aabog npovpappatiotnsd. Eoto
ot urdpyer in aduolda and delxtec, dnou n eyypaph A Eyel éva delxtn
mpog Ty evveaph B, n eyypaph B €xel éva Selxtn npoc v eyypapn I
xox. Av ané Adboc xatactpapel éva delxtng tng axorovbiag Ty dewxtdv,
tote pepxd dedopéva Oo yabolv. ‘Opwg, pe yphon, yia mapddetypa, St-
AR ahuoidag propel va anopeuy el auth n Suvatdtnta. Mia evdiagpépovoa
epeuvnTXh RepLoyh elval oL ebppwateg douég (robust structures) mou pe-
reToly Ghec Tig yvwotée pebddouc opvdvwong (v napdderypo B-3évdpa,
Moteg xhn.) Gote ypnoworowdvrag nheovdlovtee (redundant) delxteg va
emteuylel audnuévn aomotio, éotw xat ot neplnTwon nov oupPel xdnoto
rboc.



Y6yxpLomn TV Soudv 323

Avaxepoaraidvovtac avapépetar 6Tt pepxol and TOuc TEONYOUUEVOUS
rapdyovteg elvatr ouyxpoudpevol. [a to Aéyo autd, oty pdon tng PuoLXAc
oyedlaone dlvetal npotepatdTnTA TOU EVOS TopdyovTa évavtt Tou dhiou. Ta
mo ouvniopéva Leuydpia avtitithépevoy napaydvioy elvat:

o 1 muxvoTHTA ouvdlpolong EvavTl TS TaYUTHTAS AVAXTNOTS,

o 7 TayUTNTA AVAXTNONS EVOVTL TOU XGGTOUS TOU UALXOU,

N eveldia oty avalAtnor évavtl g TayiTnToc avaxTIRoYg,

N euxohla oTY Stathpnon Evavtl e nuxvétnTag cuvabpolorng,

N YAUNAR TONITAOXOTNTA EVAVTL TNS ATOTEAETUATIXOTHTAS, XAl TENOS

& 7 VAXTNOWLOTNTA £vavTl TNS LPNAAS TOAUTAOXSTNTAS.

Anarteltot
Yefiyopn
TpooTEIRGY
NAI OXI
Tiovheta Meydhn
xhetdid cuyvéTyTa
xal GYECELS ; avapopds ;
O}/\AI NAI OXI
Muxpbde Evdelxvutar Yrndpyet Afoxog %
Xp6VOG pdon Ry VT Tuvia yia
andxpLoNG ; dedopéveyv Tuvia ; TaydTnTa ;
O)/\AI O}/\AI TAINIA AIXKOE
Apxeti . Evdelxvutar Araitnon Evdelxvutar Mrxph
; Evdelxvovtar , ; , )
orpLaxt, ol cuoxeL dpeon poy ynTch, cuyvéTnTY
enelepyacia ; X palixhs TPOCTEIAOY ; Tuvia avapopds ;
apxee anobfixevong
. AXI . }/\AI . //\XI
Evdelxyuytar Evdelxyuytar Evdeixvutat Evdeixvutat Evdeixvovral Evdeixvovral
Geiptoxd Toyaia Ry VT Ry TGS GELpLaxXd GELpLaxXd
pe delxty apyela Touvio dloxog pe delxty apyele

Yy 13.1: Aévdpo anopdoewy via ETLhOYH 0pYAVODONG Xt LEGOU.

T nepocdtepes popéc M emhoyy elvat oyetixd eixohn, woTé60 GU-
¥ V& urdpyouy duoxohies emhoyhg ap’ evdg uetall oelplaxdy apyeloy xal
ostplax®dy apyelov ne delxtn ap’ etépou petadl oeplaxdy apyelowy pe del-
%N xou tuyalewy apyelwv. Yto QUi Tou 3EVEpoU anopdoewy Tou Ly hua-
toc 13.1 rapouoidloviat oL XA TIAMNAES 0PYAVOOELS YLX HERLXES TEQLTTOOELS
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mou uropel va eugavicfoly ouyvd otny mpddn. O avayvootng xaheltar va
OUUTANP®GEL XAl v 0AOXANE®oeL Tov nivaxa pe Tig Soués nou dev avapé-
povTal 6Tov mivaxa autéd, ahid €xouv Hdn napouciachel ota nponyoluEva
XEQEIALAL.

13.3 Ezni)oyog

Ta apyelo npénet va Oewpnloly wec puoixéc exextdoec Twv dopody dedoué-
vov g xbptag uvhuns. Ot dbo Baouxéc Stapopéc toug elvat to pévehog xat
7 enidoon) touc. llap” 4t SratiBevtar epnopixd ohoéva xaL neplocdTepo He-
vahes xat 9Onvéc xlpleg UvAUES, eV TOUTOLS S8V HIOPOUY VAL LXAVOTOLAGOUY
HEYahéS eQappoYéc. Ltny npddn dev elvar acuvilioTo va cuvavidvtal ap-
yeloa TOAR@V exatoppuploy eyypap®dy xot to pévelidc touc va npooeyylet
To dathépevo ybpo oto dloxo.

Enlone, elvar yvwotd 6tL n xlpia pvipn Sev propel va dtatnehoet ta
dedopéva PETA TO TEAOS TOU TPOYRAUMATOS TOU Ta yprolronolnoe, yiotl di-
ra dedopéva €pyovial pe TN oepd toug oty xUpta PvAun. EZ dikou ta
dedopéva Tng xOpLag UYAUNS YAVOVTAL HOALS CTARATACEL 1) TUPOY T TOU NAE-
xTpwol pelpatog. “Etol pe n foRbeia tne Seutepetovoag pviung ta apyela
uropoly va Statnenfoly yia okl xoupd.

13.4 Aoxvoelg

<1> H etapela nototxdy xaptdv " lhaotnd Xefua AE’ Swatnpel ta
dedopéva Tov tedatdy g ot €4 apyela pe ta edfc yapaxTneloTIXd.

o Apyclo tpeydviwy rovaplaopody pe 100.000 eyypagpéc tov 50 bytes.
Kabnpepvd yivovtaw npooneidosig 610 apyelo autd yia p0THGELS Tou
APOPOLY 6TO UROAOLTO XAl TO TULOTOTIXO 6pL0 THS XAPTAS.

o Kipwo apyelo nehatodv pe 100.000 eyypapéc Ty 200 bytes. H npoone-
Ko propel va elval elte dueon elte oeprax. To apyelo evauepdvetal
xatd TN Sidpxea TS YOXTAS.

o Apyclo cuvakiaydv pe 3.000 eyypapés twv 100 bytes. Anupouvpyel-
ot xalnueptvd xar oL npoonehdoeis yivovial osplaxd e xAed( Tov
aptpd e xdptag. lloté Sev yivovtaw evnuepdoets.
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o lotopwd apyelo ouvadrrayody pe 20.000 eyypapéc twv 100 bytes. E-
vruepdveTal xalnueptvd xat neptéyel Tig cuvariayés e eBSouddac.
Ot npoonerdoeic elvar mod) Aiyes xat yivoviat oeptaxd pe xheldl Tov
aptpd e xdprTag.

o Bpedpwd apyelo neratdv pe 100.000 eyypapés twv 200 bytes. Evn-
nepovetar xabe efdopdda eved npooneidoels yivovial Luévo oe mept-
RTOOELS AVAYXNG.

o Eqedowd wropwd apyelo cuvarhayoy e 80.000 evypapéc twy 100
bytes. Ileptéyer Tic ouvahhayés TwvV Te60dpwy TeAeuTalny Bdoud-
dwv. Evnuepdvetar xdbe eBdopdda, eved npoorerdoes yivovial oe
neplnTwon avayxns.

[l xd&0e éva and autd ta apyela va extiey el pla pébodog npoonéiaornc
nou ehayLotonolel To xb6oTog StaThpnomg Tou apyelou xal napéyel TauTdypo-
va 6hec tig {nrodpeves anatthoelg. O dratbépeveg uéhodot npooréracnc
elvatl 1 oeploaxt, N dpeon xou v oewpraxh pe deixtn. Ta Seutepetovta péoa
aroffxevong elvar 1 tawvia, mou xootiler 5 1o phva xar 19 yio xdbe yph-
or g, xaL o dloxog mou xootilet 0.8% avd drpaxto. Alvetow bt o dloxog
arotereltar and 40.000 Mb/drpaxto xar 10 atpdxtoug/xdivdpo. Exlong,
va Bewpnfel 671 dueon pébodog npoonéracng arartel 40% emniéov yodpo,
eved 1 oelptaxh pe delxtn arawtel 25% emmhéoy.

H andvnon npénel va nepiéyet unoloyiopols tou x66Tous yia xdbe ué-
Hod0o npoonélacnc o cuVSuacUS e To péoo anolfxeuong, €ToL BELata Wote
VO LXAVOTOLOUYTAL OL ATALTAHCELS TOU YpRoT.

<2> Na oyedachoilv ol xatdiinies dopés apyeloyv v plo Bdorn dedoué-
vov agporopixfic etatpelag. Ou minpogoples ouvniéotata avalntdvral pe
T €&Hg xAELdLA:

e Ovopa Emfdrn,

o ApOudc nthone xou Huepopnvia,

o Ténoc Avaydenone xau llpoopiopos, xat
o Xpovixh Audpxeta.

No Oewpnfolv evarhaxtixés Soués npOTEUGVTIWY XAEBLOY UE YVOUOVA
ot ot Sopée mpénel va evonownboly oe evialo olotnua. Ta dedopéva mou
xpatolvtat elvat ta .
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o Ilpdypappa nthoewy. Aolévtog evic Leuvaplod néremy xar nuépag

NS eBS0PAB0g Xal TV OYETIXGDY TERLOPLOUGDY OF avaywehoels xat/H
apileic to olotnua va divel tig evarhaxtixés Swadpopés. Enlong, npé-
mel v Statnpovvtal ototyela yio T Stafeowpdtnta Tov xAdoewy ot
O¢oeic, wote va epavilovtal névo ol nthoes nou dwahétouy Héoerc.

[I<hoeg. [ xdbe otiypdtuno nthone (ouvduaoude aptbuod nthong
xat nuepopnviag) mpénel va Swatnpolvral rhnpogopies yia Tov TURO
TOU AEPOOXAPOUS, TS WEES avay®penorg xaL dpiing yia xdfe otdon.
Enlong Oa npéne yia xd0e tpuhua nthong va Statnpolviat tinpopoples
v ) Swafeodtnta xdbe tdine oe Oéoeic, yia tn Srabeoiudtnta o
OYx0 xaL Papoc QopTiou, Yid PopTOOELS YEUUAT®Y, YLo TOUS eXBATES
xaL v T Aota avapovic. Axduy, vy xdle otdor Oa npénel va Swa-
weeltal o apthpds Tov enPatody mou petafiBdloviar oe dhkn nThHo
xat 0 aptiudc twv enBatody nou exPBiBaloviar 6Tny TTHON AUTH.

EmBdrec. o xdfe emfBatn, elte €yer xpatnoer Oéon elte elvar oe
AMota avapovic, Oa npénet va dtatnpodvtal ta e€hg otoiyela: dvo-
pa xat tithog, Stevluvor, Spopnordyio xal xwdixds etontnpiou, THnog
yvevpatog, anatthoels yia Eevodoyelo xal evouxiaoy autoxtvATtou xat
OVOUATO GUVERLBATOV.

Ot daduxasies mou Oa npénet va urootreilel 1o olotnua opadoromnuéveg

avahoYa ME TN oUYYOTHTA Tou UTOBAIovTAL WS eERS.

o Iloikéc gopés avd deutepbrento. Kpdtnom Oong, axdpwon xpdtnong,

ep®dTNoN Thavey dpoporoyioy, Eheyyos dabeodtnrac Héoewy, Ex-
doom etonnplou.

[Hodrée popéc avd dpa. Anuouvpyio otiyuéturou nthorng (cuvhbog
pepxols MAVES TpLY TNHY avay®enon TN KTRoNS), dnuLoupyion Thnpo-
popLdY avaywenons (Gpa avaywenons, thnpopoples axup®oEwy, a-
TOAELES oUVSECEWY XAT.) Xt SLaypagy 6TLYHLOTUR®Y TTHoEWY (GUVH-
Owe €va ufva HeTd TNV TTHON XEATOVYTAL OTATLOTIXA GToLyelo XaL Ta
replocdtepa dedopéva SlaypdpovTat).

Mepwéc gopéc To ypbévo. Avabedpnon otouyeloy nthocwy (tinog
AEPOOAEPOUS, SPOUORSYLA, DPEC AVAYOENONS Xal APLEng XAT.)
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o Opvdvwon uvhuns. To obotnua Sloxwy propel va anolnxeloel dha ta
apyelo, VO 6TV XBELA PVALY UTARYEL ATOLOVEOTIXH VALY ToU puropel
Vo Y0RETEL TOUS XATAAGYOUS Xat Mepxés oehidec dedopévwy and
deutepelovoa anolbixeuom.

Kiprog oxonde tou puowol oyediacpol elval 1 YeRyopn andxplon Ty
TohU oLy VoY epoThotwy (Lepés acponopxés etanpeles déyovtal éva exa-
Topulplo ouvarhayéc tny nuéea). Argutepeloy oxorde elval v ano@uyh
nepltToOY enavarfidpewy otoyeloy. [ napdderypa, ta ototyelo Tou emBdTy
vo xpatouvTal névo pla opd av xot o exBatng uropel va emBifachel oe
RoMAES Bladoyixéc nThoeLs.

YrotiOetal 6t ex pépoug evig xaTaoxeuaoTXol 0(xou AoYLoULX0U Tpb-
xerton vo unoPdhhete o pio peydhn agporopixy etawpela (xaL vo apoupbeite
vevvabdwpa) pla éxbeor pepuxdy oerlidov (ywels pabnuatixéc arodelleg
ahhd p6vo pe mowtd otolyeln) pe T mtbavég emhoyég xaL TRV REOTULS-
TEEYN TEAXT) AUOT YLaL TIS 0pYavHoELs Tov apyelwy mou Ha yenowonothoeTe.
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NEOTEPEY. EEEAI=ZEIY

14.1 Ewsayoyn

Ta oupPatixd cuethuata Stayelpionc Bdoewy dedopévwy propoly va ava-
naptotody xou va Stayetpllovtat pe peydin euxohla ankd Pabumtd dedopé-
va (6o axecpaloug  mpayuatixols aplpois, nuepounvics, oupforooeipég
xhx.). Qotdoo, urdpyel wio TAnbopa vEwy olyypoveY EQAEUOY®Y, 6oy
ot dopée mou edetdobnxay ota nponyYovHEVA XEQIIALA ATROSEXVIOVTAL AVE-
rapxelc. O Adyog elvan 6TL oTig epappoyés autés uneloépyoviatl véol TUrOoL
dedopévov (v napddeypa, un fabpwtd peyédn), ondte anattolval eviehds
véec Souixéc npooeyyioels e oy€om e THY ATOTEAEGUATIXH anolfxeuon xat
Srayelpion Twv dedopévey autdy. Xto xepdrato autd a eletacholdy Souée
TOU YENOLLOTIOLOVYTAL G TRELS REPLITOOELS EQUPHOYOV: O YwpoTalixés,
og dlaypovixés XaL oe Ywpoypovixés Pdoelg dedopévmy. XNtn ouvéyela, v
x&0e pla and tig nepunteoes autés dlvetal To mhalowo avaopds Touc.

O ywpotalixéc Pdoeig dedouévwy (spatial databases) xaklztouy é-
va eupt pdopa epapuoy®y mou Swayepllovtal yeopetpixd dedopéva, dnmg
onuela, ypaupés, ToAlywva, ETLpaveles i 6YX0oUg 68 Y OEouc Vo, TpLody 7
xaL neptocotépnyv dwotdoewy. llpogpavde 460 peyardver o apthuds tov
Staotdoewy, 1660 To TEdPANua g Stayelpone xablotatal Suoxordtepo. H
avarapdoTacy xal 1 exeiepyacia noldidotatwy (multi-dimensional ) avti-
XELLEVODY ATOUTOUVTAL GE ROAAES EQAPLOYES, OTWC:

Xaproypagia. Yrdpyel n avayxn vyt avarapdotacy yaptoy, £ToL OoTe
Vo UTOPBAANOUME EPWTACELS YEWUETELXOU TUTmOU, 6nws: Lo elvan

330



Neébrepeg e&erilers 331

7z e e e 7 AN 7 e
To minoéctepo oyoielo npog dobeloa xatowio;”, “1Ilowd vocoxopeia
Beloxovtar evtdg tne ouyxexpuévng neptoync;”, Lo ddon Swaoyl-
Lovtat and motduia;’, xox.

Yvothpata CAD. Ye cvotipata oyediaouol xuxiopdtov VLS npérel va
arobnxedoupe éva peydro aplbud avixepévoy (dnog transistors, ni-
AES, AAT.), TOU ATOTEROUY T0 OROXANPOUEVO XUxhwua, xaBdg xaL Ti
avtiotolyeg ouvdioeLc.

Popmotixd. Ye Bropnyavixd cuothipata elvat anapaltnyto vo undpyouy du-
vatdtnTeg TEYNTAC Spaome (computer vision). XTig nEPLRTOOELS AU~
tég, oL avtlotoiyolr awsbntipes (sensors), npénet va draxplvouv Toug
OYX0UG, TLG EMLPAVELES XAl TLG ANOOTAGELS TOV dLapdpwy aviixelpe-
YOV, X0 Vo aAMAETLSpoUY pe aviiotolya arnofnxeupéva dedopéva.

‘Eprepa Yvothpata. Ye funcipa cUoTALATA BPACEDY SESOUEVODY YENOLULO-
rotovvTan xavéveg (rules) yia tny efayoyh yvoons. H avaldtnon tou
XATIAMNAOU XAVOVE HECH and €Va GUVOAD XAVOVOY SLEUXOAUVETAL av
undpyel évag xatdhoyos (rule indexing). ‘Etot, o xavéveg Bewpoi-
VTal ¢ YEUETpLXE avTixelpeva (vio napddeiypa, onuela h yeouuéc),
ondte N avalATnon xavévey avayeTal 68 YEOUETELXO TpoBinua.

H avayxawdtnta yia yopotalixéc Bdoelg dedopévwy £xel yivel théov avtihn-
TTH and TOUS BLoUmyavixots XATACXEVAOTES PAoewy dedouévey, nou €youy
3N epmioutios o wpoidvta Toug pe avilotouya epyakela (v mopddety-
pa, to Spatial Data Cartridge tne Oracle, yopotalixd Datablades tpltwv
xaTaoxeuaoT@®v Y Ty Informix xix.).

Ot rapadociaxés Baceis dedouévey avanaptoToby TNy Tapotod XoATdoTa-
on xabe popd. "Eto, dtav cupfaiver xdnota Staypaph i Xdnol avavéwon
yavovtot ta tponyovpeva dedopéva. 261600, URdEYOUY TOAAES eQappoYEg
6mou anawte(tal N avonolnon epwthceny tov oyetilovial pe To napehldv
7 to pérhov. [ mapdderypa, epwthoec mou apopoly 6to napehloy Ho pro-
povoav va elvat: Ilowd Arav n eéndn Tou Twdptbuou and 1/1/1990 péyel
31/12/1999;", % “1l6te 0o mobBdc tou urakfhou A Arav peyahdtepog and
0 wobd tou vrakhihou B xatd to ypovixd Sdotnpa and 1/1/1990 péyer
31/12/1999;". Avtiotouya, pla epdtnoy oyetixd pe péhiov Ba prnopovoe
va elvar: " lowdg Ba elvar o mknbuoude tne EXMddag to 2.010;” (Bewpdvrag
T0 péoo pubud adinorme tng teheutalug dexactiag). O cpwthoeg autée
elval xhaowxés neptrT®oelg ou dev puropoly va wavorownfoly and napa-
Sootaxéc akhd and Sraypovixés Pdoelg dedouévwy (temporal databases).
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Yt Bdoeig autée, ot Saypapés XaL oL AVAVEDGELS dEV EXTEAOUYTAL UE QU-
o6 Teémo alhd pe hovixd, dnhadh ta aviictorya dedouéva ouveyilouvv
vo uRdpyouy ot Bdorn akhd | onupadepéva’ pE XATAAANAES Y povoappay(Bec
(timestamps). Elval npogavéc 611 oe tétoleg epappoyés undpyouy xdnola
Wraltepa yapaxtnetotixd. To npdto yapaxtneiotixd elvar 6t o aviioTot-
YES dopéc XATAAGYOV anattoly Tepdotio anolnxeutind yopo xaldc ouve-
¥ O¢ Oa déyovrar cuveyws véa dedopéva. H analtnon avth Arav npdypatt
éva npdéfinua oto nopehldy, byl duwe niov onuepa xabog oL yoenTXdTn-
Tec TV dloxwy elvar Tepdoties xat Oa cuveyloouy va auvidvouy 6to péRhov
pe paydato tpéno (dec Kepdharo 2). H deltepn analtnon elvar 611 o uro-
Bakhépeves epwthoes dev agopoly pnévo Tig Tiés Stapdpwy medlwy, ahkd
enlong npoodioptlovy ) cpwtoly yia Tiués g ddotaong tou ypdvou. e
oyéon pe v analtnon auth €youv mpotabel mohiéc evariaxTtixés Aloeig
mou O eletacholy oe endueva uroxepdhaa xat Tov npoonafoly vo oupfi-
Bdoouy tny enldoomn TV SLaPieeY ELWTACE®Y XATA TOV ANOTEASOUATIXOTERO
tpéno. Exl tou napdvtog dev undpyouv eunopixéc Swaypovixés Paoelg dedo-
névoyv. Qotéco, dev Oa apyhoet auth N oTiyph xaboe €xet Stamtotwlel 7
XENOWOTNTA TNG SLAoTAGTS TOU Ypovou. Xapaxtnelotixd elval To yeyovic
6t véa €xdoom e yawoooac SQL Swabétel evioréc mou oyetilovtat pe
Sayelpion Tou ypbvou.

H nepoyh tov xopoxpovixdy Bdoewy dedopévwy (spatio-temporal
databases) elval pla véo neployh mou npoéxude axd o cuvduaoud Ty dbo
nponyoupévey. la napddetypa, ouyva tihevtal cpwthoes nou oyetilovta
HE AARAYES YEWPETEXGDY avTXEEVOY 6T0 Ypovo. O dpog “akhayh’ unodn-
AOVEL TOAAES REQLRTOOELS, OTWS: TNY XIVNON ONUELDY, ENLPAVELDY B OTEREDY
070 Y ®po (dnhadh mpolhApata oyeTxd pe Tpoytés), TV EXEXTACT) ERLPO-
veLdy, T SLOYXWON 6TEpE®Y CwPATwY XAR. 1o tapdderypa, yweoypovixés
epwthoels Oa propoloay va eivar: " llowd ehaxdntepa uropolv va Pploxo-
vTaL evi0g TN oUYXEXPLULEVNS TEeploy s méoa oe b hentd;”, " Ilowd frav 7
mxpbtep andotaoy PeTall Ty Tpoytdy dUo acponidvwy;’, TIlowd Arav
éxtaon tne Muvne Aayxadd axd 1/1/1990 péyer 31/12/1999;" A *llowéc
ftay ot 10 supwraixéc ndhelg ue to PEYARVTERO TOGOGTO NAOPAVELAS XATA
0 1999;". Elval mpogavéc 6TL oL gpothoec autés elval ouvletdtepeg and
avtiotoiyes ywpotadés B Staypovixés cpwthoes. Aopés mou urootrel-
Louv tétolou tinou epwthoes Da eletacholy ota teretalo unoxepdhata Tou
TapdvToc xepaialon.
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14.2 R-dévdpa

Ta R-3¢v8pa (R-trees) npotdhnxav and tov Guttman (1984), xou to dvo-
Mot TNS TpoépyETal and To apyxd yedupa e ayyixic Aédng rectangle.
Ta R-8évdpa yenowetouy yia tny anobfxsuon xat Siayelpion onotwvdh-
TOTE YEWUETPX®Y avTXeévey oe onolovdnnote apthud Swactdoewy. [a
Koyouc euxohlag, otn ouvéyela N TEPLYPAPR TN Sounc apopd y®po dlo
dlaotdoemy.

To onuelo agetnplag elvar 6tu xdbe avtixelpevo mou mpérer va ano-
Onxeubel npoodiopiletal and to ehdyLoto mepiyeypaumévo opboydvio
(minimum bounding rectangle, MBR) pe mheupés napdiinhes npoc toug
dZoveg, onwe gaivetal oto Uyfua 14.1. Anhad¥, otn Souh dev anobrxedo-
VTAL 0L AETTOPERELES TOU AVTUXELLEVOU, AAAE [L6VO To 0phoydvid tou. Autd
amiouotevel ) Soun xaldc 660 neplmioxo xau av elvar Eva aviixelpevo, Te-
Axd aviupocwnevetal and éva anié opboyodvio. Béfara av unofinlel pia
ep@NoN 61N dopy), Téte T opboydvia mou Oa npoxidouy oy €€0do npénet
va ££eTaoTolY RENTOUEPESTEPA, SLOTL HE TNV AVONARACTAOY, AUTH yAVETOL
N emaxpBhc popeh tou aviuxeévou. La mapddetypa, €otw 1 epdInom:
*Howd avtuxelpeva téuvoviar and to avixelpevo A;’. Yto oyfua palvetal
ot av xou To opboy®dvio Tou avtuxeévou A téuvetot and to ophoydvio Tou
avtxewévou B, evtoltolc ta avtuxelpeva A xar B dev téuvovtat.

<

T

Yy 14.1: Topr 8o opboywviey yowpels va téuvovtal Ta avtixelpeva.

R-8¢v8po0 tdéng (m, M) elvar 1o etepoyevég dévdpo pe ta e&hg yapaxtn-
pLoTLXA:

e xdbe @ilho mepiéyer petald M xaw m < M /2 otouelov Tou tinou
(R,0), extdg av elvar plla. Ta xdbe Levyog (R,0), R elvar o opho-
YOVLO Tou avTixeévou tou npocdiopiletal and tov xwduxd O,
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o xdbe comtepxdg xopPog nepéyer petadd M xaw m < M/2 otouyeloy
winou (R,P), extéc av elvan pila. T xd6e Lebyoc (R,P), P elvan évac
delxtne mpog x6uPo xatwtépou eninédou, eved R elvar to opbhoydvio
mou nepuxielel 6ha ta opboydvia Tou aviioTtolyou xéufou.

o 1 plla €xel TovhdyLotov dUo nadid, extég av elvar @UAlo, xat TEROg

o Gha Ta YUAAa Pploxovtal 6to (Suo exinedo.

Ané 7o oplopd gaivetal 6t 10 R-8£vdpo elvar Eva tooluyiopévo 8vdpo xat
anoteiel yevixeuon tou B-3évdpou oe neplocdtepec Swaotdoes. Exlong, on-
HELdvVETAL 6TL oL X6uPoL Tou 3Evpou avTieTolyovy ot aeildec dloxou, evd
N Soph elval Suvopxer xar dev anatteltal neplodixh avadlopydvworn Aoy
ELOAYWY OV T Staypapdy.

_________________

Yyfpa 14.2: Opbovdvia oto eniredo.

Yto Yyfpa 14.2 gaivetat €va oGvoro ophoywvieny nou arnoteholy ta 0p-
Hoyodvia xanowwy Siodidotatoy aviueévoyv. Ta Bacwxd opboydvia mou
nag evduapépouy eivar ta A, E, Z, H, O, I, K, A, M, N xat O, nou ano-
Onxedovar ota pliiia Tou R-8évdpou, dnwg galvetal oto Yynua 14.3. Ta

AR

[a[e[z[u] [o]1[K][a] [M[N[O[ ]

Yy 14.3: R-8évdpo yia ta opboydvia tou Lynuatog 14.2.
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opboydvia A, B xat I' anoteroly ta oplovdvia mou Peloxovtar arnofnxeu-
péva 610 eninedo endve and ta QU dnhadh ot plla. And to oyfpa avtd
vivetal pavepd 611 yia éva olvoro opbovyoviey (f oty yevixdtepn neplnto-
oY), OTOLWVIATOTE YEWUETPLXMVY avTIXEEVLVY) dev undpyel éva xat Lovadixd
R-8¢évdpo. Autéd ogelietar oto veyovig 6T 1 Sapdppwon evig R-8€vdpou
elaptdTal and TN oelpd ewoaywyYhc xar daypaghs Twv oToelny otn/axd
™ Soun. “Etou elvar duvatd vy ta S axpBdc opboydvia va undpyouy
noiiéc Swapopetixés avanapactdoeg R-8évdpwv.

‘Eotw éva R-3évdpo nmou Srayeplletar N oplovdvia. Tty neplntwon
auth, N néyiotn Tih tou Udoue elval:

himaz = [log,, N]—1

O pévyiotog aptlpdc xOupov tou 8évdpou npoxintel abpoilovtac to péyioto
aptpd xoufov avd emnédo. O aplbpdc autoc npoxintel 6tav ou xéufot ne-
etéyouv tov eadytoto apthud otolyelwy, dnradh m. “Etot, cuvdyetal 6Tt o0
néyiotog apthuioc xépfoy o éva R-86vdpo elvar

hma:r

STIN/m = [N/m] + [N/m*] + ...+ 1

=1

Yuvendg, ot yewpoTERT TEp(TTWoN 0 napdyoviag yenoyLonoinons ydpou
yio 6houg Toug xopPBoug tou dévdpou, extdc g pllag, elvat:

U= m/M

eved vy T plla elvan 2/ M, ywatl plla éyel Toukdyiotov 2 nadid.

‘Eoto dtu divetal pla opBoydvia neproyh Q tou exnédou (to heydupevo
Tapdfugo) xou tihetar pla epdnon Swothpatog: llowd avtixelpeva tépuvo-
viar and to napdfupo ;' And to MyAua 14.4 galvetar 6t to napdbupo
() Peloxetar 670 cowtepnd Tv ophoywviwy A xar B. Autéd onpalver 61t
v va Bpefoly ta avtixelpeva mou téuvel to (), Oa npénel va axorouinboiv
300 povondtia tou R-3€vdpou and ) plla npog ta Uiia, éva povordTt yia
w0 A xau éva vy o B. To pelovéxtnua autd elvar avandpeuxto enedf 7
Sopn emtpénel TNy emuxdiudn Tov oplovoviey, wdun xar ota eUiia. Ot
ahy6ptlpol eoayoyhs xat Staypagihc gpeoviilovy dote va petwbel To patvé-
Hevo tng emxdivgng ota avodTepa enlneda Tou dEvSpou xal va mpoxidet uin
AMOTEAEGUATLXY SOUA.
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_________________

Yyfpa 14.4: To @ elvanr to ophoydvio epdTnorc.

Ytn ovvéyewa divetar o arydpbpoc avalhtnong oe R-8évdpo. T xd-
mowo Ledvoc E evie xépfou ouvpforilovpe pe E.I to avilotoiyo ophoydvio,
eved pe E.p oupPorilovpe 1o nedlo O 4 P, avdhoya av o x6pPog elvar giiio
) ECWTEPXOC.

Advéplfpog Search. Avalntdvtar dha ta opboydvia nov téuvouy éva
napdbupo () oe éva R-8évdpo pe plla T.

BAjpa 1: didoyiorn urodévdpwv. Av o xéufoc T dev elvar @iiro, tdte e-
getaletal xdbe Ledyog E tou xdéppouv T, dote va Swumotobel av to
E.I eruxoardnter to Q. T ta Ledyn mou xaklntouy to (), xakelta
avadpouixd o aryodptbpog Search yia xdle urnodévdpo pe pila E.p.

BApa 2: avalAtnon ota @iiha. Av o xépfoc T elvar giiho, téte eletd-
Lovtal 6ha ta Ledyn E nou elvar anolnxeupéva otov xéufo, dote va
Sramtotolel av to E.I emuxaidnter to (). Av undpye. emxdivdy, tote
to avtiotouyo {elyog emtotpépetal otny €€odo.

Ynpetdvetat 6Tt 0 TpoNYoUUEVOS arYOpthlL0g TERLY pAPEL TNV TEGTY PdoT)
xatd ) Sradwasin avalhtnong, v onola ovopdletar BAna pLitpapiopatog
(filter step). O alydpBpog avtdg otny £€0d0 enotpépel ophoydvia, Tou g
YVwo16 elval tpooeyyloels TV apyx®y avixeéveoy. Eropévec, arnaitel-
TOL AERTOMERNS EAEY YOS TNG YEOUETRIAS TV avTIOTOLY OV AVTXEEVDY Yia
va Swamtotwlel av npdypatt to napdbupo () ta tépver. H dedtepn auth @don
ovopdletar PApa dudhiong (refinement step), xav axatel e&eduxeupévoug
akyopibuoug urohoyiotixhg yYeopetplag (computational geometry). ' to
rovo autd, ota mialowa tou Bihiou autol dev edetdlovtan ot hentopépeteg
e devtepns paorg.
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H Staduxaoio eoaywyhc oe R-3évdpo elvar napdpota pe tny aviiotot-
xn tou B-3évdpou. Me Aiva Royia, to 8évdpo Saoyiletar axorovhdvrac
nio mopela and endve npog Ta X4t Gote va evtontahel To xaTdhknho QUA-
ho. Extedeltal n eloaywyh 610 QUARO XaL 07N GUVEYELR EVIHERGYOVTAL OL
x6ppot tou povoratiol npog N pila axohouldvTag Ty aviictpogr nopela.
Tavtbdypova, dhou ov xdpfol (@ikha ¥ eowtepxol) pe M Lebyn, ov onolot u-
nepyethilovy Staondvtal oe dVo xopuPous. Qotdoo, v Sidonacy ToV XUV
Tou R-8¢vdpou yperdletar Waltepn npocoyy.

Advépibpog Insert. Ewoayoyy véou {edyouc E o R-3¢évdpo pe pila T.

BAua 1: edpeon xatdiinkng Béong véou Ledyous. Awaoyiletal to 8évdpo
and ) ptla T npog 1o xatdriinho @viro. To povondtt oynuatileta e-
nhéyovtac oe xdbe exinedo Tov xopfo L tou onolou to ophoydvio L.1
yeewaletar Ty ehdytoty enaddnom yia va xahtdelr to ophoydvio E.I
Av urdpyouy nokiés unodnpLétnTes, Téte enkéyeTal To opboy®dyio pe
N MXpOTERY) EMLPAVELA.

BApa 2: eoaywyd {ebyoug E oto L. Av 7o L éyel Swabéoo ydpo, tote
to Ledyoc E eiodyetar oto L xal eviuepdvovrar ta ophoydvia tou
povonatob npog 1 pila, ®ote va xakintouy to ophoydvio tou E.

BApa 3: Svdonmaon L xat etoaywyh Lebyoug E. Av to L Sev éxet Sualé-
oo YOpo, TOTE

e Ocopeital to olvoro S nou anotereltar and ta Lelyn Tou xéuPou
L ouv 7o Ledyoc E. Q¢ ondpor 8% vnocuvérwv S1 xar 52 emhé-
yvovTal %o uéin tou S pe opboydvia Tou anéyouy TEpLEGOTERO
petadl Toug.

o To unérouma péin tou S avatifeviar 6to ovvoro S1 # 1o S2,
6mou o aviiotolyo ophoy®dvio enavddvetal To Aydtepo duvatd.
Ye neplntwon wonaking (dnhadh, n exadinoyn Twv d%o ophoyo-
viov elvar {om), T61e T0 oToLEln avatiBetal oTo GUvoho pe To
opboydvio pixpdtepou epfadol. Ye neplntwon véag toonailog
(3nhad¥y, Ta 8o opboydvia €xouv (oo epfadsd), t6te 10 oTOL-
yelo avatifetar oto ovvoro mou mepéyel Aydtepa Ledyrn. e
replntwon xau véag wonakiog (dnhady, ta dbo opboydvia éxouy
(oo apbud Leuydv), téte yivetaw tuyala avdbeon. Av xatd v
avdleon otouyelov aropelivouy k Ledyrn xat to éva olvoro €yel
m—k Ledyn, téte dha ta evaropeivavta Ledyn tonoletodvtal 610
CUYXEXPLLEVO GUVOAO.
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o Toa oilvora S1 xar S2 anobnxedovtar otouc xopPouc L xar LL
avtioTotya.

BAua 4: petddoorn alhaydy npog tn pila. Evnuephvoviat ta opbhoydvia
Tou povonatoY npog Tt plla, Gote va xakintouy ta opboydvia Ty
L xov LL (mbaveg exterdvrag véeg dwondoeg). Av n plla urepyer-
Aoet, tote auth dtaondtar ot dYo xépPoug xat dnuovpyeltal véa pila
ne madid Toug xopSouc autolc.

H Swapépion tov ototyelvwy otoug 8o véoug xououc npénet va yivel €tot
Gote va ehaytotonowndel n mbavétnta edétaonc xar twv dVo unodévdpwy
ToV VEOY X6pBov ot exdpeves avalnthoes. To xpithplo nou yenouronotel-
ToL 6ToV Tponyouuevo akybptiuno elval ta oplloydvia va anéyouv neplocsd-
tepo petadd toug. To xpithpto autd ovolaotixd onpalvel 6T v GUVOAXH
enupdvera Ty d%o véwy x6uPov npéret va ehaytotonombel. "Etot, enmiiéyo-
vtar ta oTolyela mou Ho onatadfcouy nepltecoTepo yoeo av tonobetnloly
oty B opdda. H onatdin yodpou petpdtar pe tn Ponleia tou Aeyopevou
vexpot ydpou (dead space), Snhadh tng emtpdvelag nov xaidntouy Ta opbho-
YOV HELOV TNV ETLPAVELL TOU XANVITOUY Ta TEPLXAELOUEVE ophoydvia. Xto
Yy 14.7 galvetar plo “xaxh” xou plo “xakh” Sidoraocy, e tny €vvola
bt n ouvohixh emupdveta Ty 8o ophovwvioy (xalde xat o vexpds ybeog)
070 apLoTeRd oAU elvar TOA) HEYAAUTERT and AUTAY TOU XAAVITOUY GTO
3el16 oyfua. Hpogavde, To (Blo xpithplo ypnowronoteital otov akydetlpo
Insert yia va emtheyel to unodévdpo xatd v xdbodo and tn plla npog ta
QUIIL.

Yyfpo 14.5: Y Kooed” xaw “xody” Sidonaon,.

O aiyopllpoc Sudonaons xOuSoY TOU REPLYPAPTXE €)EL TETPAYWVLXT
TOATAOXGTNTA. LUUQwVA PE Eva eVarAaxXTXo aiyopthuo, dnpovpyoivial
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bheg oL duvatée dapeploeis tov M+1 Leuydv xau emhéyetar auth nou di-
vel Ta dVo opboydvia (via toug dUo x6pBouc) pE TV EAEYLOTH GUVOAXH
empdvera. ~Ohec ol Suvatéc drapeploes Tov M+1 otoyeloy elvar nepinou
2M=1 Bropévog, av xaw oty 2036 Ha Sdoel tehxd tn Béhtiotn diapépion,
evroltolg 0 akydplbpog autdc elvar ypovixd Waltepa damavneds xaboe el-
vau exfetixic nohumioxdtntas. Extéc twv 8Go autdy aryoplpowy, undpyet
XaL Evag YPaUUXos arkybplpog, wot660 o teTpaywvixdc elvar 1 néhodoc
mou oupfiBalel TayvtnTa xal arotereopatixdTnTa Xotd Ty avalhTon.

Advépibpog Delete. Awaypagh Ledyoug E and R-8évdpo pe plla T.

BApa 1: edpeor @iAlou mou neptéyet to Levyos. Av o xépPoc T elvon
pUrro, téte eréyyetar xdbe Ledyog F tou T vy va Swamotobel av
ta F.I xau E.I tépuvovtar. Alhdg Bzwpolvior (avadpopxd) dha ta
urodévdpa tng pllac T, wéypet va Beebel éva @iiio L nou nepiéyet éva
Letyog F nou téuver to E.L, A péypl va eletachody dha 1o unodévdpa
(av To E 8ev undpyer o7to 8évdpo).

BApa 2: dvaypaph {ebyoug. Awaypagetal to E and to @iiio L.

BApa 3: duddoor arhaydy. Kakeltar o akydépfpog CondenseTree pe na-
eapeteo to L.

BAua 4: opixpuvor dévdpou. Av v plla €xet pévo éva nadl, téte n pila
Sraypdpetar xar tlletar wg plla to povadixd moudl trne.

AlvyopOpog CondenseTree. Alvetal éva @Uiio L and dnou €yel Swa-
veagel éva Levyog E. Av petd ) Swaypagh 1o @Ukho €xel hydtepa and m
Ledyn, t6te xataotpépetal 0 x6puBoc-@Uiho xat ta Ledyn Tou exava-elodyo-
vtat. H addayh Stadidetan npoc ta endvew xou ta ophoydvia Tou povoratiol
mpoc ) pila Sevbetolvral (Lixpalvovtde ta, av ypetacbel).

BApa 1: apyixornoinom. Oétoupe N=L. "Eotw Q to 6ivoro twv xéufwv
mou Ba xatactpapolv (apyxd To xevd clvoho).

BAua 2: edpeon Lebyoug natépa. Av N elvar  pila, tdte anyalvoupe oto
BApa 6. Adde, éotw P o natépac tou N xav EN o Ledyoc tou P,
mou avtiotolyel otov x6uBo N.

BAupa 3: agalipeon xéuPouv. Av o xéupoc N neptéyet hydtepa andé m Led-
1, t6te Sraypdpouvpe to Levyog EN and tov xéufo P xal etodyoupe
o x6upo N oto civoro Q.
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BAua 4: devbétnom opBoywviov. Av 1o N 8ev €yel edoudetepwhel, tdte
eviuepodvoupe (mbavdc) 1o ophoydvio EN.I étol dote va nepuxhelet
axpPws dha ta ophoydvia Tou x6pBou N.

BApa 5: dvodog npog plla. Oétoupe N=P xav anyaivoupe oto BAua 2.

BApa 6: erava-etoaymyf ototyelnv. Erxava-sicdyoviar dha ta otouyela

mou avhxouy oto obvoro Q. Ta Ledyn mou frav anobnxevpéva oe @UA-
7 A e 7
ra enava-elodyovtar xakovioc tov aryoplfpo Insert. Toa Ledyn mou
ftay anobnxevpéva oe ecwTepxots xouPoug npénel va tonofetnboly
no Pnhd 670 3€vdpo, yiatl Ta PUAAL TV LTOSEVIpWY Touc Tpénel va
e e e /7 7 7z

Beloxovtal 6to (BLo exnlnedo pe ta urdrowna PUARA TOU dEVSPOU.

H Swayelpion tov x6uPov mou neptéyouy ototyelo Aydtepa and 10 XoAT®-
ToTo EMLTRENTO GpLo Stapépel and auth mou npayuatonoteitoal o Eva B-3év-
dpo. Arhadn, otny neplntworn tou B-3évdpou yivetal ouyydveuor yettovi-
X0V XOUPov, eved 6to R-36vdpo ta otoiyela enava-eiodyovtat. BéBoa, av
xaL oty neplntowon Tov R-36v8pwy 1 évvola tng yettovixdtntag Tov xou-
Bov dev €yel vénua, Oa propoloe va yivel ouyyoveuorn x6uPoy tou (Sou
emunédou. Opme TpOTWATAL 1) EXAVA-ELTAYWYT TV oTolyelwy Yia Toug e&hg
Aoy ouc:

o Me v enava-eloayoyh entuyydvetot to (8o anotéhecua Gnwe ot
oty neplnTwor TNg cuyy®veuons. Enuiéov, n Staduxacio Insert elvan
7o Swbéowun vy yprom. Exnlorng, enedh o aplbudc twv npooneidot-
nov oeAldwy tou dloxou elvar xplowo péyeboc, o oelldeg nou Oa
yeewacholy yia tny enava-etoaywyr Oa Beloxovral 407 otn pviurn and
™ Sradwacia g edpeong tou ouyxexpuévou Levyouc (ToukdyioToy
oL 7EpLoc6TERpES and auTéc).

o ‘Onwg éyel neprypagel oty Stadwaoia Insert, n eloaywyh evég otot-
xetou gpovtilel v Souh va xtiletar €ToL GoTE 0L EPWTAOELS VAL LXAVO-
TOLOUYTAL UE AMOTEAEOUATIXO TpoTo. "Apa elval Qpdvnuo va yenoiso-
rounlel xaL oty neplntwon avth xabodg n anddoon e Sounc uropel
va yelpotepevoet av xanoto atolyelo Pploxetal ouveyds XaTw and Tov
(3to natépa.

To R-8évdpo ypnoweietl yio Ty anolfxeuoyn onolwvdAnoTe YEWUETEL-
OV AVTIXELLEVOY XOL ETOUEVIDS UE T Souh auTh Uropoly va txavorotnlel
pla Tinldpa epwthiceny pe Bdon tov arydptbuo avalftnone nov edetdolnxe
TPONY OLHEVWLC:
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o £pBhTNOY TopAS opbovywviwy (rectangle intersection query): *Aedo-
névou evég opbovwviou S, yia nowd opboydvia R woyder SN R # B;”.

e onpelaxy epdInom (point query): “Ilowd opbhoydvia nepéyouy 1o
onuelo P37,

e cpdTNoY nEpLYEYPALUEVOLU 0pBoywviou (rectangle enclosure query):
Y Aedopévou evic oplloveviou S, ywa nowd opoydvia R S C R;”.

Qotéoo, elval Suvatdy va tefoly xal GAAES EpWTACELS, TV OTOIWY 1 LXAVO-
nolnon araitel tpononoinoy tou ahyopllpou Search. [lapadelypata térowwy
epwTHoE®Y elval:

e cpdTNoY nAnoLéctepou yeltova (nearest neighbor query): “llouw
elvar ta k£ < 1 minoiéotepa onuela npoc to onuelo P; .

e Tonoloyixh epdinoy (topological query): “lloid opboydvia Beloxo-
vTar Tpog T dutixd Tou opbhoywviou S .

Aré ta nponyoilpeva palvetar 6t 1 Soph twv R-8évdpwy elvar Wraltepa on-
HAVTIXH YL TNV TEpLOY ) TV Y 0poTalxdy Bdocoy dedopévoy. ' to kéyo
auté €yel viomounlel ota neplochTEpa oUY Y POVA GUGTAMATA dtayelplong Pa-
oWV SeSoUEVELY, YL TNV UTOoTARLEY EpTACE®Y OIS OL REONYOVHUEVES, TOU
Sev Ha uropotoay va urootnpLyfoty pe pia Soph BT-3évSpou #f pe éva ap-
yelo xataxeppoatiopol. Xtn Bilhoypapla avapépovial tokhéc naparrayég
Tou R-8¢v8pou. O oroudaibtepes elvar ta oupmieopéva (packed) R-8évdpa
mov npotdfnxay and Toug Pousodrovro xat Leifker, ta RT-8év8pa mou xpo-
wabnxay and touc Xeirr, Pouvoodnovio xav ®arovtoo, ta R*-8évdpa mou
npotabnxay and tov Beckman xat dhioug, xat ta Hilbert R-8év8pa mou npo-
wabnxay and toug Kamel xar ®akovtoo. Aentopepéotepn nepiypapy tov
Sopdy autody yivetal otny npdopaty enioxénnoy twv Gaede xar Guenther.

14.3 Tpappixd tetpadixd dEVOpA REPLOY®Y

O ébpoc Tetpadixd dévdpo (Quadtree) dnhdver pio mohuper# ouxovévela
Sopdy vy Ty anobiixeon xdbe £ldoug yewpetpixol aviixeluévou (dnhadh,
onpela, yeaupés, nohiyova, neployée, dyxoug xAx.), eve 670 exinedo tng
vhonoinone uropoty va axobnxeubolv elte otny xbpta pviun (deg Kegd-
o 4.5.2 Bipilov via Aopée Aedopévov) elte otn deutepebovoa pvhun. O
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evdlaepduevos avayvoHotrg uropel va avatpédel ota Phia Tou Samet yia
minpéotepn LEAETY TV Sopu®y autdy. XLta mhalow Tou xegoralou autov
Oo eZetacholv ta Ipappixd tetpadixd dévdpa neploy®v mou ypnouedovy
v v anobfxeuvon xal excdepyacia edveoy tinou Pnpdntol (raster (a-
76 TN yeppavixh AEn mou onpalver 066vn), drwg yua nopddetypa elvar ol
dopupopuxés ewxdves, ou acpopuToypaples xin. Bélowa, n Soun avth elva
dnuopuinc xatr ot dikeg neployés e Llnpogopixic dnwe ta papuxd xat 7
Enelepyacia Ewxdvac. e napovoiachel v cuyxexpuévn Sout, Ha napou-
owaclel ) Soun Tou teTpadixol dEvSpou meploy®Y, Tou elvat Soun yio TNy
XOELOL UVAUT).

To Tetpadixd 8évdpo neproxdv (Region quadtree) ovopdobnxe étou

/7 re e e /7 M
ané tov Hunter o 1978, av xat elye npotalel voplitepa and tov Klinger wg
Q-tree o 1971. To Tetpadixd 3évdpo neproy®v 1d&ng n elvar pia Soph xo-
7 7 7 7z A 4
TAANGAN YL TNY oOVanapdoTacy) SLodLdoTaAT®Y SESOUEVLY TERLOY OV, STAUOT
exovy, Swotdoewy 2" X 27, Ilpdxettal yia €va 3¢vdpo Pabpol téooepa ue

7 7 e /7 e re re 7’
Uog to modd n. To eninedo 6mou Beloxetar v plla opiletar we emimedo n,
to eninedo 6nou Pploxovrar ta adid tng pllag we emimedo n—1, xox. Ilpo-
Paveds, To xatOTaTo eninedo 6mou Pploxovtar o xOUfoL TOU AVTLETOLYOVY
oe pepovopéva ewovoxdttapa (pixels) elvar to eniredo 0. “Evag xéufog
3 -z . ’ 7 7 ’ 7 7
oto eniredo 7, 6mov 0 < ¢ < 1, AvTLnPooKTEUEL EVa TUAMA etxdvac Pe 2° X 2

(=4") pixels, eved urdpyouv To mokd 477" x6pfol oto exlnedo auté.

[ ouvéyea, Oa Bewpnlel 6T 7 ewxdva elvar acrpduavpey), ahid au-
T6 dev anotehel REQLOPLOUS YLaL TN YEVIXELUGT TV TEYVIXWY OF TEPLEGHTERX
yeopata. EE dihou, 1 évvola tng aonpdpaupng eixévas XaAURTEL TLg KERL-
ntooeg Oepatixdy yaptdy, dnhadh yaptodv nouv napovordlovy v Vrapdn
evog gawvopévou, plag xatdotaong xhx, 6nog yia tapdderypa Ty Unapdn
VEQOGE®Y ) fpoyondoeny, Ty xakhépyewa oltou, Tic neployés o ennped-
Lovtal and v tpina tou 6lovtog xAT.

H Sop# paciletar oty avadpopixh dudoracn tng exdvag (dnhadh, evig
diodidotatou rivaxa pe paldpo xatr donpa pixels) o téooepa woopeyéhn te-
Taptnpdpla wéypt va mpoxddouy tpuhpata Tou va elvar oapyh (dnhadh, va
aroterovvTal and éva pévo yeopa). Il ouyxexpuéva, xdbe xépPog o-
viwotolyel oe évay tetpdyomvo nivaxa and pixels, evéd 1 plla avtiotoyel o
ohéXInEN TNy exdva. Av Gha ta pixels mou avtietolyolyv oe éva x6uPo
7z e A 7 4 7 /7 /7 re 7 e
€youv To BLo ypdpa (donpo H padpo), téte 0 x6pfBog elvar @iiio tou BLou
xeopatos. Awagopetixd, o x6uPog elvar eowtepixdg (mou Myetar 6TL éyel

A 7z 7z 7 7z 7 7z /7 7
YxpL ypopa) xau éyel téooepa nadid-unodévdpa. Kdbe éva and ta nadid
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autd avtiotolyel oe éva teTapTnUdpLo Tou mivaxa pixels tou yovéa tou. I'(-
vetal 1 ovpfaocn 4t o mpdTo (dnhady, to aplotepdtepo) radl avtiotolyel
070 Popelodutixd teTapTtnudeLo, To deUTEPo GTO POPELOAVATOMXS TETAPTY-
ndplo, to Tplto 6To votodutixd teTaptnudelo xat To téTapto (dnhadh, to
deibtepo) noudl oto voTtloavatohxs tetaptudelo. [a rapddeypa, Ta opo-
4 4 /7 4 re 4

YEVT TUAMATA TS edvag Tou Lynuatog 14.6a palvovial oto Myfua 14.603,
eved to UyhRua 14.6y maplotd to aviiotolyo tetpadued dévdpo.

(@) (®) (¥)

Yyhua 14.6: Tloapdderypa (o) ewdvac, (B) yopiopol tng ot Tuhpata, xot
(v) avtiototyou tetpadixol dévdpou.

H mponyoidpevn avdntuly oyetixd pe ta tetpadixd 8évdpa neptoy oy Hewm-
eel 6T 1 Sopn elvar amobnxeupévn 6T UVARY XoL ETOUEVODS UTOPEL VO UAO-
rounBel pe ™ Ponbeia dewxtdy. Qotdoo, pla tétowa viorolnon dev propel
va ypnoponowbel oe cuothpata Bdocwy dedouévoy, drnouv to péyeboc xa
o mifloc TV edvey anattoldy TN ypror deutepelouocac anolhxeuorg.
‘Etou npotdlnxe n Soun tov Ipappixdy tetpadixdy dévipwy neploydy
(Linear region quadtrees) axé tnv Gargantini (1982). O dpog “yeoupuxd’
npoéxude and To YeYOViS 6TL Eva GUVORO YEWUETEX®Y SESOUEVLY Tou dLo-
dudoTatou yopou (R xat y®pou teplocdTépwy dlacTdoewy) netatpéneTtal ot
ulo Aota axepalowy Ty, SnAadh oy tou propoly va napactaboly enl
ulac eubelac ypapunc.

H yeappueh avanapdotacy, howmdy, yia 1o tetpadixd 8évdpo cuvictatat
og €va 6Uvoho axepalwy TGOV, 6ntou urdeyel Lia Tiun yia xdbe padpo xéu-
Bo tne vhonoinong tou aviiotoiyou dévdpou mou Paciletal otoug delxtec.
H wyph vy évay xépfo elvan pla Stebbuvern mou nepiypdper ) Béon xar to
néveboc tou oyetlopevou tuhuatoc e ewdvag. Ou o dnpoguiels ypau-
uwxéc vhonotfioelg elvar tpetc: ot FL (Fixed Length), VL (Variable Length)
xat F'D (Fixed length — Depth) ypapuixés vionothoes. Ytig exdpeve ra-
paypdpoug neplypdpouue clviopa TNy xdbe pia.
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Yy FL ypappwen vhonoinoy, 1 Stevluver evic padpou xopfou elval pla
xwdxohélrn (codeword), nov aroteheltal and n Pnela Bdong 5. O npdToL 4
Srapopetixol xHuxeg exppalovy pla and tig Sragopetixég xatevlivoelg Tou
uropoly va axorounloly and évav xopfo oe xdnowo and ta nadid Tou.
O zerevtalog xddixag exgpedler v “adidgopn” (don’t care) xatedBHuvor,.
[l éva padpo x6ppo nou Beloxetal oto eninedo @ ta npdta n— Ynpla e
xwdworédng exppalouvy Tic xateubivoels nou anaptilovy To povondtl and
) plla péypl autd Tov %6pPo, eved Ta teheutala ¢ Prela elvar dha (oo pe
v adidgopr xatevuvor. ‘Etot, and pla xodworédn evic padpou xépfou
ouvayetat xar To en{nedo ahid xat 1 O€omn Tou 610 aviioTolyo dévdpo.

Ywnv VL ypappixh vionoinon, n Siebbuven evic padpou xopfou elvar
il xwdixohédn mou anotereltar and to nokd n Pnela Bdong 5. O xd3uwac
0 8¢ ypnowonoeltar oTic xwdXOAEEELS, EvE oL undhotnol 4 Sapopetixol
xddwxec expealovy and uin tig dlagopetixés xateuhivoels Tou uropolyv va
axorouOnfolv and évav xépfo npoc xdnowo and ta tadid tou. [a Eva pod-
po x6ufo nou Peloxetal oto eninedo 1 pla xwdwxorédy €xel n—i Pnela mou
exppdlouvv Tic xatevhivoes nou anaptilovy to povondtt and  plla uéypt
autéd tov xoppo. To eninedo tou xéufou propel va to Ppebel avaxarinto-
vTag mowd elvar 1 mixpdtepy dvvapr tou b mou dtav Swupécoupe (e axépata
Swalpeon) v xw3OREEN pe auth pac dlvel aniixo 0.

O FL xouw VL xo8woréieg elval aptbuol oto nevtadixd odotnua, evé
Oa firav anodotixdtepo va Hrav apbuol 6to tetpadixd olotnua aplbunong,
Gote 1 anoxwduonolnoh toug va ypnowronotel npddec ohlohnong avtl vy
npddetc axépatag dalpeomng. [Na to oxond autd yenoponoeital teplocdte-
co n FD vpapuuxh vhonoinon. Xippova pe tn péhodo auth, n devbuvor
evog patpou xopPou €yet %o uwéen. To npdto pépoc elvar pwin xwduxohéln
nou anmotereltar and n ¢nela Bdonc 4. Ou 4 Swapopetiol xOdixec exppd-
Louv and pla tic Stapopetixéc xatevlivoelg mou uropolv va axoroudnloly
and évay xOppo mpog xdnoto and ta madid tou. [Na éva padpo xéufo mou
Beloxetar oto exlnedo @ ta npdTa n— Pnpla plag xwdixohédne exppdlovy
g xatevfivoeg mou anaptilovv 1o povordtt and  plla péypl autd Tov
x6pfo, eved Ta tereutala 1 Pnpla elvar 6ha (oo pe xdamowa avbalpetn Tyn
(v mapdderypa, 0). To deltepo pépog tng devbuvorg dnidver to exlredo
Tou patpou xopfBou. Me dhha Adyia, Selyver Tov apllud tov dngplov tou
np@Tou pépouc nou expedalovy to povondtt and tn plla uéypet Tov x6ulo
autéd. “Etor, and to Seltepo pépog plog xwduxoréing vivetal yvwotéd to
eninedo tou padpou x6uPou mou auth expedlet, xal and 1o TE®TO PEpoc T
Oéon autol Tou xopPou oto dévdpo.
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Yionotnem FL | 0045 | 0305 | 0335 | 3225 | 3235 | 334;
410 1510 1810 8710 8810 9410
Yhonotmon VL | 115 1415 | 4415 | 3345 | 4345 445
610 4619 | 12110 | 9410 | 11910 | 2440
Yhonotnen F'D | 00014 | 03014 | 03304 | 32204 | 32304 | 33014
110 4819 6010 | 23210 | 23610 | 24150

Mivaxag 14.1: KwdwxoréZec padpwy xoupov Tyhuatog 14.6.

O Hivaxag 14.1 8iver tig Tipéc Tv x08woréiewy yia Toug padpous xdu-
Boug tou 3évdpou tou Lyfuatog 14.6 olppwva xat UE TS TEELS YPAMLULXES
vhonowhoets. Ou tpée autée, elte Bdong 4 elte Baong 5, wwoduvapoly e
Twés Baong 10, ondte 1 Siayelpion Toug anotehel mhéov elxoin undheon
xafog propolv va anolnxeuvbolv oe pla anodotuer; dopy deutepelouoac
uvhung (v mapddeypa, ot pla douh e owoyévewag Twv B-3évdpwv). “E-
toL, oty oucla éva Lpappixd tetpadnd 3évdpo clvar éva BT-3év3po pe
oha Ta Oeted emaxdiouba e Sounc auths. To onpavixdtepo yeyovic
elvar 6tL m Soph tou BT-8évwdpou otnpllel xdfe ovotnua Swayelpiong Bé-
oewy dedouévey, ondte Eva ouoTua evxorad Lropel va Stayeplolel euxdveg
yoplc Wultepes enextdoec. "Etot, ta Dpoppixd tetpadxa Sévdpa elvar
neplocbTepo dNuoguiy oe oyéon pe ta R-8évdpa ywa vionoinoyn ota guno-
pwd ouvothuata Swayelptone Bdocoy dedopévov. EE dhdou, ot vhonotfioels
Tou R-8¢vdpou ota Stdpopa epnopixd ouothpata dev tavtilovtal Ye Ty a-
vartudy Tou mponyouvpévou unoxe@aialou, akhd oty oucio ta opboydvia
wou R-8¢évdpou elodyoviar otouc cuvhbels nivaxeg Tou oyecLaxol LovTEAOU
xaL anofinxedoviar ndi g BY-3évdpa. Qotéoo, avth 1 arewxdvion elvau
Un aroteicopatixy vt xatd tny anolfxeuorn otoug nlvaxeg ydvovtal ta
Y OPOTAEIXE YopaxXTPLOTIXE TOY dedopévey xat anattovvtal Wialtepot oh-
vopLiuol yewplonol Toug.

Ov anatthoets yopou yvia o pappixd tetpadind dévdpo elaptdvtal and
Tov opthpd tev edotepixdy palpwy xuUPwy xat and 1o uHXog Tou EYouy oL
Tiée-Stevhivoeis. Devixd, 1 ypappeh avanapdotacy) elval ouxovouLxy o
TPOS TOV ANALTOUUEVO YO0, Opes dev elval XATIAIAY Yia Tohlols ypriot-
roug aiyopthous mou elvatl amoteAeopaTiXol 68 UAOTOLAGELS XUELAS UVAUNG
(dnhad¥y, pe delxtec). Me Aya Aoy, oc pla epdnon Saothpatos Tng (op-
prc: T Elvaw ) neproy tade paden;”, nepénel to ouyxexpuévo napdhupo va
ondoel o vronapdhupa axoroubodvTac T koY Tng dudonaorg oe TeTap-
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Tuopta, i xdfe tetaptudpto va Beebel i avitiotolyn xwdixohédn xat va
viver aveldotntn avalhtnor oto BT-8évdpo. Evalhaxtixd, propel va Beebel
N pixpdtepn xau v peyahitepn xdworédy xat va exteheohel pla epdtnon
Sraothpatos 610 BT-38v3p0. Qotédoo, otn yeapuixh vioroinor dev edxolo
va anavinloly epwthoes thnoéotepou yeltova tou tinou: ok elvar 7
ninoléoTtepy) Teploy ) Tpog TNV KepLoyf TAde;”, ) TonohoYéS EpWTHOELS TOU
worou: o neproyéc Beloxovtal mpog ta Suted tng meploy s tdde;”, o
onoleg eUxo A LXavoToLoUVTAL 68 TeTEadWd dEVdpa xVpLlag MVAUTS.

I3

[Na oteped ocopata tpuedy Swotdoewy propel va ypnoyronowndel pla
ouyyevhg douh mou ovopdletoar Tpappuixd Oxtadixd Aévipo Ileproydv
(Linear Region Octree). H Sop#f auth Baclletar oty avadpopixh uno-
Sialpeon Tou tpLedidotatou nivaxa ot (oo oxtnuopla Péypl va mpoxvouy
opoyevels uno-xiBot, nou ovopdlovtar voxel. lleploodtepes hentopépeieg
yioe T Soun auth aAhd xar yvia TAR0oc AAR®Y TapaARAYOY TOU TETPAdLXO
3évdpou, 0 avayvhotne propel va Beet ota Biila Tou Samet.

14.4 Xpovixd dacnounevo B-6évdpo

Ytig Saypovixéc Baoes dedopévov ta dedopéva dev Staypdpovial YuoLxd
ahhd hovixd, Gote va elval Suvath N LTOOTHELEY EPOTHOEWY TOU AVAPERO-
vtar og dedopéva Tou naperldvtog ahhd xat Tou péhlovtog. e pla eyypaph
uropel va undpyouv éva M neplocdtepa nedla pe tiués mou petafBdhlovio
HE TO Ypdvo, Xal PAMOTA LETAPIAAOVTAL OF Ypovixés oTLypés aveldptnteg
petalt toug. “Etou yia pla eyypagh pe dedopévo xdpro xhetdl propel va
undpyouv nohhég Exdoyés (versions), xat emopévwg Oa npérel  aviiotolyn
eYYypapn f To nedlo va cuvodeietal and aviictolyes TAnpopoples Yo TN Y po-
vixh oyl Ty dedopévov. Av ol ypovixéc autéc minpogoplics arnolnxetoval
ot enlnedo eyypayhg, T6te hvetaw bt epapudletal v teyxvixh Tng ex8oxAHS
nheLddwy (tuple versioning), evé av ov thnpogoples auvtés anobnxedoval oe
eninedo nedlov, tdte Myeton 6TL eappdletan v teyvixh e exdoyAg yapa-
xTnpLottxdy (attribute versioning). Yt ouvéyeia Oa Oewpndel n pébodog
NS exdoyNc TAEWEd®Y, Tou elval amAoloTERT WS TEOS TN YUOLXYH LAoTo(no
e, Me amhd Aévia, oe xdbe eyypapy urdpyouv dVo emmiéov nedla mou
SNA@Vouy Ty apyh xal to Téhog Evapine tng oy vog tng eyypagic. O dpoc
evepy 6 (active) ¥ Lwviavé (alive) xhedl # eyypaph dnidvouy 1o xhedl #
TNV EYYPAPT TTOU LoYVOLUY TNY TApUCA YPOVIXH GTLYUY.
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“Eva 8eitepo yapaxtnplotind Tov Staypovixody Bdoewy dedopévey elvat
oL TEPAOTIES anaLTAOELS Toug ot amolnxeuTtnd ywpo. Méypt npdopata ot
payvntixol dloxor dev dtaxplvovtay yia Tig anolnxeutixéc toug duvatdtn-
Te¢ 0E OYEoT UE Toug onTxovs dloxovs. Mdhota, o ontixdg dixog pe Tig
neyaiitepeg duvatétntes Arav o dloxoc WORM, dnhady *ulag anobixeu-
omng, TOMGOY avayvooewy’ (dec Kegdhawo 2.4). Adyow tne Watepdtntde
ToU, T0 LECO AUTO BEV TPOGHPERETAL YL UAOTOLNGELS TOV YVWOTOV SOUOY,
yitl Aoy T Suvauxdtntag Tov Soudy pla etoayeyh f pla Staypaph Oo
TpoxXAEoEL ANUGLEOTES AMAAYES 68 EVa OAOXNNPO HOVOTATL TNS Sounc, Tou
Oa elvar anapaltnro va aviiypagel oe véa neployy tou dloxou. "Etot, moid
vefyopa 1 dopn Ou deopeloel tepdotieg neployés tou dloxou.

Ot npdtee, howrdy, dopéc mou napouotachnxay yio yphom oe dtaypovixés
Béoeig dedopévey Bacilovtay oty Ynopdn ontixédy dloxwy WORM. Topa
mhéov ot payvntxol Sloxol €youv peydies duvatdtntes xal Oa €youv oo
néhhov axéun peyarttepes. Emopéves, ou mponyolupevol neplopiopol dev
wybouy mhéov. Yuvende, ou dopég nou Oa eletacholdy otn cuvéyewa (To
Xpovixd Awaonopevo B-8¢v8po xat o npdyovég tou, to B-3évdpo Miag A-
robfxevone), prnopel va elvan oyedlaopéveg xdto and direc ouvbixee, dpog
dev madouy va elval YpNoLLES aXOUT XaL GHULERA.

Mezadb tou B-3évdpov Miag AnoOAxevong (WOBT, Write-once B-
tree), mou npotdbnxe axd tov Easton tng IBM (1986) xau tou xhaoixol
Bt-8¢v3pou urdpyouv opobtntes dnwe:

o oL eyypapéc anolnxevovial oTta PUARY,

o o uxpdTeEpo XAl xdbe @lilhou, mou Myetar emixepahida (header),
avépyeTal 6To avdTepo eninedo pe €va SelxTn Tpog TN CUYXEXPULEVN
e AN e 4 7 /7 7 7
oeAlda. "Etol, ta enlneda tng SouAc ENAVR and To QUAAL ATOTEAOUY
TOV XaTdAoYO.

H onpavtuch Stapopd elvar 611 (Moyw tng Wratepdtntag tou dloxou WORM)
oL EYYPAPES Xt Ta XAEWLE puropoly va anobnxeuboly atoug xoulouc ata-
Ewvdunrec.

H avalftnon plag eyveaphs apyiler and ) pilla. Avalnteltar to pe-
yohitepo evepy6 xhetdl mou dev Eemepvd T ouyxexptévy Ty tou avaln-
ToUpEVOU XAEWLOY xaL axoroubeltal o delxtng autol tou xAewdlol npog To
avtiotolyo nodl. H Swaduxaocia enavarapPdvetar péypl tn oeiida dedoué-
vov, énou avalnteltal v evepydc ey ypaph te To xhedl autd. Av dev Ppebel,
téte n avalAtnon elval avemttuyic.
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[ty Swaypagh plag eyypaphs, npoonehdletar N xatdhinkn oeiido de-
Sopévwy pe napduolo Tpdro. Av ) eyypapn undpyet, 16te pla véa eyypaph
arofnxeletar otn oehida auth pe To (Sto xdpro xhetdl, ahhd pe plo €vdeln
ot eyypaph dev elvan evepyh. Llpogavde, oty neplntwon e Swaypaphc
dev undpyel SUVATHTNTA GUYYOVEUOTNG, GTWS GTNY OXOYEVELL TOY XAAGLXMY
B-3¢évdpomv.

Katd v sloaywyh eyypaphc av undpyet eretlepoc yodpos ot oeiida,
tote 7 Swadixacia elvar ebxoln. Av oy, téte vivetar Sidonacy’, ondte
(a) o =hheng x6pPog xablotatal wotopwds, (B) oL eyypapéc Taivopolvral
AYVOOVTAS TIS AVEVERYES EYYpaés xau () enava-anobnxedovial ot pla #
300 véec oerldec. O apllpdc twv véwy oehldwvy tou npoxintouy elaptdtat
ané dGo mapapétpous T'D > 1 xaw T'1 > 1 mou avagépoviar otic oehidec
dedopévov xat otig oehidec xatardyou, aviiotorya. Av 1 diaonduevy oeil-
da mepLéyel (6yL) hydtepo and T'D evepyéc eyvpapée f T1 evepyd xhedid,
téte dnuovpyeltar pla véa oerida (avtlotoiya, d%o véeg oerldec). Kdbe
oehida déyetar (oo aplhpd talvounuévoy eyypapdy B xhedidy. "Eva véo
Ledyog emuxeparida-deixtng yia xdbe pla and tic véeg oehideg avépyetatl oto
avetepo enlnedo. H Sidonaon g pllac yivetar xatd tov (8to tpdmo. Av
and  plla npoxdder pla pévo véa cerlda, té6te auth yivetaw v véa pila,
eved av mpoxUdouv dVo véeg oerldeg, TéTe To dEVOpOo mpémel Vo pLEYARDCEL
xatd éva eninedo. Katd tn Sudonaon yevixd dev aviiypdpovtat oL avevep-
véc eyypapéc £xTOC TOV REQTOOEMY Tou (a) avevepydg eyypapy elval n
emxe@ahida, xau (B) avevepydg eyypaph elvar 1 tehevtala eyypah tnc oe-
AMBac. Me tn Swadixaoia auvth neproptloviar ov dypnotes evypapés and 1o
povondtt avalhtnorng xat ehaytotonoteltal to Bdbog tou dévdpou.

Yto yhua 14.7 napovotaletar  Staduxasin tng etoaymyhc xat e dud-
onaong o doph WOBT. Apyuxd n Soun amotereltar and éva nhfpes pUiho
HE TéooEpLg EYYPAPES, eVO N in and autég elval avevepyh (160 Joe ). Ad-
Yo soaywyhs e eyypapns 80 Jim’ mpérer va yiver Sidonaoy, ondte o
x6ppoc petatpénetar o wotopxd. Ou téooepic evepyée eyypapés tadivo-
povvTaL ws mpos To XAEW( Touc xat €tol mpoxUnTouv dUo oeildec pe (oo
aplBud eyypapdy (and 30o). Axnd tic dbo oehideg avépyoviar oL xaTdhin-
reg emuxeparides oto avetepo enlnedo. Acg onuewlel 1L 6T0 oyHpa autd
dev napovoidlovtarl oL ypovooypayideg (timestamps), nou axoteholv
Béomn yia avalftnon dedopévey napehloviwy ypovixdyv oTiypody.

To Xpovixd Araonduevo B-8évdpo (TSBT, Time-split B-tree), nou
rpotdlnxe ané to Lomet (tng DEC) xouw tn Salzberg (1989), elvo pia Bei-
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50 150

60 Joe | 70 Bob | 60 Pat | 90 Sue

50 150 50 80

60 Joe | 70 Bob | 60 Pat | 90 Sue 90 Sue

70 Bob | 60 Pat

Yyfpa 14.7: Ewoayoyh eyypaphc 80 Jim” xau Sidonaoy oe dopy WOBT.

Twopévy tapoiiayh e dopuhs WOBT. Ydugpwva pe w véa dopy, rpotel-
veTal 1 anofAXEuoT TV TREYOVI®Y XL LoTOpXOV dedopévwy o8 Pay vynTiXd
xar oe dloxo WORM avtiotouya. Aniadh, mpotipdtar yia to Tpéyovia
dedopéva pla venyopdtepn xar axplBoTEpn CUGXEUTR, EVO YL TA LOTOPWXA
dedopéva mpotipdtal pla apydtepn xar @Onvéotepn ouoxeurn. (otéco, e
v eZEMEY Tou LAXOY dev ouvTpéyouy Théov ot hdyol yia ) Dedenorn auth,
xaL eRoUEVeRS OAOXANET 1) doph, uropel va anolnxeubel oe payvnted dloxo.

H avalhtnon xau n Staypapt elvat axplog 1 (S dnws ot Souhy WOBT,
opws 1 didonacn elvat SLaPope T Xat ETLTUY X AVEL TN LE(WOT TV REPLTTOV
enavarapPavopevey dedoutvoy. Kat’ apynyv, n npdtn Swapopd elvar 6tu 7
ddonacy apopd Lévo oTouc xopfous mou Peloxovtal 6o payvntixd dloxo
xaL propel va €xel dVo poppéc, dniadn:

o didonaom pe Bdon to xAhetdl, n onola elval napdpola pe Tt Sdonacn
mou TEpLYpdPnxe 0T0 xhaowd B-8évdpo (dec Kepdhaio 8.2), #

e didonaom pe Bdon to xpbvo, 6Tou o Ypovixd xatdeht (time thres-
hold) 8ev elvar anapaitnta n tpéyovoa ypovixh oTiyps.

EWlwdrtepa, xatd tn Sidonaoy pe Bdomn to ypdvo, xdbe exdoyn plag eyypa-
phg mou Loydel mpLy (xatd xa HETE) To YpoviXs XaTO@IL Tpénel va BeloxeTtal
oTov woTopwd (avilotouya, 670 véo) x6pfo. “Etou pe tn Sidonaoy oL vedre-
PEC TAPAUEVOUY GTO LAY VNTXS SloX0, EVO oL tahatdTepes eYYPAPES LETAPE-
povTal 6Tov ontxd dloxo xat tonofetovvtar 6to téhoc Tou XaTELIUPLEVOL
YOPOU ETTUYYAVOVTAS UPNAY TULY TOU TUPAYOVTA YENOLLOTOMNONS Y ®OEOU.
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Ot x6pfot tou xatardyou dtaon@vial Lévo pe Baon to xiedl. H T
didonacrg xal €va avtiypapo Tou ypévou tou yenoiLonotinxe yio tponyol-
MEVES avapopés 6Tov uRd dtdonacy, xoufo avépyovial otov xéufo-natépa.
Avagpopéc oe nedla xhedudy 6mou o dve dpto elval pixpdtepo 1 (oo T
T ddonaong petagépovial 6To véo aploTepd XOuBo, EVE avapopés ot
nedlo xAedLdv 61ou To xdTw dpLo elvar peyaritepo B (oo Tng TAS ddona-
ong petagépovial 1o véo 3l xéufo. Téhog, dha ta dhha dedouéva mou
avapépovTal 670 LoToPXO PEROS TNS SOUNS AVTLYRAPOVTUL XoL GTOUS dUo
x6upoug.

Av mpoéyel  ehayiotonolnon Tou oUVOAX0U YOEOU, TOTE EMAEYETAL 1)
ddonaon pe Pdon 1o xhedl, evd av npoéyel N EAAYLETOROMNOT TOU Y WEPOU
Tou axpBéTepou pay vnTxol dloxou, téte emhéyetal v Sdonac e Baor To
xeovo. To eldoc tne Stdonaonc eloptdtat enlong xat and Ta nepLEYSUEVA TOU
x6pPou. Av évag mhhenc xéuPoc neptéyel névo evepyés eyypapéc, ToTe dev
urdpyel Aoyog va yivel Sidonaoy ue Pdon to xpdvo, enedn i Ta dedopéva
Oa mpéner va nopapeivouy otov tpéyovia xopPo. Avtileta, av oTtov miven
x6pPo €xouv oupfel udvov evnuepdoes TS (Blac eyypaphs dev undpy el Ad-
vog Sudoraonc pe Paon to xaedl. H enthoyh tou xatweilov Sidoraonc et
QUEOT GYECT PE TNY TOGOHTNTA TV ENAVOUAAUPAVOUEVELY dedopévey. Av pia
EYYPAPT LoYVEL TPLY XAl PETA TO Ypovixd autd onuelo, téte amobnxeleta
xar ot 8o péoa. To mheovéxtnua tng emavaindng pepxdv dedouévov
elvar ) Pertiopévn enldoon xatd Ty avalhtnor.

Yto Yyhpa 14.8 napovoidlovtar ot dbo Stagopetixol Tpbdnol ddoraong
oe pla doph TSBT. Xtnv apyxh popeh tou d3€vdpou clodyetal 1 eyypaph
*90 Ron” xata wn ypovixh otwyph t=5. H Sudoraon popel va yiver elte pe
Bdorn tnv Ttpéyouca ypovixh otiyuh (1=5) xau exavdindn dedouévev (60
Bob”) érwe oto deltepo unooyfua, elte pe Bdon mponyoluevn ypovixh
otiyph (t=4) xou yowplc exavéhndyn dedopévov dnwc oupfalver oto tpito
UROGY AL,

Ot gpwthoeg mou urofdihovTal ot pla Staypovixh Paor dedopévoy elvat
TELOV el V:

o cpwTHOELS Xpovixol dtactApatos (time-interval queries): *[lowl u-
mdhknhou epydloviay otny emiyelpnon and 1/1/90 péyer 31/12/99;".
Yroneplntwon elvor v epdtnom ypovixis otiypds (time-slice query):
‘Mool urdiinhor epydlovtay otny emyelpnon Ty 1/1/2000; .
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50 t=1
60 Joe t=1 | 60 Jim t=2 | 60 Bob t=4
Xpovixé xatho
50 t=1 50 t=5
t=5
60 Joe t=1 | 60 Jim t=2 | 60 Bob t=4 60 Bob t=4 | 90 Ron {=2
Xpovixé xatho
50 t=1 50 t=4
t=4
60 Joe t=1 | 60 Jim ¢t=2 60 Bob t=4 | 90 Ron t=2

Yy 14.8: Ewsayoyh eyypapnc 90 Ron” xat Sidoraon pe Bdon to ypdvo.

® cpWTHOELS dLaoThpatog o povixd ddotnua (range time-interval
queries): *Ilow{ urdidnhot pe ovépata and Kédas uéypl. Mavw\émou-
Xos epvdlovrtay otny exyelpnon and 1/1/90 péyer 31/12/99;”. Yro-
replntwon elval 7 epdTNOT SLaoTAUATOG O XpovixH oty (range
time-slice query): ool urdhinhot pe ovépata and Kéd\as péypl

Mavw\émovdos epydlovtay otny emyelpnon tny 1/1/2000;".

o ayvég epwTHoElg xAedLdy (pure key queries): ‘Ye moud tphpata
epyaolnxe o undiinhos tade;”.

Aré v nponyolpevy neplypaph npoxvntel 6t ot Sopés WOBT xow TSBT
dev urmopody va aravithoouy pla ayvh epdnon xhewdod (rapd pévo co-
pdvovTag 6l T SopR), evd yia Tig dhheg dvo xatnyoplec ol douéc autée
€y ouy npoflinupaten extdoomn, xabodg ta dedopéva Ty naperbouody ypovi-
X0V oTyuody elva anolnxevpéva otic Bieg oeiidec. o, povondtia and
) pila mpog Ta @UIAa elvar peyarltepa oe oyéorn Ue THY TEPNTOOY TOVY
Sop®v mou neptéyouy povo dedopéva piag ypovixhs otiyphs. Epwthoes yia
evepyd Sedopéva mou elval ATOULOVOUEVA Ad T U1 EVERYE ATAVTOVTOL UE

weavorounTixy enidoo.
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14.5 Xpovixbg xaTdloyog

O Xpovixég xatdroyog (Time index) npotdbnxe and tov Elmasri xat di-
»oug To 1990 xau elvar pla Sop# mov otneletar 610 BT-8évdpo. Il ou-
YXEXPULEVA, O XATAMOYOS dELXTOd0TEl GAEC TS TUYES TOU YPOVOU OTou €yEL
oupPel pla eoaywyh, i Swaypaph B pnia evnpépwon eyypaphs, dnradh o
xatdhoyos xataypdgel xdbe ypovixh otiyp énou unfiple xdmowa ahhayh
ot Bdon dedopévwy.

Xpovixé | obuforo

Yrdidmhog | Tuhpo | Stdotnpe | exdoyhg
Yronr.1l A [0,3] Vi1
Yroh.1 B [4,7dpa] Vig
Yror.2 B [0,5] Vo1
Yror.3 r [0,7] Va1
Yror.3 A [8,9] Vag2
Yrohr.4 r [2,3] Va1
Yroh.4 A [8,Tdpa] Va2
Yroh.5 B [10,7dpa] V51
Yrah.6 T 12,tdpo Vel
Yrar.7 T 11,tdpo Vi

Mivaxag 14.2: Anacybdinon vraliiiwy oe Tufuata entyelenong.

[Na nopdderypa, éotwoay ta dedopéva tou Hivaxa 14.2 6mou gaivovtat
TO YPOVIXA SLAGTARATA ATAGY OANONS XATOLWY URUAAAAGY 0T TUAMaTa plog
emyelpnone (ou Typéc Tou ypdvou elvar axépatec Tywée, xat To dlaoThpaTa ef-
val xhetotd). O ypovuiée otiypée mou ouvéfnoay xdroteg alhayéc elvan 0,
2,4, 6,8, 10, 11 xat 12, adr& exnlone undpyet xat 1 ypovixn oTiyun  toea .
Yo Yyhpa 14.9 napouoidletar éva BT-34v3p0 tdine 3 pe ta dedopéva tou
Mivaxa 14.2. Yo @ikha tou 3évdpou o eyypapés elvar tng wopehc (¢,P),
onou t elvar plo ypovixh otiyun, eved P elval évag delxtng npoc pla oehl-
da mou mepLéyet enlomng delxteg npog To apyelo pe Ta npaypatixd dedopéva
(dnhad¥y, Tic exdoyée vi1 méypt vr1).

Qotéoo, oto Uyhpa 14.9 gaivetar dtL undpyouvy neptttés enavarfets
deuxtdv. [a mapdderypa, v tny exdoy” viz undpyouv entd dtapopetixol
deixtes. [ to Aoyo autéd, o Xpovixds xatdhoyos axoroulel plo din te-
YV 0pYAVODONS TV dexXTOY, wote va anoeuylel  oratdin Tou yGpou.
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6
2 10 |12
A Y
0 2 - 4 6 -1 8 10 - 11 12 || Tdee
Y Y
(V11,V21,V31) (V12,V21,V31) (V12,V32,V42)‘(V12,V42,V51,V71) (V12,V42,V51,V71,V61)
(V11 s V21 ,Val ,V41) (V12,V31) (V12 5 Va2 ,V51) (V12 s Va2,V51,V71 ,V61)

Syhpa 14.9: BT-34v8p0 pe 1o dedopéva tou Hivaxa 14.2.

Mo ouyxexppéva, to npdto Levyog xdbe @ihou, (t,P), nou ovoudletal o-
dnyoloa eloodog (leading entry), delyvel npog ula oehida pe delxteg npoc
OAEC TLG EVERPYES evYpapES YLt TN YPOVLXH OTLYMR ¢, eved ot delxtec ToV
uréromwy Leuy®dv xdle @Uilou Selyvouv npoc oekideg dnou xpatodvtal oL
arhayés o oyéon pe Toug delxteg tou mpdTou Ledyouc Tou gUkiou. H op-
yvévwon tou Xpovixol xatahdyou napovotaletar oto Lyhua 14.10. "Opowg
xot wdhl Qo undpyel OTATANY Y OEOU, AV OL EYYPAPES LoYBOUY YL LEYAAES
yeovixés neptédouc. Qotdoo, mheovéxtnua e uehodou elvan 6t xabdg
ot Ttés Tou ypodvou t auddvovial LovoTovixd, ot etoaywyés 6To Xpovixd
xatghoyo evtonillovial oto tehevtalo QUARO Tou.

6
2 10 |12
\ ‘
0 2 - 4 6 | 8 10 - 11 12 || Thee
Y Y
(V11,V21,V31) (V12,V21,V31) (V12,V32,V42) (V12,V42,V51,V71) (V12,V42,V51,V71,V61)
Y
(‘|‘V41) (*V21) (*V32,‘|‘V51) (+V61)

Yy 14.10: Xpovixde xatdroyog pe ta dedopéva tou Ilivaxa 14.2.

O Xpovixde xatdhoyoc elvar Wialtepa ypRoyog v Ty wavonolnom
EPOTAOE®Y SLAGTALATOS S Tpog T0 ¥povo. Eva tétowo napdderypa elvat
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N epdNon:  Howl uvndhinhor epydlovtay otny eniyelpnon xatd to ypovind
Sudotnua [3,6];7. Yty meplntwon auth mpénel va extereohel pla cpdnom
Sraothuatog oto Xpovixd xatdhovo Ue Baor éva Stdotnpa, tou va apyilet
and ) ypovieh oTiyh t=3 f TN Ypovixy oTLY A Tou elval apécws mxpdTERT
Tou 3, pé€ypl TN xpovixh otiyun =6 f N ypovixh otiyun mou elvar apéows
mxpdtepn Tou 6. Me tov tpéno autd Ou anopoveboly ov oeiidec pe Toug
xatdhhnhoug Selxtes npog to xUpLo apyelo Ty dedopévwy

B
A|B T
Xpovixdg xatdhoyog Xpovixée xatdhoyog
vio Tpdpe A 4|6 yvioe Tpdpa T
0 4 T 6 10 - [Fwpd
(V21) (V12) ] (V12,V51)
(‘|‘V12) (‘|‘V51)

Yy 14.11: Xpovixdg xatdroyog dVo emnédwy.

Qotéoo, av telel pla cpdtnon Swaothuatog oe ypovixd Saotnua, dnwc:
*lowof fray ot urdhknhol Tou Tuhuatog B xatd 1o ypovixd Sidotnpa [3,6];7,
/7 7z e e e re 7z /7
tote Qo npénel va extereolel 1 (Bia Stadixacia xar va yivel évag ypovofo-

/7 7z 7 7 4 4 /7
POS TEAXOS EREY YOS AV OL URAAANAOL Tpdypatt avhxay oto Tufua B. Autd
onuaivel tepttth enPdpuvorn oto olotnua. L' o Aéyo autd, o Xpovixdg
xatdroyos propel va opyavebel oe enineda. Yto Yynua 14.11 endve and
70 yvootd Xpovixd xatdhoyo tifetan éva dhho BT-3év3p0, dote va amo-
novewholy ta dedopéva twv Tunpdtey. Elval euvénto bt o apllpdc tov
emnédwy dev ouppépel va elvar peyaiitepog and 3o, enetdh av nbavodg u-

4 e e /7 7 /7 /7 7 /7

mheye ia ahknhouyla xatahdywy endvew and 1o Xpovixd xatdroyo, tote Ha
elye Waltepn onpacia yvia Ty enldoom 1o notd Ho Arav To yopaxtnetotind
nou dewxtodotolvtay Ou o xdbe eninedo.

H enidoon tou Xpovixol xataidyou ndoye. enlong otny neplntwon g
ayvhg epdTNOMS Xhewdlol, yiatl dev ouvdéel Tic Sudpopeg exdoyéc TV eyypa-
p&Hv. Yto Kegdharo 14.6 Oa neprypagel pioa Soph mov urootneiler tétolou
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Tinou epwthoes. And tov Elmasri xat diious mpotdbnxe pla napaihay?
tou Xpovixol xatahéyou (1994), mouv ovopdletar Time Index™, xau éyet
Bertiwpévn enldoon 1660 68 YO € TOV ANALTOVUEVO YOEO 060 XAl GF
oyéon e TS ypovixéc emdboeic.

Ot dopéc WOBT, TSBT xat o Xpovixdg xatdhoyog elvar dopés yia tny
urooTheldy) Staypovix®dy Baocwy dedopévov. Kat ov tpeig autéc Souée da-
vetlovtar and 1 @uhocopio tng owoyvévelag Tov B-3¢vpwv. Oa propoloe
xat 1 Soph twv R-3¢vpwv va ypnoworowmbel o Staypovixéc Baoes dedo-
pHévwv pe Bdon to elfic oxentxd. Av o ddovag T maplotd To ypdvo xal
o dZovag ¥ Tic Tués tou xhewdol, téte xdbe exdoyh propel va Oewperlel
o éva euhiypappo TuApe Tapdinho mpog Tov dlova z. H 3éa Oewpntind
elvar xat” apyhy cwoth xau vhorothowun (av hbel To mpdfinua tne ax’
drelpo alinomne TV TWOVY Tou ¥pdvou, eve o yopog ot éva R-86v8po elvar
YVoo16c xau otafepdc), akhd ) enldoorn tng Sophc Ba ndoyel av o exdoyée
€youv peyahn dudpxeia Lotc. O hdyoc elvar 6Tt oty neplntwon auth ta
opboydvia tou R-8év8pou Oa elvar peydia xot emxaiuntéueva, ondte xa-
¢ v avalftnon Ha axorovbodvtal toird povordtia and tn pila npog ta
pUIMa. Ev ndoel nepuntdoet ot PShoypaplo Exouy npotabel Sopés Paot-
opéves ota R-8évdpa mou Aivouv ta mpofhfuata autd. LTNV ERGXOTNCT
v Salzberg xaw Todtpa 0 avayvdotne Oa Beel pla ouyxpitun napovaiacn
OAOY TV OGOV TOu yenouLonotobvial 6e dtaypovixés Bdoeils dedopévwy.

14.6 RT-8évopa

Meonyoupéveg napovordohnxay dopés yio Ty LTooTHEEN YLEOTAEXGY Xl
Saypovixody Bacewy dedopévev. llpbopata, npotdlhnxay Sopés yvia Ty u-
TOOTAPLEY) L OEOYEOVIXGDY EQAELOY OV, SNAAdH EQUEHOYHY GTOU YEOUETEXE
avtxelpeva xwvodvtal, petafddhhoviar f yevixd arhalovy yoapaxtnelotixd.
O oyedlaopds yopoypovix®dv doudy otnplletal 0e TpELS CUVTEAECTES: TO
Oépa, tn O¢omn xau o ypdvo. Luvhlowe yia va petenbel o évac cuvteheoTic,
o deltepog peTafSdhheTal eAeYOpeEva xat o Tpitog napapével otabepds. '
Toapdderypa, £€0Te 6TL TRENEL va HERETHOOLME TNV aoTixh avdntuly tne Ei-
Ndag. Ermopévoc, n 6éon elvar otabeph (dnhady, o vewypapuxds yodpog
g EXNBag), o ypdvoc eréyyetar (hMoyou ydpwy, pe tig ypovixés otiypéc
TOV anoYpaPhy) xat LeTpdtar o TAnBuouic Ty Slapdpny SAU®Y xal xot-
vothtov. ' tétowou eldoug epappoyée, howmdy, €xouv npotabel Sopés mou
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otnpllovtal oty owxovévewa Tov B-8évdpwy adkd xat oty owoyévela TV
R-3¢évdpwv. H Soph tov RT-8évpwy avixer oty teieutala xatnyopla.

RT-8¢évdp0 tddne (m,M) elvar to etepoyevég 3évdpo ue ta e&hg yapa-
XTNELOTLXA:

o xdbe elmtepundc xépufog repiéyel petald M xow m < M /2 otouyeloy
Tou tinou (R,T,P), extdg av elvar pila. [ xdbe Ledyoc (R, T,P), R
elvat To ophoydvio Tou aviixeynévou ou dewxtodoteltat and To delxtn
P, eved T=[tstart, tend] elvan to ypovixd dudotnua Loylog Tou.

o xdbe comtepxdg xopPog nepéyer petadd M xaw m < M/2 otouyeloy
winou (R,T,P), extdc av elvon plla. Ta xdbe Ledyog (R, T,P), P el-
va évag delxtng npog x6uPo xatwtépou eninédou mou neptéyel Lelyn
(R;,T;,P;), R elvae o opboydvio nou nepuxheler dha ta opboydvia Ry,
eved T elvar to ypovixd ddotnua woyboc Tou aviioTolyou x6upou,

o 1 plla €xel TovhdyLotov dUo nadid, extég av elvar @UAlo, xat TEROg

/7 e /7 e e e 7z
e 4ot oL eCwtepixol xéufot Bploxovtal oto Blo exlnedo xar cuvdéovta
ue deixtec.

Ot opotdtneg pe to R-8évdpo elvar mpogavelc. Me hiya Adyia, n oucLaotixy
Saopd elval 6tL ypovixh ninpogopla ouvodevel xabe opboydyio eowTept-
x00 x6puPou N @Uilou. Qotéoo, auth N TuxeR’ Swapopd xabiotd apxetd
olvhetouc Toug ahyoplluouc yewpopol twv RT-8¢v8pou.

‘Eotw 6t xatd ) ypovixh otiypn t=1 dlvetar n mpdtn ewxdva mou
neptéyel vay aptbud and ophoydvia. To apyxd RT-8év8po xtiletal yenot-
LOTOLGVTAG TOUS YVWoTolc ahyopllupous mou toylouy yvia ta R-8évdpa. M
oUVEYELRL, ANOWTEY, XATA TN YEoViXT oTLYUR t=2 elodyeTal 1 deltepn euxdva,
nou enflone neptéyet Evav aptipd and opboyodvia. [a xdbe éva and ta véa
opboyovia yivetal avalftnoy, Gdote va evtomolel éva aviixelpevo pe to
(3to opbovdvio xaw ta Bl yapaxtnelotixd. Av undpyetl éva tétolo avtixel-
MEVO, TOTE anAdS exexTelveTal TO Ypovixd Sidotnua toybog Tou. Av tétolo
avtixelpevo dev undpyet, TOTE To Vo avIxelpevo eledyetal 6To aviioTot-
Y0 QUAMo. Ye xdbe neplntwon avaved@vovtot ol xéuPol mou Beloxovial 6to
povondtt npog ) pila.

[N rapdderypa, ac Bewenloly xau ndit ta dedopéva tou MyRuatos 14.3,
T onola napovstdlovtal 6To apLlotepd pépoc Tou Lyfuatoc 14.12, g pia
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__________________________________

Yy 14.12: Ado Swadoyixés ewxdveg yvia t=1 xou t=2.

exéva mou ewodyetal T ypovixh otiyph t=1. Mta 8did tou oyfpatog na-
povordletal pwio edva mou etodyetal T ypovixh otiyph t=2. H véa exdva
Stapépet and TV TEONYOUPEVY LOVO XaTd To 6TL To aviixeluevo M €yel -
raer Oon xau oyfua xou anewxoviletar we M7, eved Sev €yet enérber xapia
alhayh oto Ghha avtixelpeva. Yto Uyfua 14.13 napovoidletar v Soph tou
RT-3¢vdpou mou Oa npoxider xatd tn ypovixh otiyph t=2.

A E V/ H o I K A M | M| N (@)
[1,2] | [1,2] | [1,2] | [1,2] [1,2] | [1,2] | [1,2] | [1,2] [1,1] [ [2,2] | [1,2] | [1,2]

Yy 14.13: Aopfy RT-8€v8pou tn ypovixn otiyph t=2.

H nponyodpevn avdntudy yia tny ewoaywyh pnioc véag emdvag elvar a-
TAOg meptypapuxr. otdoo, anarteltal Wialtepn tpocoy xatd T ddoy Lo
ToU 3EVOpPOU YL TOV EVIONLGPS TOU XATAAAMNAOU QUAAoL. e oyéorn ue Tov
ahyoptbpo tou R-86v8pou, n Stapopd elvar 6tL xdbe @opd n emhoyy tou
x6ppou mou mpénel va npoonciachel oto xatdrepo exnlnedo eloptdTar oyt
Lovo and To unep-0pHoYdYLO ToU AAAL XaL and To ypovixd ddcTrua Loy Log
Tou. Arpadh, dev apxel va eletdletar wévo 1 emxdiudn twv ophoyovioy
AANG xaL N ETXAALPN TOY YPOVIXGY SLAGTNUAT®Y.
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‘Eva dhho onpavtixd Lhtnpa, mou dev OlyOnxe nponyovuévoc, elval ot
draondoes TovV xouPoyv ot neplnTtwon unepyeliong AdYw eloaywYRS. XNy
neplntoor tov Xpovixd Awonoduevoy B-3¢v8pmv eletdolnxay 8o tpdrot
dudonaong: (a) pe Bdon To ypévo, xau (B) pe Bdon o xhedl. [t Sopd
tov RT-8évdpwv €xouv npotalel tpec néhodol dudonaorg:

e Stdonaon we Pdor To xdpo, 6mou ta avixelpeva Siayowpllovral
oTtoug 8o véouc x6uPoug €Tol BoTe Ta 0phoYOVIA TOY XOPPLY AUTGY
va €youv TNy ehdytoty duvath exwxdiudr (via nopddetypa, ulobeTtd-

/7 7 7z
vTag Tov ahydplbpo ddoraone Twv R-36vdpwv),

e Stdonaom pe Bdorn to xpbdvo, dmou ta avuxelpeva Siayowpllovral
oTtoug dYo véoug xopfPouc €Tol BoTe oL ypovixés neplodol loylog Twy
XOUPOY ALTOY VoL EYOUY THY EAAYLETY SUVATH Ypovixh enediudy, Oew-
POVTAS 6TL XAToL AVTIXEIUEVA PTopoUY VA AVAXOUY XL GTOUS dUo

7z /7 /7 7 re 7 A
véoug x6uPouc (6rwe dhhwote oupfalvel xar ota Xpovixd Awondpe-
va B-3évdpa),

e diLdonaom pe Pdon ta onuatvépeva (semantics), drouv Ta aviixelue-
va Staywptloviat pe Baon yopotadixd ahhd xat ypovixd xptthpla, Tou
uropoly va npocdioplooly and Ty eQaproYy.

Elvar mpogavéc ot npdtn pébodog evdelxvutar av ol unolakidpeves e-
POTAOELS € 0UY XUpleS YopoTalixd xatnyophuata, eve 1 deltepr néhodog
evdelxvutal xuplts 0F TEPIITWOELS EPWTACEWY PUE YPOVIXA XATNYOPAUATI.
Téhog, n teltn nébodoc elval évag cupPiBacudc petadd twv dbo nponyou-
HEVODV.

Q¢ npog v exnldoon yOpou, N douR auTH elval ATOTEAEGUATIXH AV OL
Sradoyixéc euxdveg dev dapépouy onuavtixd. Xe avtifetn neplntwon, damt-
otoveTal Waltepn enBlpuvor s Tpog TOV XATAAAUPAVOUEVO Y ®po YLatl To
xpovixd Sudotnua woybog xdbe avtxepévou (xau xat” exéxaon, xdbe x6u-
Bou) Ba elvar pixpd. “Etor, xabdc Ha ewodyoviar véeg edvee, to dévdpo
Oa peyehivetar ouvey®e XaL 1 ATOTEAECUATIXOTNTA TNG SoUNc OTLS SLdpo-
pec ywpoypovixés cpwthoes Oa pbivel. Ytn cuvéyeia Hua rapouciachel pia
AXOPY] Y WPOYEOVIXT SOUT, TOU €)EL TAPOUOLL CUUTERLPOPA WS TPOS TLS d-
TATACELS Y OPOU, AAAG dev mdoyel aviloTtolya oe oyon UE TLS YPOVLXES
exddosic.
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14.7 Enmuwaluntopeva TeTpadixd d€vépa meploydy

H weyvuh tne emuxdiudneg ogelietal otov Kdhha xal propel va epappociel
oe onoadinote devdpixh Soph. Egapudélovtac tny teyvixh auth ta napeh-
O6vta Sedopéva dratnpolivial ywplc ahiayés, eved aviiypdpovial Lévo oot
xoppor exnpedlovial and Tig eloaywyEs, dlaypaPés Xal EVAUEPMOELS. XN
ouvéyeta eletdletal v epapoyh e TeY VXS auTths oTo Extxaluntéuevo
BT-3¢v3po (Overlapping Bt-tree), mou apyxd oyedidobnxe yia anobffixeu-
o1 Sy povixody dedopévey oe payvntixé B oe ontwxd dtoxo WORM.

Ot Swadoyueés exdoyés evig apyelov Ho uropovoav va napactafoly e
aveddptnra BT-86vdpa. O exdoyéc dpwe autée propel va Stapépouy ehd-
yrota v wla and v diin. Elval pdiwota Suvatd norhd unodévdpa dbo Sa-
Soywdv exdoy oy va elval tavtéonua. Etou ol pepovouéves exdoyéc tov
Exuaiuntépeveoy BT-88vdpwy ouvdéovta pe xatdihnin Swayelpion tov dei-
xTodV. Av 7 dopn elvar arnoOnxeupévy oe payvntxs dloxo, t6te Eva emmiéoy
nedlo, o peTpnThg avagopdy (reference counter), progel vo ypnouyronour-
Oel yia vo ehéyyetat av €va unddevdpo Stavépetal petadl TOAAOV XSOy ®V.
‘Etou 6hot ou xépfor pe petenth avagopdy peyaritepo tou 1, pall pe ta
nadLd Toug GUYLETOUY SedonEva XOWVE YL TEPLEGOTERA TOU EVOS UTOSEVSpa.
Av 7 Sopn anofnxedetar o dloxo WORM, téte dev ouprepthapdvetot éva
tétowo nedlo oTov oplopd Tou Tinou TS ey ypaphc. Ac onpeiwlel enlong oto
onuelo autd 6TL yLa Adyoug Tou ouvdéovtal pe tTny adlomotia Tou VAoV, ot
dloxouc WORM ocuviotdrar 1 yehon tov dewxtdy npog ta nlow (backward
pointers) xat 1 ano@uyR TV dewtdv npog Ta epnpds (forward pointers).

H ouvyxexpuévy doph yivetoaw xatavonth pue ) Ponbea tou MyAuatog
14.14. To 8évdpo €xel tpeic exdoyéc mou anoterolvial and dVo exineda xo-
Toahbyou xat éva eninedo dedopévey 1 xdbe pla. H npdtn exdoyh via t=1
nepteyel 21 eyypagés oto teheutalo exinedo xaL apyixd GAOL OL PETENTES
avapop®v tootvtar pe 1. H dedtepn exdoyh ywa t=2 mpoépyetar and tny
Tp®TN PE sLoaywYh 800 eyypap®dy ue xiewdid 23 xat 49. H tpltn exdoyn ya
t=3 mpoxVntel pe Ny eloaywYR 30 axéun evyvpapdy pe xiewdid 28 xot 39
oty deltepy exdoyh. Ou petpntéc avagop®dv oto oyfua avixatonteillovy
TNV TEAXH XatdoTacy Tou dévdpou. "Etol n Tiph autdy tov nedloy sival 1
yio ) plla, evé ota dhha enineda mowxliher and 1 péypl 3.

AN /7 /7 /7 7z re /7
Eva Bacwd yapaxtnetotixéd twv Enxaivatdépevoy 3evdpwy slvar 6Tt
€y ouv moirée pilec mou avtioTolyody 1 xdle pla o xdnota ypovixh oTiyuh,
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t=1 t=2 t=3

[1] 20 | (1] 20 1] 20 30

Syhpa 14.14: Exucodwrtépevo BT-8évdpo.

oe avtifeon pe tic Sopuéc WOBT xow TSBT, énou and pla pila yivetor npo-
onéhacn 08 ONOLAdAROTE EYYPAPY ONOLAGIATOTE YPoViXAS oTLYpAS. Etot
ouurepalveTal AUECHS GTL YIa ATAY €p®TINOY UE BAOT OnoLAdATOTE Y pOVLXN
otyph ta Enxeduntdpeva BT-8évdpa éyouy xalltepn enldoon yiatl xdtw
and pla plla dev avaperyviovtal eyypapés SLUPopETIXOY YPOVIX®Y TEPLs-
dwv. ‘Evac emunpdoletoc hdyog elvar 6tL otic Sopés WOBT xar TSBT
TOAAES ey Ypapéc enavarapdvovtar autolotleg oe dUo | neptocdTepoug dia-
popeTixots xoufouc. o tov (8to Aéyo ta Enxahuntdpeva dévdpa elvar o
aroteheopatixd yia pla palixh ep®d@Tnon nou agopd oe Ghes T eYYpaPés
nlog ypovixhc oTypRs.

To mieovéxtnpa tov Exuxodurtdpevoy BT-8évdpwy, dmiadh n pn avd-
peldn otov (Slo x6ufo eyveapdy and drapopetixés otiyués, and pla dhin
oxomd elvat xar To LELOVEXTHUA Toug. Etol ta 8évdpa autd €youv n yet-
poTeEEN enldooT 0E EPWTAOELS, TOU APOEOVY GTNY AVAXTNOY] EYYPAPOY EVOG
yxeovxol Swasthuatog. O Adyoc elvar dti mpémer va ylivouv oyetixd me-
plocbtepeg Staoyloec Ty empépouc d3évpmy Lextvdvtac and SiapopeTinés
pllec.

H Sop¥ mou pdhic neptypapnxe elvat SLaypovixh xar Oyl ywpoyeovXy.
Qotéo0, otn douh auth otnplletar 0 doph Twv Exxaluntduevoy yeau-
M@y TeTpadedy 3¢vipwy mepoy®y Yy Ty anolfxeuorn ewdvey Timou
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PnedwTtoy, ou onolec petadihovtar pe to ypovo. H véa Soph otnplleta
oty mapathenoy 6t ta Exucaduntépeva BY-3évdpa propody va yenoipo-
mounBoiv yio TNy anolhxeuor oyt Lovo aptipndy ahid xar euxdvey av auTés
xwdwonownboly pe tn foRbeiag plag and tic nebddoue nou edetdobnxay oto
Kegpdharo 14.3.

0
(3)
@/Q\ 4 5% |
Ac ;
DAEE ﬁéii il

(¢)

Yy 14.15: Enucaduntopeva tetpadixd dEv8pa neploy®y.

Yta Yyfuata 14.15a xouw 14.155 nopovotalovtal 8%o Sadoyixéc ewxd-
veg, nou o€ peydio Babud elvar napdpotes. Yta Lyfpoata 14.15y xow 14.158
divovtal ta Tetpaduxd 3évdpa neploy @y mou naptoToly T aviioTolyes euxd-
VEC, EVE ONUELOYVOVAL XATO and Ta padpa QUAAL oL Xxwdtxohédels odppomva
ne v vionoinon FL. Téhoc, oto Eyhua 14.15¢ vioroweltal n teyvixn e
emuxdiudne yia TRy anobixeuon Ty dYo TeTtpadxdy 3EvSpwy ywpels onatd-
" oOeou Yo ta xowvd unodévdpa. Opwme elvar npogavés, 6Tl 1 viorolnon
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QUTH aPopd GTNY XVpla UVARY, dnAadh dev elvar ypauuxh. Mta Myhuata
14.160 xow 14.160 napovotdloviar ot YpapuUixés UNOTOLACELS TOU AVTLOTOL-
YoUv otic nponyovpeveg ewxoves. Ilo ouyxexpuéva, Beowpeltal pla Soun
Bt-3¢vdpou pe d=1 xaw Bk fr=2. Téhog, oto Lyfua 14.16v napoucidletal
o {nrodpevo, dniadh 1 Soph tov Enuxaluntdpuevoy yoappuixdy tetpadixdy
3EVpwv meploydv, 6Tou XaL TAAL eTLTUY Y AvETAL ouxovoula xafos Ta xovd
urodévdpa anobnxelovtar plo Lévo opd.

322 322
032 330 032 330
000 032 322 330 000 032 322 330
030 323 031 033 323
(@) ®)
322 322
032 330 032

000 032 322 330 000 032
030 323 031 033

(v)

Yy 14.16: Enucaduntopeva tetpadixd dEv8pa neploy®y.

H Batepdtnta e Sophic authc elvar dtL xdbe Sadoyixh exdoyh tne
Soutc mapouoidlet pla véa ewdva, eved xdle exxdva anotehelitor and noiiéc
xwdworéies FD. Enopévoc, dtav etodyeton pla véa euxdva, elvar cav otny
Tpé€youoa exdoyh e Soufc va exteisital éva oUvoro Slaypapdy xar Eva
obvoho eoaywy®v. Av ou npdleg autés yivouv pla-npog-pla, téte elvan
elatpeTxd antavo va npoxddouy xowvd vrodévdpa petall ToV Stadoyxdy
exdoy v g Sounc. [ to Adyo autd, ot Swaypagés xal ov etoaywyés yi-
vovtot palixd, ondte and éva pUilo tne tpéyovoag exdoyfic uropel va dta-
Yeopoly Tautdypova neptocdtepes and Uio xwSworédels xar TauTdypova
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va etoayfody neplocdtepeg and pio xwdixoréles. "Etou, yivetal aviinntd
ot av éva UAko Swaornachel, téte propel va mpoxidouy neptocdtepol and
300 x6pPol, eved xatd T ouyy®veLoT uropel teplosdTepol and dbo xopPot
va d@oouy éva véo xoufo.

‘Onwe elval yvwotd, ta B"’-Bévaa Srabétouy optlbdvtioug deixtec oTo
en{nedo Twv PUAADYV, GOTE Vo SLEUXOAGVETAL | GELOLOXT, TEOCTEANCH TOUS.
Qot600, AMoYw TN emediudne dev elval Suvath 1 ¥pNoTN ALTOY TV SEXTOV.
*Opoe, av LTOBARAOVTAL EpWTAGELS YPOVIX0U SLacThnaTos elval arapaltnTo
va yiver 6Uvdeon Tov dadoyxdy ewdvey. T to oxord, o xabe @iiro
Tov Erucuntopevey yeauuxey tetpadudy $Evdpmy neployey tifevtat
téooeplg Waltepol delxtes, mou mpéner va Bewenbolv wg d%o Lelyn. To
éva Levyog yenowelel yia va delyver and tny tpéyovca exdoyf npoc Ty
EROUEVY YPOVIX, EV® TO GAAO YL va Sely Vel Tpog TNV REomNYOoUUEYY Ypo-
vixd exdoyh. Ewlduxdtepa, dedopévou evic @lilou tne Tpéyoucac exdoyns,
o delxtng F xow o Selxtne B yperdlovrar yia va delyvouv npog évay xéy-
Bo tng emdpevng exdoync, o onolog nporile and to dedepévo piilo, 1 Eva
x6pfo g nponyolpevns exdoync, and 6mou npoRibe o dedopévo @iiho,
avtiotouya. Ewiéov, oe xabe exdoyn o deixtng FC xaw o delxtne BC yen-
OWLEVOUY YL TN GUVdEST) TV QUAALY oy tpofihlay and pla didonaoy xatd
TNV TEONYOUUEVY YPOVIXH CTLYUR, f TV QUAR®Y TOU GE EXOUEVY YpOVLXN
otyph Oa ouyyowveubolv, aviliotolya.

B
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Yy 14.17: Xovdeon @lilwv pe tn Porleia tecodpwy detxTdy.
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To Yyfpa 14.17 delyvel éva napddetypa drou éva @Uiro pe Bk fr=4 ne-
eéyet 3 eyypapéc xatd tn ypovixh otiyph t=1. Oueyypapés autéc Exouy yia
xhewdd toug FD xwdwoic: C1=002/3, C3=003/3 xoav C3=302/3. ‘Eoto,
OTL GTY) GUVEYELX XAl XATE TN YpOVIXY) OTLYUH t=2, elodyovTal oxT® véeg
evypagéc pe xhewdid toug FD xwduxolc: C4=030/3, C5=031/3, C=032/3,
C7=200/2, Cg=211/3, C9=330/3, C10=331/3 xar C11=332/3. Xtnv nep(-
TTwor auth, extereltar pla Sidonaon xOPSou AAAd TEOXVITOUV TEELS VEOL
xopfol. To @lhho g mpdTNE YpoVIXAS OTIYUNS ouvdéeTal UE TO Tp®TO
QUANO NS ETOUEVTS YpOVIXNS oToYMAS e T BoRleia tou delxtn F, eved o
deixtng FC ouvdéer toug tpeic xéuPouc petadd toug. Ty ypovixd otiyuh
t=3, Swaypaypovral névte eyypapés pe xaewdid toug FD xwdixoie: Cg, Cr,
Cs, Cio xav Cq1. "Evou, 8%o xoépfor tne delbtepng ypovixhs OTLYRAS OUY Y O-
vevovtat, ®ote va npoxtdel évac xopoc e Tpltne ypovixic oTLYIAS, EVO
o deixtne B xau o delxtng BC evnuepdvovrar avdroya.

H Baocwer Stapopd tov Exuxaiuntopevey ypapuuxoy tetpadixdy dév-
dpwv neptoydv and N douh, twv RT-8évdpwy elvat 6t v mpdTn Soun yenot-
pevel yua Ty anobfxeuorn exévev tinou Pnepdetol (raster), evéd v deltepn
Soph yenowelel yia Ty anofhxeuor exdvoy dtavuopatixol tinou (vector).
Kot ou 800 dopéc €youv peydhes anatthioels 68 y®po, Xdal auTtd oanoTeiel
ulo opodtnTta oty entdoon Toug. ot600, N ypovixh enldooy) touc elvat
onuavtixd Swapopetixh yiatl  Soun Twv Exuxaluntépevey ypauuxoy te-
Tpadixdy 3¢vpmv €yel otabeph anddoon aveldptnta and 1o mhhbog ToV
exdvey mou €xouy ewoaylel otn Bdorn, oe avtiBeon ue tn douh Twv RT-8€v-
dpwv, 6mou 1 enldoon @hivel xaldg elodyovral véeg euxdves. O Adyog elvan
6, eneldh epapuoletar n texvixh Tne emxdivdrng, xdle exdva propel va
Oewpenlel 6L amobnxedetar og pwin aveldptnty Souh 6mou dev epniéxovtal
dedopéva Ty dAiwy ewdvoy. BéBaia, xdtt tétolo dev oupfalvel otny me-
elntwon twv RT-8v8pwv 6mou évac xéuPoc tne doung propel va meptéyet
opboydvia and Sudpopeg ypovixés oTiypec.

14.8 Exniloyog

Yto xe@diato autd eletdolnxay pepixés aviinpoonneutixéc doués tou oye-
Sudolnxay v yphorn 610 Quowxd enlnedo ywpotadx®v, Staypovixdy xal
X OPOYPOVIXOV Bacewy dedopévwv. And tig Sopés autéc, AON ypNoLLoTOLOY-
VTOL TEOXTUIXA O EUTopXd cuaTApata ot Soués Tov [papuixdy tetpadindy
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3evdpwy xal tov R-3¢évdpwv. H épeuva oe oyéomn pe tic eWduée autéc Ba-
oetg dedopévov ouveyiletal. Ou anathoes tov ypnotody nou nélovy v
nepatTEP® EWWLA EpYAREld XL OL ARALTAGELS TWVY ETAULEELDY TOU adpavoly G
Spapatixd vées arhayéc, O€touv ta dpla THS €pEUVAC XAl TWV EQAULULOYOVY
ne.
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EIAIKA ©GEMATA

15.1 Ewsayonyn

Katd tn @don tou @uowol oyediacuol uia Paonc dedopévmy, o Swayeipt-
oThe mpénel va peptuvhoet xat yia pla oetpd Oepdtoy mov oyetilovtat pe v
eppubun xau arnotereopatixy Acttoupyia Tou cuothuatos. Exlone, népav
Tou dayelptoth To (Bto to clotnua anaptiletal and cuvterestés Tou €xouy
Toug (SLoug oty oUC avaopxd LE TN Aettoupyia Tou. Avtixeluevo, Aoy,
auTol Tou xepaialou elvat ) tapoucinoy edXOV TPOPIUATOY TOU TEPLEGH-
tepo oyetilovTal pe TN YeVixdTeERn AeLTOLEY (X TOU CUGTAUATOS Xal ALY OTERO
pe xarmowa edixh doph. Ta mpofiApata autd apopolv Ty npoctacia xot
ouuRiEon TV dedopévwy XaL Tov EAEYY0 TV TAUTOYPOV®Y TPOCTEALCEWY

XeNoTOV.

15.2 Ilpocrtacia dedomévey

Xopls WBualtepa pétpa npootaciag (security) and mbavée Brdfec ¥ xata-
otpopéc pnopel va oupfoly peyarés Inuleg oe éva unohoyiotixd cloTnua.
Y10 xepdhoto autéd dev Olyoviat Bépata tpooTaciag TV EYXATAGTACEDY XAt
TOU TPocLILXoY aAAd HEDOdOL TpocTaciag Ty dedouévey and xaTaoTEAPES
N AnOIELES, EXTOS av auTH TpoxVPeL GULQLYL UE TNy npodtayeypaévy Sua-
ducaola. Ewduxdtepa Ou peretnlel n axpiBeta (accuracy) xow v axepatdtnta
(integrity) tov apyelov. Ta dedopéva evidg apyelov Bewpoldvtar axpdh av

368
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xatd Ty eloayeyh touc dev meptéyouy Adbn. O dpog axepatdtnTa TRV de-
Sopévwy toyve yia dedopéva mou Exouv 18N anolnxeulel oty deutepelouoa
PV

[pootacio twv dedopévwy emTuyydveTtal He SLapopous EAEYY0US XATA
v eloodo xar Ty enedepyacin twv dedopévev ypnoyronotdviag mia Thn-
Odpa texvixdv. Elvar yveooth ) SuvatdtnTta Tov AELTOURYIXOY CUGTLATOY
va motorololy v avBevtixdtnta (authentication) tng tautdtnTag Ty
xenotoy pe T néhodo v xhedapibuwy (passwords). Mdiota, To het-
Toupywxd ovotnua UNIX €yer mn Suvatdtnra va dlver B va apveltar otov
x&0e ypnotn onowadnnote SuvatdTnTa EREUBACTC OF €VA GUYXEXPLLEVO ap-
yelo pe oxond tny avayvwon, Ty evipépwon B tny extéicon. Avdioym
duvatdTnTa LRdpyEL XaL 6Ta cuoTAUATA dtayelplong faoewy dedopévwy.

Mewtapyixds Eheyyoc elvar 1 e€0VoLOSSTNOT TV YENOTOY UE CUYXEXEL-
MEVA DIXAUGUATA YpNRONS TV ApYEldY EVOS CUGTAUATOS XL ETLTUY Y AVETAL
pe Tt PoRbeia tou mivaxa ehéyyouv npoonéhacrg (access control matrix).
Mia ypapph tou nivaxa avtol aviiotouyel oe xdfe yphotn, oL 6THAES TOU
nivaxa aviiotolyoly ota apyela Tou cuoThuatog, eved oe xdle Oéomn Tou
mlvaxa eledyovior ta dixawdpata Tou yehRotn (dnhadh, avdyveon, anobh-
xeuon), dwaypagh, aviiypaey). a tapddeypa, n Yidooa cpwtanaviiceny
SQL, mou elvan pla mpdtunn YAOGOH it GAX Tat GYEOLAXA CUGTALATA, dVEL
07O SLAYELPLOTH TOU GUOTAUATOS TN SUVATOTNTA RALAYDENCNS XL AVAXAN-
oNS SAUOUATWY 6T0 YpRoTth LE TN BoRleia Ty eVIOA®Y 0pLo ol dedopévey
GRANT xoav REVOKE <privilege list>. ‘Etot, howdy, ot anaitiioeg tou
xehotn péoa and to olotnua dwayelptong e Paong dedopévoy petagpdlo-
VTl G ANOUTAHOELS TPOS TO GUCTNUA ApYElWY TOU ASLTOUEYLXOU GUGTAUATOS.
Y ouvéyewa ou poutives npoonéhacnc oupPovictovTal Tov nivaxa eréy-
YOU TEOGTEAAONS XOL EMLOTEEPOLY 6T0 auotnua Stayelptons e Pdong ta
oyetxd dedopéva.

Mia dikn pé€Godoc mpootaciag tov dedopévey elval o unyaviopos g
6dmg (view), mou oplletal wg éva apyelo (nlvaxac tou oyeolaxol povié-
hou) anoterodpevo and pepwxd nedla evég f neproodtepwy apyelowy. Ag
onuetwlel dtu n 6gn elval Weatd apyelo, dnradh dev elvar oty npaypatt-
xotnta anobnxevpévn oty deutepetouca pvApy. Xtn yiAwooa SQL n édn
vhonoteltar pe Ty evtor VIEW, evd xaw ndiw pe i eviorés GRANT xon
REVOKE 8ivetar oto yphotn n Suvatétnra enelepyaocioc pmiag ogne. H
npootacia Ty dedouévey npofpyetal and yeyovog ot 1) 6dn anoxplnTel
and 1o yenotn pepwxd nedla, mou uropel va elval xpdoua GUUPOVA e TN



370 Kegdraro 15

YVOUT TOU SLAYELELETH TOU GUGTAUATOS.

H axpipeia enttuyydvetal xatd tny €(6odo tov otolyelwy ue Ereyyo Twv
YAPAXTAPOY, EXEY YO TOV TESWY Xat EASY YO0 TWV EYYPAP®Y TOU ELGAYOVTAL
opadwxd oto apyelo. Ou yapaxtipes plag eyypapnc eréyyovial av elvat xe-
va, yeappata, aptbuol, tpdonuo B téhoc av elvat xdmotot etdixol yapaxthpes.
lNa mapdderypa, n naradtepn DBase IV avayvopile tov ahgaplBuntixd ti-
no, Tov aptunTed, Toug aptbuolc xvnTAS LTOSLAOTORAS, TS NUEpoUnViEC,
T0 AoYX6 TURO XAl Tov TR0 TV onuetwoewy. Kdtl avitiotolyo woylel o
Oha T GUYYPOVA EUTOpXE cuoTAMATA dtayelplong faoewy dedopévwy.

O €heyyog Ty nedlwy elvat td evdlapépwy YLo TOV TEOYPAUUATIOTH XAl
uropel va emionudver xot Adln hoyuxhg extoc and Aabn minxtpordynong. O
Eheyy0g TV nedlwy propel va yiver xatd mohlolc TpoTouC.

Apibunor ouvalraydy (transaction numbering). Mia teyvixd elvor va
elodyetal éva ovvoro and eyypapéc talivounuéves xatd aviouvoa (¥
pbivouoa) Tddn tou mpwietovTog xhewiol e, Av, howrdy, to xheldl
ulag eyypaphc dev unaxolel oty abdovoa axohovbia, 16t anoppinte-
tat. Enlong anopplntovrar ou eyypapée pe (Sro xhedl. Axdun noirég
popéc oL eyypapés apthpolvtar xar To oUvoré Touc mpénel va elvan
otalfepd. Emopévog, av 1o mifloc twv eloayduevey eyypapdy dev
wooltat pe tov npoxabopiopévo aplpd, téte N ouvakiayy dev ouve-
y{leTad.

“Eheyyog nepropiopdy opbéintag (integrity constrained checking). M{a
AN TEY VX elval vo eAEYYETOL TO €Up0S TV TGOV TV nedlov. '
napddetypa, dev elvar Sduvatdy évag undiinhog va €yel epyaoclel me-
ptootepo and 365 pépec to ypdvo B o pieldc tou va unepPalver to
1.000.000 dpaypéc to phva. L' o oxond autd, paloTa oL YAGOGGES
EPOTATAVTACEDY TV CUCTHULATOY dayelpions faoewy dedouévoy é-
Y ouv edixés evtohéc nou Bétouy neploptopolc ot nedla ey ypaphs evoc
névo apyciov 1 xauv oe nedla eyypapdy neplocotéony apyeloy. "E-
va mopddetypa elvar i evtoay DEFINE INTEGRITY wnc INGRES:
DEFINE INTEGRITY ON Student IS Student.mark < 11.

“Eleyyog minpédtntacg . Xe eyypagéc pe netafinté aplbud nedlov npénet
va yivouy ialtepot éheyy ot yia tn Staniotwon Ynapdng Tov eYYpapohy
AUTOV.
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“Ehevyog nuepounvidy (date checking). H npepopnvia divetar uvznd tov
wro MMDDYY 4 DDMMYY. Auté elvan évag npdtoc €heyyoc. "E-
vag deltepog éheyyog e€etdlet i TYé mou AauPdvouy ot yapaxTthpeg
TOU AVTLETOLY0UY 0TS NEPES, Toug uAves xat ta €. [ napddetypa,
€10l pnopoly va anopptploly ypovoroyles peyaritepes and to 1990.

‘Eheyyog ouvéneilag (consistency checking). Iokhég gopéc ot typée ddo
nedlwy elvar oe dueon ouvaptnon. [ napddetypa, éotwoay ta nedla
“Képdn” xou “Znplec’. Av o7o éva nedlo undpyel cuyxexpuévn Ty,
T6TE 670 dhho wedlo mpErel Vo UTdpEYEL XEVO.

"Eheyyog xwdixdv (code checking). Ou xwdwol aplhupol ouyxplivovrtal pe
nivaxes xodwxdv yia ) dtaniotwon Ty avirapxtov. Av o nivaxag
TOV X0dWOV elval neydrog xat 1 dtadwacion ypovoPopa, téte edetd-
Lovtal wévo tuApata Tou xedxol.

“Ehrevyos dneioy (digit checking). Ta xuptétepa Adbn nou yivovrar xatd
TNV TANXTEOAGYNoT aplBuody elvat i napadpoput, my. 1237 avti 1234,
n avtetdleon, ny. 1324 avtl 1234, n Sunihf avtpetdbeon, ny. 4231
avti 1234, xov téhog ta tuyala AdOY, dnhadh évag cuvduaopds Ty
nponyolpevey Aoy, ny.0214 4 2124. To Adbn mou avixouvy otig
tpelc npdtes xatnyopleg Aaldy propoiv va aviyveuloly av yenoiso-
nounlel éva emmiéoy Pnglo eréyyou pe pla n€hodo nou avarietal oty
CUVEYELD.

Kdbe dnelo evic aplBuod and ta dedid mpog ta aplotepd TOAAATAA-
owletar e 2,3,..,11,2,3... avtlotoiya xa ta ywdpeva abpoillovtar. Yr’
o 6t mpéner o peyarltepog apluds mou yenowonoteltar va elvar €-
vog mpwtog aptipde, dnwg to 11. “Etou, v tov apBud 1234 npoxintet
1%542%443%34+4%2 = 548+9+8 = 30. To 30 Srupodpevo dwo 11 dlver
axépato unérowmo 8. To 8 apapoipevo and to 11 Sivel undrowmo 3. To
dnelo autd Oewpeltar Pnplo ehéyyou xou telxd o apthuioc amobnxeleto
g 12343, Av xau ndh exteresfolv ol mponyolueves npdielg xal to Prglo
eréyyou morhanmhaotachel pe tn povada xa npoctebel oto nponyolpevo &-
Opotopa, dnradh to 30, npoxintel 33 mou Stapovuevo Swa 11 diver undiroiro
0. Ac onpewwbel dtu evarhoetixd, avtl tng aiinrouvylag 2,3,..., propoly va
yenowonombolv we Bapn elte pla yewuetpweh axoroubia 1,2,4,8 xin. elte
uio axorovbia pdTEY aptbudy 1,3,5,7,11 xix.

Katd v erelepyaoia yivetar o enavéheyyoc xaL Pnopody vo oviyve-
pOolv Kaln evig B d%o dnplov av o Swpétng elvar mpdToc apthudg o
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nakoTa peyarltepoc and to mARbog twv dnplev tou aptlbuol. ‘Etot, o
aptlpée mou mpoxtntel and to 12373 Stapolpevog pe to 11 dlver undhot-
no 6, autdg mou mpoxvntel and to 13243 Siver undhrowro 1, evd autdc mou
npoxvrtel and to 42313 dlvel undroiro 9.

Ta tuyala A& dev aviyvebovtar navtote. H mbavétnta un aviyvevone
Tuyalou AdBoug elval (o mpog Tov avtictpopo tou doupétn. Autd propel
vo avel and ta enduevo nopadelypata. And tov aphud 02143 npoxintet
0*542%441*34+4*243%1 = 22, zmov Swupeltar axpBodc pe to 11, ahrd axd
Tov aplipd 21243 mpoxintel 2*541%44-2*3+44*243%1 = 31 nov dev Swapel-
ot axpPos pe to 11,

Ac onpewwbel 6tL v v aviyveuvorn xar ) Sépbwon rabdv undpyet
ula minbopa nebBédwv mou ovopdloviar xbhdixeg dLépbwaong Aabdy (error
correcting codes) xat arotehody aviixelpevo e Oewplac [Inpogopidv. H
o yvewoth pébodog elval o xdduxag Hamming, nov avapéplnxe oto Ke-
paraLo 2 xaL ypnowponoteltal 6T LayvnTxés Taviog Xol 6Ta GUCTAUATA
RAID. H kentopephs edétaonc tov xwdixmv déplnong habov elvar extdc
TV oplewy Tou Bilov autol.

15.3 Xvunleor dedopévmy

‘Onwe avagépblnxe oto Kegpdhato 1 epapudlovrac pehddoug xwdixonoin-
ons (coding) xar ovunieong (compression) Twv dedopévwy emtuyydvetat
owxovoula yopou anobixevorng, ypdvou npoorélacnc xar Talvounons, xo-
06d¢ xat pdvou avdnTuing TOY TPOYPAUPATOY EQUELOYOY. XTN GuVEYEL
dlvovTal nepixéc and Tic NEpLEGHTERO YENOULOTOLOUUEVES TEYVIXES GTNY Tpd-
&n.

“Eva mokd yapaxtneiotixd napddetypa elval 1 cupnieorn tTov nUEpOUT-
viov. ‘Etou, n anolfxevon tng nuepopnviang 28 OxtwPpelov 19407 amat-
tel 17 yapaxtipes wg ovpforoceipd, evéd 1 anolfxevoh tne und T popen
12810407 anavtel 4 yapaxtipes we npayuatos. Av duog Bewendel v ap-
xh 1 1n Lavouaplou 1940, téte n nuepopnvio avth propel va anolnxeulel wg
*3017, dnhadh 2 yapaxthpes we axépatog. BéBaia, dnwe elval yvwoto, ot
ey véS autéc 0dRyNoaY 0TV EREAVIeT Tou TpoPAdpatog Tou 2000 (Y2K
problem). To mpdfinua autd npdxude oyt and Adbog ahid and avdyxm.
Apxel xdmoog va oxeplel 6Tt oL YOENTXEGTNTES TOY YYNUOY XaL Tov Si-
oxX®y ey, Yo tapddetypa, and 20 ypdvia dev elyav ta twptva peyEéln, xo
1 eZowovéunon 0T xaL LEPXOY YARPAXTAR®Y HTAYV ONUAVTIXH.
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Apyxd dedopéva: 0,14,0,0,0,15,0,0,0,3,3,0,0,0,0,0,0,423,0,*

Avanoapdotaon pe ouvietaypéves:  2,14,6,15,10,3,11,3,18,423,20,*

Avaduf avarnapdotaon: 01000100011000000101 xo 14,15,3,3,423,*

Aexadixh avanapdotacn: 280068 xou 14,15,3,3,423,*

Tpeig draxpttéc nepintodoeig: 0110001100011110000011010 o 14,15,3,3,423

Téooepig draxpitée nepintdoelc: 0011000000110000001101000000000000110010
xot 14,15,3,3,423

Mivaxag 15.1: Yupnileon apatdy dedopévwy.

Yn ovvéyewa edetdlovian pepuxés nepuntdoelg oupnieons apthuntixdy
dedopévov. Aéyetar dti ta dedopéva elvar apard (sparse) 6tav oe ouvipt-
X6 10606To Eyouv pndevinés Téc. H neplntwon twv apatdy mvdxey
Eyer avantuy el xar oto BiEiio Tov Aopudy Acdopévwy, arrid to Héua Aoy
e oroudatdThTag Tou Olyetar xal €860, MNtny npdty veapph tou [livaxa
15.1 8ivetan éva napddeiypa apady dedopévey, dnouv to odpforo ¥ dnho-
ver pula pn xaBopiopévr (don’t care) Twh. Xty devtepyn ypapph Tou mivaxa
dlvetal n avtloTolyn mapdoTtacy yenouonol®dvIag T Yvowoth wéhodo, 6-
mou pévo ot un undevixés tipée pall pe tig ouvtetayuéves Toug 6To apyelo.
Yy tpltn yeauun tou nivaxa divetat n enlone yYvwoth avanapdotacy a-
paldv dedopévov pe tn Borbea Suadxdy oupforoceedy (bitmap). Yz’
o 6TL auth M Suaouery cupPoroceled uropel va yeogel e Sexadixh Loppn
g o axépatoc 280068, dnwe alvetal oty tétaptn oepd Tou mivaxa. Av
urotelel 6tL o un xabopropéves Tés elvar oyetixd moAéc xal 6Tt evdia-
pépel M exaxpBhc Oéom Toug otov mivaxa ue duadixh avanapdotact, TOTE
npéme va yivel Sudxplom oe tpelc dtaxpltés nepuntwoets.  Etot, oty népnty
oepd tou nivaxa, ot un xaboplouéves tpés naptotdvTar we 10, ou pn unde-
vixés Tipéc moptoTodvTal pe 11, evd puowxd pe 0 mapiotdvtat ou undevixés
Tpés. Téhog, av undpyouvy noriés enavarapavoueves Tiués THTE UTOPOVY
va yenoworomnboily téooepis dtaxpitée Tinés: to 00 v tig undevixéc Tiéc,
o 01 via tic emavohapPavépeves tuée, to 10 yia tig un xabopiopéves xat
to 11 vy tig xabopiopéveg un undevixée tpée, dnowg napovotdletar oTny
€xtn oepd Tou nivaxa. Eyet avagpeplel 6tu av  tereutalo néhodoc epappo-
olel oe peydia apyela pe otatioTixd dedopéva, THTE 0 ATALTOUUEVOS Y MEOS
petdvetal xatd 45% we 80%.

"Ortay Tés Ty dedopévoy elvar mixpéc T1oTe propoly va napactaboly
pe Alya bits avtl yia okdxhnpec hélec. O aptbudc twv anapaltntwy bits
Beloxetal evxoha pe pin cdpwon tov dedopévoyv. [a napddetypa, o aptudc
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423 wou Ilivaxa 15.1 anartel 9 bits. Yuvenodc, evd pe v tereutala pébodo

Tou R{vaxa aratToUVTAL EXTOS TOU duAdLXOU avioUATOS JARES TECOERLS Aé-
A 7 e 7z rs 7z M

Eeig, Topa anattolvTar mla ALY yia to delxty pevéboug xar 36 bits yvia ta

Téooepa oNUAVTIXA GToLyEla.

Apyxd dedopéva: 854, 855, 857, 856, 859, 860, 863
Svpmeopévn poped: 854, 4, 1,2, -1, 3,1, 3

Mivaxag 15.2: Kwdwxonoinon Aékta.

Av o Tipée Tov dedopévey petaflariovtot apyd xat Babuiala, téte uro-
cel va epappoochel 1 xwdixonolnoy Aéhta. Yiupwva pe tn pébodo auth
xat” apyhv anobnxeletal  pd T TR, XaTémy 0 apthudc Ty arnapaltnTey
bits yia v anolOfxevon Tov dlapopdy xar 61N cuvéyea ou Stapopés. Eva
tétowo nopddetypa palvetar otov ivaxa 15.2. Yiupwva pe pla napaihay?
e pefdédou autic mapepdiietal teplodxd évag ohOxinpog aptiude petd
and éva ouyxexprévo apthud Swapopdv. Edue replntwon elvar ) heyo-
pevn xwduxoroinom tov Altéxwy, 6nou ypetdletar wévo €va bit yio v
avdnomn K peloon Tov IOV v dedopévoy. H teleutalo péhodoc elvar
anoTEAEGUATXY LOVO av 1) neplodog detypatoindiog elvar Tokd pixe.

Apyxol axépatol: V1, V2, Vs, V4
Tehxdg axdpatog: v + m X vz + m’ X vy +m® x s (m > v;)

Mivaxag 15.3: Yuvduaocuoc ToAAOY pixpoy axepalny o Eva axépato.

[Toiiég popéc elvar Suvatdy évag aptbpdc pup®dy axepalowy va cuvduo-
olel oe éva pévo axéparo pe ) pébodo mou galvetar otov Ilivaxa 15.3.
Av pdiota ) rapdpetpog m tou napadelypatoc elvat Shvaurn tou 3o, ToTe
N xwdixonolnon xau 7 anoxwdixonolinoy dieuxohdvoviar He Ty mpddn ng
StorloOnong (shift).

H ouprnieon xewévou elval exlomng Eva peydio xe@drato pe supela TpaxtL-
xh epappoyh. Hdn oto Kepdiato 12.2 éyive extevig avagopd otn pébodo
g xwdixonoinone pe unépbeor xal dev npdxetta va eletaolel nd oo na-
eov xepdiato. "Eva modl ouyvé napdderypa elvat ) odvtunon 1 cuvtouwia
(abbreviation) talivounuévey xheldLdy xatardywy xor AYeTal ECWTEPLXA



Ewwxd Oépata 375

Edgar R.B. Hagstrohm
155 Proteus Park 60282HGS5155P0OT31
Chicago, 1l 60282

Mivaxag 15.4: Tayudpoper; dtebbuvorn xar avtiotolyn xwduorotnuévn,.

(internal) 4 e§wtepixf (external), av yivetow npwy A petd v ewoaywyh oto
ovotnua avtiotouya. [lapdderypa eZmtepunic olvtunong elvar uio néhodocg
xwdwonolnong nov epappdletar xuplng oe otolyeln ouVdpOUNTOY. XTov
Mivoxar 15.4 dlvetar pla mifeng tayudpopuxyy diebbuven xat v aviiotouym
xodwonowmpévn. H xodwonowmuévn Sielbuvor npoxdntel pe npdtady tou
ToyUdpoUX0U X®Sa xaL napdheon GA®Y TOV LTOYPAUULOUEVODY YEAUUd-
TV, eve ot apthuol avtietolyoly oto mARHog TV ThaYi®Y YEUUUATOV.
Axohovbel évag petenths, 10 1, mou auvddvel oty nepintwon mou npoxddouvy
300 Y mepLocdTepeg Opoleg cupmecpéveg oupforoceipéc. Ag onuewiel 6t
N mpoTady Tou Tayudpouxod xGduxa edunnpetel oty Tadvéunon.

1. Avyvoodvran dhot ot un ahpaPnrtixol yapaxthpeg
2. Ou nelol yopaxthpeg petatpénovial 6 xegaraio
3. Aoapfdvetor 0 TpOTOC YAPAXTAPAS TOU OVOUATOG GTO UNOTENEGO
4. Ayvodvrar ta govisvta AELLOUY xat a0 odppove HW
5. Tivovtaw ot e&hg petatponéc:

o yethebpnva B,F.PV oe 1

Ta hapuyyixd xat ouptotixd  C,GJK,QS X, Z oc2

T 0dovTixd DT oc 3

T poaxpd vYpd L oc 4

Ta EvpLvo M,N oc 5

ta Bpayéa vypd R oc 6

6. Abo ¥ neprocdtepa (Sia Gpota dnola aviixabiotoOviar pe éva
7. Ta nmpota tpla dnela hapbdvoviar 6to anotéheouo

Mivaxag 15.5: Awaduxaocio cupnieong pe néhodo SOUNDEX.

H SOUNDEX eivar pla onovdala pébodoc edwtepixic obvtunong, 1 o-
nolo yenoelel yia ™ ouunieon xuplov ayyAx®dy ovopdtey xat uropel va
Oewpenlel cav évag povntxdc xataxcppatiopss. O Réyog authc e Oew-
enons elval 1o yeyovdg 61l ovépata mou podlovy povnTd petald Toug
CUYXEVTPWYOVTAL 68 Tapapanifoies OEoeic Tou apyelou, érwe oupfalvel pe
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TLS GUYXEOLOUEVES eYYPaEés evig apyclou xataxepuatiopol. To mheové-
xtnpa Tne Lehodou elvar bt pe ) néhodo auth petdvovTal oL GUVERELES TTOU
pnopel va cupPoiy and éva habog xatd tny enedepyacin evic ovépatog. Ot
xavoveg ovunicong evog ovopatog pe ) w€hodo SOUNDEX rapouvordlovtat
otov Hivaxa 15.5. 'Onwc edxoha galvetar, To anotéheopa tne Stadixaciag
elvar plo ouvpporocepd and éva péypl téooepic yapaxthpes. To mipbog
Tov Spopetixdy oupPoroociedy SOUNDEX elvar 26 x 73, dnhradh 8918
duvatétntes. "Apa elvar mord mbavé dlo B nepocdtepa ovépata va di-
vouv tov (8o x@dwxa SOUNDEX, drwe e€dhhou oupfaiver xar otov ankd
xatoxeppatiopsd. [ napddetypa, ta ovépata MacCloud xar McLeod 4 ta
ovépata Smith xar Schmidt 8ivouv arotéheopa M243 xar X53 aviiotoiya.
Eropévog elvar mbavéd xatd tny avalftnor eviéc ovépatos va emtotpapel
070 YEROTN €va GUVORO OVOUdTOY, oxdTe 1) emhoyh Oa yivel pe euhivy tou
og cuUVSLAGPS pe Ta urélora Tedla.

Ot péhodol eovtepxnc olvtunomng elvat Bacixd S0, ahhd URAEYEL XAl O
LPBEWLLGS oUVSLACUGS TOuS. LUUP®YA PE TN CUVIUNGCY]) XAELSLOY Y AUNATS
té&ns (low order key abbreviation) ¥ on{oBia nepixony (rear truncation)
hopfBavovtar and ta Stadoyixd xAESLd TOo0L apyLXol YApAXTAPES, HGOTE VA
undpetl Stapoponoinoy petadl Toug xal ayvoolvTol ot TEMX0! YopaXTHRES
Touc. H teyvueh avth elval vevixd yvwoth and toug TORoUS TV ToAUTo-
MOV EYXUXAOTABELDY Xat AeEIX®Y, alkd oe 6Tl agopd ota apyela yenot-
poroeital ota Ipofepatind BT-3év3pa enttuyydvovtac peyaritepo héyo
SLaXAABWOoNS XL EnoPEVLS peyarliTepo x€pdoc oe ywpo xat ypdvo. llo
OUYXEXPULEVA, OTLS OEABES TV XaTwTépwY emnédwy Tou d€vdpou dev ano-
Onxedovtal ohdxinpa ta xAeWdtd av dha €xouy xowvd npdlepa. To npdlepa
autéd pnopel va aviyveubel ota avdtepa enlneda tou dévdpou. Axdun ota
Mpobepatind BT-3évdpa 1o ouprmieopéva xhedid plag oehidag dev anofin-
XEVOVTAL OAOXANEA AAAA LOVO OL SLaPopEs TOUS ®S TPOS TO TEONYOUUEVO
arewdl. H teyvixd auth ypnoyronoelzal xal and ty opydvworn VSAM oty
oudda xatahdyoy ws &g xdle ovpforooeipd anolnxedetal ue Eva Prgplo
mou delyver tood xowd yedppata €yel 1o XAeWl autd ue To nponYoUHEVO
TOU Xdl €RovTal Ta UROAOLRA Ypdupata g oupforocelpds. Av ot dwado-
yxés ovpPorooepéc Sapépouy xatd oA, Téte To Xépdoc ot ywpeo elvat
ONUAVTLXO.

Yopgpova pe tn obviunoy xhewdrol vdniic tang (high order key
abbreviation) # epunpbéoBia nepuxony (front truncation), av ou apyxol yo-
paxThpES dtadoyxdv oupPoroceedy elvar (Sot téTe propoly va ayvonboiy
7 va ouprtesBoiv. [lap” 6tL n teyvixh auth Dewpntixd €yel theovexThuata
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xafog emTuyydver ouxovoula yopou, eviottols €xel cofapd LELOVEXTAUATA
xaboc:

o oanattel avinuévo ypdvo enelepyaoiag, xal

o xabLoTd enayOEoTEpO TO GUVTOVIONS TOV TALVTOYPOV®Y TPOCTEALGEWY
(8eg enbpevo unoxepdhato).

[N rapdderypa, otny éxdoorn Oracle 5 ypnowronoilnxe 1 teyvixh auth, Tou
opws xatapyRinxe otny enduevn Exdoon, xalog Stantotdlnxe 6t 7 enldpa-
on g otny exnldoom Hrav apvntixf. o obvletn elvar BéRaia 1 meplntwon
TOU YENOLULOTOLE(TAL GUYBLAOUGS TOY GUVTUNCE®Y UPNAHC Xat yapunihg Td-
Eng. [popavdrg ta dedopéva nou elvar anobnxeupéva xatd autdy Tov 1p6T0
uropoly vo avayveoholy névo cepaxd. Xtov Hivaxa 15.6 galvovtar ta
xAeWLd ou neptéyovTal ot plo oeAlda apyxd ywplc obvtunon, pe olviuno
uhniAc Tadne, pne olviunon yapniic Tadng xal xatémy ue ouvdLaoud TV
300 GUVTURoE®Y.

Kheld! Ydnihs tdine | Xoapnihs tding Svvdvaocpde
JEFCOATE IF JEFCOATE IF | JEFCO JEFCO
JEFCUT R 4UT R JEFCU 3CU

JEFF CJ 3F CJ JEFF C 3F C

JEFF D 5D JEFF D 5D

JEFF KD 5KD JEFF K 5K
JEFFAIR DC 4AIR DC JEFFAI 4Al
JEFFARES AS 5RES AS JEFFARES A 5REA A
JEFFARES K 9K JEFFARES K 9K
JEFFARES KM 9KM JEFFARES KM 9KM
JEFFCOATE DV | 4COATE DV JEFFCOATE DV | 4COATE DV

Mivaxag 15.6: MéGodol eowtepixhc clviunonc.

Extég and tn olviunon undpyouv xat moiiéc diies néhodol xwdixo-
nolnong oupPorocepdy. “Etot, av xdle yapaxthipac napactabel pe 7 M pe
6 bits yivetar owovoula xatd 12.5% % 25% avtiotoiya. Me 6 bits propody
va napactafoly 64 Sapopetixol yapaxthpes mou cuvhbmg elval ta xepa-
halor xon ta meld ayyhxd yedppoata, ta déxa Pngpla xal dbo olpfora (to
xevd xal 7 madha). Av dev undpyer avdyxr yehong neldy ypappdtov, tdte
apxoUv 5 bits.

Yuyvd otic oupPorocelpéc ouvavtodvTal axohrovliec xevdy, dnwg oTov
Mivoxa 15.7. Mia térowa axoroulia propel va napactabel pe éva povo
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Giovannini 123.89 Giovannini 1123.89
Jean 87.50 Jean 887.50
Johann 103.76 Johann 5103.76
John 154.66 John 7154 .66

Mivaxag 15.7: Awaypaph xevov.

xevo axohrouvfoluevo and éva apthud mou dnadver To TARbog TV xevody. k-
nlong avtl evéc minloug cuveyduevey opoloy yapaxthewy propel va tebel
éva elduxd olpforo, évag apthuids mou dniodver to manloc TV yapaxThHp®Y
xaL ot ouvéyewn o yapaxthpag. [ mapdderypa, avtl *1111117 propel va
veagel “*617. Ilpogavig, dtav o ahffog Tev opoloy yapaxthewy slval
petalt tou téoogpa xal Tou evvéa, Téte N péhodog elvar anodotixh. Av to
TAN0oc TV opolwY GUVEXSUEVLY YULaXTHEOY ElvaL TEpLeG6TERO TOu dEXA,
tote propel va yiver yphon Supfprou petpnth. H pébodoc auth uropel va
yenowonombel yia T ouunieon YapTO®Y TOU TAELOTOVTAL PE Rivaxes THTOU
raster. YuvnOwopévn teyvuen enlong elvat 1 avTixatdotaoy Ty cuvoOY Aé-
Eewv pe anholc yapaxthpes, nws yia nopdderypa o ayyhixés héews the,
of, to, and, in, that, is, it, for, one.

Tedppa  Zuyvémgra  Kodixde || Tpdppe  Zuyvétnra Kwdixde
E 133 111 u 28 01010
T 93 000 M 27 00110
0 85 1111 P 22 00100
A 81 1110 Y 15 011111
N 75 1100 w 15 011110
| 71 1011 G 14 001111
R 70 1010 B 13 001110
S 65 0110 \Y 10 001010
H 61 0100 K 5 0010110
D 43 11011 X 3 00101110
L 38 11010 J 2 001011110
C 31 01110 Q 2 0010111111
F 29 01011 z 1 0010111110

[Mivaxag 15.8: Xuyvétnta epgpaviorng xar xwdwol Huffman.

Elvar yvootéd 6t ta ypdupata tou akgaffitou dev epgavilovtal too-
e 7z re re re 4 /7
nlava oe €va xelpevo. Ytov livaxa 15.8 dlvetar n oyetuxh ouyvotnta
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ELQPAVIONS TOV YRPAUUATOY TOU ayYAol ahpafSfitou xat napatnpeltot 6T 7
andxhon o1 oLy veTHTA enpavions netadl Ty yeopuudtov E xar 7 elvar
tepdotia. Mropel va undplel owovopla oto yopo arnolfxevonc av xdbe
yapaxthpac dev aviiotolyel otov (Bo aplbpd bits. Xtny nopathpnorn auth
otnplletar n péBodog xwdixonoinons we odufola petafintold pwhxoug
(variable length symbol encoding), yveooth xat og pébodog Huffman, zou
avantiyOnxe aiyoplbuixd oto BiBiio Tov Aopdy Aedopévoy. Lippowva ue
) pé0odo Huffman avtiotouyiletal pixpdtepog f peyaritepoc xwdixds ota
ouYVOTERPA XAl OTA oRavidTEpA Ypdupata, avilotoiya. Ytov Ilivaxa 15.8
palvetat enlong yia xd0e ypaupa o aviictolyoc xwdwoés. Aappavovrag v’
o tic ouyvoTHTES TEOXURTEL 6TL TO UEGO PAXOS TOY X®WGY elvar 4,1754
bits, evéd av xdfe ypdppa napiotdvoviay pe Loophxers xwdixots téte Ha
yeewaldtay 1log26=4,70 bits. ‘Ooco nepiocdtepo 1 xatavou nbavétntag
ELQPAVIONS TOV YPALUATOY EVOS AAPABATOU amoxAlvel and TNy ouoLouoppn
xatavour, t6co 1 Léhodoc auty dlvel peyaritepa x€pdn ot yopo. Enlornc,
onuetdvetat 6Tt av arrdiet v xatavou mbavothtey, téte To x€pdog uropel
va petlel akhd propel xau va avinbel. H npooréiaon apyelov xeyévou
mou éyel oupmealel pe ) LEHodo auth umopel va yiver pévo pe oeplaxd
TeéTOo.

Av ota dedopéva egappdletar xdnowa néhodoc ouunicong, t6te npoxy-
TTouUY evypapés METABANTOY MAXOUS TOu amattolv Wialtepn mpocoyr 6To
YELLLOUS TOUS. LNUELOVETAL GTL SEV TPOGYERPOUY GAL T CUCTAATA APYElLY
N SuUVATOTNTA YEAOTS TETOLOY EYYRAPOV XAl ATOUEVEL GTOV TROYPALUATL-
O0TH N VAORONOT TV OYETXOV SLadXactdy.

15.4 Xuvioviomig TAVTOYPOV®Y TEOCTENLCEWY

‘Otav éva apyelo npoonerdletar and mohrols yphotes TauTéYpOVR, TH-
te pnopel va napoustacholv ta Aeydueva mpolAuaTa TAUTOYPOVICUOV
(concurrency) xou propel vo ouPBovy pepXés anpOGIOANTES TAPEVERYELES.
Ot napevépyeies autés palvovial avayAupa 6To EROUEVO TAPASELYHA.

Avo dropa €youy xowd hoyaplaopd tapteutnelov, o onolog npog oTLY-
uh €yer unérowmo 500.000 Spaypés. Tavtdypova xar ov dGo mnyalvouv oe
SLOUPOPETIXG UTOXATAGTALATA XAl OL TAUIES XAVOUY TEOGTENAGTY) YL TNV AVE-
YVOOoTN TS oyeThg eYYpaghc. Eotw 6t o nmpdtoc {ntd avdindy 100.000
Spay oy, eved o devtepog 200.000 dpaypdy. Xuvenoe and tov npdTto Tapln
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vivetar anolOvxevon tng tipwhc 400.000 oto urdhowo ToU AoYAPLAGPOU, EVO
and 7o deltepo yvivetar anobfxevor tne tiurc 300.000. Hpopavoc, n tehixh
auTh TLun dev elvar 1 ophn.

KdéOe ouvarlhay # docokndia (transaction) anoteheltar and enpépoug
Bruata-diepyacics oe eyypapés B oeildeg evic apyelov W neplocotépwy ap-
yelov. H aldnhouyio twv enpépoug Brpdtov Myetar xpovixd (schedule)
Tov cuvallay®v. Eva ypovixd Aéyetow oelpraxd (serial), av ta PApata
nlac ocuvakiayhs dev mapepdrroviar ota Prpata ping diing cuvaihayhs,
dnhadh pla ouvakhayh apyilel va exteheltal dtav tehetdoet v npornyolue-
vii ™. Opog 0 xavévoag 68 GUOTANATA TOARGDY YPNOTOY XAl XATALERL-
opoU ypovou elval ou empépoug Stepyacies TALTOYEOVOY GUYIANIYGVY VA
napeufdirovtar LeTall Toug. Lxondg Tou EAEYYOU TOU TAUTOYPOVLOWUOU
(concurrency control) elvar ta fhuata evdg ypovixol va StatayBoly, dote
vo mpoxidel To (Bo 0ph6 anotéhecpa cav To ypoviXd Vo HTAY GELELAXO.
Tére 1o ypovixd Aévetal oepronotfiotpo (serializable). Mio amhf teyvi-
xf mou eyyvdtal ) oeploromostta elvae 1o xAeldwpa (locking) tov
xplowoy dedopévov, dnhadh n otéenon e duvatdTnTag ypnong Toug and
ahhoug yphoTES.

Ta npophipata tavtoypovicuod dev epgavilovtal pévo étav dbo # ne-
ptocotEpol yphotes enthupoly va pooneAdcouy TNy (Bt ey Ypapt Tou ap-
yelou, ahdd ooeopn xar Stapopetixés eyypapéc. ['ia to Aéyo autd, Sraxpl-
vetar to xAeldopa eyypaghs (record locking) xal to xheldwua oehidag
(page locking). Ta xieldopdta oeridov ypnoworoobvial Wualtepa ot -
ooluyiopéveg dopée, dnwe o AVL, B-8évdpa xhx., akhd xat og tuyalo Su-
vopwxd apyela, mou dtaxplvovtal and SLaondoels XaL GUYYWVELOELS XOUP®Y.
Y ouvéyeta Oa dolel Eva axdprn mapddelypa TAUTOYPOV®Y TEOCTEALCEDY
oe B1-3¢vdpo (pe d=2 xav Bkfr=4), mou yenowonoelzal wg deutepedwy
XATANOYOC.

“Eotw 671 670 8¢vdpo tou MyAuatos 15.1 npénet tavtdypova va etoay el
o xhetdl 36 xou va avalntnlel to xhedl 38. Ytov Hivaxa 15.9 galvetat éva
nhavd ypovixd Tov enpépouc Budtoy Ty 3bo diepyaotdy. Elval gavepd
6t avalhtnorn tou xhewdol 38 xatarfyel oe havlaouévo cuurépacua.
Aavlaopévo ouunépacpa propel va npoxidel e Tautdypovy eLoayomyh xot
Saypaph XAEWBLOV, OTWS Yo TARASELYA XATE TNV dtaypaph Tou Xheldlol
32 xat Ty etoayoyh Tou xAedol 31 oto 3évdpo Tou Nyfpatoc 15.1y.

[Na tov ékeyyo tou Tavtoypoviopol oe Sopés tng owoyévewas Tov B-
3Evdpwv €yel Sobel minbdpa AMicewy. I'evixd elvar napadexth n enduevn npo-
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Yyhpa 15.1: Mopgh BT-3év8pou olpgpova pe tov Mivaxa 15.9.

44

44 46‘

Binpatuen. [apevépyeieg dev dnpioupyolvial av oL ARALTAGELS TOV YENOTOY
elval pévo avayvooeg. Ltny aviibetn neplntwon npénel pepixol xopSotl va
xAeWdwholvy ex pépoug plac Siepyaoioc Péypt TNY OAOXAAEWOT TNS, WOTE VA
uny elval npoonehdoior and tig arheg diepyaocies. Ouakydplhuol xhelddpa-
toc-Eexheldodpatoc xOuPov ywellovrar oe %o xatnyoples: and Ty x0pLYH
npog tn Bdon (top-down) xow and tn Bdon npog TNy xopueH (bottom-up).
Ot arydpBpol tng Seltepne xatnyoplag elvat no anoteicopatixol yiat! Sia-
THEOVY p6TEpo apthnd XAEWBwPEVOY XOUBOY XAl ENLTEEROUY TEPLEGHTERO
TOUTOYPOVLOUO.
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BApo Ewoayoyd 36 Aval#htnon 38
1 Bpeg to noudl Tov xépfov A

(elvar 0 x8puBoc B)

2 Bpeg to noudi Tou xépfou B

(elvar 0 xépfog T')

3 Bpeg to naudl Tov xépfov A
(elvar 0 xépfog B)
4 Bpeg to noudl Touv x6pfouv B

(elvar 0 xépBog I')
5 O x6pBog T elvar pdiho,
npbofeoe 10 36 otov xéufo T,
o x6pPoc I' elvar mhhpmg

6 Aidonasce Tov x6pfo I’

oe ' xat A

7 AvéBace to xheldl 34

otov x6ufo B

8 O %6uBog I' elvar pdiho,
avalhtnoe to 38 otov xéufo T,

avemttuyhg avalhtnon !

[Mivaxag 15.9: Xpovixd Prpdtwy 8%o diepyaotdy.

[3ialzepn onpaocio yia v enldoon Tov oyeTxdv aryoplBuwy éyel to e-
ninedo, 6nou Beloxetal o acpalfs xéupog (safe node), dnhadh o avdrepog
x6pPog TOu PovoRATIOU TOU Pmopel VA AR0ppOPNcEL OROLUSATOTE AARAYN
TOV XATETEpeY emnédoyv e Sophs. Av autdg o xéufog mepléyel Aydte-
e0 and To PEYLOTO AplUd EMTEEROUEVOY XAEWBLOY AEYVETAL ACQPANAG XATA
v etoaywyy (insertion safe), evéd av nepléyel neplocdtepo and Tov endyL-
070 aplBud Myetal acparis xatd tn Siaypagy (deletion safe). To moudl
TOU TANGLECTEPOL TPOg T PUARA acparols x6pBou ovopdletar vdnibre-
pog um acparfis xéupog (highest unsafe node). Elvar gavepd dtu o0
mnoiéotepa npoc Tt plla elval o udnidtepog pn acpakic xéufog, té6o0
duoxoidtepn elval ) Tautdypovy yehon Tou dEvpou and mollolc yphHoTes
KOY® TV XASBOUITOY. Alaxplvovial Te06dpeny eldoy XAeWdduata: avd-
YVOOYS, ELOAYWYNS, dtaypapng xat anoxAerotixbétntag. To xheddpata
ELoAYWYNS Xt Staypaphc elvat TauTdY POV Xal XAELSOUATA AVAYVEOOTS.

‘Eotw 61t t0 péyioto emtpenduevo nepleyopevo eviog xouPou elvar 2d
XAEWLA, VG Evag ouyxexplrévog xopfoc meptéyel s xhewdid. O xoépfog au-
tog propel va deybel (2d—s) xhelddpata eoayoyhic xal (s—d) xheldduata
Sraypapnc. Ta xredopata xdle x6upou tornobetolvtal oe pla aviiotouyn
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ovpd xar mallouy T0 pého TV XpaThoEnY TV ehetlcpwy Oéoewy Tou x6u-
Bou. Av pla cuvahlayy anotThoeL va EXLQPEREL AANAYT) OTO TERLEYOUEVO TOU
x6pPov, 16Te TEdTA To avtioTolyo XASBOUA LETATRENETAL O ATOXAELGTIXO
aAelBopa xat Staypdpetal and ™ Aota, xat Gotepa exteAelTal ) ahhayh TOU
anattelTal.

Elvatr npogavéc 6t 0 €heyyog Tautoypoviopol, extoc Tou 6t elvar pila
roAUThoXT xou ypovoPdpa Swaduxacia, anaitel tny Vnapdn nvdxwy oty -
ptor vy v T Stayelptom Tov oup®v. To npdfinua tou cuvtoviopol Tev
TAVTOYPOVOY TpooTerdoewy Exel epeuvniel extetapéva 6to napehbév xat
ouveyiler va anotehel enlxatpo O¢pa, 1600 and mheupds ahyoplbuixic 660
xat and avorutixhs. To avtixelpevo e€etdletar xuplong oto mhalowo Tou pa-
Ofuatoc tov Bdoewv Aedopévoy, xar ouvenme peyarlteprn avdntuly tov
OYETXODV TEYVIXDY GUVTOVIGPOU T®Y TAVTOYLOVOY TROCTEALCEWY URepPal-
vel ta mhalota Tou Bihlov autol. oetéoo, €xel yivel onpavtixy épeuva, xat
ouveyiler va vivetat, pe oxond tny elpeorn Sopdv mou emttpénouy and
9UOY TOUS UEYARGTERY) TAUTOYPOVY XeHoT TOUS and ToAAOUS YpRoTes. XN
ouvéyeta Oa napovotacel pia naparhayy tou B-8évdpou nou yapaxtneiletat
and xakf enldoon XATd TRV TALTOYEOVY YeNoY TNS and ToANOUS YENOTES.

Elvat yvootéd 6tL av éva @iiro B-3€vdpou unepyeiiioet hoyw eloaywynic
nlac eyypapnc, t6te yivetar didonaoy Tou XOUfou pe Tautdypovy dvodo
Tou pecalou xAedol, mou pnopel va npoxaiéoel véa Sidoracy. And Tov
Keller npotdbnxe 1 edhc evdiagépouoa teyxvixh (1988). Av oe replntwon
urepyeliong o natpixdc x6ufog dev elvar TAfeNg, ToTE axoroubeltal 1 yvo-
oth dwduacia. ‘Opwg av o natpuxde xépfog elvar nhfpne (ondte pe to
avepy6puevo xhewdl Ba npénel va Swonachel) téte: (a) dnuouvpyeital évag
véog x6ufoc-gpiiho xat oL eyypapéc Siaporpdloviar otoug dUo adeipoic
(sibling) xépBouc, (B) o peoato xhedl anobnxedetar oTov TpdTo Aand ToUg
3o adehgoic, (v) oL dbo adehgol x6pPot ouvdéovtal pe évay oplldvtio del-
xtn, xau (8) o matpwxds xéuPoc onuadeletar dTL 0 ouyxexpyrévos xdufoc
delyvel oe évay aderpd.

[Na va vhomowmBel ) naparhayh auth anartel Eva véo optopd Tou Tinou
e eyypapns tne Sounc. Il cuyxexpuuéva, n eyypaph nepthopBaver éva
emuniéov nedlo pe tpéc and 0 wc m. Av oe éva x6ufo 1 TR Tou nedlou
autol elvar 0, tote xavels xo6pPoc mou deixtodoteltat and To GUYXEXPULEVO

/7 re /7 /7 rs 4 e
x6upo dev delyver oe aderhpd tou pe optldvtio deixtrn. Av n 1iuh tou nedlov
elvar and 1 wg m, t61e autéd onpalvel 6T 0 avtioTolyog dewxtodoToluevog

/7 re /7 rs /7 /7
x6upoc delyvel pe optldvtio delxtn oe adehpd x6pSo.
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H xatactpathynon tou optopol tou xhaoixot B-8évdpou €yel to mheo-
véxTnua 6TL Sev enLTREnEL 6TO avepyOUEVO XAl va tpoxaiéaet T Sidonacy
evog 1) mepLocoTépwY XOPPeY Tou povoratiol npog ) pila pe enaxdhrovho
TNV anoPuY TV XAEWBoRdTEY ota uhnidtepa exlneda. H xataotpathyn-
on auth elval Tpoowplvy, enedh uropel va taxtonownlel oe pla xatomvi
avalhtnon, coayoyh 1 Staypaph. Do napddeiypa, av xatd tv extéheon
ulag avalftnone f plac ewoaywyhc npoonchachel o onpadepévog xépfoc,
TéTE TELY TRV ohoxhhpwon e axohouvbeltan mpdta ) edhc dwdwacio: (a)
T0 @UIIo mavel va delyvelr otov adehpd tou pe oplldvtio delxtn, (B) to pe-
oalo xhedl avépyetal xatd éva enlnedo, (v) o matpixds xépufog dwaondtal
xat TpoxvnTouy dbo xépuBot, (3) to véo pecalo xheldl avépyetar xatd Eva
eninedo uovo undpyet Sabéoroc ydpog, ardg oL G0 xoppol cuvdéovtal
pe optllévtio delxty xar onpadeletar o véog natpixds xéuPog. “Etou, to
pavéuevo autéd propel va enavainglel otadiaxd ota avotepa enlnedo pwé-
xet T Stdonaon g pilac. ' 1o Adyo avtd v maparhayh auth ovoudletat
B-3¢v8po pe tepnéhuxy Sidonaon pilag (lazy root splitting B-tree).

Yyhua 15.2: Ewaywyés pe tepnéiwmy Sidonaon pilag.
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H replntowon tng Staypaphs plag eyypaphs mou avixer oe xo6pfo nou
dewxtodoteltan and onuadepévo xopfo elvar Stapopetier. Aniady, dev exte-
relton mpdta 1 Taxtonmolinoyn xat XaTORLY N Staypapy, arhd yivovTal Tauto-
yeova. Ia mapdderypa, elvar nlhavd n Swaypagh va agopd o pla eyypa-
1 mou elvar amobnxevpévn oe évav and Toug dVo adeipolc xouPouc mou
ouvdéovtal pue oplévio delxtn. Elvar npogavéc 6t petd ) Swaypagyh to
neple6uEVO TV dU0 x6uPov unopel va anofnxeulel oe éva pévo xdéufo,
onéte Oa npénel o onuadepévoc xoufoc va evnuepwlel avairoya.

Yyhua 15.3: Awaypapée pe tepnéixy ddonaoy pilac.

Meérer va toviobhel 611 ov Sradixaocies avalftnone, eoaywyhc xal dto-
veaphc elval apXeTd Lo TOAUTAOXES G€ AUTH TN Soph an’ 4Tl 6T0 XAACWXO
B-8¢v3po xau ov anapaitnteg Aentopépeieg Pploxovtal otny avagopd. "O-
pog dlvoviat pepd napadelypoata pe oyxfuata. Lto apyxd B-8évdpo tddrne
m=3 tou Lyfuatog 15.2a etodyetar pla eyypoph pe xiedl 13 xat xatdmiy
pla evypaph pne xhedl 4. H Sradoyueh popph tng doufic napovotdletar ota
Yyhuata 15.20 xau 15.2y. Yto Yyfua 15.3 rapovoidletal 1 wopph tou dév-
dpou xatd ) Sraypapy. 1o ouyxexpupéva, to Lynua 15.303 npoépyetar and
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o Yyfpa 15.3a pe Swaypaph tng eyypaphc ue xiedl 3, evod petd n Swa-
yeaph e eyyeaphs pe xiewdl 10 npoxintel to Yyhua 15.3y. O acteploxoc
dnhdver tL undpyel adehpdg e optldvTio delxty,.

Eraxp3h nocotixd otoyela yia tn obyxpion Tov dVo Sou®v dev unde-
youv. Qotéco 1 perétn twv Eisenbarth xou dhiwv, n onola avapéplnxe
070 avtioTolyo xepdhato divel pepixd evdiagpépovta otolyela yia Ta Tuyala
B-8¢vdpa téine 3. Xn Sop#, rowndy, auth v mbavétnra va Beloxetar o
ac@aiis xopfoc xatd Ny eloaywyh 0To npeTto, deltepo, Tplto N axdum
unidtepo enlnedo and o enlnedo Twv PUAALY eival 0,57, 0,25, 0,1 ot 0,08
avtiotouya. BéBara, ov tipwés autéc SnA®vouy Ty acupntwtixh nthavétnta
va yiver Sudonaon xatd v ewoayoyh g (n+1)-oothc eyypaghc. Exopé-
vwg, e T avtiotouyeg enlone mbavdtntes Oa vivouy anoxhelotixd xAeld -
pata ota aviiotolya enineda. Avtifeta, e TNy eQaploY TN TEYVIXAS TNS
Tepunéxne ddonaons e pilag xhewddvetal wévo o natpixds x6uBog Tou
x6ppou nmou unepyethilet. "Etou elvar mpogavés dtL xatd v enedepyacia
auThg NS Sounc dtatneovvTar Aydtepol xoufBol xiedwpévor an’ 6Tl 6To
arnhd B-8évdpo. EE dhhou pe v taxtonoinon tng doudc, n onola yiveta
Tomxd METd and plo Siaypapy aropedyeTal To evdeyduevo va yvivouy Sia-
Soywés aARERAANIAES GUY Y WVEVGELS AOYW® Slaypaphc HETA and Stadoyixéc
aAAETAAMNAES SLaondoes Aoy eoayoyhs. BéPala, euvinto elval 1L 660
pevoahitepn elval 1 tadn Tou 8€vdpou, Tdoo petdveTal 1 euepyeTixd enldpao
TNS TEYVLXAS AUTAS 6TNY enldoon Tne Tautdypovng Xehons Tou dEvdpou.

15.5 Ezniloyog

lowe otov avayvdoty urdpyel 0 aviiindyn 6tL n onpacio Tng PEAETNS TOV
Sopdv Twv apyelwy elval averixaipr, xalde palvetat 6Tt T 6UYypova eUTO-
ewxd ovotnudta Swayelplons Paoewy dedopévewy elvar mavioyupa. 2otdoo,
N dnodrn avth elvar havlaopévn, eredh oto Quowd exninedo ol Bdoeic de-
Sopévwy dev elval napd arinrocuvdedepéva apyela xot XATIAOYOL XAl EXO-
néveg dev pnopel éva olotnua dtayelplong Bdocwv dedopévey va enttiyet
avinuéves emdboec av dev otnpiletal o cwotd oyediaopéva apyela xal
xataroyous. H €peuva tov ocuotnudtov apyeloy dev éyel otapathos Aoy
v edehileny oToug Tapaxdte, netadl Twv Aoy, tévte Topelc.

MedTov, n npbtacn véwv dopev apyelwy tpoxintel ev pépet xaL and tny

7z e 7 AN re 7z 7z 4
eZENEM g Tevohoyiag uhxol. “Onote epgavilovtal véeg ouoxevéc anobh-
XELOTG, TALTOYpOVA avanticoovTal xat vées opyaveoets. Axdun cuplaivet
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xat To aviiotpogo, dniadh pla teyvoroyio eyxatakelinetal n nepropileta
N epappoyh NG, av dev yiver N anopaltnty enévduon otny avantuin Aoyt
opuwxol. “Etoun eZéndn e texvoroyiag tov laser xau ) eunopuxt; dudbeon
ontxdv dloxwv (dnwg VD-ROM, DVD xixn.) €dwoe é8agog yia tny xpé-
Taon vEoY Soudv tou allonowolviat ot TAfflog VoV egapuoy®y, dnwe yia
napddetypa oTig Staypovixéc Bdoelg dedopévey, 6T TOALUESIXES PAoELs
dedopévev (multimedia database systems) xizx. ‘Al pla eZehoodpe-
vn teyvoroyio elvar, BERata, xal 1 teyvoroyia twv nuayoyodyv. "Olo xo
peyaritepo tTuRpa ping Baong prmopel va amofnxeubel oty xlpla uvhun
xat dev ypetdletar va npoonehdlovtar ta (Sia dedopéva cuveydg oto di-
oxo. Ot opyvavooeg autéc ovopdloviar Bdoeic dedopévov xlptag uvipng
(Main Memory Databases) xal éyouv #3n anoxthoel eunopixy| undotaon
pe oxond v urootheldy eleldixeLuévoy epapuoy®y, 6Tou o yphotne
7 depyaocio anartel dueor ixavoroinon. Tétoieg epapuovés eppavilovra
07O MheXTPOVIXG EUTOELO, OTIS Pnyavés avalATnons yia Tov TayXooULo -
076, 68 ousTAHLATA XLVNTAS TNAepoviac, xaldc xar oe Bropnyavixd suéiueta
ouothuata custhpata napayonyhc (flexible manufacturing systems, FMS).
Térowa epnopixd ovotipata elvar to TimesTen xat to DataBlitz.

Aeitepov, eppaviloviar audnuéves avayXes YL YEOYPAPLXE XATAVEWLY)-
pévn enelepyacin. Autd €yel wg anotéheopa va epapuélovial oL TEYVL-
xég tng xatavopds (distribution) xou tng ohuxfic # pepxhs avTiypaghs
(replication) Twv apyelvy ot replocdTepo and évay xdufoug Tou ductdou, ol
onolot unopel va ¥ENoLLOTOLOUY SLaQOpETIXA UAXE Xal ETEPOYEVY AELTOUp-
yxd ovothipata. O tehxdc yehotne dev aviiaappdvetar mou Beloxovia
T dedopéva xar yio To Aévo autd héyetal 0T Ta dedopéva elval Stagpavi
(transparent). BéBowa, To pdvo rou propel va avtiinglel o yphotng elvan 1
yeovuxn extdoomn, mou @Bivel av 1 xatavouR xaL 1 avitypapn Ty dedouévey
dev yivel pe yivelr pe Tov xahitepo tpéno. H xatavoph plag opydvwons oe
Eva oUvoro aveldptntwy dloxwy elvat éva Bépa nou €xel edetachel oe Bdbog
v TAffoc nehédwy npoonéhaonc. H xatavoun Oa npénet va yivel pe tétoto
¢Zunvo tpéno €tol wote va edumnpeteiton v avalftnon, dnhadh xatd Ty
avalhtnor Oa npénel va peyiotonoeltar 0 RApahANAONSS TV TPOCRENE-
ocwv. BéPawa, n araltnon yvia peyiotonolnoy t1ou tapahinAopol Xotd Ty
avalhtnor ixavoroteltar av undpyouy aviiypapa Tov dedopéveoy oe Ghoug
Touc x6pPoug. Qotdoo, pla tétola Aior dev cuvieTATAL EREWDT, EXTOHS TOU
ANALTOVUEVOU TEEAGTIOL anolnxeuTtixoy y®pou, o undpyel xaL emtrAéoy x6-
0TOC EVIUEPWOTS TOV AVTLYPAQLY 6t xale neplntwon eloaywyhs, Staypaphc
N evnuépwons. Téhoc, o éva xataveunuévo nepiBdihov npénet va undpy ouy
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Teyvée avdxtnone (recovery) tov dedopévoy tov apyelny ot replnTtwon
BraBNe evog xéuPou. Exnlong, onuetdvetar 6t napdpota npolifpata ouva-
viovtal xau ota custhpata (RAID), nou eletdobnxay oto Kegpdhaio 2.6.

Teltov, n avdntudn g pebodoroyiag tou avixewpevooTtpapols Tpo-
yveappatiopol (object oriented programming) dvoile éva véo nedlo. Ytig
TPATES YAOOOES TpOYPUUPATION0U 0 Lovadixdg Tinog hrav ou nlvaxeg ([o-
vodidoTtatol xaL TohudLdoTATOL), EVE TOPA GRES OL YADOOES TpOoGHELOUY Xal
ahloug TUTOUS, 6nws AloTes, eyypapés, apyela, ovvora xixm. Ot avtixeue-
vootpapelc YAOGooES SIvouy 1 SuvaToTNTA 0pLE0Y GUVOETOY AVTIXEEVDY
xaL UE Paon autd tn SuvatdtnTa oplopoy unep-avixewéveoy. O ouyxe-
paopbg e teyvoroyios Twy Bdoswv dedopévey xal tng teyvoroylog Tou
AVTLXEWEVOOTRAPOUS TpoYpALMaTIoNOY E8mwae T duvatdtnTa va avolletl To
1edlio TV AVILXELUEVOOTPARHY Bdoewy dedouévwy. Yta cuoTAUATA Au-
Tq dnpovpyoivial véa npoflifpata o oyéon pe T dnpovpyia nehidoyv
npoonéracng, yiatl o aptbudc Tov nedlov Tou xdbe aviuxeyévou elvat pe-
TofBAnTéc XL ETOUEVLDS TO PAXOS TNG EYYpapric Tou xdhe aviuxeévou elvat
enlong petafinté. "Etou dev elvan edxoro va emiteuybel o Swapepiopdc e-
voc apyelou avixeévey and dbo dtapopetixd npoypdupata. Exopévoes,
To ‘mavtayol napdyv’ B-3évdpo N xdmoto dhho 8EvSpo g (Blag owxoyévetag
dev elvan mpaxTwxd yphowo av epappocel pe Ty xhaouxy Tou viorolnom.
Qotéo0, xar 610 onuelo autd €youv mpotabel napariayéc Tou B-8€vdpou
YL THY IXAVOTOINOY TV ANUTAGE®Y TOV CUGTNUIATOY AUTGOY.

Yto onuelo autd, aliler va onpewlel n drnapdn tov Aeyduevoy exe-
xTat®dy (extensible) cuotnudtwy Bdocwv dedopévey, tou pekethinxay ota
wéhn e dexaetiog tou “80. O oxonds TOV GUOTHUATOY ALTOV HTaAY VA
xahbpouy véeg epapuovés, dnwe otatioTixés epapuoyés, enclepyaoia eixd-
YOS, TOAMECIXE GUGTANATA XaL epappoyés ypapelou. O epappoyéc autég
arattovy TNy URooThREEN vEwy Tiney (dreg xeluevo, Pnguaxh govi, euxdva
xau Blvieo), véeg ouvapthoels, obvheta avtixelpeva, xavéveg evepyonoln-
onc, amofnxeutixés teyvixés xou pefddoug mpoonéhacnc HE UEYUALTEPES
duvaténteg povieronolnons xa enldoons. Katd deltepo Adyo, ta eumo-
exd cuoTApaTa elval Tavta Lovolbud xat Sev umopoly elxola va napd-
xohouOfoouy Tic e€ehilec. Enopévoe, pla avouxth apyttextovixy oe enine-
3o ouothpatog dtayelplong faoeswy dedopévov Ha propoloe va xatacTthoe
TO GUOTNUA TEPLEGOTERO EVEALXTO XUl TPOCUPUOGULO GTNY TEYVOIoY o ot
TS avdyxes Tov yenotov. Etoi, oto napehlév unhplay nohhd npoTdTu-
Ra eneXTATE ouothpata, onws Adt-Ingres, Rad, Dasdbs, Postgres, Probe,
Genesis, Exodus, Starburst, R?D?, Sabrina xin. Extéc tov dhhev, ota
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oUGTANATA AUTE LUTAEYE 7 duvaTdTnTa optopol véwy uehédwv npoonéia-
orng and tov (éunelpo) npoypaupatioTh/avahuth HEow xaTarAAhwy deripa-
vewwv. "Etot, ou véeg autéc néhodol Ha propolcay va tpéyouy endve and ta
urdpyovta ouothuata. Téhog, n vedtepn aviiindn otny apyLtextovien Tov
oueTNUATLY dayelpions Pfaocwy dedouévey elval To AVTLXELLEVOOTRAPT-
oyeotaxd (object-relational) cucsthpata mou ouvdudlouy Ta TheovexTHpa-
TA TOV AVTIXEWUEVOOTEAPOHY cusTARETOY (dnhadh, yehorn véwy tiney) pe
TA TAEOVEXTHRATA TV OYECLAXGY GUGTNRETOVY (dnhady, toyupés unyavéc
exelepyaciog cpothoenv). Ta custhpata autd, axorouddviag 0 QLhoco-
plot TV EXEXTATOV CUGTNUATOY, TUPEYOLY SUVATOHTNTES EUTAOUTIONOU UE
véa unocuoThpata, oyedacuéva v eWdwxés epappovés. Mio xhaouwh me-
elntwon elvar n avouxth apyttextovixh tou Informix pe tic enextdoes Tov
Datablades, ta onmola Satifevrar and tpltoug Propnyavixols xataoxeva-
otéc f xau axadnpaixd-epguvntid Wedpata (pe ehelbepn npdoPacn and to
Suadixtuo). Axd v Bia prhocogia g avouxthg apyttexTovixhg diéreton 1
Oracle mou déyetan ta Cartridges wg enextdosig, xar  DB2 tne IBM zou
d€yetar Toug heyopevoug Extenders. Yto mialoto autéd avagépetar xat 1
nébodog Tou yevixevpévou dévdpou avalAtnong (generalized search tree,
GiST), mou npotdbnxe and tov Hellerstein (1995). H Sopr GiST elvon on-
pavTich viatl xdtw and éva evialo mhalolo éyxouy vioromnlel To BT-34vdgo0,

0 R-8¢évdpo, evdh axdun puropel va viorounbel xabe dikn Sopn.

Téraptov, onoudalo napdv akhd xal pérrov otn Heowpla xar Ty npaxTt-
xh Twv fdocov dedopévey €xouv oL keydpevee anobixeg dedouévov (data
warehouses). H évvoia auth dnhdver cuotipata mou anotehoby culhoyés
dedopévev xar peta-dedopévey (dniad, dedopévey oyetixd pe dedopéva).
Hpaxtixd, ou anobixec autés ypnoyronoolviar wc/oe Bvothpata Addng
Arogpdocwy (Decision Support Systems) pe n Boffeia teyvixdv on-line
avalutixig enelepyaociag (on-line analytical processing, OLAP). O <e-
reutalog bpoc dnAdveL xdTL SappeeTxd and tov 6po on-line eneepyacia
ouvalhaydv (on-line transaction processing, OLTP), nou avagpépetal oe
napadociaxés Bacels dedopévwy, OTOU 1) ATOTEAECUATIXOTNTA TOU OUGTH-
patoc amotidTal ue Bdorn tewv aptiud twv cuvakiaydv oTtn povada Ttou
xeovou. Avtibeta, o dpoc OLAP 8ev anooxorel oto va xatadeiler tnv
anodoTxdTnTA evég cuoThpaTos, xalog n AN ulag andpacns anattel t-
Sraltepn npocoyf xar oxédr. "Eva ebotnua pe Suvatdtntec OLAP propel
v elvat pla xakh enéxtacy evog oyeolaxol cuoThuatos N wropel va elvat
Evag ewdwd xataoxevacuévog OLAP server. Ouv OLAP servers oe eninedo
xatahdywy yenoponotovy ) néhodo 1wy xVPwv dedouévwy (data cubes).
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Ou x%pot autol elvar morudidotates npofoiés plag oyéong, énou unoroy(-
Lovtar 6hot oL duvatol cuvduacupol teheotdv groupby (xatd SQL) xau ta
anoteréopata tonobetobviat oe pla noiudidotaty Sopy, yia napddetypa o
éva R-8¢v8po. Mia dhin owxoyévera Sopudv mou €youy npotabel yia yphon o
ovothuata OLAP glvar ou xatdhoyor pe duadixf avanapdotaoy (bitmap
indices), mou potdlouv pe ta xhaoixd BT-8évdpa, addd pe tn Stagopd 6Tt a-
nofmxetouy Ta xhewdid ota pUAAa pe Suadwxh avanapdotacy. Ol xatdioyot
autol, und npotnoléoeis, uropel va XATAAIPOLUY TERAGTIO Y ®EO, XaL YLX TO
Koyo autd €youv npotabel apxetés dopéc oty mpoondfeia yia Ty evpeom
NS Lo XOUPAC XAl ATOTERECUATIXNAS AUOTS. LNUELOVETAL 6TL GTO eUndpLO
SratiBevtar A0 unyavéc OLAP, 6nwc o Express Server tne Oracle.

[Mépntov, véa dOnon otn Bewploa xar tny teyvoroyia Ty Pfaocwy dedo-
Hévoy Edwot 1 enéxtaocy Tou nayxsouon wtol (web). O nayxdouiog 1otée
uropel va Dewpnlel we pla tepdotia Bdon dedopévwy, dnou o xabévag uropel
va xdver avalnthoes (xaboc xar dhkec npddelc Tov cuvavtdvTal 6Tic Pé-
oelc dedopévoy, drwe ouvdéoeg xhx). Qotdoo, To mEdBhua ot éva tétolo
nepBarrov elvar n tavierhs €areuhn nebapylag wg mpog Toug TiROUS TV
dedopévov. [ mapdderypa, évac aptbude propel va elvar timou axepalov
ahAE xaL Timou oupforocepds. L' to AMoyo autd, Aéyetan 6t Ta dedopéva
elvor Nui-dounuéva (semistructured). H épeuva yia tn Snuovpyio pebsédwy
npoonéraong v nuL-Sounuéva dedopéva elvar o npdpa otadia. Baowd,
€youy mpotabel Stapdpwy elddY xatdroyol Yy TOUS YVWOTOUS TUROUS Oe-
Sopévey ahhd xaL XATEAOYOL YL THY 0pYaveor Tov cuvdéoeov (link), mou
ouvdéouy avtixelpeva, oehideg xau Tonobeoieg (cites) petall Toug. "Hdn dua-
{Bevtar péow TOU LOTOY APXETA TEPWTOTURA CUGTAUATA 6nws Ta Araneus,
Lore, Strudel, Tsimmis, UnQL, W3QS, WebLog, WebSQL xix. O oxordcg
oe tétowa cuothuata eivar ) avalftnon dedopévoy péoa oe apyela HTML,
XML, POSTSCRIPT, BIBTEX, ASCII xin. o ouvduaopd pe tny avd-
xtnoy exdéveyv tinou BMP, GIF, JPG, MPEG xir. Ilpoc to napdv Sev

URdpy oLy aviloTolya Plopnyavixd epyaiela 6To EUnodELO.

[Tiotedetar 1L 0 tépoc autdc Ha anoteréoel éva Porlnua oty neployh
e puowxhc oyedlaonc Bdocwy dedopévoy xal o cuvteiéos oTny nepalté-
pw elétaon TOAGOY enlxatpwy npofinudtov. H perétn tov nelddwv npo-
onéhaons Ou ouveyloer va anoterel pla evdiapépouoa meploy yia LeAETY,
oyedlaor xal avdntudy.
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ITAPAPTHMA

16.1 Ewsayonyn

Yto xepdhato autéd yivetor pla oUvToun TERLYPAPH TOV EVIORGDY YaUNAOs
emnédou, ou onoleg map€yovial and Tig YA®OooEg npoypaupatiopot Pascal
xat C/C++4. To Bohbnpa autd dlvetar dote o avayvHotng vo €xel ou-
YXEVTIpWUEVO TO UAWXG, Tou anmateltal yia Ty vionolnorn tov pebfddwy mou
eletdolnxay ota nponyolpeva xe@diala. Oo Atay YEAOLLO 0 AVAYVOOTYS
va avatpélel oe oyeTixd hentopepéotepa PLhla xa eyyetpldia yia vo epufo-
Odver ota Bépata autd.

16.2 Evtoléc @uaixot eninédov oe Pascal

Tirot xaL dnhdoeig petafintoy apysioy

Yrdpyouv 3 tinol apyeiov:
o var FileVar: Text;

Anhédver agxelo raypdvov xan meptéyet ypappéc yapaxthpwy ASCIL

e var FileVar: file of DataRecord;
Anhédver apxelo kabogiopérov timov xat neptéyel dedouéva evos noévo
GUYXEXPLLEVOU TUTOU.

e var FileVar: file;
Anhédver apxelo un kabopLopévov Timov xaL EpLEyel onoladnnote de-
dopéva e omolodAmoTe PhHXoC.

392
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Optopés puouxot apyelou
H avtiotolyion plag petafintic tinou apyelov pe éva mpaypatixd apyelo
viveTal Ye Ty evTorn:

e Assign(FileVar, ‘file_name’);

To ahgapiBuntixd “file_name’ propel va nepéyel xal to povondtt (path)
Tou apyetou. H evroin Assign xaieltar uévo pla gopd 6to npdypappa.

"Avouypa apyelou

To dvoiypa tou apyelov uropel va yiver pe 3 tpdmoug:

e Reset(FileVar);
Avolyet undpyov apyelo yia avayvwon, apylovtag and v apyh. Av
To apyelo dev urdpyet, Tote mpoxaieltal Adboc.

e Rewrite(FileVar);
Avolyer apyelo yua anobfixevor, apyllovtag and v apyh. Av to
apyelo undpyet HO7, TOTE TO GPAYVEL, AAAGS To dnuovpyel.

e Append(FileVar);
Avolyer apyelo yia anobfixevor pe npocdptnor, dniadh apyilovtac
and to Téhog Tou. Av Sev undpyet, Tote mpoxakelitar Aabog.

Ewluwdtepa via ta apyela xabopiopévou xar un xabopiopévou tinou, to &-

volypa UE TN ouvdptnoyn Rewrite enttpénel xau tny avdyveworn and to apyelo.

Kielowo apyeiou
‘Eva apyelo xhelver ue tny eviorn:

e Close(FileVar);

Qotéo0o, axdpa xar av dev uRdpyeL pNTH EVTOAY xhewslpatos, xdle apyelo
XAE(VEL QUTOPATA GTO TEROS TOU NPOYPAUUATOS.
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Avdyveon xar axolfxsuon o apyeia xsLrévou

H avdyvowon oy propel va yviver pe 2 evioiés:

e Read(FileVar, Varl, Var2, ...);
Awapdaler 6hec petafintés Varl, Var2, ... and tnv tpéyovoa yeapuh
Tou apyelou.

e Readln(FileVar, Varl, Var2, ...);
AwaBdle hec tig petaPhntéc Varl, Var2, ... and v tpéyovoa ypau-
uh tou apyelou. Metd v avdyveorn tonoletel to delxty apyelov
OTNY APy TNS ENOUEVNS YROUUUNS.
H Readln ayvoel tuydvra undpyovta dedopéva, nov peooraBody péypt tny
opyh NS EROPEVIS YPapUAS.

Kot ot 8%0 Swaduxaoies avayvoons and apyelo xewnévou otapatody Ty
avayveweon and v tpéyouca Ypauuh, 6tav avayveolel o yoapaxthpac oh-
ravhs yYeapuhc (Eoln). Exlone, otapatolv v avdyveorn axd o apyelo,
btav avayveohel o yapaxthpac téhouc apyelou (Eof). Ou 8o aviloTouyeg
OUVAPTACELS YL TNY aviyVEuoT autdv TV Yopaxtheony elvat:

e Foln(FileVar);
Av o yapaxtipac nou mpdxettal va avayveohel elvar o yapaxthpag
arhayhc veapphs (Eoln), téte emotpépel True,

e Pof(FileVar);
Av o yapaxtipac nou mpdxettal va avayveohel elvar o yapaxthpag
téhoug apyelou (Eof), tdte emotpéper True.

H anoOxevon tindy propel va yiver ue 8o evroiéq:

e Write(FileVar, Varl, Var2, ...);
Pedeper tig petapintéc Varl, Var2, ...

e Writeln(FileVar, Varl, Var2, ...);
Pedeper tic petafintéc Varl, Var2, ... xat npocOétel xaw to yapaxtipa
arhayhs yeapphs (Eoln).

H anobhxeun pe tic eviorés Write xar Writeln Sev yivetal avtopdtog
070 apyelo aAhd 68 ANOPLOVOTIXEG UVARES, TA TEPLEYOUEVA TOV 0TolwY YEd-
povTal oto apyelo pe eubivn Tou Aettoupywol cuothpatos. [ ) pnTH
anoOAXELOT TOY TEPLEYOUEV®Y TOY ATOULOVOTIXGY UYNULOY 6To apyelo, yen-
owronote{tal 1 EVIOAN:
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e Plush(FileVar);

H evtoif Flush yenowonoelital pe apyela xdbe tinou yia v e&aopdiion
e anolfxevong unohoylop®Y, €TolL Bote ot neplntwon Adlouc oe enduevo
o0TddLo, va €yl YIVEL TOUAAYLOTOY HERLXH XATAYDENOY TOY ATOTEAECUATOY
oto apyelo.

Avédyveon xar anolfxeuor oc apyela xabopLopévou THmou

Xpnoyonowovvtar ol Swadixacicg Read xar Write pe dpoto tpéno énwe ota
apyeloa xeévou. ‘Opwc, oty neplntworn auth dev ypnoyLonotolvTal ot
Sradwcaoiec Readln xav Writeln. Exlomg, uropel va yenowponombel n ou-
vaptnon Eof, ahid 6y n Eoln.

Avédyvewon xar anolfxeuor oc apyela wn xaboplopévou thmou

H avayvewon xar arnobfixeuon ota apyela pn xabopiopévou tinou yivetar
by xatd eyypagés ahrd xatd tuhpata (blocks). Ouv avtiotoiyec evrorée
elva:

e BlockRead(FileVar, Buffer, Count, NumRead);
e BlockWrite(FileVar, Buffer, Count, NumCount);

H petafinth Buffer nepiéyet ta dedopéva nou Ha avayvwohoiv/anobnxeu-
Bolv and/mpog o dloxo. H petafinth Count dnhdvel Tov aplbud twv o-
vixeévey, eved ol petafintée NumRead xar NumCount repiéyouv tov
enaxpPn aplhud avixepévey tou avayvooshnxay xar arnolnxedOnxav, a-
viloTtolya. e neplntomon xavovixic avayveons B anobfxeuong, ou Tuuéc
auTOY TV petaBintody Oo elval (oec ue v Tiph e Count, eved oe nepl-
ntwor haboug Oa elvar Swapopetixéc.

To mihboc Ty avixeévoy tov dnhodvetat pe ) netafinty Count opl-
Ceton pe Baom o péyebog tou block, mou €€ optopot elvar 128 bytes. I'a va
viveTal mo xatavonth 7 yphon e avayvwons and apyela pn xaboplopévou
torou ouvniiletal v ahhayh Tou peyéhouc Tou block o 1 byte. Auté yiveta
xatd To dvorypa Tou apyelou ue Ty mpoalnxn plag axdun napapétpou:

e Reset(FileVar, 1);
e Rewrite(FileVar, 1);
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Tuyala avalftnon o apyeia

Ye osplaxd apyclo ov avayvooeg xar ot anofnxeloels yivovtar oe axo-
rouvbla, and vy apyh ©g To thog. e apyclo tuyalag npoonéiaomg, T
enépevn avayvwon 1 anolfxevorn propel va yivel oe onolodfrote onuelo
Tou apyelou. Autd dev umopel va vivelr yio Ta apyelo tinou xewpévou. H
Sradwacia Seek ypnowponoeitar yia tny tonobétnon tou delxty apyelou
oty enbupnth Oéon. H tpéyovoa tiph tou delxtn apyelov avaxtdtot pe
ouvaptnom FilePos:

o Seek(FileVar, Offset);
e offset=FilePos(FileVar);

Av 1o apyelo €xel avouylel pe v evtorh Append, téte dev propel va
viver tuyala avalhtnorn. Enopévec, av 1o apyelo avoiybel pe v eviord
Rewrite xav ypetdletar npochixn dedouévov oto téhog tou, petaxivelta
np®Ta o delxtng otny HBéon téhouc xau petd 1 anobhxeuor extereital xavo-
vixd. H petaxivion yivetal pe ty evtorn:

e Seek(FileVar, FileSize(FileVar));

IMapdderypa

Program Example;

type
RecordExm = Record
id : word;
value : real;
Find;
var

TextFile : Text;
TypedFile : File of RecordExm;
NonTypedFilel, NonTypedFile2 : File;

Str80 : string[80];
Rec : RecordExm;
Buffer : array[ 1..512] of char;
NumRead, NumWrite : word;
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(* AvdOeomn apyelov xewpévon *)
Assign(TextFile, ‘example.txt’);

(* "Avouypa apyelou xewpévou yia avdyvoon *)
Reset(TextFile);

(* Avédyvworn and to apyelo xewuévou xar xhelowd tou *)
ReadIn(TextFile, Str80);
Close(TextFile);

(* “Avorypa Tou Buou apyelon xewpévou vy arobfixevorn. Aev pecohafel
deltepn xhhom e Assign *)
Rewrite(TextFile);

(* Azmob¥xevon o7o apyelo xeyrévou xar xheloywd tou *)
Writeln(TextFile, Str80); Close(TextFile);

(* AvdOeom apyelov xabogiopévou tinou *)
Assign(TypedFile, ‘example.dat’);

* *Avouypa apyelou xabopiopévou tirou yia avdyveot, xot anobfxsuorn *
Mot ey pLoM " 1 "
Rewrite(TypedFile);

(* Amob¥xevon plag eyypaghs oTo téhog tou apyelou *)
rec.id = 100;
rec.val = 123.45;

Seek(TypedFile, FileSize(TypedFile));
Write(TypedFile, rec);

(* xheloyo apyelov xabopiopévou tinou *)
Close(TypedFile);

(* “Avouypa 8%o apyelov un xaboplopévou THRou Yia avilypaph TOV TEPLE-
YLOUEVOLY Tou evdg 670 dhho *)

Assign(NonTypedFilel, ‘source’);
Assign(NonTypedFile2, ‘destination’);
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Reset(NonTypedFilel); (* v avdyvoon *)
Rewrite(NonTypedFile2); (* v anobhixeuon *)
Repeat

BlockRead(NonTypedFilel, Buffer, SizeOf(Buffer), NumRead);
BlockWrite(NonTypedFilel, Buffer, SizeOf(Buffer), NumWrite);
Until (NumRead=0) or (NumRead <> NumWrite);

(* Xpnowonowodvtat ou Tipwéc TV TpaypaTix®dy aptBudy bytes mou avayvo-
olnxav xou arnoOnxetOnxay ywa va viver €heyyoc Adbouc. O PBpdyoc teppati-
Lev 6Tav dev undpyouy dira dedopéva eteédou (NumRead=0) A étav oupfel
NBog xatd v avtiypagh (NumRead <> NumWrite) *)

(* xhelowo apyelwv *)
Close(NonTypedFilel);
Close(NonTypedFilel);

End.
Yovodm eviohdy apyeiwy otny Pascal

O endpevog nivaxag ouvodilet tic Srabéoiues ouvapthoels yia Tig didpopes
rertoupyles enl ToVY dSlapdpwy TirwY apyelwy.

Asttovpyia Yropovtiva | Ketpévou | Kaf. timou | My xaf. tinov
‘Avorype Append N N N
Assign N N N
Reset Not Not Not
Rewrite Nou Nou Nou
Close Not Not Not
Elcodog BlockRead N N N
Read N N N
ReadIn N N N
‘Efodoc BlockWrite N N N
Write N N N
Writeln N N N
‘Exeyyog 6éormg | Eof Nat Nat Nat
Eoln N N N
Tuyalag FilePos N N N
Ilpoonéraonc FileSize N N N
Seek N N N
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16.3 Evtolés guoixol enunédov o C/C++

Kafdc undpyer oupPatdtnta petalld tov yhiwoody C xar C++, ou evtorée
e C propoiy xdihota va ypnoporowmnboiy xat oty C+4. Yto Kegpdiaro
16.4, O SoHolv oL eviorég mou apopoly anoxietotxd oty C+4.

Tirot xaL dnhdoeig petafintoy apysioy

H dhhowon plag petafintic apyelov ot yadooo C npotnobétel tn ypnon

Tou tomou dedopévey FILE. Il ouyxexpuéva, anattelitor i SHiwon plag

petafBintic, mou elvan delxtne oe évav tino FILE. H 8Hhwor éxel wg ed¥c:
e I'ILE * f;

H petafinti f yenowonoteltar yia va npaypatononfoly npocrerdoes 6to

apyelo.

"Avouypa apyelou

[Mewv and onowdnnote Aettovpyio ue to apyelo, npénel npdTa va yivouyv ot
anapa{TNTES APYLXOTOLAGELS, ORWS Yo TALASELYHA O OpLOUGS TOU 0vVOud-
Toc tou apyelou. Ou apyuxonowioelg npaypatorotolvTal ue ) PoRbeia tne
ouvdptnone fopen. H enaxpBic oclvtadn tne cuvdptnong €yet og edfc:

e I'ILE *fopen(const char *fname, const char *access_mode);

onou fname elvor To dvopa Tou Quoxoy apyelou xar access_mode elvar ta
AAPAXTNPLOTIXE RpooTéraong wou Ba €yel To apyelo (yia mapdderypa, pévo
v avdyveon, f yia avdyvoon/anobixeuon, xhx.). O Swxpopetixés Tyuée
g pmeTaPinthc access_mode ouvodiloviar otov axdrovho nivaxa:

Tpérog
; /
npooneiaonc | Asttovpyla

r Avolyet To apysio pévo yia avdyveon,.

w Avolyet To apyslo yia anobhxevor. Av to apyelo vndpyet, 161e 1o
neptey Opevd Tov xatactpépovial.

a Avolyet To apyelo yia tpocdptnoy. Av to apyelo dev undpyet, téte
dnutovpyeltal véo apyelo.

o 2 ; / ; ,
r+ Avolyet éva undpyov apyelo yia avdyveon xat anobfxsvorn. Av 1o

apyelo dev undpyset, 161 emtoTpépetal xwdixéc hdboug.

w+ Anprovpyel €va apyslo xat to avolyet yia avdyveon xot anobhxevon.
Av 10 apyelo undpyet, téte ta Tpéyovia dedopéva xatacTpégovial.
a+ Avolyet éva apysio yia avdyveon xal npocdptnom. Av to apyeio dev
undpyet, téte dnuovpyeltar £va véo.
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Ou tég autée ypnowponotovvtar yio apyela xeyévou (dnhadh ASCII).
Ye replntwon nouv HBéhovpe va yenowporotfoovpe duadxd (dnhad# binary)
apyela, té6te npénel va npochécoupe o yapaxthpa b ot nponyolueveg
Tpée (v mopdderypa, rb, w+b, xix.).

Kielowo apyeiou

AN 7z e e e 7z /7 e
Otav €yet ohoxhnpwbel 1 epyacio pe to apyelo, npéner autd va xieloet.
[Na to Aéyo autéd ypnowponoeital v cuvdptno fclose.

e int fclose(FILE *f);

Av to apyelo €yl xheloer pe emtuyla, téte 1) fclose eniotpéypel undév. Xe
neplntwon cdipatos, N TN entotpopic elvan (on ue ) otabepd EOF, mou
opiletar oto apyelo stdio.h.

Avédyveon xar anolfxesuorn apyelowy

Avo elvar ou Paoués hettoupyles oe éva apyelo, n avayveworn xal 1 anobh-
xevon. Ou Baocuxés ouvapthoes elvar ou fread xau fwrite, n olvtaln tov
onolwy elvar wg e&hc:

e size_t fread(void *buffer, size_t size, size_t count, FILE *f);

émou Ta oplopata dnadvouy ta ehc. H *buffer elvan évag delxtng otn puvi-

/7 7 7z 7 /7 e M
uy, émou 1 fread amobrxedel ta dedopéva mov Stafdler and to apyelo, size
elvat to péyebog tou xdbe otoiyelou oe bytes, count elvar o péyiotoc apth-
nég otoiyelwy mouv Ha dwPacholdy and o apyelo, xou *f elval delxtng oto
apyelo.

e size_t fwrite(const void *buffer, size_t size, size_t count, FILE *f);

6mou xau mdh Ta oplopata dnhodvouy ta e&fic. H *buffer elvar évac delxtng
4 /7 M 7 7z 7

oty uvhuy onou 1 fwrite dwafdlel ta dedopéva nou Oa arolnxeutody oto

apyelo, size elvar To péyeboc tou xdbe otoiyelou oe bytes, count elvar o

péyiotoc aplipds otouyelowy mouv Ba anobnxeuboly oo apyelo, xou *f elval

deixtne oto apyelo FILE.
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Avédyveon xar alhayh 0éong apyciov

Mepués gopéc elvar yphowo va yvopllovpe o nowd Oéon Peroxdpacte ué-
oo o7o apyelo. H Oéon auth yivetal yvwot pe t foRbeia tne ouvdptnong
ftell:

e long ftell(FILE *f);

Av 7 extéhreon elvan emtuync, tote 7 ftell emotpépel Evav axépaio timou
long, o onolog mepiyel tov aplhud Tov bytes mou 7 tpéyouvoa Oéon anéyel
and v apy” Tou apyclou. Ye neplntwon Adbouc 1 ftell eniotpéyper -1.

[Na va petaxwvicoupe v tpéyouca Oéorn péoa oto apyelo yenouuro-
nowovpe TN ouvdptnoy fseek:

e int fseek(FILE *f, long offset, int origin);

/7 re /7 7z 7z /7 4 7z
onou offset elvan n petatédnion e véag Oéonc oe bytes and tny apyixh Oéon,
xat origin elvar pla otabfepd nou delyver tn Oéon and Ty onola uroroyleta
N LETATONLON,.

Yto apyelo stdio.h optloviar ov axdhovbes otaliepéc mou propoly va
yenowonomboiv oty Oéon tne petafSinthg origin:

o SEEK_SET vyl tnv apy? tou apyelov,
e SEEK_CUR vy tnv tpéyouvoa Oéon oto apyelo, xau

o SEEK_END vy to téhoc apyelou.

"Alheg ouvapThoELg

H ouvdptnon fprintf yenowonotelitar yia poppapiopévn anolfxevor oe ap-
yelo xewévou, dnwe axpBoc ypnoworoteital xau v printf. Yty replntwon
e fprintf npéner va oploovue oe mowd apyelo Ha epyachoipe.

e int fprintf(FILE *f, const char *format_string);

H ouvdptnon fscanf yenowonoeltar yia oppoapiopévn avayveon and
apyelo xeyévou, 6nws axptBog yenoronoteitat xat v scanf. Ytny neplntw-
on g fscanf npénel va oploovpe oe mowd apyelo Oa epyachoipe.
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e int fscanf(FILE *f; const char *format_string, ...);

H ouvdptnon fputs ypnowonoteital yio tny anolfxeuvon plag oepds yo-
paxThewy ot éva apyelo xetuévou.

e int fputs(const char *string, FILE *f);

H ouvdptnon fgets ypnowonoweltar yia tnyv avdyveon plag oepds yo-
paxThewY and éva apyelo xeluévou.

e char *fgets(char *string, int maxchar, FILE *{);

H poaxpoevroin feof yenowwonoteitar yia va npocsdioplioovpe av Beloxs-
paote oto téhoc Tou apyelou N Oxt. Av éyouue 9Odoel oo téhog apyelou,
tote 7 feof eniotpéypel pla pndevieh Ty, SapopeTixd entotpépet undév.

e int feof( FILE *f);

IMapdderypa

include <stdio.h>

main()

{
FILE *f1;
FILE *f2;
size_t size;

size_t count;
char string[100];
struct { int x; int y;} mystruct;
[* dvouypa apyelov xeyrévou myfile.txt yia avdyvoon */
f1 = fopen(“myfile.txt”, “r”);
/¥ dvouypa Suaduol apyelou myfile.bin yia avdyveworn xar anobhxeuon */

2 = fopen(“myfile.bin”, “r+b”);

/* apyxorolnon */
size = 1;
count = 100;

/* avdyvwon 100 yapaxthpoy axd to f1 */
fread((void *) string, size, count, f1);
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/* apyxorolnon */
mystruct.x = 100;
mystruct.y = 200;

size = sizeof(mystruct);
count = 1;

/* exypagh Sophc mystruct oo 2 */
fwrite((void *) &mystruct, size, count, {2);

/* xhelowo apyelov */
fclose(f1);
fclose(f2);

16.4 EvTolég guowxol exinédov oe CH++

H eloodog/é€0d0g ot C++ propel va yivel pe yphion pevpdtoy (streams).
Me tov tpéno autd yivetor UETATEORH TOV avTXelwéveny oe ouvola bytes.
H eloodog/éZ0doc oe apyclo pe streams yivetow pe ouvapthoes tng P
Brobixne fstream.h. Xtn cuvéyeia, avtl tou dpou stream ypnowponoteitar
wwodlvapa o 6poc apyelo” yia Abyoug cupSatéTnTac PE T TEONYOoUUEVA.

"Avouypa apyelou

“Eva apyelo avolyer yia elcodo pe tny eviorn:
e ifstream inFile(“file_name”);

xat yia €080 pe TRy evIony:
e ofstream outlFile(“file_name”);

O xhdoee ifstream xou ofstream elval andyovor tng xhdong fstream. [N
Xehomn REPLEGOHTEPWY ERLAOYOV XATA TO dvolypa Tou apyclou, dnhdvovTal
avtixelpeva e xidong fstrem pe tov axdroubo constructor:

e fstream file(“file_name”, mode);

6mou o Tpdrog avolyuatoc edaptdtal and Ty Ty e napapéteou mode, N
orola propel va elvar ouvduaopde pe | (e hoved H) tov elhc emhoydv:
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ios::app
“Avourypa v npocdptnor, dniadh yvia npocshixn oto téhoc Tou ap-
yelou.

los::in

AN e e 7 /7 7z
Avowypa yia eloodo. Av 1o apyelo undpyet, 16T dev xataoTpépovial
T TEPLEYOUEVE TOU.

ios::out

AN 7z e 7 /7 7z

Avorypa v €080, Av to apyelo urdpyet, T6Te xataoTEéPovial Ta
TEPLEYOUEVE TOU Xt YpapovTal Ta véa.

los::itrunc

"Avolypa pe XataoTpoh Tov nepleyopévey tou apyelov. Mropel va
ouvduachel, yia napddetypa pe to los:in (ios:in | los:itrunc) yia &-
VOLYPOL YLt (0030 UE TAUTOYPOVY XATACTEOPH TWVY TEPLEYOUEVHDY TOU
apyelou.

ios::nocreate
Anhédver pnTd dvorypa yopls dnutovpyin apyelov o neplntworn nou
autéd dev undpyel (tautdypova mpoxarel xar Adbog).

7z e 4 4 7 7 e 7
Téhog, pla Baouxh emthoyh xatd To avolypa Tou apyelov apopd oTo av

/7 re e 7z 4 /7 e /7 re 4
auté elvar apyelo xeyneévou N duadixd apyelo. Autd yivetal pe ™y TR T

napopétpou mode:

e ios::binary

N onmola dnhdver duadixd apyelo, evd av dev undpyetl N TYLH, TOTE TPOXELTAL

yio apyelo xeynévou.

Kielowo apyeiou

To xhelowo evég apyelouv yivetar pe tny evioih:

o file.close();

Axéun xau av Sev urdpyel n eNTH EVTOAY XAetolpatoc, To apyelo xAelvel and

7o destructor tov.
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Avdyvewon xat axolfxesuor o apysia

[ty avayvwon evéc yoapaxthpa and apyelo ypnoyronoteltal  evIorn:
o file.get(ch);

onou ch elvar petafinth tinou char. Av cupfel Adbog xatd tny avdyvwon,
twote emotpéper NULL. o tnv avdyveorn ocuyxexpuévou aptbuod bytes
URAEYEL 1 EVIOAN:

e file.read(pch, nCount);

6mou pch elvar petafinth tinou char®, evéd n petafinth nCount elvor -
mou int xoat dnAdvel Tov aplpd tov bytes. H evtord read ypnowonoweizat
xuploe yua Suadixd apyela.

[a v anolfixeuvon evég yapaxthpa ot apyclo URAEYEL N EVIOAR:
e file.put(ch);

onou ch elvan petaffinth tonou char. Av oupfel Adbog xatd tnv aviiypapy,
tote emotpéper NULL. D v anolfxevorn ouyxexpuévou aptbpol bytes
URAEYEL 1 EVIOAN:

e file.write(pch, nCount);

émou pch elvar petafinth tirou char® xau v petafinth nCount elvar wizou
int xo dSnAdver Tov aplpd Tov bytes. Kau v eviorf write ypnouronoteizat
xuploe yua Suadixd apyela.

[ tov ékeyyo av o delxtne tou apyelou Bploxetal 610 T€hog TOU op-
yelou, ypnowronoeltal v evIoAh:

o file.eof();

N omola emiotpépel pla un undevixh TR, av o delxtng elvar 6to téhog Tou
apyelou.
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Tuyala avalftnon o apyeia
[t petaxivnon tou delxtn oe apyelo, mou elvar avixelptevo g xAdong
ifstream (3nhady, apyelo yua eloodo), urdpyel v eviohh:

e seekg(offset, dir);

Av 7o apyelo elvar avtixelpevo g xhdone ofstream (dnhadh, apyelo via
€20d0), T6TE UTdpEYEL N EVIONH:

e seekp(offset, dir);

H noapdpetpoc offset elvar tinou streamoff, mou elvar woodivapog pe tov
woro long. H napdpetpog dir xat otig S%o ocuvapthoes SNA®VeEL TRy Xa-
tevluvor npog v onola yivetar v avalAtnon xau propel vo ndpet g e&hg
Tt

e ios::beg
Extehel avalhtnon and v apyh tou apyelou.

e jos:cur
Extehel avalftnorn and tnv tpéyovoa Béon oto apyelou.

e jos::end
Extehel avalhtnorn and to téhog tou apyelou.

H 7w tou Selxtn apyelov yivetar yio ta apyela xhdong ifstream pe v
EVTOMA:

e filePos = tellg();
eved via Ta apyela xhdong ofstream pe tny evioin:

e filePos = tellp();

H petafinty filePos elval tinou long.
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IMapdderypa

#include <fstream.h>
#include <iostream.h> // v pnvipata oty 06évn

void main()

{
/* Avtiypagh Twv nepleyopévey evic apyelov oe dhho */
ifstream source(“inputlileName”);
ofstream destination(“outputFileName”);

char ch;
while (source.get(ch))
destination.put(ch);

if (Isource.eof())
cout<<“Adboc xatd tnv aviiypapR”;

/* O Bedyog while extehelzar 660 1 ouvdptnon get dev extoTpépel
wiwh NULL. Metd to téhog tou Bpdyou yivetal €heyyog av To apyelo
€yeL pTacel 6to téhog UE TN ouvdptnom eof. Av Sev cupfaivet

autéd téTE mpoxaieitar Adboc, yiatl autd onpalvel T dev avTiypd-
pnxay Gha ta nepLeydpevd Tou */

* 7 7z e 4 7z
[* Avéyvoon nepleyopévov apyeiou xat tpoforf Twv Béocov otic
onolec urdpyouy xevd */

ifstream tfile( “text”);

while ( !tfile.eof() )
{
long here = tfile.tellg();
tfile.get(ch);
if (ch==%7)
cout << “\nPosition 7 << here << “is a space”;
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