AmoOnkevon AsdopEvwy



Aopn evoc ZABA

AOYLOULKO YL TN
‘ Slaxeiplon

Juotnua Alaxeiptong BA

[ Aebopéva |
, , amoBnkevpéva oto [ —
Apxela e TIC OXEOELG + 5icKo R | BA |
KatdAoyog Tou cuoTAUATOG + — —
EupetnipLla
\

Bdoelg AsSopévwy 2013-2014 EvayyeAia Mitoupa 2



Apxela

TuTka,

=  KdbBe oycon (to oTyLOTUTIO TNC) armoBnKeVETAL O EVa ap)Eio

" H amoBnkevon ival : KABe mAslad o TNG OXEONG AVILOTOLXEL O€
lLa eyypodr) Tou apxeLou

=  AnAadn, éva apxeio sivat plo akoAouBia armo mAsladeg
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KotaAoyocC ZuoTnUaToC

ovopa, apxeio, Soun apxelov (ry apxeio cwpov)
Ovopa kal TUTo yla KABe yvwplopa

Ovoua eupetnpiou yla kade eUpetnplo
Meploplopol akepaldTNTOC

Aoun (ry B+ 6€vtpo) kat kAetbia avalntnong

To Ovopa KoL TOV OPLOUO TNG

Eniong, otatiotikd, peyeboc tou buffer pool, Sikawwpata mpoomeAaong KA.
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KotaAoyoc ZuoTnuatoc

attr name |rel name type position
attr_name |Attribute_Cat |string 1
rel name |Attribute_Cat |string 2
type Attribute_Cat |string 3
position | Attribute_Cat ||integer 4
sid Students string 1
name Students string 2
login Students string 3
age Students integer 4
gpa Students real 5
fid Faculty string 1
fname Faculty string 2
sal Faculty real 3
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Aoun evoc 2ABA (1o avoAUTKA)

{ SQL

BeATioToTroinon kai h
H (ecwTteplkn) apXLTEKTOVIKA EKTEAECT) EPWTACEWV
evoc ZABA eival og emtineda

2 XEO10KOI TEAEOTEC

— | Apxeia kai MéBodol NpooTtréAaong

> 2ABA

2npepa Ba Soupe: — Alayeipion Kataxwpntwv (Buffer)

AnoUnkeuon

— Alaxeipion Aiokou

Aoun apyeiwv

2Tn CUVEXELQ

Ta mapandavw enineda E BA :‘

Bdoelc Asdopévwy 2013-2014 EvayyeAia Mitoupd 6




lepapylo AmoBnkevonc

Cache (MB): o ypriyopn — npoomnélaon Alya nanoseconds, akptpn, volatile,
TUTILKO pEyeBoC megabytes.

Kupta uviun (GB): o autr avadepopaote otav HAALE yia (TTOAUTTAOKOTNTEC,
arnodoon) ayopiBuwv, dopwv dedopgvwy kAT, MNpoomnélaon ~ 100 nanoseconds.
Taén peyéBouc ~ 10 GB. volatile.

Asutepevouaa anodrkevuan (TB): nonvolatile, e€wtepikn

Méyeboc terabytes pe oXeTIKA ULIKPO KOOTOC

Turkn aroBrikevon BA — katavoun kot avtiypada (redundancy) — mpoomélaon
nueptka milliseconds

Tertiary storage (PB): backup
petabyte
MpoomneAaon seconds or minutes.
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lepapylo AoBnkevonc

MuwkpOtepeg, FpnyopoTEPEG
— Kbpla pvun (RAM)
yloo to dedopéva o€
Xpnon
— AiokoL ywaa ™ B6
(bevtepelovoa
arnobnkevon) ‘
|
et

—Tawiec yua TOALEC
ekboxec  dedopevwv
(tertiary storage).

-+ SLKTU QKN
arnobnkevon (Cloud)

- _ MeyaAutepeg, Mo apyég
Source: Operating Systems Concepts 5th Edition
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AmtoOnkeuTikEC Movadec

H Bdon 6edopevwy Ba mpeEmeL var amoBnKeUTEL 0€ KATIOLO ATtOBONKEVTLKO HECO

lepapyila amoBnkevonc

npwtevovoa aroBnKkevon (primary storage)
KOpLla pvAun (main memory) - kpudn pvAun (cache)
" deon npoomeAaon ano tnv kupta KME (CPU)
= yPriyopn MPOOoTIEAQCH

" TIEPLOPLOMEVN XWPNTLKOTNTA OIoBnKELONC
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AmtoOnkeuTikEC Movadec

Agvutepelovoa amoBnKeLoN

(Latyvntikol dlokot, tatvieg, SLOKETEC, KAT)

= yia TtV eneéepyacio Twv S€6OUEVWV QTaITEITOL 1) UETAQPOPE TWV
OEOOUEVWY OTNV MPWTEVOUOA ATTOVNKEUON

" TILO APy TIPOCTIEAQLON
" LLEYAAN XWPNTLKOTNTA

" LLKPOTEPO KOOTOC (Yo TNV dla moocotnTa XWPOU N KUPLOL MVAMN
100 dopeEc akppotepn armnod tn deutepevovoa)

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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AmtoOnkeuTikEC Movadec

OL meploootepeC Paoelc dedopevwy amoBnkelovtal o OEUTEPEVOUOEC
ATTOBNKEVUTIKEC HOVASEC KUpLwC o€

v" 1oAU peydalec (10-100 TB) = peydalo kootoc (S1/GB — 1005/GB)
v' noéviun anobrkevon (nonvolatile storage)

Mayvntikec Tatviec ya
= Tpnon ebedpLkwv avtypadwv

= apyeloBetnon (archiving) (dedopgva mov BEAoUE va KPATI)OOUUE yLa TTOAU
Kapo aAAd N TPOCTIEAQCN TOUC Elval oTtavia)
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Mayvntikot Alokot

=" MoyvNTLOMOC HLOG TIEPLOXNC TOU SLOKOU KOTA OpLOpEVO TPOTo wote 1 Q0

" Xwpntikotnta (capacity) oe Kbyte - Mbyte - Gbyte

= MoyvnNTLKO UALKO 0€ ool KUKALKOU Slokou
=

= ATtANC Kot SAncg odng

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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ALOKOL

> € TtAKETA SLOKWV

O mAnpodopieg o opOKeEVTPOUCS KUKAOUC SLadopeTikic Stapétpou: atpaktol (track)
(ouvABwc kABe atpaktoc TNV bl moootnTa MAnpodopiag)

—
S

OpOKevTpol KUKAOL o€ StadopeTikéC sudaveleg: KUALVOpoc (cylinder)
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ALOKOL

Block (povada petadopag)

Topeac (sector)

KaBe atpaktoc ywpiletal og to€a mou ovopdlovtal topeic (sectors) kal ival
XOPAKTNPLOTLKO Tou KABe Slokou kot 6e pmopel va tpomornotndetl

To péyeBoc evoc block tiBetal kata tnv apxlkomoinon tou Siokou Kal gival
KATTOLO TIOAAQTTAGLOLO TOU TOUEQ
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ALOKOL

Kebahn avayvwonc/eyypadng

KTEVL

—

AEOVGC T[EplGTpOd)r']C

C

——

Bpaxiovag

=

O

A
v
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ALOKOL

TomoB£tnon kedaAng 0T CWOTH ATPAKTO

Qomou n apxn Tou cwotou
block va Bpebel katw amo tnv kedaAn

Xpovoc petadopadc dedopevwy
aro to 6LOKO oTn VAN

Xpovoc mpoomneAaonG =

XPOVOC EVIOTILOUOU + XPOVOC TIEPLOTPOPNC + XPOVOC LETADOPAC
Metadopad apKeTwv yeLTovikwv block
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ALOKOL

Napadewypa IBM Deskstar 14GPX Seegate Barracuda 7200.9  7200.14 (HDD)
Xwpntwkotnta: 14.4 GB 80— 500 GB 1TB

(LEooc) Xpovog Evrtormiopou: 9.1 msec 11ms <8.5 (R) <9.5 (W)
(2.2 yLa yettovika - 15.5 p€yloto)

(L€ooc) Xpovocg Meplotpodnc: 4.17 msec  4.16ms

5 dutAng ong kukAlkoug diokouc - 7,200 nieplotpodEC To Aemto 7,200 2/1

Xpovoc Metadopadc 13MB ava sec 300MB avd sec (max ogtplakoc) 156 (avg)

Xpovoc mpoomnélaong amno to dioko ~ 10 msec (micro 10°) svw yla B€on
uvAung 60 nanosecond (nano 1072)
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RAID

RAID: mAeovalovoec ouoTtolyiec avesaptntwy Slokwv

Katapepopog 6edopcvwy: taor dedopéva dlalpouviol O LOOPEYEDN
Tunpota (ry round robin) kot katavepovtol o€ ToAAoOUC Slokoug

Kol

[MAgovaopoc: yia aélomiotia

Baoeig Asbopgvwy 2013-2014 EuvayyeAia Mtoupa
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MayvnTikeC Talvieg

= Alokol tuyaiac npoomneAaonc (random access)

» Tawvieg oeplaknc npooneAdaonc (serial access) yia va ditafdcoupe
To n-ooto block mpémel va &ekwvnooupe amd tnv apxn Kat va
Stafacoupe kat ta n-1 blocks

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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Flash memory

Flash memory (solid state) beutepebovoa amoBnkevon

= MeyaAUTepn avtoxn amo poyvntikoug dlokoug, o eAadpla,
ypnyopotepn npoormeAaon (access time)

= Agv €XEL XPOVO EVTIOTILOHUOU KoL TLEPLOTPODNC
= Tpelc Aettoupyiec: Read, Write, Erase
= [1pLv yivel eyypadn, mpemneL va iponynOet Erase

= Erase ko Write oAU o apya oo to Read

Baoeig Asbopgvwy 2013-2014 EvayyeAia Mtoupa
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SSD (Solid State Disks)

MvAiun (KUkAwpa)
Agv €XOUV KLVNTO HNXOVLKO LEPOCG
Mo aBopuPol, avBekTIKOL KaL ypriyopot

Mo akpLBot

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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lepapxia MvAung

Mpwtelovoa
AmtoBnkeuon

Agvutepelovoa
ArtoBnkeuon

_________ Aebopgva ou
LKavoroloUV TNV aitnon

Towvio

Altnon ywa
debopéva
_—
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lepapylo AoBnkevonc

Evayyelia Mitovpa

Baoelg Asdopévwy 2013-2014



Metadopa block og evolapeon puvnun

Mo va yivel n emegepyaoia ta dedopeva petadepovtal amo to
Sdiloko otn pvAun — I/0 Asttoupyia

Evw vivetoaw n petadpopa twv OSedopevwyv  amod  tnV
deutepelouoa oTnV KUPLOL LVAUN - TTapAAANAQ Kol aveEaptnTa
n KME pmopet va emeéepyaletat dedopeva

Evac avetaptntoc emnetepyaotic Eloodouv/EE660U 1 moAAarmAol
ETLEEEPYAOTEC
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Metadopa block og evolapeon puvnun

O Slaxelplotic evolapeonc HvRUNG eival utevBUvVOC yLa TNV petadopd otav
xpeLaletal oeAldwv armod to Sloko otnV KUPLA UVAHN
AwaB¢oipec oelidec (buffer pool) — ovopadlovtal kat mAaiota (frame)

Artnpata yia oeAidec amod ta yPpnlotepa emnineda
BUFFER POOL 1

disk page
S

free frame

MAIN MEMORY ‘
A S /\\
DISK Ertthoyn pHe BAon ULog OALTIKAG
DB QVTLKATAOTOONG
(replacement policy)
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Aopun evoc ZABA

SQL epwtnon |

v

2ABA

Mnyxavn EktéAeong Epwtioswy

ALaxelpLoTn g
ouvoAAaywV

Ene€epyaotnc
KAelduwv

KAAon ouvapThoswv PBiPAI0OAKNG ou UAomroloUv mpageig
OXEOIAKAC aAyeppac

MéBobol Mpoomélaong Apxeiwv ,

AloxelpLotng

Avakapdng
Awaxeprotiic EvSidpeong Mviung (Buffer) «>

l

Awayxeplotig Nepudepetakng MvApng

1

Baoeig Asbopgvwy 2013-2014
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Baowka Znpeta

1. Twa va yivel omoloodnmote UTOAOYLOMOG, To OedopEva TIPETEL va
Bplokovtal otn pvAun

2. H povada petadopac amno to dioko otn pvAun eival éva block. Axkopar kot
Vv XPELA(OUOOTE EVO LUIOVO OVTLKEIUEVO, TIPETIEL VO UETAPEPUEL 0OAOKANPO TO
block tou. To 6&udfaocpa 1 ypadipo evoc block ovoupadletat Asttoupyia
Eloo60ou/EE660u (Input/Output — 1/0).

3. O xpovocg npoomelaonc (eyypadnc N avayvwonc) evoc block dtadepet kot
gtaptaral arno tn B€on tou block

XPOVOC TPOOTIEAAONG = XPOVOC EVTOTILOHOU + XpOVOU TIEPLOTPOPIC + XPOVOC LETOPOPAC

Baoeig Asbopgvwy 2013-2014 EuvayyeAia Mtoupa 27



Bdoelg Asdopévwy 2013-2014

Opyavwon Apxelwv

EvayyeAia Mitoupad

28



Apxela Asdbopevwv

» Ta Sedopéva cuvnBwe anoBnkevovtal os apysio oto dloko
" Mo va emegepyactoupe ta dedopéva Ba PEMEL autd va Bplokovtal oTn UViun.

»" H petadopad dedopévwy amod to dloko otn UvAEN Kot armod T uvnipn oto dioko
yivetaw og povadec blocks

* To dtafaocpa i ypayipo evog block ovopadletal Asttoupyia Eloobou/EE6S0uU
(Input/Output — 1/0)

BaolkOC 0TOX0C N EAAXLOTOTIOLNON TNG EMLKOWVWVLAC UE TO OLOKO:

gelaytotorntoinon tou apwuov twv blocks mou petadEpovtal HeTAsU TNC
npwtevovooc (kUplag pvAung, cache — evdlapeon pvApun - buffers-
KOTOXWPNTEG) Kol TG Sevutepevovoag amodnkevonc (diokog)
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Apxela

Ta dedopeva cuvnBwe amoBnkevovTaL Ue TN popdn eyypa@wy

OL eyypadéc ouviABwe meplypadouv ovtotnte (ox€oelg) kol T
YVWPLoOMATA TOUG

Eva apyelo elvat AOYLKA OpYOVWUEVO O€ pLa okoAouBia armo eyypoadec mou
uropei va Bplokovtal amoBnkevpevec oe toAAEC oeAldec (pages)

Ba Bewpoupe page = block

v MrnopoUue va BAénouus uta oediba os uto ouAdoyn «9éoswv» mou kade uia
TTEPLEXEL LD EYYPAPN

v Mua eyypar mtpooblopiletot anod tn xprion tou (eUyouc (page id, slot number)
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Eyypadeg

MNwc opyavwvovtal ta rtedia peca os plo eyypodn;
Evypadec otabepou kot petafAnTol HAKOUG

type film = record
branch-name: char(22): Eotw kaBe 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

L
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Eyypadeg

Mati elval TPoTLHOTEPEG oL eyypadEC oTaBepoU UNKOUC:

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

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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Eyypadeg

[Mw¢ MPOKUTTTOUV 0oL EYYPAPEC UETABANTOU TUTOU;,

2TO OXEOLOKO HOVTEAO KAOE eyypadn (mMAsdda) pLac oxeong MmePLEXEL
10 1610 MANBo¢ mediwv (apLlOpd yvwplopdtwy).

" Eyypadec tou (6lou tUMou aAAA €xouv £va 1) TeplocoTEpa TEdLO
uetabAntou ueyedoucg

= Avapelkto (mixed) apyeio: eyypadec dtadopetikou TUMOU

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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Eyypadeg

" AltoBrikevon twv TedlwvV OuVEXOUEVA, XWPLOMEVA HE OLOXWPLOTEC
(ebkou ¢ xapaktnpeg rov dev epdavidovial we dedopeva)

F1 F2 F3 F4

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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Eyypadeg

" Xwpo otnv apxn kabe eyypadng — mivakag akepaiwv I[j] omou j n
uetatonion (offset) tng j-ootnc eyypadnc (kpatd tnv apxn tou j-ootou
nediou) + TN peTATOMLON TOU TEAOUC TNG EYYPADNC

amnevBeiac npocPaon o omoladnmnote nedio

KAAO XELPLOUO TNC TS null

o~ F1 F2 F3 F4

[ |5 -
N /

Baoeig Asbopgvwy 2013-2014 EuvayyeAia Mtoupa



Eyypadeg

= ¢ eyypadEC otabepoll HAKOUC, BewpwvTac TO HEYLOTO HEYEDOC yLa KABE
eyypodn

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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MNapayovtoc Opadomnoinonc (blocking
factor)

H povada petadopadc petast diokou kal pvApng eivat eva block dilokou
Eotw eyypadéc otabepou pnkouc R — peyebocg block B

Otav B > R meploocotepeg ano pa eyypadn ava block

Napayovtac opadornoinonc (blocking factor), otavB > R

bfr =L (B /R) ], 6mou B uéyeBoc block oe byte kat R
ueyeBocg eyypadnc os bytes

AnAadny, mooec «oAOKANPECH eyypadEC xwpouv oe eva block
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Ektewvopevn (spanned) Kataywpnon

Mn extewvopevn (unspanned) opydvwon: ot eyypadeg dev emttpenetol va dtaoyilovv ta
opla evoc block

» Aypnotlpomnointog xwpog: B - bfr * R bytes

ava block

" [1lo eUKOAN N TPOCTIEAQON

Extewvopevn (spanned) opyavwon: anoBrkevon HEPOUG pLag eyypadnic os eva block kat to
uTtodouto o éva aAAo block - dgiktng oto TEAOG TOU TPWTOU TUAHaToC deixvel oto block
TIOU TIEPLEXEL TO UTTOAOLTTO
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Mn Ektewopevn Katoxywpnon

b: AplBuoc blocks yia tnv (1N ektelvopevn) amobnkevuon evog
apxeiov r eyypadwv:

b =[ (r/bfr) |

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa

39



AmoOnkevon AedopEVWY

Eotw pia oxéon R(A, B, C, D, E), ta yvwpilopata A, B, D kat E givat tumou
akEpalol peyEBouc 16 bytes kat to yvwplopa C oOepd XOpAKINPWV
ueyeBoug 36 bytes. Eotw apyeio pe r, = 30.000 eyypadeg, peyebog block B
= 1024 bytes, KoL N EKTELVOUEVN KaTOXWPNON.

Méeyeboc apyxeiouv dedopcvwv: 3.000 blocks

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa 40



TortoBetnon Apxeiov oto Aloko

(contiguous allocation) ta block tou apyeiou
tomoBetouvtal og Stadoyka blocks tou diokou

(linked allocation) ka&Be block tou apyeiou
nepthapBavet eva deiktn npoc to emopevo block tou apyeiou

EUKOAN €MEKTAON - TILO APy aAvAyvwon OAou Tou apyeiou

Sdlokou: tuApata (segments)  emektapoTa
(extents)

(indexed allocation)
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ErtikedpaAido Apxeiou

Muwa ertikedpadida n nepypadeac apyelov (file header iy file descriptor)
TEPLEXEL TTANPODOPLEC OXETIKA LE €Vl apXELO TIOU €lval amopaitnteg ot
TIPOYPALLULOTO TTOU TIPOOTIEAQLUVOUV TLC EYYPODEC TOU O pXELOU

MAnpodopiec ya npoodloplopd dtevBuvonc twv blocks apyeiov oto dioko +
neplypadeg popdormnoinong eyypadpwy

AmoBnkeveTaL 0TO ApPXELO

Bewpovpe otL «E€poupe» o€ molo block elvatl amoBnkevpévn n i-ootn ceAida
(block) tou apyeiou
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Apxeila oto Aloko

TN TN N Y

Data Data Data
Page Page Page
Header Y_/ N e

Data Data Data N
- Page Page Page

N N

Full Pages

Pages with
Free Space
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Apxela

Data
Header Page 1

Page

Data
Page 2

Data
DIRECTORY Page N
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Opyavwon Eyypadwv Apxeiou

Oa oulNTAOOUUE TIWC TIPETEL VO OPYOVWOOUUE TIC
geyypodeC oe €va apyeio ylwa amodotTikn emnefepyaoia
EPWTNOEWV

BaolKEC AeLTOUpPYLEC:
= Eloaywyn/Slaypadri/tponomnoinon eyypodng

» Evtomiopocg (avalntnon) ULl CUYKEKPLUEVNC eyYPOdNG
ue faon ocuvOnkn LootnTac N SLACTAUATOC TLLWV

" Awdoxion (scan) OAwv Twv eyypadwyv Tou apxeLou

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa



Opyavwon Apxelwv

Baolkoc 0tox0oC N eAaytotortoinon tou aptduou twv blocks
Tov METAdEPOVTOL

Oeswpouue otL n mAnpowopia yia tn Beon oto dioko evocg block
urtapyet (rm.x., otnv enikepalida tov apyeiov)

J€ MPAYUATIKA CUCTHHOTA

" lowg kat dAAoL TUTtoL kootouc (rty kootocg CPU)

» MMpooBaon kata block (Stafaopa yertovikwy block pe pia povo aitnon 1/0:
avadlntnon 1° block + petadopd OAwV TwV EMOUEVWVY)

Baoeig Asbopgvwy 2013-2014 EuvayyeAia Mtoupa
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Opyavwon Apxeiou

2TO EMOUEVA, AVAPEPETOL KOL TO KOOTOC ETIEEEPYATLOLC
(aAAQ yevika Ba to ayvooUuE)

B blocks - R eyypadeg ava block - T, eyypadn/avayvwon - T xpovog
eneéepyaoioc ava syypadn

Ty =15 milliseconds -- T, =100 nanoseconds

Baoelc Aedopevwy 2013-2014 EuayyeAio Mitoupa
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Opyavwon ApXeiwv

Opyavwon oapyselwv: Tw¢ €lvol TomoBetnUEVEC ol gyypadEeC €vog
apxeilov otav amoBnkevovtal oto HLloko

1. Apxeia Zwpou
2. Ta&wounuéva Apxeia

Quolkn dtataén twv eyypadwv evog apxeiov pe Baon TNV TLUR €VOQ
aro ta nedia Tou to omoio Aéyetal nedio dlatainc (ordering field)

Baoeig Asbopgvwy 2013-2014 EuayyeAio Mitoupa
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Apxela Zwpou (Heap Files)

Apyelo Zwpov (heap file n pile file): O eyypadég TonoBetovvTal oto
apXELO LE TN OELPA TTOU ELOAYOVTOL

Mn taévounpEVo apxeio

B #tblocks

1. Elcaywyn R #eyypadwv ava block

2*T, T, Xpovog petadopdg block

T, Xpovog eneéepyaoiag ava eyypadn

2. Avalntnon (péooc xpoévoc)
0.5*B* (T, +R *T,)
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Apxela Zwpou (Heap Files)

3. Awaypadn eyypodig

>nuadL Staypadng
Meplodikn avadlopydavwaon

Xpovog Avalntnong + (T, + Tp)
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Apxela Zwpou (Heap Files)

4. Tportomoinon eyypadrg
- eyypodr LETAPANTOU UAKOUC

5. Zapwon (scan) Avayvwon 0Awv twv eyypodwv
B*(Ty+ )
6. Avayvwon oAwv twv yypadwv o€ diataén

E€wtepikn taglvopnon cuvnBwc pia mopaAAayn tThg Taélvounong Ue
OUYXWVEUON
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Ta&éwvounuevo Apxelo

Ta&wopunueva/Altatetaypeva Apxeia

Quoikn dataén twv eyypadwyv evog apxeiov pe Baon tnv TR VOGS amo
ta nedia Tou to omoio Aéyetat TTEOLO OLATOENC (ordering field)

Alatetaypevo 1 dUoLKO apxeLo

= Av to tedio duata&nc eivat kot KAeLOL ToTe Agyetal Kot KAELSL dLataénc
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Taélvopunuevo Apyxeio

1. Elcaywyn

i. Ebpeon tn¢ ocwotng B€onc tng eyypadrc oto apxeio

ii. Metakivnon eyypadwv yla vol KAVOU LLE XWPO YLoL TNV ELoaywyn TNG

Katd péco 0po petakivnon twv powv eyypadwv

Xpovoc avalntnong +
2% (0.5 * B *(Ty+

Baoeig Asbopgvwy 2013-2014
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B #blocks
R #eyypadwv ava block
Ty, XpoOvog petadopag block

T, XpOvog eneéepyaciog ava
gyypadn

EuvayyeAia Mtoupa

53



Taévounuevo Apyxeio

1. Eloaywyn (ouvéxewa)
v' Alatpnon KAmoLou axpnotlpomnointou xwpou ava block

v' Anupwovupyia evoc mpoowplvol pn Slatetaypévou apyeiov (apxeio
uTtEPXEIALoNC) + KUplwe apyelo
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Taévounuevo Apyxeio

2. Avalntnon eyypadng (pe emloyn wootntog)
armodoTIKN av n cuvirnkn avalntnonc givat oto medio Taélvounonc

‘Eotw B blocks, avalnitnon tng eyypadnc pe T K oto nedio dtataéng

Inueiwon: YmoBetoupe OTL ot SlevBuvoelg Twv blocks Tou apyeiov eival
arobnkevpEveg otnv enikedaAida tou apyeiov
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Taévounuevo Apyxeio

2. Avalntnon eyypadng (cuvexeila)

lower :=1; upper :=B;

Xpovog: log B * (T, +log R * T)

while (upper > lower)
i := (lower + upper) div 2;
read block i
if (K < tiung duatagng tng mpwng eyypadng)
upper :=i-1;
else if (K > tiung dtdtaéng tng teAeutaiag eyypadng)
lower :=i+1;

else ...

B #blocks

R #eyypadwv ava block

Tp XpOvog petadopag
block

T Xpovog eneéepyaaiag
ava eyypadn

v’ Tuvonkn my., <= ??
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Ta&éwvounuevo Apxelo

3. Awaypadn eyypodig

Metakivnon syypadpwv

v' Xprion onuadiol Slaypadng

4. Tportonoinon eyypadnig
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Ta&éwvounuevo Apxelo

5. Avayvwon oAwv twv eyypadpwv os diataén
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Apxeia Katakeppatiopou

Baowkny WO€a: n tomoBetnon twv gyypadwv ot
blocks tou apxelov yivetat sdpappolovtac pLa
ouVAPTNON KOTOKEPUOTIOMOU OE KATOLO OO T

nedla tng
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EowTtepikoc KatoKkepaTLopoC

EowTteplkog Katakeppatiopog (ta dedopeva lval otn HvnUn,
OTwC¢ oTLC Sopeg bedbopevwy)

Mivokac Katakeppatiopou pe M Boelc - kadoucg (buckets)

h: cuvaptnon katakepuatTiouoU

h(k)=i «—— 3¢ nouwo kddo - T amno 0 Ewe M-1

MNebio avalntnong - Nedilo
KOATOKEPUATIOMOU
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Apxelo Katakeppotlopou

E¢wtepkocg Katakeppatiopoc (epappoyn oe dbedopeva
amoOnkKevEVA O apxeLa)

2 TOXOC

h(k) =i <«——| AlevBuvon (apBuoc) block tou apyeiou
/ TIOU €lval amoBnKeVEVN

Twun tou medlou

KATTOKEPUOTLOHOU H eyypadn pe tpn oto medlo KATOKEPUATIOHOU K
amoBnkevetal oto i-ooto block (kado) Tou apyeiou
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KotokepUATIOMOC

h: cuvapTNoN KATAKEPUATIOLOU

(2toxoc) Opolopopdn katavopn Twv KAEWLWVY otouc kadouc (blocks)
* JuvnOLopEVN ouvaApPTNON KATOKEPLATLOMOU:

h(k) =k mod M

Yuxva M mpwtog
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KotakeEpUOTLOMOC

= JUykpouaon (collision): étav pa véa eyypadn katakepuatiletat os pia
non yepatn 6éon

= KoAn) ouVOPTNON  KOTOKEPUOTLOMOU: KOTAVEHEL TG EyYPAdEC
opolopopda 0To XWPOo TwV SlevBUVoewWV (EAAXLOTOTIOLNON CUYKPOUCEWV Kol
Alyec axpnotlpomnointec B€oelc)

= EupLoTikol:

- aV r gyypadeg, mpemnel va emideéovpe to M wote 1o r/M va eival
petaéL tov 0.7 ko 0.9

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

EntiAuon ZuykpoUoewvV

1. Avowyrn Aievdvvoiodotnon (open addressing):
XPNOLUOTIOLNOE TNV EMOUEVN KeVN BEon

2. Alvotowtn 2vuvbdeon (chaining): ywa kaBe B€on pa
ouvdedepevn Alota pe eyypadec umtepxeillong

3. [loAdartdoc Koatakepuotiopoc (multiple hashing):
epappoyn pog SeUteEPNC CUVAPTNONG KATAKEPUOATIOUOU
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E€¢wtepikoc KatokepuaTtlopoc

Kadoc: plo cvuotada amno cuvexopeva blocks tou apyeiou

h(k) = i +—| 2xetwkn &tevBuvon Tou kadou
/ (rtolog kadocg Tou apyeiou)

T tou mediou
KOTOLKEPLOLTLOLOU

O KOTOKEPUOTIOMOC €lval TOAU amodoTIkoC vilo  ertdoyec
(avalntnoeig) tootntoc
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E€wtepilkoc KATAKEPUATLOUOC

‘Evac mivakac mou amoBnkevetol otnv erkepaiidbo tou apyeiov
LLETATPETIEL TOV apLlBO kKAdou otnv avtiotown dtevuBuvon block

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

M-1 SlevBuvon 1ou block tou kadou oto dioko
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E€¢wtepikoc KatokepuaTtlopoc

2UYKPOUOELG - aAuoldwTtr olvdeon - eyypadec umtepxeillong ava kado

1. Avayvwaon 6Aou tou apxeiov (scan)

Eotw OTL Statnpoupe kABe kado yepdto katd 80% dpa Eva apxelo pe
neyeboc B blocks xpewaletat 1.25 B blocks

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

2. Avalitnon

2uvOnkn Lootntog Kat povo gva block ava kado: Ty + R * C
Av ouvOnkn neploxnc (dtaotripatoc): scan!
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MNeptAnyn

Kooro¢: perapopd blocks (I/0)

Twpo¢ Taéwvopnuévo KatakepuaTlopEvo

Avayvwaon tou apyxeiou B B 1.25B
Avalntnon pe cuvonkn
LooTNTOC 058B logB 1
Avalntnon pe cuvonkn

TLEPLOXNAG B logB + taplaopata 1.25B
Eloaywyn 2 avalAtnon + B 2
Awaypadn avalntnon + 1 avadlntnon + B avalntnon + 1

2Tn ouvexela Ba dov e eupetnplal
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