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1 Aokxknonl

Moac 6ivetan 10 moapakdTw BT 6EvTPo Kol KAAoOPaOTE v TOo oyebldoovpe petd
dlaypaen g TIING 43*:
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ynpa 1: Apyiko 6évtpo.

1.1 2vyywvevon pe 610 adber@o

2N mePIITWON oLYYWPELONG HE TO €10 abed@d, To 42* KATAAAUPAVEL TNV TIPWTN
0€am ToL PEOL PDALOL. APOoD £ylve oLYYWPELOT) Ba TIPEMEL A Braypael N Kataywpnon
mov £6e1yve oto sibling (50) amd tov K6PPo-matépa. To 6EVTPO MOV MPOKVIITEL ElvAl TO
MTAPOKATW:
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Tynpa 2: Metd and ovyywrevon de€1d.

1.2 ZvyywWPELOT PE APLOTEPO AOEAPO

2N mePIITWON OLYYWPELONG APLOTEPK, TO 42* B KataddBel tnv 3" BEon Tov POA-
Aov. A@od £ywve ovyywrevon, Ba mpénel va Hlaypael N KAToywpnomn mov £8e1yve oTo
42 amnd tov Koppo-natépa. To BEVTPO MOV MPOKDIITEL PAIVETOL TTAPAKATW:
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Zynua 3: Metd amd ovyywreLon aploTepd.



1.3 Avakatavopn £yypa@wp pe 610 aber@o

2Ny mePimTwon aVAKATAVOUNG £YYPa@WY Pe To 6e€10 aded@d, To 51* peTagépeTal
Kol KatoahoapBavetl tn B€om mov Epelve Kevn amod T Staypa@n. A@od £ylve AVAKATAVOUN,
N peocaia eyypa@n Tov @OAA0L 1oL mepleiye To sibling mov O petaepOel (52) avepaiver
w¢ KAe1dl otov KO6pPo-natépa. To BEVTPO MOV MPOKVITEL EIVAL TO MAPAKATW:
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Zynpa 4: Metd ammd avaKaTADOoUT EYYPAQWD.
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Ko oT1g 3 mepuntwoelg, n 6taypaen tov 43* KaB1otd tov Koufo-@0AA0 AydTtepo amd
H100-YEPATO, EMOPEPWC AITALTEL OLYYWPELON T AVAKATAVOWT, TTOL ALEAVOLY TO KOO TOC.
1o mapdderypd pog napatnpovpe 6Tt o 6e€10¢ adepoc 6ev elvat minimal-sized, emoné-
PWC (0TN YEVIKN IMEPIITWOT) PAC OLPPEPEL Il GITOWT KOO TOLG DA IIPAYHUXTOIOIOOVHE
QVAKATADOUTN TWD @OAAWD PE aLTOV. Me ToV TPOIo avTd € YperdleTan v Hlayp&YyoLvHE
TIEG amd Tov KOpPo-mtatépa (amAwg aAAayn evdg KAe1d100). EmmAéor, 1o amotéAeopa
elvol €LVOIKO Yl PEANOVTIKEC el00YWYEG Hedopévwr, agod £yovpe wg ammoTtéAsopa 3
minimal-sized k6upovg-@OAAq, emopévwc He B yperaotel va mpaypatonoindel Sidomaon
KOTA TNY E1l00YWYN.

2Ny mepimtwaon mov elyape v IPAYIATONOINOOVHIE OYEOOV AITOKAEIOTIKG Sraypa-
QEC EYYPAPWD, N oLYYWPYeLOT e Eva sibling Ba fTav mpoTipdTEPN, XYoL Oa peiwve ToV
ap1Opd T KAe1610WY ToL KOpPov-TaTtépa Kal B 0dnyoduaoTar ypnyopotepa o peiwaon
TOL DYoL TOL HEVTPOU.

2 Aoknonm 2

To 6évtpo g napamdvw doKnong evpetnplomolel pla oyéon R, emopévwg ta @OAAX
meplEyovy HelkTeG IPoG To apyeio. To dEvTpo mpémel va elvat 1oooponnéVo, OIOTE IPO-
Komtel 0Tt T A,B elvat k6pPotl ko 6yt @OAAx. Kabwg elvar 60o to dvvatdv mo aberq,
Bewpodpe 0Tl To KGBe éva £xel 2 povo Tuég (50% nAnpotnta) dpa 3 deikteg oe @OAAQ.
Ka&Be @OALO mmepiéyet 2 pévo KAEO14.

Y eninedo @OAAWY £yovpe Aowrdv 6 + 6 + 23 = 35 deikteg o€ blocks Tov 6iokov. Kdbe
block ywpdet 20 eyypa@ég g R, emopévwg cLYoOAKG LIIGPYOLY 20 X 35 = 700 TAE1&6EC.



3 Aoknon 3

To yvwplopa A, we KAeldi, maipvel 0Aec Ti¢ TaéC ammd 0 - 5.999.999, apod vidpyovy
6.000.000 eyypapic.

i) An'svbeiag nmpoonélaon oto 6ioko

1. Oa 6tafacTtodY ogePlaKd OAEG 01 EYYPAPEC WG TNV A = 59.999, ontdte Ba ypera-
0TOOY OLVOAIKA 60.000/10 = 6.000 1I/0Os

2. A@o¥ ta 6ebopéva elvat oelplakd Ta€vounpéva oto 610KO0 PIIOPOVE DA EQPAP-
poéoovpe dvabikn avalntnon ota blocks tov diokov. Ot avalntnoelg pag Ha
elvat 0N popen:

3.000.000 -> 1.500.000 -> 750.000 -> 375.000 -> 187.500 -> 93.750 -> 46.875
-> 70.313 -> 58594 -> 52.734 -> ...
Emopévwg log, 600.000 = 20 I/Os

3. Avadikn avalntnon ¢ to 60.000 Kol petd oeplakn avdyvwon blocks. Oa
Xpelwaotoby ovvoAka log, 600.000 + 1 = 21 I/Os

4. Oa npoonelaotel 6Ao to apyelo, emopévwc amattovvTat 6.000.000/10 = 600.000
I/Os

ii) Xpnon BT 6évtpov
BOewpovpe oe KGBe mepimtwaon 0TL To 6EvTPo elvo yepdto. KabBe @OAAO £xel n Hv-
PATOTNTX P armoOnkevoel wg 100 delkTEG 0 EYYPAPES. ATTHLTODVTAL YA TN AV~
MPAOTHOT TWD EYYPAPWY CLPOAIKA: 6.000.000/100 = 60.000 @OAAC.
To amd navw enimnedo (x@od K&Oe KOHUPOC £xel 100 Seikteg) O Exet:
60.000,/100 = 600 KOROULG.
Yto akéun napandvw eminedo yperdCovtat: 600/100 = 6 KOpPoOL.
TéAog, apkel Evag KOPPoG-piCa yia va Helyvel otovg 6 LTODC KOPPOLG.
To 6évtpo Aourdv oynuatiCetatl amnd 4 emimeda Kol AIIaiToOVTAL CUVOALKA:
60.000 + 600 + 6 + 1 = 60.607 blocks.

1. To 1° @OAAO meplEyel TG eyypa@ég 0-99, to 2° Tig 100-199 kAm. H Tipn A =
60.000 eivat oto 600° @OAANO. Oa yperaotel va yivel avdyvwon amd N pila,
a16 to motdi tng oo 2° eninedo, and to modi oto 3° entnedo kot Emerta T 599
MPWTX @OAAC.

JUVOAMKA: 1+ 1+ 1+ 599 = 602 I/Os
2. Oa mpémel va 6tafaotody N plla, To KAatdAANA0 madi oto 2° enminedo, To KATaA-

Ando oTo 3° eminedo Kal TEAOG TO QDAAO OV TEPLEYEL TNV £yypapn A=60.000
Oa yperaotobY Aourdv 4 1/0s (height+1).

3. Onwg 6el€ape mpy, to 600° @OAAO mEPLEYEL TIG eyypa@éc 60.000-60099. Apa,
Ba draPBaotel n piCa, To KatdAAnAo modi gto 29 eminedo, 10 KatdAAnAo oto 3°
emtmedo Kot 10 600° @OALO.

Anoitodvtan emopévwcg 4 1/0s.

4. Ou yperaotel va mpooneddoovpue OAa T @OAAX TOL HEVTPOL YL P LIIOAOYi-
oovpe To amotéAsona, poali pe ta I/0s yra ™ pifa Kol 10 mpwto motdi yla T
endpeva 2 emimeda.

ZUVOAIKG ypeltdCovtat: 1+ 1+ 1+ 60.000 = 60.003 1/Os.



iii) Xpron pn-dvvankod KATAKEPPATIOPOD
A@o0 0 KATAKEPUATIONOC YiveTal wg virepyeiAnom, Ba ypnouomnoinfody cLVPOAKK
6.000.000/10 = 600.000 buckets mov Ba elvat teAeiwg mAnpn. Q¢ hash function yia v
KOTovopn avtr emAéyetot n h(A) = A mod 600.000.

1. Ot (ntodpeveg eyypasg Bplokovtanl ota mpwta 60.000 (0 - 59.999) buckets,
enopévwe anoittovvtal 60.000 I/0s.

2. H mAeiaba avtr Bploketatl mepvwvtag v Tipn otn hash function h(A), mov
pag odnyetl amevOeiag oto 60.001° bucket.
Xpewdletor uovo 1 I/0 (@aivetol n 10y0C TOL KATAKEPUATIONOV o& equality
queries)

3. O1 Intodpeveg eyypawéc Bpiokovtal otovg K&dovg 60.001-60.009, emopévwg
Ba ypelaotoby 9 Aettovpyieg I/0

4. Ou ypelaotel va mpoomneAdoovpe OAx ta buckets yia va vmoAoyiotel To amo-
TéEAEOPQ, eNOPEVPWC Kol OAa Ta blocks.
JUvoAKa yperdlovtat: 600.000 I/0s

4 Acoknon 4
(o)

O péyrwotoc ap1bndc block 6iokov mov pmopel va ypnotpomonfody ylx Y amodn-
kevon Twp 100.000 eyypagwrv eivar 1990.

2tn yelpdtepn nepintwon, Oa vodpyel 1 poévo record oe k&Oe bucket ektdg amd Eva.
1o teAsvtaio avtd bucket Ba mpémel va aroONKeLTOLY 100.000 — 999 = 99.001 £YYPAPEG.
A@ob k&Oe block ywpdel wg 100 eyypagég, Oa yperaotodr 991 blocks yiax 10 ovykeEKp!L-
pévo bucket (1 koavovikd + 990 overflow). ZvvoAikda 1990.

To amotéAeopa avTO IMPOKOLIITEL MOAVWC Kal pe &AAo tpomo. 'epiCovtac 990 buckets
pe 100 records ékaoto Kat énerta Balovtac éva overflow bucket pe éva otolyeio oto
kKaBéva. Etol, £yovv amoOnkevtel 99990 eyypaéc. Xe KGOe Eva amrd Ta LIIOAOUIOPED X
buckets tomofetodpe amd pla eyypan. Me tov TPomo avtd, £YOLIE YPNOIOIOINCEL 2 X
990 + 10 = 1990 blocks 6{okov.

B)

O eAdyrotoc apBuodce block 6iokov mov pmopovv va ypnoipomoindoovv eivatr 1000.
Avto ovppaivel otny ammoATWG 16avikn mepimTwot 6mov 01 Eyypasg ywpilovtal akpl-
Bwg, amd 100 oe k&Oe bucket. Tote, yperaldpaote poévo 1 block yia to kabéva, dnAadn
ovvoAik& 1000.

(v)

2y nepimtwon twr 100.099 eyypapwy, Oa epyactoduE e Tapdoto TPOIo pe to (o).
TepiCovtac 991 buckets pe 100 otoyeia kol Tormofetwvtag Eva overflow bucket pe éva
otolyeio oto KaBéva, £yovne ovvokd anmoOnkevoel 100.091 eyypaég. Tig viIdAOUIEQ
8 eyypagéc T amobnkevovpe amd pla oe 8 amd ta 9 vmoAowundpeva buckets. I'a to
oeVEpPLo avTO, CLVOAIKA amattodVTAl 2 X 991 + 8 = 1990 blocks diokov, N i16ix amdvTnon
pe 1o (). (To 1610 amoTtéAeopa IPoKOLIITEL av yepiocovpe 999 buckets pe éva record Kat
TomoBeToovpe OAX Ta LIIOAOUIX 0TO TeAsvTaio bucket.
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