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Programming Languages as Game Of Thrones Characters

et _ e \
\30L Petyr "Littlefinger” Baelish is SQL.:

ihisicharacter is always behind the scenes, keeping track of'evenything:

Feisivery good with numbers and accounting. Money and knoewledge are

hisiweapons of choice. In times of chaos, people come to'him: €haoes'is a
ladder.
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KaBe oycon (to oTypLlOTUTO TNG) armoBnkeVETAL O€ Eva apxeio

Bdoelg Asdopévwy 2017-2018 EvayyeAia Mitoupa



Ernteéepyaoia Epwtnoswv

sQL
Epwtnon

Epwtnon

2 UVTOKTLKN
AvaAuvon &
Metadpoaon

A 4

AmotéAeopa
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Noapadelypa

R1(A, B) R2(A, C) R3(C, D)

SELECT R1.A,R2,C
FROM R1, R2, R3
WHERE R1.B>1 AND R1.A=R2.A AND R2.C =R3.C;
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>uvtaktikn Avalvon (parsing) ko
uetadppaon

JUVTOKTIKOC KOl ONUOOLOAOYLKOC €Aeyxo¢ (r.X., Ta ovopata mou avodEpovtal
glval ovopata oXECEWV TTOU UTIAPXOUV)

H SQL epwtnon petadpaleTal O€ Lo EOWTEPLKI) Lopdn)
Y€ moLla. ecwtePLkn popdn; looduvapn kppacn tTnG oxeoLaknS aAyeBpac

SELECT A, A,, ..., A,
FROM R11 Rz; ooy Rm n Al, A2, .., An (0 P (Rl X R2 X..X Rm))
WHERE P

Baoelg AeSopévwy 2016-2017 EvayyeAia Mitoupa



Ernteéepyaoia Epwtnoswv

sQL
Epwtnon

Epwtnon

Baoelg AeSopévwy 2016-2017

EvayyeAia Mitoupa

) ‘Ekdpacn TG ZXECLAKNG
2UVTOKTLKN AlyeBpaic
Avaluon & > BeAtlotomnoinon
Metadpaon
2TATIOTIKA JToLyEl
A 4
Amoté\eopa




[MAavo EktéAeonc

SELECT A, A,, ..., A

Metadpaon
FROMR,, R,, ..., Ry v Tapay ., an(0p (REXRy X XR))
WHERE P
TUpA1, A2, ... An
| [MAdvo ektéAeoNC
Op

| DMUMo OXEOELG

Ecwtepikol KO PoL:
Baolkec mpaelc NG

X
/
X
/ OXEOLOKAC AAyeBpag
X
BeAtlotomnoinon tou
/ \ nAdvou
R R

Rl 2 3 LN m
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Ernteéepyaoia Epwtnoswv

sQL
Epwtnon

Epwtnon

‘Ekdpaon tnG IXECLAKAG
AlyeBpag

JUVTOKTLKN
Avalvon &
Metadpaon

BeAtlotomoinon

Ix£610 EkTtéAeong

2TATIOTIKA STolYEl

v

Mnxavn
YroAoyLopou

Agboueva

KArjon ouvaptriogwv
BBAL0BRKNG mou uAomolouv

TPAEELG OXEOLOKAG AAYERPAG

v

ATtotéAeopa
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Aopn evoc 2ABA (o avaAvtika)

H (ecwTteplKn) apXLTEKTOVIKA
evoc ZABA sival o€ emtineda

ApxLkd Ba SoUueE:
AnoUnkevon ___,
Aoun apxeiwv

2Tn OUVEXELQ

Ta mapamndvw emnineda

Bdoeig Asdopévwy 2016-2017

SQL

MeTdoppaon o€ oxeolakr) AAyeppa,
TTAGVO eKTEAEONG, BEATIOTOTTOINON

YAotroinon/ExTéAeon Zxeolakwyv TEAEOTWV

MéBodol NpootréAaong (access methods)

o
@-a;;n Kataxwpntwv (I;;

Alaxeipion Aiokou

EvayyeAia Nitovpa

> SABA
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Aopun evoc ZABA

SQL epwtnon
v
SABA - |
Mnxavn Ektédeong Epwtnoswy

KAon cuvapticswv BLBALOORKNG TTou UAOTIOLOUV IIPAEELG

OXEOLAKAG AAyeBpag
ALaelpLoThG MéBodbol NMpooméhaong Apxeiwv
ouvoAAaywV ALayelpLoTnG

Avakopung
, Awayxeprotrig Evdiapeong MvAung (Buffer)
Eneéepyaotng
KAewduwv l
Awayxeplotig Nepidepetakng Mviung
Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 11




AC apXLlooUpE oo TNV amoBnKevon TwWV TIVAKWYV 0to dloko



Apxela
TuTiKkA,

= KdaBe oycon (to oTwypotumo tng) amoBnkeUeTOl OE Eva
apxelo

= H amoBnkevon elval opllovtia: kKABe mAsiado TNG OXEONC
QVTLOTOLXEL O€ pLa yypadr) Tou apyeiou

=  AnAadn, Eva apxeilo sival pia akoAouBia armo mAELAdEC

Yuyxpovn Taon: Column stores (kaBetn amobrikevon R armoBrnkevon oava
otiAn)

Eupetrpla — BonObntikec SOUEC yLa TNV TPOOTIEAOCN OTA apXEia

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 13



KotaAoyocC ZUuoTnHOTOoC

Mo KABe oxeon:

= Ovopa, apxeio, doun apxeiouv (my apxeio cwpou)
=  Ovopa Kal TUTo yLa KaBe yvwplopa

»  Ovoua eUPETNPIOU YL KATE EUPETHPLO

" [leplOPLOMOL AKEPALOTNTAG

Mo KABe eupetnplo:
Aopn (mx B+ 6€évipo) kat kKAeldLa avalitnong

Ma kaBe oYn:

To 6vopa Kol TOV OpLOKO TNG

Entlong, otatiotika, peyebocg tou buffer pool, Sikaltwpata mpoomeEAAoNC KATT.

O katdAoyog amoBnkevEeTAL EMONC WC OXEON

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa



To ecwTePLKO evoc ZABA

Bdoelg Asdopévwy 2017-2018

o
\\

T
I

Apxela evupetnpiouv

l ~_ KataAoyoc

~ OUCTAMATOC

Apxela dedopévwv

\\

/

EvayyeAia Mitoupa

BAZH AEAOMENQN
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lepapylo AltoBnkevonc

STORAGE HIERARCHY Faster
CPU Registers Sma”er

Volatile CPU Caches
Random Access
Byte-Addressable

Non-Volatile
Sequential Access
Block-Addressable

Slower
Network Storage Larger

Bdoeig Asdopévwy 2017-2018 EvayyeAia Nitovpa



AmtoOnkeuTtikeEC MovadeC

npwitevovoa armoBrnKkevon (primary storage)

KOpta pvAun (main memory) - kpudn pvnun (cache)

= tuyaia mpoomnélaon (random access)

" deon npoomeAaon amno tnv kuplta KME (CPU)
= yPryopn MPOOCTIEAQON

" TTEPLOPLOUEVN XWPNTLKOTNTA AItoOnKeELONG

= OXL LOVLUN amoBnkeuon

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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AmtoBnkeuTikEC Movadec

Agvutepelovoa amoBnKevon

myla TNV enefepyacia twv OedOPEVWV artaITEITOL 1) PETHQPOPH TWV
SedOUEVWVY OTNV MPWTEVOUOA ATTOVNKEUON

" TILO OPYyN TIPOOTIEAQCN
" LLEYAAN XWPNTLKOTNTA

" LLKPOTEPO KOOTOC (YLt TNV ibLa moootnta Ywpou n Kupla pvAun 100
dopec akpLPpotepn amno tn devtepevouoa)

" gelplakn TpooTEAaon (Tuxaia o apyn)

= o€ entinedo block

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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AmoBOnkevtikec Movadec

H Baon debopevwy Ba TpEMEL vaL aroBNKEUTEL O€ KATIOLO AITOONKEUTLKO UECO

OL meplocotepec PBaoelc dedopevwv amobnkevovial O SEVTEPEVOVGCES
arnodnkevTtikéc povadec (kuplwce o diokouc)

= oAU peyaAec (10-100 TB) = peyalo kootog (S1/GB — 100S/GB)
= poviun amoBnikevon (nonvolatile storage)

Y€ QPYOTEPOUC ATTOONKEUTIKOUC XWPOUC yLa
" TApNon peSPLKWV avilypadwv

= apxeoBetnon (archiving) (6edopeva mouv BEAoUE val KPATHOOUUE yLo TTOAU
Kapo aAAd n IPOCTIEAQCN TOUC ELvalL OTTAVLAL)

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 19



Mayvntikot Alokol

2kAnpoc¢ diokog, HDD

" MoyvNTLOMOG HLOG TIEPLOXNG TOU SLOKOU KOTA OPLOMEVO TPOTo wote 1) 0

" Xwpntikotnta (capacity) oe Kbyte - Mbyte — Gbyte - Thyte

= MoyvNTLKO UALKO O€ oXAol KUKALKOU Slokou
="

= AtAN G Kot SUTARC ong

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 20



AlOKOL

> € TIOLKETO OLOKWV

OL MAnpodoplec o OUOKEVTPOUC KUKAOUC SLadopeTikic Stapétpou: atpaktol (track)
(ouvnBwc¢ kABe atpaktoc TNV dLa mocotnta MAnpodopioag)

—
e

OupoKevtpol KUKAOL o€ SladopeTikéc embdvelec: KUALVOpoOC (cylinder)

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 21



ALOKOL

Block (povada petadopag)

Topeac (sector)

KaBe atpaktoc ywpiletal og to€a mou ovopadlovtal topeic (sectors) kal ival
XOPOALKTNPLOTLKO Tou KABe dlokou kat 6e pmopei va tpomormnotnOetl

To peyeBog evog block tiBetal katda tnv apxlkomoinon tou OSiokou Kol ival
KATIOLO TTOAAQTTAQOLO TOU TOMEQ

22
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ALOKOL

Kedaln avayvwonc/syypadnc
KTEVL \ —

Atovag replotpodng

C

——

=

O

Bpaxiovag

. —

— >

A
v

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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ALlOKOL

Xpovoc evtorilopou (seek time) TomoBEtnon kepaAANG 0T CWOTA ATPAKTO

xpovoc meplotpodnc (rotational delay ) latency) ‘Qomou n apxr Tou cwotou
block va BpeBel katw amo tnv kedaAn

xpovoc petadopac block (block transfer time) Xpovoc petadopac
dedopevwy amo to dloko oTn LvAUN

Xpovoc MpooTEAAONG =

XPOVOC EVIOTILOMOU + XPOVOC TIEPLOTPOPNC + XPOVOC LETADOPOC

Metadopad apKeTwVY YeLToVIKWV block

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 24



(Solid State) Disks

Flash memory (solid state) beutepebovoa amoBrnkevon

= MeyaAUTepN avtoxn amo payvntikouc diokouc, mo eAadpla,
ypnyopotepn npoomeAaon (access time)

= MvAun (KOKAwpa) -- Agv €XoUV KLVNTO HNXOLVLKO LEPOC -- AgV EXEL
XPOVO EVTOTILOUOU KOl TIEPLOTPODNC

= Tpelg Asttoupyiec: Read, Write, Erase
= Mpwv yivel eyypadn, mpemnet va tponynOet Erase

" Erase kat Write oAU mio apya armno to Read

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 25



lepapxia MvAung

Mpwtevovoa
AmtoBnkeuon

Agvtepevovoa
AmtoBnkevon

________ Agdopéva ou
LkavoroloUV Tnv aitnon

Towvia

Altnon yla
debopéva
>

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 26



Kotaywpntng

= O Staxeplotng evdlapeonc pvAung (buffer management) sivat umevBuvog ywa tnv
netodopa otav xpelaletal oeAlbwv amo to Sioko oTnV KUPLO LVAUN

= Ta JABA Slatnpouv tov 61ko touc buffer yiatl €xouv meploootepn nAnpodopia ano
T0 A (Boolkr) AELTOUPYLKOTNTO: TIOALTLKI) QVTLKATAOTAONC OEAOWV)

Main Memory

|

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa



Katoxywpntng

Metadopad oe eninedo oeAidag
AwaBeoipec oelidec (buffer pool) — ovopadlovtal kat mAaiota (frame)

Artnpata yia oeAidec amo ta uPpnAotepa emimeda

BUFFER POOL ‘

disk page
"

free frame

MAIN MEMORY
A S /\\
DISK Ertthoyn pe Baon pLog moALTIKAG
DB QVTLKOTAOTAONG
(replacement policy)

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa



Baowka Znueta

1. N va yivelL omoloocdnmote UMoOAoylopog, Ta Oedopéva TpPEMEL va
Bplokovtal otn pUvAUN

2. H povada petadopac amno to dioko otn pvApn ivat eva block. Axoua ko
av XPELA{OUOOTE EVA LUIOVO OVTIKE(UEVO, TIPETTEL VO UETAPEPTEL 0AOKANPO TO
block tou. To OwaBacua i ypaypiuo evoc block ovoupdletol Asttoupyia
Etoobou/E€060u (Input/Output — I/0O).

3. O xpovoc npoomelaonc (eyypadnc N avayvwong) evoc block dtadepet kat
gtaptatal amno tn B€on tou block

XPOVOG IPOOTIEAAONG = XPOVOC EVTOTILOUOU + XpOVOU TIEPLOTPOPNC + XPOVOC LETOPOPAC

BaolkOC 0TOX0C N €AaXloTomoinon tng emkovwviag pe to dloko:

gelaytotornoinon tou oaptduov twv blocks mouv petadEpovral HETAEU TNC
npwtevovooc (kUplac pvAung, cache — evdldpeon pvAun — buffers-
KataxwpnTeg) kat tng deutepevovoac amobnkevong (6lokog)

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 29



Bdoeig Asdopévwy 2016-2017

Opyavwon Apxeilwv

EvayyeAia Nitovpa
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Apxela

KaBe mivakoag amoBnkevetal o Eva apxeio

Mo tAeLada Tou Ttivako — pa yypadn tou apxeiou

Tuple

Header

b

C

);

CREATE TABLE foo (
a INT PRIMARY KEY,
b INT NOT NULL,
c INT,
d DOUBLE,
e FLOAT

Bdoeig Asdopévwy 2016-2017

EvayyeAia Nitovpa

ErtikedaAida, Ba tnv
OyvooU e
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Apxela

Eva apyelo eivat AOYyLKA OpyaAVWHEVO WC pLa cUAAOYH arto osAidec (pages)
KaBe oeAiba — akoAouBia amo eyypadEc
Ba Bewpoupe page = block

KaBe oeAiba éXEL EVol LOVALOLKO avayvwpLoTLko (page id)

Page
" Mnopouue va BAerouue uta oedida wg Header
L cuAAoyn «Becewv» mou kade uia
TIEPLEXEL LULaL EYYPAPN Tuple #1
" M eyypan npoadlopiletal amo Tuple #2
xpnon tou (suyouc (page id, slot number) Tule #3

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 32



Eyypadeg

Mwg opyavwvovtal Ta nedla peoa o€ pia eyypadn;

Evvpadec otabepov kot petaBANTol HAKOUC
type account = record
branch_name: Char(22)’ 'EO-T(.L) KdeE Char 1 byte = real 8 bytes

account-number: char(20);
KaBe eyypadn 50 bytes

balance: real,
end
branch-name account-number balance branch-name  account-number balance

R

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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Eyypadeg

Mati elval TPoTIHOTEPEG oL eyypadEC oTaBEPOU RKOUG:

EUKOAOC 0 €VTOTIOUOG €vOC mediovu kat n Slatnpnon mAnpoopiac yio «XOELECH
Uéoelc

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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Eyypodeg

[Mw¢ MPOKUTITOUV Ol EYYPAPEC LETABANTOU TUTTOU;

2TO OXEOLOKO HovTEADO KABOE eyypadn (mMAsdda) pLac oxeong mePLEXEL
10 1610 MANBoC¢ mediwv (aplOud yvwplopatwy).

= Eyypadec tou (6lou tUTou aAAd €xouv £va 1) TeplocoTEpa TEdLO
uetabAntou ueyedouc

= Avapelkto (mixed) apyelo: eyypadec dtadopetikol TUMOU

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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Eyypadeg

" AltoBrikevon twv Tedlwv OuVEXOUEVA, XWPLOUEVA HE OLOXWPLOTEC
(elbkoUC xapaktipeg rtou dev epdavitovial we dedopevay)

F1 F2 F3 F4

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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Eyypodeg

" Xwpo otnv apxn kabe eyypadnc — mivakag akepaiwv I[j] omou j n
uetatomnion (offset) tou j-ootc mediou (kpatd TNV apxn TOU j-00TOU
nedlov) + tn HETATOTLON TOU TEAOUC TNG EYYPOADNC

armnevuBeiac npooBacn oe onoladnmote nedio

KOAO XELPLOUO TNC TLUAC null

o~ F1 F2 F3 F4

[o o -
NN /

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa



Eyypadeg

= ¢ eyypadEC otabepol pAKOUC, BewpwvTtac To HEYLOTO LEYEDOC yLa KABE
eyypadn

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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MNapayovtoc Opadomnoinonc (blocking
factor)

H povada petadopac petaét diokou kal pvnpng sivat eva block dilokou
(oeAiba)

Eotw eyypadec otabepou pnkoug R — péyebocg block B

Otav B > R neplocotepec amo pa eyypadn ava block

Nopayovtoc opadornoinonc (blocking factor), 0tov B > R

bfr = (B / R) J, 6mou B péyeBoc block oe byte kot R
ueyeboc eyypadnc oe bytes

AnAadny, mooec «oAOKANPECH eyypadec xwpouv oe eva block

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 39



Ektewvopuevn (spanned) Kataywpnon

Mn extewvopevn (unspanned) opyavwon: ot eyypadeg dev emttpenetol va dtaoyilovv ta
opla evog block

= Axypnotpomnointog xwpog: B - bfr * R bytes

ava block

" [1lo eUKOAN N POOTIEAQON

Extewvopevn (spanned) opyavwon: anoBrikeuon HEPOUC pLag eyypadnic os eva block kat to
uTtodouto o éva dAAo block - deiktng oto T€Ao¢ Tou mMpwTtou TuApatog deixvel oto block
TIOU TIEPLEXEL TO UTIOAOLTTO

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 40



Mn Ektewvopevn Kataxwpnon

AplBuoc blocks yia tnv (1N ektelvopevn) amobnkevon evog
apxeilov r eyypadwv:

b =[ (r/bfr) |

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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AmoBnkevon AsdopEvwy

Eotw pia oxéon R(A, B, C, D, E), ta yvwpiopata A, B, D kat E ivat tumou
akEpatot peyEBouc 16 bytes kot to yvwplopa C oepd XopaKINpwWV
ueyeBoug 36 bytes. Eotw apxeio pe r, = 30.000 eyypadeg, peyedog block B
= 1024 bytes, KoL LN EKTEWVOLLEVN KATAXWPNON.

MéyeBoc apyeiov dedopévwv: 3.000 blocks

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 42



TortoBetnon oceAldwv apyelov OTo
SloKo

ovveyouevn torrodetnon (contiguous allocation) ta block tou apxeiou
tomoBetouvtal o Stadoxika blocks tou diokou

ovvbebeuevn torovetnon (linked allocation) kaBe block tou apyeiou
nepthapavet eva deiktn pog to emopevo block tou apyeiov

EUKOAN €MEKTAON - TILO APYN AVAYVWON OAOU TOU apXEiou

ovotadec Oladoyikwyv blocks diokou: TuRpATa (segments) [ emekTapATA
(extents)

cupetnplortotnuevn torrovetnon (indexed allocation)

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa 43



Ertikepaidba Apyeiou

Muwa ertikedoAida n nepypadeac apyeiov (file header f file descriptor)
TEPLEXEL TTANPOPOPLEC OXETIKA LE €va OPXELO TIOU E€lval amopaltntes ota
TIPOYPOAHUOTO TTIOU TIPOOTIEAQUVOUV TLC EYYPAPEC TOU apyeiou

MAnpodopiec yLa

npoodloplopo dtevBuvoncg twv blocks apxeiov oto dioko +

neplypadeg popdormnoinong eyypadwy

AmtoBnkevetal oto apyeio

Bewpolpe OtL «EEpoupe» o€ molo block tou dlokou eival amoBnkevpevn n
ootn oeAida (block) Tou apyeiou

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa

44



Opyavwon Eyypadwv Apxeiou

Oa oulNTAOOUUE TIWC TIPETEL VO OPYOVWOOUUE TIC
geyypodEc oe €va apyeio ywa amodotTikn emnefepyaocia
EPWTNOEWV

BaolkEC AELTOUPYLEC:
* Eloaywyn/Slaypadn/tpomnonoinon eyypodnc

* Evtomiopocg (avalntnon) Ut CUYKEKPLUEVNC EYYPAPNC
le faon ocuvBnkn Lootntac N SLACTAMATOC TILWV YLa
karoto medio (yvwplopa)

" Awdoxwon (scan) OAwv Twv eyypadwv Tou apxeLlou

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa



Opyavwon Apxelwv

Baolkog otoxoc n eAaytotortoinon tou aptduou twv blocks
oV petadEpovol

Oswpouue otL n mAnpowopia yia tn Beon oto dioko evocg block
urtapyet (m.x., otnv emikepaAida tou apyeiou)

Y€ MPAYUATIKA CUCTHHOTA

" lowg Kal dAAoL TUToL kootoucg (rty kootocg CPU)

" MpooBaon kata block (Stafaocpa yertovikwy block pe pia povo aitnon 1/0:
avadlntnon 1° block + petadopd OAwV TwWV EMOUEVWV)

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa
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Opyavwon Apxeilou

MPOXOXH: Zta emopeva, avodEPETAl KOl TO  KOOTOG
eneéepyaoiag, aAAd, yevika Ba 1o ayvooupsg, O6nAadny Ba
HeTpApE povo 1o I/O kdotoc we tov aptduo twv blocks mou
xpelaletal va dStaBaoctouv amo N va ypadouv oto Sioko)

B blocks - R eyypadec ava block

T, eyypadn/avayvwon block oto/amno to dioko (1/0 k60TOG)

T, Xpovog eneéepyaociag ava eyypadn

Ty =15 milliseconds -- T, =100 nanoseconds

47
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Opyavwon ApXeiwv

Opyavwon opyelwv: TwE €lvol TOTOOETNUEVEC oL gyypadEC €VOC
apxelov otav amoBnkevovtoal oto dloko

1. Apxeia Zwpou

2.  Alatetaypéva Apxeia

Quowkn dlataén Twv eyypadwv evog apxeiov pe BAaon TNV TLUN €VOC armod
to tedia Tou to omoio Agyetal rtedio diatacnc (ordering field)

3. Meyxpnon katakeppatiopou (Ba to Solue apyotepa)
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Apxela Zwpou (Heap Files)

Apyelo Zwpov (heap file n pile file): O eyypadég TonoBetolvtal oto
apxelo e TN oeLpd OV EloAyovTal

Mn Slatetayuévo apyeio

B #blocks

1. Elcaywyn R #eyypadwv ava block

2 * T Xpovog petadopag block (1/0)

T, XpOvog eneéepyaaiag ava eyypadn

2. Avalntnon (péooc xpdvocg)
05*B*
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Apxela Zwpou (Heap Files)

3. Awaypadn eyypodig

>nuadL dStaypadng
MNeplodikn avadlopyavwaon

Xpovog Avalntnong + (T + Tp)
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Apxela Zwpov (Heap Files)

4. Tportomoinaon eyypadrg
- eyypadr HETABANTOU UAKOUC

5. Zapwon (scan) avayvwon 6Awv Twv eyypodwv
B*(T + )
6. Avayvwon oAwv twv gyypadwv os dtataén

E€wtepikn taélvounon cuvnOwc pio mapaAlayn tTng Taélvopnong Ue
OUYXWVEUON
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Alatetoypevo ApxeLo

Ta&wounueva/Atatetaypeva Apxeia

Quowkn dlataén Twv eyypadwv evog apxeiov He BAcn TNV TLUN EVOG ATIO
ta nedia Tou 1o onoio Aéyetat TTEOLO OLATAENC (ordering field)

Alatetaypévo N duoLko apyeio

= Av 1o tedilo Siata&nc eival kat KAeLOL TOTE AEyeTol Kol KAELSL SLataéng
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Alatetoypevo ApxeLo

1. Eloaywyn

i. Ebpeon tn¢ ocwotng B€onc tng eyypadnc oto apyeio

ii. Metakivnon eyypadwv yLa vol KAVOU LLE XWPO YLOL TNV ELoAywyNn TNG

Katd péco 0po peTakivnon Twv Howv eyypadwv

Xpovoc avalntnong +
2 *(0.5*B *

Bdoeig Asdopévwy 2016-2017

B #blocks
R #eyypadwv ava block
T, Xpovog petadopdg block

T, XpoOvog eneéepyaaiag ava
gyypadn
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Alatetaypevo Apxelo

Avalntnon eyypadng (buvadiki avalitnon)

lower :=1; upper := B; .
Xpévog: log B * (T, + log R * T,)

while (upper > lower)

i := (lower + upper) div 2; B #blocks

read block i R #eyypadwv ava block

if (K < tiung drataéng tng mpwing eyypadng) T XPOVOG HETAPOPAG
upper :=i-1; block

else if (K > tiung dudtagng tng teAeutaiag eyypadng) Tc Xpovog eneepyaoiag
lower :=i + 1; ava eyypodn

else ...

v’ TuvOnkn my., <= ??
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Alatetoypevo ApxeLo

1. Eloaywyn (ouvéxewa)
v' Alatipnon KAmoLou axpnotpomnointou xwpou ava block

v' Anpwoupyia evoc mpoowplvol pn Slatetaypévou apxsiov (apxeio
urepxellong) + Kupilwc apyeio

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa

55



Alatetaypevo Apxelo

2. Avalntnon eyypadng (pe emhoyn tootntog)
armodoTIkN av n cuvinkn avalntnonc elvot oto medlo TaélvoLnonc

‘Eotw B blocks, avalntnon tng eyypadnc pe tipnn K oto nedio dtataéng

2nueiwon: YmoBetoupe OtL ot SlevBuvoelg Twv blocks Tou apyeiov eival
arobnkevpEveg otnyv enikedpaAida tou apyeiouv
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Alatetoypevo ApxeLo

3. Awaypadn eyypodig

Metakivnon syypodwv

v' Xprion onpadlou dtaypadng

4. Tpomornoinon gyypadng
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Alatetoypevo ApxeLo

5. Avayvwon oAwv twv gyypadwv o€ diataén

Bdoeig Asdopévwy 2016-2017 EvayyeAia Nitovpa

58



Apxeia Katakeppatiopou

Baowkny WO€a: n tomoBetnon twv gyypadwv ot
blocks tou apyeilov yivetat epappolovtac pLa
ouVAPTNON KOTOKEPUOTIOMOU OE KOO0 Qo To

rniedla tng
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EowTtepikoc KatokepATLOUOC

Eowtepkog Katakeppatiopog (ta dedopeva lval otn Hvnun,
OTwC¢ oTLC Sopeg bedopevwy)

Mivakog katakeppatiopol pe M Beoelg - kadouc (buckets)

h: ouvaptnon katokepuaTiouoU

h(k)=i «—— 3¢ nouo kado - TR ano 0 Ewe M-1

MNebio avalntnong - Nedio
KOATOKEPULATIOMOU
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Apxelo KotakeppaTlopou

E¢wtepkoc Katakeppatiopoc (epappoyn oe dedopeva
amoOnKevLEVA OE apxeLa)

2 TOXOC

h(k) =i <«——| AtevBuvon (apBuoc) block Tou apyeiou
/ TIOU €lval amoBnKeUEVN

Twun tou medlou

KOTTOKEPULATLOMOU H eyypadn pe tun oto medio KATOKEPUATIOUOU K
amoBnkevetal oto i-ooto block (kado) Tou apyeiou
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KotTaKEPUOTLOMOC

h: cuvapPTNoN KATAKEPUATIOOU

(2tox0oc) Opoopopdn katavopn Twv KAeWOLwv otouc kadouc (blocks)
* JuvnOLopEVN ouvAPTNON KOTOKEPATIOUOU:

h(k) =k mod M
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KotTaKEPUOTLOMOC

= JUykpouaon (collision): étav pa véa eyypadn katakepuatiletal os pia
non yepatn B€on

= KoAn) ouVOPTNON  KOTOKEPUOTIOMOU: KATAVEHEL TG EyyPadEC
opolopopda 0To XWPOo TwV SlevBUVoewWV (EAAXLOTOTIOLNON CUYKPOUCEWV Kol
Alyec axpnotuomnointec O€oelc)

= EupLoTikot:

- aV r gyypadeg, mpenel va emdeéovpe to M wote 1o r/M va eival
petaéL tou 0.7 ko 0.9

-- otav xpnowgornoleitat n mod tote eival kKaAutepa to M va eival
TPWTOC
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KotaKEPUOTLOMOC

EntiAuon ZuykpoUoEwV

1. Avowyrn Aevdvvoiodotnon (open addressing):
XPNOLUOTIOLNCE TNV ENMOLEVN KeEv B€on

2. Avotowtn 2uvbdeon (chaining): ywa kaBe B€on pa
ouvdedepevn Alota pe eyypadec umtepxeiliong

3. [loAdardoc Kotakepuotiopoc (multiple hashing):
epappoyn pog SevteEPNC CLUVAPTNONG KOTAKEPUATIOUOU
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E€wtepikoc Katokepuatiopog

Kadoc: plo cuotada amno cuvexopeva blocks tou apyeiou

h(k) =i +«— | Zxetwn &evBuvon tou Kadou
/ (oo kadog Tou apxelov)

T tou nebiov
KOTOLKEPULOLTLOLLOU

O KOTOKEPUOTIOMOC €ilval TOAU amodoTIKOC vilo  erttdoyec
(avalntnoeig) tootntoc
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E€¢wtepilkoc KATaAKEPUATLOUOC

‘Evac mivakag mou amoBnkevetol otnv erkepaiidbo tou apyeiov
LLETATPETIEL TOV apLBUO kadou otnv avtiotown dtevBuvon block

0 SdtevBuvon 1ou block tou kadou oto dioko
1 SdtevBuvon 1ou block tou kadou oto dioko
2 Sd1evBuvon 1ou block tou kadou oto dioko

M-1 Sd1evBuvon 1ou block tou kadou oto dioko
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E€¢wtepkoc Katokepuatiopog

YUYKPOUOELC - aAuoldwTtn ouvdeon - eyypadéc umtepxeillong ava kado

1. Avayvwaon 6Aou tou apyxeiov (scan)

Eotw otL Statnpoupe kaBe kado yepato katd 80% dpa Eva apxeio pe
neyeboc B blocks xpetaletal 1.25 B blocks

1.25%B* (T, +R * T,

2. Avalntnon

2uvOnkn Lootntoag Kat povo eva block ava kado: Ty + R * C

Av ouvBnkn neploxnc (Staotripatocg): scan!
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MNeptAnn

Koatoc: petapopa blocks (I/0)

JwpO¢ Ta&wopnuévo KatakeppaTlopEVO
Avayvwon tou apyeiou B B 1.25B
Avalntnon pe cuvonkn
LooTNTOC 0.5B logB 1
Avalntnon pe cuvonkn
TLEPLOXNAC B logB + taplaopata 1.25B
Eloaywyn 2 avalAtnon + B 2
Awaypadn avalntnon + 1 avalAtnon + B avalntnon + 1
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