Dvowk) Arodnkevon

Opyavoocelg Apyeiwv
dvokdc Zyeoraopuog — Amonkevon Eyypapov
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2YNOYH ENOTHTAX

m Emoxonnon tov Mécwv Amodnkevonc

m Mayvntikol Alokot

m RAID —Xvotoria Aveldptntov Alokov

m Opyavoon Apyelov

m Opydvoon Eyypapov e Apyela

m [IpocPoaon otn Mvnmun — Buffer Management
m AcCikd AsoouEvav

ITpwtevovoec Opyavacelc Apyeiwv

2elido 2



I pns Awookacio Avartoéne BA

Avecdptnta tov DBMS ECaptouevo tov emieyuévov DBMS

. Aoyikd Movtého
MukpOKoo oG 2Muo

2oy ATtoutrioemv AoyIKOC Ddvokdg
Kol Avaivon Tyedlaondc 2Y€010GLOC
— Bé Bao
— ] Anortnoeig BA HOTS L
—] EvvotoAoyukog boouo Zue
| Xyeotocuog Baonc

Evvololoyikd Movtéro| E-R

[TApwon
Bdonc

ITpwtevovoec Opyavacelc Apyeiwv Jerido 3



dvokn ATodnkevon

m O Awayeipiorc Aedouévarv (data manager) sivor to vmo-

O1 GNUOVTIKEG EVVOLEC ETVOL:
— ovorua apyeiwy (file system),
— Olayxeipiorn¢ evoiausons pvnung (buffer manager),
— Oopéc supeTnpiwy (access methods)

GLYVA YPNOLUOTOLEL EVOL KAUGGIKO GUGTNUO OPYEIMV OTTM™C
TOPEYETOL GE VA AEITOVPYIKO ZVGTNUO EVIGYVUEVO UE
TPOGHETOVC UMY OVIGLOVC

cvotnuo tov DBMS vevBuvo yio tn goeiky faocny dcdouévmv

m Kd&be DBMS £yetl 1o 01k0 tov Adrayeipioty Agdouévav, o omoiog
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TAZINOMHXEIX XYXKEYQN
AITIOOHKEYXHX AEAOMENQN

Avéroya pe v Toyovtnta (SpeedtpocPaong
Avaroya LE TN YOPNTIKOTNTA
Avaroya Le T0 KO6TOG TpOcPacng avd Lovaoa
Avéiroya pe v aromotia (Reliabllity)
— [16oo ouyxva xaAaegl n ouokeun ammobrnkeuong?
B AvAAoyo UE TN HOVIHOTNTO,
— Xavovtal Ta 0edouEva OTAV TTEPTEI TO PEUPA ) TO CUCTNHA
(crash)?
— volatile storage: xaverai n yvaun otav opnver o HY
— non-volatile storage: Napauévouv T1a dedOMEVA.
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Iepapyto Mvijung

cache

AN

AV4

main memory

AN

AV4

flash memory

AN

AV4

magnetic disk

AN

i
optical disk
AN

V

magnetic tapes
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Yvokevég Amodnnkevong (o)

m Cache— H tayvtepn, mo uikpn ko o akpipn (AEN
MAZX AITAXOAEI £TIZ BA)

m Kvpro Mvijun (Main memory):
— ['pRyopn lNpooBaon (10s €wg 100s Twv nanoseconds; 1
nanosecond = 10~ seconds)
— [evikd TTOAU pikpn A TTOAU akpin yia OAH 1n BA
» PTavel yExpl KatToleg 0ekadec Gigabytes orjuepa

» KaBe xpovo, N XwpenTIKOTNTA AUCAVEI KAl TO KOOTOC XAMNAWVEI
(TrepiTrOU OUO (2) POopPEC KABe 2 pe 3 Xpovia)

— Volatile
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Yvokevic AmoOnkevong ()

m Flash memory (EEPROM - Electrically Erasable
Programmable Read-Only Memory)
— Ag xaveral otav mEQPTEI TO peUPa (non-volatile)

— [eplopiouoi OTIC eyyPaAPEC OEOONEVWYV (OXETIKA
UIKPOC apIiOuocg write/erase cycles)

— 2.XEO00V TO idl0 ypriyopa reads pe TNV KUPIA UvAUN

— Aiyo 1o apya writes

— XwpPNTIKOTNTEC MEXPI 256 GB

— [MoAU uwnAOG K60oTOC/GB pvAuNG

— Memory cards, usb flash drives, solid state drives
(SSD)
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Yvokevic Amodnqkevong (y)

m Moyvntikog Aiokog (M agnetic-disk)

uayvnTika péoa
— O TYMNMIKOZ TPOIMNOZ ANOGHKEY2H2Z AEAOMENQN 2E
2uoTtnuata Alaxeipiong BA
— Ta dedopéva TTPETTEI va HETaPEPOBOUV aTTd Tov OiIOKO OTNV KUpIa
UVIMN VIO ETTECEQYATIA KOl JETA VA YPOAPTOUV TTAAI OTOV OIOKO
— [MoAU 1Mo apyr amé v Kupia Mvrun
— 2NMEPIVI XwpnTiKoTNTa €wW¢ 10TB
» 2-3X augnon kabe 2 xpovia
— Ta dedopEva owdlovTal JETA aTTO DIAKOTTEC AEITOUPYIAG
» 2(PAAYATA TOU OIOKOU UTTOPEI VA KATAOTPEWOUV DEDOUEVA - OTTAVIO

— Ta dedoucva o€ TTEPIOTPEPONEVO DIOKO Kal Ta read/write yivovtal e
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Yvokevéc AmoOnkevong (0)

. Otk Mvijun (Optical storage)

2.0V TO JayvnTiKO dioko, aAAd Ta READ/WRITE yivovTtal Je
OlNTIKO 1pdT0

CD-ROM (700 MB) ka1 DVD (4.7 to 17 GB)
Blu-ray disks: 27 GB to 54 GB

Write-one, read-many (WORM) optical disks xpnoiuotroiouvrail
yia yoviun amrobrkeuon (CD-R and DVD-R)

YT1rapyxouv Kal ekdOoeIC yia TToAAaTTAa WRITE (CD-RW, DVD-
RW, kai DVD-RAM)

[Tio apya amo MayvnTtikoug Aiokoug
Juke-box cuoTtApaTa, pe peyadho apiBuod diokwv Kal Eva

MNXAVIOUO YIa QUTOMATN POPTWON / EKPOPTWON TWV OIOKWV
(y1a TTOAU peyaAec BA)
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Yvokevég Amodnkevong (€)

m Towio AroOnkevenc (Tape storage)
— Baoika yia backup
— sequential-access — TTOAU apyn
— MeyaAn xwpnTtikotnta (40 pe 300 GB)
— AkpIBéc 2Zuokeuéc yia READ / WRITE

— Tape jukeboxes

» o ekatovtadeg terabytes (1 terabyte = 10° bytes) péxpi kai
yia petabyte (1 petabyte = 1012 bytes)
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[Tl 0gv amoOnkevovron Ta wavro o Kopro Mviun ?

m Kootiler oxpifa. $300ayopdlovv 128MB RAM 11 7.5GBdicko.
m H xopio uvyun eivar evustofinty | aotodne .
O&lovue va cdlovue ta dedousva Letaty ypnocwv. (IIpogpavamg!)
m Tomkn Iepapyia:
— Kupia Mviun (RAM) yia dedouéva eTTikaipng Xpnong.
— Aiokol yia Tnv Bdon Aedouévwy (deutepeliouca Puviun).
— Taivieg yia Tnv atrodnkeuon TTaAaioTEPWYV EKkOOOEWV TNG Bdoncg
Aedouévwy (uadikn atroBnkeuon).
m 'Eva DBMS &yer vy mopokdto Iepapyio Mvaung:
Towia — Adicxkoc — Kopia Mvyun — Cache
(ceprokn)  (Gpeon)
— Q1 ravieg gival yia JadIkn atro0AKEUON, Of TAIVIEC yIQ TNV MOVIMN

(persistent ) ammoBrkeuon BA, evw n KUpia yvAun Kai n cache yia
emeCepyaoia Twv doocoAnWiwv Kal AAAwv DBMS TtTpacewv
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AlGKOL Kol Apyeia

m To DBMS amoOnkevel mAnpoopiec e (okAnpoig) diokovg

B Awkpivovial 2 mToAD onUaVTIKEC TPACELS

— READ uetapépel 0edopeva atro 1o Aioko otnv Kupia Mvun
(RAM).
— WRITE petagepel dedopeva amo 1n RAM oto Aioko.

ME TTPACEIC TTOU YivovTtal eviog TS Kuplac Mvriiung , apa Ba

B AVt £YEL ONUAVTIKEC ETMTOGELC Y10l TO Xyeoooud tov DBMS!

— AUTEC 01 DUO TTPACEIC ival upnAou KOOTOUG (XPOVIKA), O OXEON

TPETTEI VA HEAETWVTAI KOl VO oXed1AlovTal TTOAU TTPOCEKTIKA!
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2elidoo 13



Mayvntikoi Aiockot (1)

Ta dedouéva atToBnKeUOVTAl WG HAYVATIKES TTEPIOXEC O€ JAyvNTIKOUG DiOKOUG

‘Evag HDD €£xel TToAAoUG diokoug ouvoedepEvoug oe €va KUAIVOPO (1-5)

O1 diokol xwpilovTal 0€ OUOKEVTPOUG KUKAOUG, TTOU ovopdadovTal auAdkia
(tracks), uExpl 100000 o€ kKGO dioko

Ta auAdkia xwpilovtal o€ rouegic (sectors), ueyEBoucg 512 bytes
[MAAPEIC TOUEIC HETAPEPOVTAI JETACU PVAUNG Kal OiOKOU
['la read/write evoc sector

» O Bpaxiovag KiveiTal yia va Bpel N KEQaAR 1o cwoTo track

» Q1 dioKOoI TTEPIOTPEPOVTAI CUVEXWG Kal Ta OedopEva ypdgovTal/diaBalovral dtav 10
sector TrepAacel KATW atTd TNV KEPOAAN

Reads ka1 writes £xouv KOOTOG AOYWw TwV KOBUOTEPNOEWV TTOU EI0AYOUV Ta
seek time (rormroBérnon Bpayiova) kai rotational latency (eUpeon rouéa)

‘Eva MIMAOK / ZEAIAA (Block / Page) cival pia ouvexnc o€ipd atro TouEic (OTo

id10 AUAGKI) TTOU YIa TTPAKTIKOUG AOYOUG atToTEAOUV TNV «IOAVIKOTEPN» Hovada
METa@OPAG HeTagu Kupiagc MvAung kai Aiokou. To péyeBog kupaivetal atro 512
Byte £éw¢ pepika Kbyte (Tutmika peyebn 4096 3 8192 r 16384 bytes)

Mia guaoikry dieuBuvon oto AioKo atroTeAEiTal aTrd: apr@uo smipaveiag, apiéuo
arpakrou (otnv idia emmpaveia) & apr@uo block (otnv idia ATPAKTO)
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Tunuoata Aiokov

track t - Splndle

sector s :
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cylinder c—!
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I read—write
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platter
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rotation

— arm assembly
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Moayvntikoi Atokol - EAeYKTES

[ToAAol 016KO1 GLVOEOVTAL GE EVOL VTTOAOYIGTIKO GUGTUO LECH EAEYKTY

Aéyeton vymAov emmédov evtorég Yo read/writesvoc topéa
Tig exterel Kivavtac Tov Bpoayiova

Yroloyilel kan kpotd checksums yia kd0e sectormote v eEAEYYEL v T
Og00oUEV O10ACTNKAY GOGTA

m  Tvmomowmoelc yio Xvotnuota AicKwov
— ATA, SATA, SCSI kai TToOANEG GAAEG TTapAAAQYEG

system bus

disk
controller
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Disk Subsystems

m Disks usually connected directly to computer system
m In Storage Area Networks (SAN), a large number of

of server

provides a file system interface using networked file
system protocol, instead of providing a disk system
Interface

disks are connected by a high-speed network to a number

m In Network Attached Storage (NAS) networked storage

ITpwtevovoec Opyavacelc Apyeiwv
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MEeTPIKES AmOO00NC

m Xpovog [lpoonéhaong (avdyvoon / eyypooen read/write) :
— Xpovoc avalnrnong (seek time) - kivnon ke@aAig (track)
— KaBuortépnon lNepiorpoenc (rotational latency) - avapovn yia va @tdoel

TO UTTAOK KATW aTTO TN KEPAAN

— Xpovo¢ Meragopdc (block transfer time) — n ouciaoTikn Kivnon

dedopévwy atd / TTpog To Aioko)

m Seek timacan rotational delayivol or peyoAvtepec kabvotepnoeic.

Seek time peTagu 4 kar 10msec
Rotational delay petagu 4 kar 11msec
Transfer rate trepittou 1msec yia pia oeAida 4KB

To KA£IOi yIa MIKPOTEPEC KABUOTEPNOEIC €ival: MIKPOTEPES Seek / rotation
delays!

XpnaoigotroiouvTal AUoe€lg YAIKoU 1) / kar AoyIoUIKOU YIa va TTITEUXOE auTo

ITpwtevovoec Opyavacelc Apyeiwv
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MEeTPIKES amO000NC

m Meantimetofallure(MTTF) —O péooc ypdvoc mov
avopEVeETal 0 Alokog va AELToVvpYEL GLVEYWMS YWPIC TPOPBAN UL
m Tomwd, 3 ue S ypovia

— H mBavdétnta aoTtoyiag evog véou dioKou gival TTOAU HIKPN Kal
avTIoTOIXEI O€ éva «BewpnTikdé» MTTF Twv 30,000 ue 1,200,000
WPEG YIa £va Kaivoupyio Aioko

» To MTTF Twv 1,200,000 wpwv yia £Eva véo diIOKO anuaivel OTl yia
kKGBe 1000 veéoug dioKoug, Evag atro auToug Ba aoToxXnNOoEl o€
1,200,000 wpeg

— MTTF ehattwveTal KaBw¢ o AioKog ynpAOoKEl
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Optimization of Disk-Block Access

m Block —ouveyduevn ceipd touéwv oto idio track
— Ta dedopéva petagpepovTal armro Tov dioko oTn pvAun o€ blocks

— MéyeBog 512 bytes - several kilobytes
» Smaller blocks: more transfers from disk
» Larger blocks: more space wasted due to partially filled blocks
» Typical block sizes today range from 4 to 16 kilobytes

m Disk-arm-scheduling algorithms order pending accesse
tracks so that disk arm movement is minimized
— elevator algorithm:

R6 R3 R1 R5 R2 R4

v

A

Inner track Outer track
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Beltiotomoinon ywa Block Access

m XtV Opyaveon Apyeiov (File organization), mov 0a
eCETACOVUE APYOTEPQ, PEATIOCTOTOLOVUE TO YPOVO
npdcPaong pe TNV KATaAANAN opydvoon tov blocksmote
Vo AVTIOTOLYEL HE TO TMS Oa yivel  tpoOGPaon

— .X., AmroBnkeue oXeTICOPEVEC TTANPOPOPIEC OTOV idIO | OE
KOVTIVO KUAIVOPO
— Files may get fragmented over time

» E.g. if data is inserted to/deleted from the file

» Or free blocks on disk are scattered, and newly created file has
its blocks scattered over the disk

» Sequential access to a fragmented file results in increased disk
arm movement
— Some systems have utilities to defragment the file system, in
order to speed up file access
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RAID

m RAID: Redundant Arraysof |ndependent Disks

EVOC Kal JOVO OIOKOU JE
» MeyaAn xwpnTiKOTNTA Kol uynAr TaxuTtnTa (TtoAAoi diokol o€ MNMapaAAnAn
Xpnon)
» MeydaAn aglotmioTia (atroBnikeuon Twv OEQOPEVWV E ETTAVAANTITIKOTNTA
£TO1 WOTE VA YiVETAI EUKOAQ N avakauywn Twv OEOONEVWV)

B H mOBavotnta vo ac6toynocel £vos 0l6K0S 6€ £V0. GUVOAO TOALMDV
OLOK®V ELVOL TTOAD HEYAAVTEPN OO TO VU, (LGTOYNOCEL VUG
OVYKEKPLUEVOG.

100,000 wpwv (trepittou 11 €TWV), TO cuoTnua Ba £xel MTTF Twyv
1000 wpwv (trepiTrou 41 NUEPEC)
m Allayn Ovopociog
— Apxika, 1o | oto RAID diaBaldtav «inexpensive»
— 2nuepa 1o | diapadletal «independent»

— OpyavwrTikES TEXVIKEC dIATAENC dioKwYV TToU divouv Tnv aiobnon / éywn

— T1.X, o¢ €éva cvuotnua pe 100 diokoug, av o KABe evacg £xel MTTF Twv
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MeyoATEPN 0SIOTIOTIO UE EMUVUANTTIKOTNTO

m Redundancy (ITAeovacuocg) store extra information that can
be used to rebuild information lost in a disk failure

m Mirroring (shadowing)
— 'Evacg Aoyikog Aiokog atroteAsital atro 2 guoikoug AioKoug.
— KdaBe write yivetal kal otoug 2 Aiokoug
» Reads ptropEi va yivouv atrd oTTolovOnTroTe
— Av 0 évag diokog aoToxei, Ta dedopEva gival akoun diabéoiua
» Mikpr) TOavoTtnTa va xaAdaoouv kai o1 duo Aiokol Tautoxpova
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Meyaivtepn amoooon ne Hapoariinieuo

m Avo Bacikoi otdyot Tov HoaparAinAiicuod e Eva cOGTNUO
OIGKMV:

1. Katavour) opTou yia TTOAAEC UIKPEC AITAOEIC £TOI WOTE va
aucnBei o pubuodc petagopdac (throughput)

2. NMapaAANAICPOC HEYAAWY QITAOEWYV VIO VO JEIWOEI 0 Xpovocg
atrokpliong (response time)

m Ta dedouéva droympilovron (Striping datape moAloamAog
oloKovC.

— Bit-level striping — Alaxwpliopog Twv bits Tou KABe byte o€

TTOAAQTTAOUG diokoug (O€ XpNOIUOTIOIEITAI OUXVA)

— Block-level striping — ye n Aiokoug, 10 block | Tou apyeiou
Tnyaivel oto Aioko (imod n) + 1

ITpwtevovoec Opyavacelc Apyeiwv
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EIIIITEAA RAID

BRAID Level 0: Block striping; non-redundant.

EElFlE

(a) RAID 0: nonredundant striping

SIFFFEEIFElE

(b) RAID 1: mirrored disks

mRAID Level 1. Mirrored disks with block striping

e H KaAUTepN opyavwon yia LOG apxeia kai yia taxutnta ota WRITE

? OTtav pag voladel n Taxutnta Kal Ogv evoIlapePOUAOTE av XAoouue dedopéva.
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EIIIITEAA RAID

m RAID Level 2. Memory-Style Error-Correcting-Codes
(bit striping)
m RAID Level 3: Bit-Interleaved Parity

— KaAo yia EAeyxo AaBwv o€ TTEPITITWON AoTOXiAC
— Kavel oT11 kavel kal To Level 2, aAAG pe XapnAOTEPO KOOTOG

EusEE

(c) RAID 2: memory-style error-correcting codes

OoouE

) RAID 3: bit-interleaved parity

ITpwtevovoec Opyavacelc Apyeiwv
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EIIIITEAA RAID

m RAID Level 4. Block-Interleaved Parity;

— XpnoiyoTtrolei block-level striping, kai kpata parity block o€
CEXWPIOTO BIoKO

— 20QWw¢ KaAuTepo atro 10 Level 3 (o€ 1/O kal puBuod petagpopdg)

— Mepika rpoAfuara pe bottlenecks (kaBe write TrpETTEl VO
uttoAoyioel parity block)

U

(e) RAID 4: block-interleaved parity
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EIIIITEAA RAID

.m RAID Level 5. Block-Interleaved Distributed Parity

partitions data and parity among all N + 1 disks, rather than
storing data in N disks and parity in 1 disk.

H kaAutepn diaTtacn yia BA
Higher I/O rates than Level 4.

» Block writes occur in parallel if the blocks and their parity blocks are

on different disks.

Subsumes Level 4: provides same benefits, but avoids
bottleneck of parity disk.

> Jd> 1>
2P e
L P

(f) RAID 5: block-interleaved distributed parity
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EIIIITEAA RAID

m RAID Level 6: P+Q Redundancy scheme

— KaAuTepn aglotmioTia atro 10 TTPONYOUHEVO OANG PE HEYAAO
EMITTAEOV KOOTOC (OTTAVIO XPNOIMOTTOIEITAI)

{g ) RAID 6: P + (;} redundancy

— ATToBnKeUEl extra TTAnpo@opia yia TTOAATTAEC aoTo)ieC diOKOU

ITpwtevovoec Opyavacelc Apyeiwv
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Emaoyn Tov RAID Leve

B Xnuepa yiveton petald tov 1 ko S emmédov poévo (ta dAla givat
COPMOS VITOOEEGTEPA 1 LTEP-KOAVTTOVTOL atd To 1 kou 5)

m Level 1kaidtepo yio WRITES

m Level 1yspodtepo oe KOGTOG 0modnNKeELONC

m To Level Smpotiudron yio epapuoyéc ue pikpo opouod
EVILEPOCEMV KO LEYAAO aplOUO 0EOOUEVOV
m To Level 1rpotiudron yio OAeg Tic GAAEC EQUPLOYEC
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Opyavoon apyelov

m H fdon amwoOnkevetor g cviroyn omd apyeia (files).
Ka0e file etvon o oeipd and eyypagpéc (records). Mio
eyypapn ival pia cepd and meoia

m Mo TpocEyyion:

—2T00EPO PAKOC EYYPOAPUWV

—KdaBe apxeio €xel eyypaPEC EVOC OUYKEKPIMEVOU TUTTOU JOVO
—AIAPOPETIKA APXEIA YIa DIAPOPETIKEGC OXETEIC

EUKoAo oTnVv uAoTtroinon

ITpwtevovoec Opyavacelc Apyeiwv
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Eyypo@éc ota0gpov pniKovg

B ATAN TPpOGEYYION:

KAOE eyypa®ng

XWPAEI OAOKANPN

m Awypogn yypogng I:

EVOAAOKTIKEC:
— MeTakivnon eyypaewyv
1+1,...,n0¢€l,...,n=1

— Metakivnon eyypaonc n og |

(free list)

S

record 0
record 1
record 2
record 3
record 4
record 5
record 6
record 7
record 8

— Mn PETAKIVEIG EYYPAPEC AAAQ record 9
KpaTta links o€ 6Aa Ta free record

record 10
fecord 11

— KaBe eyypaen i ¢exkiva atro 1o byte n # (i — 1), 6TTOU N TO PNKOC TNG
— 'EUKOAN TTpooTtréAAONn OAAQ N TEAEUTAIO EyyPO@N MTTOPEI va UN

» AANNQYR: PNV ETITPETTEIC O€ eyypa®EC va poipalovtal o€ 2 blocks

10101 Srinivasan | Comp. Sci. | 65000
12121 Wu Finance 20000
15151 Mozart Music 40000
22222 Einstein Physics 95000 p—
32343 | El Said History 60000 [
33456 Gold Physics 87000 —
45565 Katz Comp. Sci. | 75000 [
58583 Califieri History 62000 —
76543 | Singh Finance 80000 [
76766 Crick Biology 72000 —
83821 Brandt Comp. Sci. | 92000
98345 Kim Elec. Eng. 80000
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Deleting record 3 and compacting

record 0
record 1

record 2
record 4
record 5
record 6
record 7
record 8
record 9

record 10
record 11

10101 Srinivasan | Comp. Sci. | 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
32343 | El Said History 60000
33456 Gold Physics 87000
45565 Katz Comp. Sci. | 75000
58583 Califieri History 62000 =
76543 Singh Finance 380000 [—
76766 | Crick Biology 72000 =
83821 Brandt Comp. Sci. | 92000 [—
98345 | Kim Elec. Eng. 80000
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Deleting record 3 and moving last record

record 0
record 1
record 2
record 11
record 4
record 5
record 6
record 7
record 8

record 9
record 10

10101 | Srinivasan | Comp. Sci. | 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
98345 Kim Elec. Eng. 80000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000 |—
58583 | Califieri History 62000 | —
76543 | Singh Finance 80000 |[—
76766 Crick Biology 72000 | =
83821 Brandt Comp. Sci. | 92000 ||

ITpwtevovoec Opyavacelc Apyeiwv

2elioa 34



FreelLists

pointers

header
record 0
record 1
record 2
record 3
record 4
record 5
record 6
record 7
record 8

record 9
record 10
record 11

Atev0vvon ¢ Tpotnc ofnouévng eyypaenc o header.

AevBvvon g 0evTeEPNC oPNoUEVNG EYYpaENS otn BE0TM TNC TPOTNC, KAT.
Atev0ivelc = pointersmtov deiyvovv otn 0€on poc eyypaenc
AmodoTikd o€ ywpo: reuse space for normal attributes of free records to sto

10101 | Srinivasan | Comp. Sci. | 65000

P
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
33456 | Gold Physics 87000

A
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000

=S

e

ITpwtevovoec Opyavacelc Apyeiwv

2elioa 35



Eyypo@éc petofintov punkovg

m [Ipota ta otabepo unKov

m Tayvopiocuato amodnkevovial pLe Gepd

Null bitmap (stored in 1 byte)

m Eyypoagéc petafAntod unkovc tpokvatovy 6Tic PAcELS
— ATt00nkeuon diId@opwyV TUTTWV EYYPAPWYV OTO idIO apXEiO
— TuTrOI TTOU EMITPETTOUV PETABANTO UNKOC (T1.X. varchar)

B To yvopicuota LETAPANTOV UNKOVE OVOTAPIGTMOVTOL 0T

mAnpopopia otabepov unkovg (offset, length)
B O paypotikec TineC amodnkevovtal HETA TIC oTalfepOoD UNKOVC
m Twéc null: null-value bitmap

0000
21,51 26,10| 36,10 | 65000 10101 | Srinivasan| Comp. Sci.
Bytes O 4 8 12 2021 26 36 47
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Aoun ceAloog pue ypnon O<occov

Size
Location

Block Header Records

# Entries __ Free Space e

End of Free Space

m Slotted page header contain
— ApIBuo eyypapwv
— TENoG TOU eAeUBEpPOU XWpou
— ©¢on kal yEyeBog KABE eyypaPng
B O eyypapéc petaktvovvion pésa oto blockyio va un péver
KEVOC YDPOG LETAED TOVG — orouteiton evnuépmon tov header

m O10€ikTEC 0EV OEYVOVV OmeLDELNG OTIC EYYPAPEC OAAL GTO
avtiototyo entrytov header
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Opyavoon €yypo@OV 6€ apysia

Xg cmpo - Heap — ua eyypoaen) torobeteital
OTLOVONTTOTE VILAPYEL YDPOC GTO OPYELO

Yapuokn - Sequential — amoOnkevel Tic eyypapéc
cEPLOKE pe Baon TV Tiun evOg KAELO100 avalnTnong
Hashing —vroAoyileton o cvvaptnon hashoe kdémoto
attributexade eyypaong. To amotéleoua kabopilel o
notlo blockOa tomobetnOei n eyypaopn

Eyypa@Ec O10popeTIiK®V oYEGEMV YPAPOVTOL GE
orpopeTika apyeio. e multitable clustering file
organization amoOnkevovTol yypaPES OIOUPOPETIKOV
GYEGEWMV GTO 1010 apyEio

— KivnTpo: oxeTi{ouevec eyypa@éc oTo idio block yia
ehaxiototroinon I/O
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YEPLOKT] 0PYAVOOT] UPYELOV

B KataAAnAo yio EQapUoYES TOV OITOUTOVV GEIPLOKN ENECEPYAGIL

TOV OPYELOV

B Oueyypagéc tactvopovvton pe Baom Kamolo KAEWL avalntnong

IVAVAVAVAVAVAVAVAVAVAY

10101 |Srinivasan | Comp. Sci. | 65000
12121 |Wu Finance 90000
15151 |Mozart Music 40000
22222 | Einstein Physics 95000
32343 |El Said History 60000
33456 |Gold Physics 87000
45565 |Katz Comp. Sci. | 75000
58583 |Califieri History 62000
76543 |Singh Finance 80000
76766 |Crick Biology 72000
83821 |Brandt Comp. Sci. | 92000
98345 |Kim Elec. Eng. 80000
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2EPLUKT] OPYAVOGT] OPYELOV

B Awypa@rn) — xpron 0AVGIO®Y OEIKTOV

m Ewsaymyn —Bpec tn B€on mov npEnel va eicayBel n eyypaon
— Av UTTApXEl EAEUBEPOC XWPOG TOTE YPAWE
— Av dev uttdpxel ypaye ot overflow block
— 2.€ KABg TTEPITITWON, avaveéwaoe pointer

u XpSIéLCSTOLl 10101 | Srinivasan | Comp. Sci. | 65000 —
, 12121 | Wu Finance 90000

OVOOLOPYOAVAOGT) 15151 | Mozart Music 40000 g
IR 51(1Tnp01') LE T 22222 | Einstein Physics 95000

32343 | El Said History 60000 7

GEl p (’1 Z;:gg Eold Physics | 87000 7

atz Comp. Sci. 75000 7

58583 | Califieri History 62000 7

76543 | Singh Finance 80000 7

76766 | Crick Biology 72000 7

83821 | Brandt Comp. Sci. | 92000 7
98345 | Kim Elec. Eng. 80000
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Multitable Clustering

department

instructor

multitable clustering
of department and
Instructor

[ToAAEC oyécelc 6e Eva apyElo

dept_name building budget

Comp. Sci. Taylor 100000

Physics Watson 70000
ID nanie dept_name salary
10101 Srinivasan Comp. Sci. 65000
33456 Gold Physics 87000
45565 Katz Comp. Sci. 75000
83821 Brandt Comp. Sci. 92000
Comp. Sci. Taylor 100000
45564 Katz 75000
10101 Srinivasan 65000
83821 Brandt 92000
Physics Watson 70000
33456 Gold 87000
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Multitable clustering

m KoAo yio gueriestov mepiéyovv department
yioo queriestov a@opovv Tovg Instructorssvoc department

B AAVGIOEC OEIKTDV YOl EYYPOUPES LULOC CYECTC

>

m Koko yio o queriestov agpopodv nuovo to department

INStructor, kot

Comp. Sci. Taylor 100000 )
] 45564 Katz 75000
| 10101 Srinivasan 65000
| 83821 Brandt 92000
1 Physics Watson 70000
— 33456 Gold 87000
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AmoOnkevon tov Data Dictionary (A&&iko)

Data dictionary (system catalog) kpaTta 1a yeTa-0edoucva: donAadn,
dedoMEVA YIa TA OEQOUEVA, OTWG

m [IAnpogopieg yia XyxEcelg
— Ovoparta Twv oOXEoEWwvV
— QOvoéparta Kal TUTTOUG TWV YVWPICUATWY 0€ KABE oxXéon
— QOvopata Kal OpICHOUC TWV OWEWV - Views
— Tleplopiopouc AKepaIOTNTOC
m User and accounting information, including passw
m Statistical and descriptive data
— number of tuples in each relation

m Physical file organization information
— How relation is stored (sequential/hash/...)

— Physical location of relation
» operating system file name or
» disk addresses of blocks containing records of the relation

m Information about indices
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AmoOnkevon tov Data Dictionary (ecvvéyeia)

B Aoun tov Aelikov: Xpnoiuomotel EVOALOKTIKA!

— EI0IKEC AoNEC AEQONEVWY TTPOCAVATOAIOUEVEC VIO ATTODOTIKN
TTpoéoBaon

— 'Eva oUvoAo ox€oEwv, JE TTPOCAVATOAIOUO TTAAI TNV OTTOd00N

(ouvnBwcg atroTeAEl TNV TTPOTIUNTEQ AUCN)

m Evoeciktikd, To AeCuko yio pia Bdon Agodopévov:

Relation-metadata = (relation-name, number-of-attributes,
storage-organization, location)

Attribute-metadata = (attribute-name, relation-name, domain-type,
position, length)

User-metadata = (user-name, encrypted-password, group)

Index-metadata = (index-name, relation-name, index-type,
Index-attributes)

View-metadata = (view-name, definition)
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Data Dictionary

E10IKEC AoUEC

AedOPEVWYV VIO

a1Tod0TIKN

TTpdoBaon

‘Eva ouvoAo

OXEOEWV
(ouvABwG atroTeAEi

TNV TTPOTINNTEQ
AUon)

Relation_metadata

relation name

Attribute _metadata

AA

number_of_attributes
storage_organization
location

Index _metadata

index nawme

relation _name
index_type
index_attributes

View metadata

view namme
definition

relation_name
attribute name
domain_type
position

length

User metadata

USET _ndnie

encrypted_password

group
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Storage Access

m 'Eva apyeio faong yopileton og otofepod unkovg blocks.
To blockseivor povadeg déopuevonc ydpov Kot HETAPOPAS
OEOOUEVDV

m 'Eva cvetnua Bdonc ntpoonabel va eLoy1GTOTOMOEL TN
uetapopd ad blocksavaueso 6tov 016K Kol 6T WVAUN
— kpatdue 660 mepiocdtepa blocks umopodue otn pviun

m Buffer —xoupdrtt tng pviung mov sivon dSta@éoipo yio tnv
arodnkevon aviypdewv blocktov dickov

m Buffer manager —vmocsvotnua vrevbvvo yio v
déapevon ympov buffer
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Buffer Manager

m 'Eva npoypaupo kaAei tov buffer managedtov ypeidleton
kémoto block amd tov dicko

1. Av 10 block eival ndn otov buffer, o buffer manager
EMOTPEPEI TNV OIEUBUvVOoN Tou block oTnv KUPIA PuvAun
2. AlagpopeTika, o buffer manager
1. Aegopevel xwpo oTov buffer yia 1o block
1. Aviika016T®OVTOS KATO10 TOALOTEPO OV YPELALETAL
2. To blockavtd ypdeetar mdAt otov dicko (av £xel aAAoy£Q)

2. AlaBadel To block atré Tov dioko otov buffer, kal eTTIOTPEPEI TNV
d1eUBuvon Tou block oTn uvun
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YTpaTnyiki avrikotastaong buffer

B To meplocoTeEPO AEITOVPYIKA AVTIKOO1IGTOVUV TO EAAYIGTA
xpnowonotovpevo blockleast recently used (LRU strategy

m [0éa —ypnoomoince ta potifa ypnonc tov mTopeAbovtog
Y10 VoL TPOPAEYELC LEALOVTIKT] YPNOT

m Queries have well-defined access patterns (such as
sequential scans), and a database system can
iInformation in a user’s query to predict future references

— LRU can be a bad strategy for certain access patterns
Involving repeated scans of data

» For example: when computing the join of 2 relations r and s by a
nested loops
for each tuple tr of r do
for each tuple ts of s do
iIf the tuples tr and ts match ...

— Mixed strategy with hints on replacement strategy provided

1 41 . s . . £ | |
J e gucely OpUuItiZerl Is preicidiice
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YTpatnyiki avrikotactaong buffer

Pinned block — memory blocksov dev emtpéneton va
YPAPTOVV TAAL GTOV 0IGKO

Toss-immediate (avaykootikn ££000¢) — amelevbepmvel
™ uvnun evog block noiic vrootel emeéepyacio to
televtaio tupletov

Most recently used (MRU) strategy — vroynoto yia
QTTOYMPTGT AVTO TOV YPNGLUOTOMNONKE TEAELTALO

O Buffer managepnmnopei va ypnoipnonoiel ototiotikd
CYETIKA ue TNV mhavotnTa Eva requesva avopEpeTal o€
GUYKEKPIUEVT) GYEOT
— E.g., the data dictionary is frequently accessed. Heuristic:
keep data-dictionary blocks in main memory buffer

Buffer managers also suppéot ced output of blocks for

the purpose of recovery
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