AUVOLLLLKOG
KotakepUATIOHOC

Baoelg Asdopévwy 2019-2020



KotaKkeEpUOTLOMOC

MpoBANMA OTATIKOU KOTOKEPOTIOMOU:

Eotw M kadouc kat r eyypadec ava kado - 1o oAU M * r eyypad£c (AW LeYAAEC
aAuoibec umepyeilonc)

AUVOULKOC KOTOLKEPUOTLOULOC
= Ertektatog

" [POLULKOG
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Avvokoc E¢wteplkoc
KotakepUOTIOMOC

= AvuadLK ovamapAoTaon TOU AMOTEAECUOTOC TNC OUVAPTNONG
KaTaKEPUOTIOpMOU, OnAadny w¢ pwa  okoAouBio Suadikwv

Ynolwv

* Katavoun eyypadwv pe Bacn tnv tun twv tedevtaiwv (n
apytkwv) Pndiwv

" QL XPNOLUOTIOLOOVUE Ta TeAsuTalor hnpla
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AuvvoKoc KatoKeEpUATLOUOC
(elocaywyn)

= To apyeio Eekva pe £vo povo kado

* MOAL yeploel €vacg kadoc Sdtaomadtal oe Suo kadouc pe Baon tnv
TLUN Tou teAevTtaiou Suadikol Wndlou TWV TIHWV KOTAKEPUATIOUOU -
- O6nhadn oL eyypadec mou TO TEAeutaio Yndio NG TIMAC
KOTALKEPUOTIOMOU Tou¢ eivatl 1 tomoBetolvtal oe €va KAdo Kot ol
AAAec (pe 0) otov aAAo

* Néa umtepyeillon evocg kadou odnyel o dldomaon tou pe Baon to
OHEOWC eOpEVO Suadiko Yndio kok
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ATOTEAEGHOL GUVAPTNONG
KOTOLKEPUATLOMOU

Bdaoelg Aedopévwy 2016-2017

N O A~ R

12
15
16
19
21
32
13
20

MNapadelypa

Xpnon twv teAevtaiwv bits tng Suadikng avamnapaotaong

000001
000100
000101
000111
001010
001100
001111
010000
010011
010101
100000
001101
010100

4 eyypadec ava kado

EvayyeAia Mitoupa



AuvVoLKOC KaTaKEPUATIOMOC

Etol &nuwoupyeitat pla duadikny Sevbpikp dopn Tmou
Aeyetal kataloyoc (directory) n supetnplo (index) pe dvo
eldwv KOUBouC

" E0WTEPLKOUC: TIou KaBodnyouv tnv avalntnon

" eEwTEPLKOUC: TIou deixvouv og eva kado
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AuvvoKoc KatoKeEpUATLOUOC
(avagntnon)

AAyopLOuo¢ avalitnong

h := T KATAKEPUATIOMOU

t := pila tou d€vtpou

i:=d /* dm\nBoc bit

while (t ecwtepkoc kOpBoC)
if (i-ooto bit Tou h ivat 0)

t ;= aplotepd tou t

else t:= el tou t

i=i-1
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AuvVoLKOC KaTaKEPUATIOMOC

" [Tou amo¥nKevETAL 0 KaTAAOYOC
" OTN UVAMN, EKTOC av €ival TTOAU HEYAAOG

" TOTE 0TO OLOKO — OTIOTE ATaLTOUVTAL EMUMPOCOETEC MPOOTIEAATELC

= AUV LKA ETEKTAON QAAA UEYLloToC aptBuoc emumedwv (to MARBoc¢ Twv duadikwy
Pndlwv Tng cuvaptTnoNng KATOKEPUATIOUOU)

= [ooluylon

= Juvévwon kadwv (duvautkn cuppikvwon)
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Erntektatoc Katokepuatiopog
(extendible hashing)

O kata@Aoyocg sivatl gvog mivakac pe 29 dtevbivoelg kadwv (d: oAko Badoc tou
KataAOyou)

Kadog yia Tig eyypadeg pe TUEG KOTAKEPUATIOUOU
000 > Ttou teAewwvouv og 000

001 1

010

011 . .
Ta tedevtaia d Pnodia TG TIMAC KATAKEPUATIOUOU

100 XpnoLhormolouvtal wg SeiKTNG oTOV Tivaka

101

110

111 i

2TIC SLAPAVELEC, XPNOLUOTTOIOULE T TEAEUT bits Tn¢ Suadikn¢ avamapaotaonc
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Emektatoc KotakepUATIOUOC

Ae xpelaletal €vacg SladopeTikog kadoc yla kaBe pia amod Tig 20 B€oelg - pmopel n B€on
Tou Ttivaka va deixvel otn dtevBuvon tou (6lou KAdoU av AUTEG XwPAVE o€ Eva KAdo

000 —+— | Kadog yla TIg eyypadEC PE TLUEC KATOKEPUATIOMOU TTOU
4 | teAewwvouv amo 00

001

1 1 ’ [ 7 ) ’ ’
010 Mo kaBe kado, torko Faboc d” o aplBuog twv duadlkwv
011 Pndlwv ota onoia Baciletal n xprion tou kadou
100
101 Napadeypa: 2 eyypadeg ava Kado
110 gloaywyn 2,4, 3,10,7,9
111 ] . 0010, 0100, 0011, 1010, 0111, 1001
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Mapadelypa

Xpnon twv teAevtaiwv bits tng Suadiknc avamoapdotaong

AnotéAecpa cuvaptnong
KOTOKEPHOTIGHOU

Bdaoelg Aedopévwy 2016-2017

N O A~ R

12
15
16
19
21
32
13

000001
000100
000101
000111
001010
001100
001111
010000
010011
010101
100000
001101

4 gyypodec ava kado

EvayyeAia Mitoupa
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Erntektatoc Katokepuatiopoc

H tipr tou d pmopet va av€avetal (péxpt 2%, k: aptOpoc Suadikwv Pndiwv
NG TLUAC KATOKEPUATIOMOU) A VO LLELWVETALL

= AU¢non tng TG Tou d

Otav €vac kadog pe tiun d’ = d untepyelhiosl
Ae xpelaletal rehash (emava-kepUaTIONO),

AutAaolaopOC TOU TtivaKa
Motpdalouvpe HOVO TIG eyypadEC Tou KAdou Tou

UTtEPXELALOE
=" Melwon tn¢ TS Tou d
Otav yla 6Aouc toug kadouc d’ <d

Melwon Tou pey€Bouc Tou Tiivako oTo ULoo
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Mapadelypa

LOCAL DEPTH  —> )gpncgn Twv TE?\EL,)TOLL(JL)V bits tng
S5 VASIKAC OV PAOTACNC
GLOBAL DEPTH 4= 12% 327 167
1 000001
4 000100
. . . . Bucket B
00 | 1% 5% 21% 13+ 5 000101
01 | 7 000111
10 ~ _ 10 001010
11 N ~3) . Bucket C 12 001100
\ 15 001111
DIRECTORY 16 010000
) 15* 7+ 19 BuckerD 19 010011
21 010101
DATA PAGES
32 100000
13 001101
20 010100
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Mopadeypa

20 010100
/
LOCAL DEPTH —> | /
GLOBAL DEPTH / 4= 12+ 32+ lﬁ* .
: . . . Bucket B
" / 1= 5% 21* 13*
01 —
10 -] .
5\\“‘3 . Bucket C
11 )
]HRECTD;:\\\ﬂ
) 15= 7= 19= Bucket Db
DATA PAGES

Bdaoelg Aedopévwy 2016-2017

EvayyeAia Mitoupa

N 0 s~ =

12
15
16
19
21
32
13
20

000001
000100
000101
000111
001010
001100
001111
010000
010011
010101
100000
001101
010100

Aldomaon-

VEO OALKO
BaBoc 3
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1 000001
4 000100
5 000101
7 000111
10 001010
12 001100
15 001111
16 010000
19 010011
21 010101
32 100000
13 001101
20 010100

LOCAL DEPTH— Z—7

GLOBAL DEPTH
g—‘la

00
01
10
11

Bdaoelg Aedopévwy 2016-2017

,ﬂf’”ﬁ

Napadeyua

412 32 16 20 -> diaomaon

32=167

1= 5% 217137

>

DIRECTORY

e
—
—

N

4= 12*%20%

Bucket A

Bucket B

Bucket C

Bucket D

Bucket A2
{"splitimage’
of Bucket A)

Evayyelia Mitoupa

LOCAL DEPTH- 72— 3

GLOBAL, DEPTH 327167 Bucket A
A
000 5% 217137 BucketB
001
010
011 Bucket C
100
101 i
10 | 7 15%7* 19 | BucketD
111 |
DIRECTORY 4+ 12720+ Bucket A2
("splitimage’
of Bucket A)
15



[pOLLLKOC KaToKEPLATLONOC

O&Aoupe va amodUYOULE TN XPAON KATAAOYOU KoL TO
KOOTOC SUTAQOLOCOU TOU HEYEBOUC TOU KATAAOYOU

Mpocoxn! Auti n uEbodoc:
» Awatnpei Aiotec vntepyeidionc

= /Jevxpnolpornolel tn Suadikn avamnapaotoon

Bdoelg AcSopévwy 2016-2017 EvayyeAia Mitoupd 16



[pOLLKOC KaToKeEPLOTLOUOG

Eotw apykd M kadoug

XPNOLUOTIOLEL YLl OLKOYEVELOL OTIO CUVOPTNOELC KOTOKEPLOTLOLLOU
ho(k), hy(K), ..., hy(k)

KaBe cuvaptnon €xeL dtAcolouc kaedbouc amo TNV TPONYOUUEVN:
h,(k) = k mod M, h,(k) = k mod 2M, h,(k) = k mod 4M, ...,
h,(k) =k mod 2/ M
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[POLLULKOC KOTOKEPLATLOMOC
(elocaywyn)

Eotw M =2
ZEKLWVAUE QIO TNV PWTN oUVAPTNON Katakeppatiopou (h,)
Otav oupuBel n mpwtn vrepyeidion (ocuvinkn diaornaonc) evoc kadou, yivetal dtaomaon e
xpnon g h; aAAa oxL tou kadou mou unepxeiltoe aAld tou kadou 0
2Tn ouveExela, kade kadoc dlaomatal pe ) osipd (dnhadn, kadog 1, 2, 3)
210 otadlo auTo xpnotuomnotovvtal n h, kat n h,
Méexpl va Sltaomactouv Kal ot 4 kadot

Otav dtaonaotouy oAot oL kAdoL,

O daonacelg Ba Egkvouv amo tov kado 0 pe xpnon tng h,

MaAL n Staomaon twv Kadwv yivetal pe ) osipa (bnAadn 0, 1, 2, ..., 7)
210 0tadLo auto xpnotpomnotovvtat n h, kawn h,

Méexpl va Sltaomaotouv Kal ot 8 kadol

KOK

Bdoelg AcSopévwy 2016-2017 EvayyeAia Mitoupd 18



PO ULULKOC KOTAKEPULATLOUOG

Baolka onueia

" [lote yivetal dlaomoon;
Oa Jewpnoovue OtL yivetal dtaomaon otav SNULOUPYEITAL EVOC KAOOC
UTrtepxeiAtonc (Otav yivetal eloaywyn o€ EvVa YEUATO KOO0 yLa ITpwtn popa)

= Oukadol og kaBe Brpa dlaortwvtal pe T oelp (o Evag LETA ToV AAAO —
aveEéApTNTA av (VoL LUTOL TTOU £XOUV 1] OXL UTTEPXELALOEL)

" [TOAAEC OUVOPTAOELG KATAKEPUATIOHOU (6U0 og KABe BAua)

NEa ouvaptnon, otav SLaoTtaocToUV OAOL OL KASOL UE TNV TIPONYOULLEVN
ouvaptnon
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[pOLLKOC KaToKeEPLOTLOUOG

Apkouv bUo uetaBAntec
" Brjua Ataormtoonc (j) - molwa ouvaptnon XPNOLUOTIOLOUE

" [IAnBoc Alaomaoswy (n) — molog elval o emopevog kadoc mou Ba
dlaomnaotel

Apxlkoroinon
j=0;n=0

Otav oupPel pla vrtepxeilon, mpwtn dtdomaon kadou n =0, avénon n <- n+1

JUVEXL{OUE YPOAUMLKA, SlaoTIWwVTAC HE TN OEpd Toug kadouc 1, 2, 3, ...
HEXPL va SlaoTaoTtolV OAoL oL «TtaALloi» Kadot

n HetaBAntn n («nAndoc Staxomaocewv») KPATAEL TTOLOG KAOOC EXEL TELPA yLa SLaoTaon
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32

44
31
25

35

36
14
18
10
11
30

43

Bdaoelg Aedopévwy 2016-2017

Mapadelypa

M=4
KaBe kadoc pexpl 4 syypadéc
Apxlka 4 kadoug

EvayyeAia Mitoupa
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Napadeyua

ho(k) = k mod 4 Mo pn SlooTtaopEVOUC KAdoUC: TTOALA cUVAPTNON

hl(k) =k mod 8 Mo 6LOLO'T[OLO|J.EVOUC KOL(SOUCZ VeEQ ouvaptnon
Level=D, MN=4 Level=0
PEIMARY PRIMARY OVERFLOW
Nerr=0 PAGES PAGES PAGES
I1144 369 3
- Meri=1 -
T -cd=s Data ant I . e —
o 595 -|.|-:|_|:]1 h [r::FI_rE \ a 2595
14157109307, Primary 1471871009307
-= buckek pags L
311F57174 111 3113577+ 111 431
{Tae acfwal n:l?u_.'.-nr:' y
[ of the lincar Basked 43 ] 447367
Jile} -

AlooTidEe TOV TIPWTO KASO
BrAna Swaomaong 0 (xprion hy)

MARBo¢ daondoswy =0
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PO ULULKOC KOTAKEPULATLOUOG

Otav oupPel pLa untepxeilion oe €vav onolodnmote Kado,
0 kadoc n xwpiletal og duo kadouc:

TOV apXLKO KAdo n Kot

gva VEo Kado n + k - 1 oto TEAOC TOU apyxelou

ue Baon tnv cuvaptnon h,(k) = k mod 2M

AnAadn, o€ kade untepxeiAion xwp({OUUE TOV EMOUEVO OTN OELPA
kado

Bdaoelg Aedopévwy 2016-2017 Evayyelia Mitoupa
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[pOLLKOC KaToKeEPLOTLOUOG

JUVEYXI(OUE ...
OAot oL kadol £xouv SLOCOTIOLOTEL OTAWV: n=M

Tote €xoupe 2M kadoug

Otavn=M,
undevilovpe ton,n=0
Kall yia ortotadnmote vea dtdomaon epapuolovpe TN
h,(k) =k mod 4M

Ataomtwvtac maAL tov kKado 0, 1, ... K.T.A

Bdaoelg Aedopévwy 2016-2017 EvayyeAia Mitoupa
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PO ULULKOC KOTAKEPULATLOUOG

Fevika Bpa dwaomntoong j(j=0, 1, 2, ...)
h(k) = k mod 2/ M, kaw tnv h;,4(k) yla Laomaoelg
AnAadn, og kABe BrApa €xoupe Eva (eVyoG ouvaptRAoEWV (j, j+1):
N TPWTN XPNOLUOTIOLELTAL Yyl TOUGC MN OLOOTIOOUEVOUC KASOUC

(6nAadn, pe aplOud peyaAltepo Tou n) Kot n SeUTEPN yLa TOUC
SLOOTIOOUEVOUC

Bdaoelg Aedopévwy 2016-2017 Evayyelia Mitoupa
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Napadeyua

ho(k) = k mod 4 Mo pn SlooTtaopEVOUC KAdoUC: TTOALA cUVAPTNON

hy(k) = k mod 8 Mo SltaoTaopévouc KAdoUC: VEQ ouvaptnon
Level=D, MN=4 Level=0
FRDMARY PRIMARY OVERFLOW
Nexr= PAGES PAGES PAGES
J 27449 367 311
-_1:- E t }E':l . 37
8= 1595 “;t; E.':EIEEI B 2393 29 (unepyeiron)
1a{iEfo oy primary 14§ 15f10{30}
-= buckek pags -
J1TE517H111 J113571 7+ 111 437
{Tae acfwal n:l?u_.'.-nr:' y
[ of the lincar Basked 447347
Jile) 22 (unepyeilon)
Brpa dwaomaong 0 (xprion hy) 66
MARBoc¢ Staomdoswy = 1 34
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Bdaoelg Aedopévwy 2016-2017

Napadeyua

Eloaywyn tou 50

| B6=15=10* 347

Nexe=3

OVERFLOW
PAGES

50 (umepyxeilon)

“MF1aE 77 11

[43° |

|-'H-'3'5“

| 5 3715

| 143 E 2=

0]

0al

ix1a

11

100

101

114

111

Evayyelia Mitoupa

0o

01

L1

11

0

11

1o

11

Lewvel=1

PEINMARY
PAGES
XNexer=D

ﬁi-la_z-

[ 9+ 25+

OVEREFLOW
FPAGES

|66~ 16% 10+ 34+ |

|43-35+ 11+

[44* 38+

[ 5+ 37+ 13°

(147 30-22-

A

[50+ _I

Bhpa &wdomaong O (xprion hy)

MARBoc¢ Staomdoswy = 3
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[POLLULKOC KOTOKEPLATLOMOC
(avagntnon eyypadnc)

Tuxpeldletal va E€poupe yia va BpeBel o kadocg tne eyypadnic k mouv Paxvouus;
= TOL0L CUVAPTNON XPNoLomoloUpe (dnAadn, to j)

" g€ Ttola Staomaon Bplokopaote (dnAadn to n)

Eotw OTL eipaote oto BApa j,
Tote Oa TPETMEL VO KOLTAEOUE ElTE TO
h(k) av o kabog bev exet draonaotet
N To
h;,1(k) av exeL Slaomaotet

MNMwc¢ Ga eAeyéoue av o kadoc exeL StaomaoTel 1 Oxt

Bdaoelg Aedopévwy 2016-2017 EvayyeAia Mitoupa
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[POLLULKOC KOTOKEPLATLOMOC
(avalntnon)

Eotw n 0 apOuoc Staomaocswyv Kol otl avalntou e to k,

Bpioketal otov kado h;(k)
tote av n < hy(k) o kadog dev exet draomaotei

gvw av n > hy(k) o kadog £xetL Staomaoctei kat epappofoupe v h;,, (k)

Bdaoelg Aedopévwy 2016-2017 EvayyeAia Mitoupa
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[pOLULLKOC KATOKEPUOTIOMOC
(avagntnon)

AAyopLOpog Avalitnong
j : Bpoa dtaomaoncn : mMARBo¢ SltaomAacswyv 0To Pripd j
if (n=0)
then m := hj(k);
else {
m := hj(k);
if (m <n)thenm := hj+1(k)
}
\ onUaivel OTL 0 KAd0oC £XEL
dlaomaotel

Bdaoelg Aedopévwy 2016-2017 EvayyeAia Mitoupa



KotaKkeEpUOTLOMOC

TL amoBnkevou e otoug KAdoug;

Yto mopadeiypata Selyvoupe poOVo TNV TLUN Tou IeEdiou KATAKEPUATIOMOU

" Tnv 6La tnVv eyypadn (we Tpomocg opyavwonc apysiov)

= peyeboc kadou -> 1 block (i cuotolkia amo cuvexopeva blocks)
Eva bucket = block (ogAida)

2TN CUVEXELO KAl WC TPOTTOC OPYAVWONC EUPETNPIOU

Bdaoelg Aedopévwy 2016-2017 EvayyeAia Mitoupa
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Epwtnoelc;
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AOKNOELC

Aoknon 1

OewpEeloTE €va EUPETAPLO ETTEKTOTOU KOTOUKEPUATLOLOU, OTIOU KAOE KASOC

(bucket/block) pmopet va xwpeoet €wc 3 syypapsc.

(i) Oswpeiote OTL KATIOLA OTLYUN O KATAAOYOC TOU EUPETNPLOU €XEL OALKO
Badoc 3. MNolo elval To ULKPOTEPO KOL TIOLO TO UEYAAUTEPO SUVATO TOTTIKO
Bavoc; Awote Eva mapadelyuo TLLWV TwV OTtolwv N eloaywyn odnyet oe
EVOL EUPETIPLO OTIOU KATIOLEC BECELC £XOUV AUTO TO HLKPOTEPO SuvaTto
TOTILKO Baboc.

(i) Ocwpelote OTL KATIOLA OTLYUA TO EUPETAPLO EXEL 200 kabouc. Molo glval

TO HLKPOTEPO SuvaTto 0Aiko Badoc yla UTOV TOV KATAAOYO;
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AOCKNOELG

Aoknon 2

OeWPELOTE TO EVPETNPLO YPAUULKOU KATAKEPUATIOUO TNC TIOPOKATW ELKOVAC, OTIOU UTIAPXOULV 5 kadot
(kat 1 kadoc umepyeiliong) kot o emopevog pog dtaomoaon kadog eivat o 1 (dnAadn, o devtepog
Kaboc). Kabe kadoc xwpd 4 eyypadEc.

(a) Eloayete 0to EUPETAPLO TO 4 Kol LETA TO 15 Kal SWOTE TO AMOTEAECHUO LETA ATtO KABE eLoaywyn.
(B) ELodyete 0TO apXLKO EUPETNPLO TNG ELKOVOG TO 2 KOl LETA TO 15 Kot SWOTE TO AMOTEAECUA LETA OTTO
KAOe eloaywyn.

(v) Mota eivat n pkpotePN OPLOUNTLKA T TNE OTtoLAG N ELCAYWYT) OTO EVUPETNPLO TNE ELKOVAC UTTOPEL
va odnynoetL otnv umepxeilion evog kadou (dnAadn, o Eva kado pe Aiota unepxeiliong);

(6) YmoB€ote OtTL petd amo Evav aplOuod amno loaywyeg, urtdpxouv 25 kadol (xwpig toug kadoug
urtepxeiAlonc). Motog Ba eival o emoOpevog kAdog tpog dtaomaon;

32 8 24
n=1 1
(embpevog  mEOG
Sidomoon #380g) 13 25 41 21 —l
14 18 10 30 26 —l
31 35 7 11
44 36
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