Eicaywyn

- Ta Oecdopéva civar amoBnkeupéva  oc
d1aPopPETIKOUC KOUPouc Kali kKAOe koupo ToV
draxeipiCerar éva ZABA mou Tpéxel aveldpTnTa

- Katavepnuévn Ave€aptnoia Acdopévwyv: Ol
xphotec Oev  Tmpémel va yvwpilouv  Tou
PpiokovTal Ta dedopéva (eméktaon Tng PUCIKAC
kai Aoyikh¢e Ave€apTtnoiac)



Opoyevi: KdBe mtAsupd Tpéxel Tov idio TUTTo ZABA

Etepoyevn : KaBe mAsupd Tpéxel diagpopeTikd ZABA
(diapopeTikd oxeolakd ZABA A kai pn-oxeoiakd
> ABA)




ApxiTekTovikéc KZABA

EZYTTHPETHZ | EZYTTHPETHZ | EZYTTHPETHZ

e TTeAdTn-ECumtnpéTn

O meAdTng aTéAvel (ships) Tnv epwTnon oe Wid
Aeupd. H emelepyacia Tng epwrnong viverai
OTOV €CUTTNPETN.



ApxiTekTovikéc KZABA

% 2uvepyalopevwy eEUTTpETWY

Mia epwTtnon ekTeAciTal oc TTOAAEC TTAEUPEC

E=YTTHPETHZ

E=YTTHPETHZ

\ E=YTTHPETHZ

gpwrTnon



ApxiTekTovikéc TTapaAAnAwv ZBA

Altauorpaocuevn uvnun (shared memory): o1 eme€epyaoteg
Ho1pACoVTal KO1VI] VTN

Alaporpaouevo ovotnpa 6iokwv (shared disk): ot
eneepyaoTeg Lo1pAalovTal KOvO CUOTNUA OTOKWV

«Timota» orapolpacuevo (shared nothing): ot
eneEepyaoteg AEN poipadovial ovTe KO Uvhun ovte
KOO O10KO

Iepapyikn: VBPIOKN APYITEKTOVIKI] — CUVOVACUOC TOV
TTAPATTAV R
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() shared nothing

(d) hierarchical




Karavepnpéva 2Zvornpara

» Ouoyeveigc Kataveunuevee BA
s To 1610 Aoylouiko kot oynua BA oe oAovg toug
Koupovg, Ta dedoueva evatl HO1PACUEVA LETAED
TV KOUPwv.
s TOYO0C: VA palvetal oav pa eviaia BA,
KpLPovTaC TNV KATAVOUT TNC o€ Koufoug
» Etepoyeveic Kataveunuevee BA 1 Zvotnua
[ToAMamAwv BA (multidatabases)
5 ATAPOPETIKO AOYIOUIKO Kal oynua BA amto koufo
oe koufpo
s 2TOX0C: 1] OAOKANpwOT) d1a@opeTik®wv BA stov 1on
VITAPYOLV



AnoOnkeuvon Aedopévwy

» Katarepaxiouég (fragmentation)
» Opi{ovTioc: Me pdon kamoia cuvOnkn - tpdaén (o)
= KdBeTo¢: pe pdon tnv mpdén (77)
« Xwpic ATwAelec aTn ouvévwon; tids.

TID

t2

t3
t4




AmoOnkeuon Acdopévwv

« AvTiypaga -- OuoloTuTia
(Replication)

= Aia@eoipoéTNnTa

= pnyopOTEPOC UTTOAOYIOHOC EPWTATCEWNV.

a2 0yxpovocg Kai AcUyxXpovocg UTTOAoYIOHOC
* gvhHEPWON avTiypdpwy.

Koupoc A

Koupoc B



%

Aoknon....

Aiveran n oxéon R(A, B, C, D, E) pe xkAeidi o A. Ymdpxouv 3 epapUoyEg TTOU TIRPOCTIEAQUVOUV
Tv R:

» H epappoyr] 1 mpootreAauvel Ta A, B, C kal ocupPdiel ato 40% Twv TTpooTreAdoewy otnv R.
» H epappuoyn 2 mpootreAadvel Ta C, E kail cupBaiel oto 20% Twv TpoatreAdacewy otnv R

» H epappoyn 3 mpootreAadvel Ta D, E kol cupBaiel oto 40% Twv mpoatreAdoswy otnv R

Mola atro nig TTapakdTw gival kKaAUTeEpn KABeTn kKaTdaTunon Tng R e duo turparta; MNa 1moio Adyo;

= RI(A.B,C.E), R2(A.D,E)
= RI(A.B.C.E), R2(A.D)

= RI(A.B.C), R2(D.E)

= RI(A,B.C), R2(A.D,E)



Ny

Auon.....

H mpwn kardrunan Gev eivar emBupntr, kaBuwg aviypdeel ) atiAn E mou Bev eival kAeid
H Bedrepn kardrunon emiong Bev evar emBuunm), kaBue 40% twv mpooTeAdoewy
(epappoyn 3) amaimouy T ouvevwan Twv R1 kai R2,

H 1pit kardrunon emiong Gev ivar emBupun, n R 6ev pmopei va avaouvreei amod mi¢ R1
KalR2.

H 1eTapn kardrunon eivai n kaAOTepn, kaBug povo 20% twv mpoameAdoewy (Epappoyn 2)
ammaitouv T ouvévwon Twy R1 kai R2.



KaraAoyo¢ 2Zuotnparog

« AiaTApnon TAnpowopidC yid Thv KATAVOUA Twv OeOHEVWY OTOUC
KOuPouC
« Ovopa yia kdOe avriypapo oc KkdOe THAWA. AilaTApnon TOTIKAC
auTtovoiag
= <local-name, birth-site>
« KatdAoyo¢ oe kdOe koupo: Tlepiypdepel kdBe avrikeipyevo (Tepdxio,
avTiypago) otov KOuPo + KpdTd TAnpogpopia yid Td avrtiypagd Twv
ox€0cwv TTou dnpioupynBnkav atov Koppo.
= EUpeon oxéonc, avalhAtnon oTov KatdAoyo oTov KOppo Tou
dnpIoupyHONKe.
= O koupo¢ mou dnpioupynBnke n oxéan dev aAAalel akopa Kai av n
ox€on HETAKIVNOEiI.



Enefepyaocia EpwTRoswv

» Extoc tov I/0 kootoug (D), TO KOOTOC
uetadoong oeoouevwv (T) oto O1kTLO

» IT1Bavo kepOOC A0 TO OTL O1APOPOL KOOt

umopel va eneEepyadovtal pa epwTNoN

TTapaAANAa (tavtoypova): O1aPOpPA GUVOATKOU

YPOVOU VITOAOYIOLOU KAl ¥POVOU OTTOKPI0TC

lapadeyua

Sailors(sid, sname, rating, age)
Reserves(sid, bid, day, rname)

Reserves: 40 bytes ova mheigda - pia ogeAida 100 wAziadeg — 1.000
oeAidec — 100.000 mAeiadeg

Sailors: 50 bytes ava mhaidda - pia oehida 80 mAaiddeg — 500 oehideg —
40.000 mheiadec




Enefepyaocia EpwTRoswv

SELECT AV(G(S.age)

FROM Sailors S

WHERE S.rating > 3
AND S.rating <7

« Opi{ovTio¢ kataTepaxiopog: O
TTAE1d0EC HE
= rating < 5 otnh Shanghai, >= 5 aTtoTokyo.
TTpémel va umoAoyiooupe SUM(age),
COUNT(age) kai aTtoug dUo koppoug.
Av To WHERE mepicixe povo
S.rating>6, Ba apkouoe o
UTTOAOYIOUOC o€ €vav HOovo Koupo.



Enefepyaocia Epwrnoswyv

Meraaynuanauol NG EpWINANG.......oovevv.....

SELECT ... g\ = OpildvTioc

FROM Sailors S a S.rating > k1 and S.rating 'EHE( } - TEUE}UUUL;}C; :

WHERE S.rating > k1 L S A — -
AND S.rating < k2 ./

a S.rating > k1 and S.rating < k2 (8‘1 - 52) =

# Opilovrio
Epﬂilf]p[‘.ir;!r; a S.rating > k1 and S.rating < k2 (S” \J

. ) ExtéAean atn Shanghai
# O ﬂﬁElﬂﬁEr; S UE a S.rating > k1 and S.rating < k2 {SE] {

rating < 5 omn Shanghai,
0l TTAEIGOEC 52 LE rating

ExTEAEC OTO /

1 oKyo




Enefepyaocia Epwrnoswyv

SELECT AVG(S.age)

FROM Sailors S

WHERE S.rating > 3
AND S.rating < 7

« KaOeTog KaTarepaxiolos : sid kai rating otn
Shanghai, sname and age otoTokyo, #id kai
oTou¢ 0Uo Koupouc.

« TTpémel mpwTa va avd-oxnuartioTei N oxéon
Ue ouvévwon oTto tid, kai yeTd va uttoAoyioTei
n epwTnoN



Enefepyaocia Epwrnoswyv

MeTaoynuanauol NS EpwTNONG

SELECT ... o

FROM Sailors S : KaBeToc

WHERE E:-.I‘E]Zil"lg > K1 g S.rating > k1 and S.rating < k2 {5} = KOTATEHT X GUE}";
AND S.rating < k2 /

B HﬂBETDE a S.rating > k1 and S.rating < k2 {51 ) 52] =

KOTATEUQYIOUOC:

¥ sid kol rating oTn
Shanghai, sname and
age arolokyo, tid kai
aToug dUo KOpBouc.



Enefepyaocia Epwrnoswyv

SELECT AVG(S.age)

FROM Sailors S

WHERE S.rating > 3
AND S.rating <7

e AvTiypagpa: avriypaga tng oxéong Sailors kai
oTou¢ OUo KouPpouc.
= ETTIAOYA TOU KOpPoOU pE PACN TO TOTTIKO
KOOTOC, KOOTOC YId ThV HETAPOPA TOU
aToTeEAEOUATOC



Enefepyaocia Epwrnoswyv: Karavepunpuévn Zuvévwon

500 pages 1000 pages

D k6oT0C¢ eyypapnc/avdyvwong aeAidag
T KOOTOC HeTAPOPAC ocAidac

« MeTagpopd oTav xpeidlerai, EppwAcgupévoc Ppoyxoc He
Tn oxéon Sailors otov e€wTepikd Ppoyxo :
= Kéotog: 500 D + 500 * 1000 (D+T)



Enefepyaocia Epwtioswv: Kartavepunpévn Zuvévwon

500 pages 1000 pages
« MeTagopd otav xpeialetai, EppwAsupévocg
Ppoyxoc pe Th oxéon Sailors otov efwTepiko
Ppoyxo (ouvéxela) :
= Av n epwThon O¢v gixe uttoPAnBei oTto Aovdivo TtpETel
va TPooOEToUNE Kal TO KOGTOC HETAPOPAC TOU

atmoTeAéopaTog aTov KOuPo Tou dpXxIkd UTToPARNBNKE n
epwTnon.




Enefepyaocia Epwtioswv: Kartavepunpévn Zuvévwon

500 pages 1000 pages

« MeTapopd 6Ang TnC oxéoncg oe €vav kKoupo:
pnetapopd Tn¢ Reserves ato Aovdivo

= Kéotog: 1000 T + 4500 D (ue

Taivounon/ouyxwveuaon; kéoto¢ = 3*(500+1000))

= Av To HEYEOOC Tou amoTeAéopaTtocC gival ToAU peydAo,
UTTOPEI va CUUQEPE! va HETAPEPOUUE KAl TIC OUO OXEOEIC
oTov KOHPo uttoPoARC TG EpWTNONG KAl va UTToAoyiooupe
TN oUVEVWON EKEI



Enelepyaocia Epwtnoswv: Hui-Zuvévwon

1000 pages

« Hui-ouvévwon

500 pages

‘Toéa: Amoguyh peTapopdg 6Anc The oxéang Reserves oTo
Aovdivo -- pe Thv emiPpdpuvon Tou UTtoAoyIoHoU Kdl TNG
HeTagopdc TnE mpoPoAnC TnE Sailors kai Tou uTtoAoyiopoU TNG
ouvévwaoncg Tne TpoPoAnC pe Th Reserves

‘ToiaiTepa xpnoipo 6Tav umtdpxel Hia cUVORKN €TTIAOYAC oTN
oxéon Sailors, kai n amdvrnon mpémel va 600¢i oto Aovdivo



=,

Hut-2Zuvevwon vs. Natural Join

Employee Dept Employee | Dept
Name Empld DeptName DeptName Manager Name Empld DeptName
Harry | 3415 | Finance Sales Harriet Sally (2241  Sales
Sally (2241 | Sales Production | Charles Harriet| 2202 | Production

George | 3401 |Finance
Harnet (2202 |Production

Employee Dept Employee [] Dept
Name Empld DeptName DeptName Manager Name Empld DeptName Manager
Harry 3415  Finance B e s ——————————————
Sally 2241 | Sales Sales Harriet oally 12241 | Sales Harriet
George 3401  Finance Production |Charles B Bicid: aE s

Harriet | 2202 | Sales Harmet 2202 | Sales Harriet



=y,

Hut-Zuvevwon

» Av vmtoBeoovue 0T €yove uia oLVOEOT) uetaly
OV0 OYECEWV, TOTE EXOVUE O1APOPOVC TPOITTOVC
va ypaovue T oUVOEODT] AUTH), 1000VVALA,
YPNOUOITOIWVTAC Semi-join.

» To mowov amo avtovg Ba drare€ovue, e€aptatal
QUITO TN (PLOT) TNC OLVYKEKPIUEVNC Baomng

OEO0OUEVOV.
R D<daer S & (R P<aen S ) D<pn S
<~ (R P<p—p Ta(S)) P<a=n S
< R D<aon (S DP<a-n R)
<~ (R D<zp=p S ) P<a=p (S P<z-n R)



Hut-Zuvevwon

» Zuvnowc
ETNAEYETAL T
OeVTEPN
TTAPAAAQYT),
oJtola
XPTOLOTTOLEL TNV
JIOAL YPTIYOPN
IIpofoAn xa
yuati epgpavidel
oyeomn S KAl oTIC 2
MEPLEG

MA=A

(3) Tomobeoia R

/

D<A=A

TDI[DHEGI(I R

(1) Tomobeaia S\

S



Enelepyaocia Epwtnoswv: Hui-Zuvévwon

« Hui-ouvévwon

500 pages

BApa 1: Z1o Aovdivo, poPpoAn (project) Sailors oTig oTAAEG Tou join
« MeTapopd Tou amoteAéaparog oto TTapial
Bhpa 2: Z1o TTapiol, ouvévwaon Tng tpoPoAnc Sailors pe tn
Reserves.
To amoTéAeopa ovopdletal EAarTwon (reduction) Tng Reserves
oc oxéon He Tn Sailors.
* MeTapopd Tng eAdTTwong Tng oxéonc Reserves oto Aovdivo
BApa 3: 210 Aovdivo, ouvévwan Sailors pe Tnv eAdtTwon TG
Reserves.

1000 pages



R 1,

MNapadetyua

- 'Eotw o1 oxeoelc
o S(S#,SNAME)
o SP(S#,P#,QTY)
» P(P#,PNAME)

KAiewol Meyebog
(bytes)
S# 4
P# -4
QTY 10
SNAME 96
PNAME 196

7oV Pplokovial ammoOnkevueveg otouvg kouPfoug T1, T2 ko

T3 avtiotoya.

» Ac vmoBeoovue 0Tl Yvwpl{OVUE TA TTAPAKAT® OTOLYELA

Y10 TIC OXEOEIC AVTEC:

s S: eXe1 6 eyypaPEC UE KAEI01A S1, S2, S3, S4, S5, S6.

= SP: eye1 8 eyypapec ue khedwa (s1,p1), (s1,p2), (s1,p3),
(s2,p1), (s2,p2), (s2,p3), (s3,p1), (s3,p3).

= P: eyel 6 eyypageg ue kAelowa p1, p2, p3, p4, p5, Po6.




R
Mapadelypa

- 'Eotw, topa, ot pia tommobeoia T4 evepyormotel tnv
EPWTINON S >< SP > P

« 'Eotw 0Tl TO KOOTOG HETAPOPAC = UeEYeOOC TV
HeTaepoUeEVwY oeoouevav (M).



R

To KOOTOC XWPLC AEITOUPYIEC

KAei Méyebog
semi- JOln. (bytes)
S# 4
- H oxeon S (S#, SNAME) &xe1 6 eyypapeg o+ 3
ko kaOepia amd avtég exel peyeboc - ég
4+96=100 bytes. Apa, TO uéyg@og ™G S PNAME 196

elval 6x100 bytes=600 bytes.

« H oxeon SP (S#, P#, QTY) £ye1 8 eyypapeg
Kot kaOeutla amo avteg €xel ueyebog
4+4+10=18 bytes. Apa, To ueyebog tne SP
etval 8x18 bytes=144 bytes.

« H oxeon P (P#, PNAME) £ye1 6 eyypa@eg
Kol kaBeuia amo avteg exel ueyebocg
4+196=200 bytes. Apa, to ueyebog e P
elval 6x200 bytes=1200 bytes.



A,

Mapadelypa

» To amoteAeona ¢ epwtnong S JOIN SP JOIN
P, etval uta oxeon R, n omola asmoteAeitan asmo 8
EYYPOAPEC KAl TA Tedia KaOe eyypapne etval ta
TAPAKAT®:

» R(S#, SNAME, P#, PNAME, QTY).
= To neyeBog kabe eyypapnc eival
4+96+4+196+10=310 bytes.

» Yvvenwe, To ueyebocg me oxeonc R Oa etvan

8+310 bytes=2480 bytes. Rl s
S# 4
P# 4
QTY 10
SNAME 96
PNAME 196




I,
Mapadelypa

« AV 1 EpWTNOT EKTEAEOTEL OE OTTOIOVOTTTOTE AAAO
KOUPo ektog amo tov koupo T4, avto onuaiver ot Ba
TIPETIEL VA UETAPEPOVE TO ATTOTEAECUA OTOV KOUPo T4
OTIOV €£Yel evepyomoinoel n epwtnon.

» To kooTtog petagopac dedouevwv tne Avonc R, etvan
100 ue to ueyebog Tmv HETAPEPOUEVHV OEOOUEVWDYV,
onA. etvar C(R)= 2480 bytes.



R
KOOTOC PE XpNON s »< SP

» EUpeomn kootovg av vitofeoovue OTL kAvovue
= S SemiJOIN SP
» H epwtnon Oa exteleotel wg e€nc:
o [mpoBarrovue to S# amo tnv SP otov kouPo T2 kot Ba to
otelhovue otov T1.

s [ekteAovue To semi-join To omoio Oa OnuovpynoEL TO
amoteAeoua S'.

= RhteAvovue otov koufo T4, ta S', SP, P xau ekteAovue
TNV EVMOT).
» To SP mpemel va to otethovue mai otov T4, aoyeta
QIO TO AV €YEL 1ON CLVUUETACYEL OTO Semi-join oTov
koupo Ti.




R,
Mapadelypa

» AvaAvtika €yovpue:
o ITpwta Oa yivel otov kxoufo T2, tpoPoArn Twv Tiu®WV S# NG
oyeonc SP.
« AnAadm) Ba yivern ipaén: F = IIS#(SP). H oxeon F £xel 3 eyypapec:
* S1, 52, 3. AvTeg 01 Tiueg petagepovtal otov koupo T1, omov Pploketar 1)
oyeon S.
« AnAaodn, petagpepovial 3*4=12 bytes.
» 210V kOouPo T1, ylvetal To join Tng oXEoNC S KAl TV TIUWV S#
7tov NpOave amo tov kouPo T2, SnAaodn yivetar n mpaén:
» S'=FJOIN S.
- H oyxeon S' exet peyebog 3+x(4+96)=300 bytes.
211 oVVEXELQ, HETAPEPETAL T) OXeEoN S’ o Tov kouPo T1 otov
kouPo T4, SnAaodT petagpepovtal 300 bytes.

» H a&la ¢ kivnong avtg etvat ot ue to S SEMIJOIN SP, avti va
uetapepOel amo tov kouPo T1 otov kouPo T4 oAokAnpn n oxeon S,
LETAPEPOVTAL LOVO EKEIVEC O1 EYYPAPEC TTOV TTPAYUATIKA
yperadovtal kau Oa ypnoiuosoinBouv.




A,
Mapadelypa

» Katomv, petagpepetan 1 oxeon SP amo tov kouPo T2
otov kouPo T4 (144 bytes) ko emiong peta@epeTal 1
oxeon P amo tov xouPo T3 otov kouPo T4 (1200
bytes).

- [MeAog, otov kouPo T4, TpayUATOTTOIEITAL ] EPWTNON
» R =S"JOIN SP JOIN P.

» To kOOTOC TNC EPWTNONC AV Xpnoluosmonbel to
= SSEMIJOIN SP, stvau:

* 12+300+144+1200=1656 bytes.



R,

Eupeon tou BEATIOTOU TTAQVOU, HE TN
Xpnon semi-joins

» [Tapatnpovue ot Tpoarrovtag Ta stedla S# kal P#
¢ oxeong SP maipvovue 3 TIUES TOOO Yl TO KAELO01
S#, 000 KA1 yia To P#.

» ATTO TNV AAAN pep1a, stpoParrovtag 1o medlo S# e S
Kot o 7tedlo P# tne P maipvovue 6 Tiueg kan otic Ovo
TMEPUTTWOEIC.

» Aedouevov 0Tl Ta edia S# kal P# amoteAovLv ta media
OVVOEONC YA T1 OLVOEOT TWV oXeoewVv S, SP xat P, ka
OTL elval 1010V peyeboug,

s gUUEPEPEL va TTPoParrovue Ta stedia S# kal P#, tng
oyeoncg SP.



A,

To KaAutepo MAAvO £lval To:

» IIpofairrovue to tedio S# tne SP otov koufo T2 kat
uetagepovue tn oxeon F=Tl.(SP),
= AnAaor 12 bytes, otov koupo Ti.

- IIpoBairrovue to tedio P# ¢ SP otov koufo T2 kan

uetagpepovue tn oxeon G=J,,(SP),
= ONAao™N 12 bytes, otov xoupo T3.

« Kavoupue t ovvoeon F'=S JOINg,_.. F otov xoufo T1
KO TTPOKVTITEL (A oxeomn pe ueyebog :
= 3x100=300 bytes.

 Emtiong, kavovpue 1 ovvoeon G'= P JOIN,,_p, G otov
kouPo T3 kat mpokvsttel uia oyeon e ueyebog :
= x200=600 bytes.



A,

To KaAutepo MAAvO £lval To:

» Metagepovue ) oyxeon SP amo tov koupo T2 otov
koppo T4,

5 ONAAOT] LETAPEPOVUE 144 bytes.

» Metagepovue v F, onAaon 300 bytes, asmo tov
koupo T2 xat kavovpue ) ovvoeon F'=F JOIN,_.. SP,
otov koupo T4.

- Emiong, uetagepovue v G, dOnAaodr 600 bytes, asmo
Tov kouPo T3 kar kavovpue t ovvoeon F'JOIN,,_», G,
ylia va tapovue tnv teAikn oyxeon R otov kouPo T4.

« 2YNOAIKA:

5 12 + 12 + 144 + 300 + 600 = 1068 bytes



Evnuépwon Karavepunpévwy Acdopévwy

« Aiaxeipion avTiypdewy
» Katavepnuévn Aiaxeipion AocoAnyiwv
« KaTtavepnuévn Avdavhyn amé AmoTuxida



Evnuépwon Karavepunpévwy Acdopévwy

TToAAanAa@ avrtiypagpa dedopévwy

« 2Uyxpovn Evnuépwon Avtiypapwv: OAa Ta avriypaea piac
Tpomotoinpévng oxéong (tepdxia) mpémer va TpotmomoinOolv TpIv
Thv emikUpwaon TnG dogoAnyiag
= H karavoun Twv dedopévwy givar adiapavig (tfransparent) otoug

XPNOTEG

« AogUyxpovn Evnuépwon Avriypapwv : Ta avriypaga piac ox&éong
evhuepwvovtal Teplodikd, OIAPOPETIKA avTiypdpa HTopei oTd
evdidueoa diaoTApaTa va pnv ivar evnuepwyéva (out of synch)
= 01 xphote¢ yvwpilouv Thv Katavouh Twv dcdopévwy
= TToAAd TtpoidvTa akoAouBouv auThRv Thv TIPooEyyion



2Uyxpovn Evnuépwon AvTiypapwv

o TTpiv emkupwOei pia doocoAnyia (mou mepiAaupavel
TPOTIOTIOINCEIC) TIPETIEl va ATIOKTHOE! KAeidid o OAa Ta
TpoTtoTIOINKEVA AVTiypdpd

o 2TEAvEl aITROEIC vid KA€1did 0€ dATOHAKPUOHEVOUC
KOHPOUC Kal evl TTEPIPEVEI Vi atdvTnon KpadTd Td dAAa
KAe1d1d

o Av évac Koppo¢ N Hia ouvdeon méoel (amoTUxel), n
doooAnyia 0O& pmopei va emMKupwOei pEXP! va
ETIOTPEYOUV 0€ AciToupyia

o AKOHa Kal av 0gv umdpel amoTuxia, n emMKUpwon
TPETEl vd dKoAouBnoel éva akpiPpd wPWTOKOAAO
emikUpwong (commit protocol) pye moAAd pnvuuara.



AoUyxpovn Evnuépwon AvTiypapwv

e EmTpémel TNV emikUpwon piac docoAnyiac mpiv Thv
evhépwaon OAwv Twv avtiypdewyv
= O1 xpnoTte¢ yvwpilouv mio avTiypago diapdalouv Kai
OTI TA AVTiypdpa UTTOpEi va pnv givai evnuepwpéva yia
KATToId HIKPd XpoVikd OldoTHHATA
 AUo mpooeyyioeig: TTpwTtelwy Koupog (primary site)
kal Peer-to-Peer : Bdoel Tou apiBpol Twyv avtiypdewyv
TTOU UTTopOoUV va evnuepwBouv (master copies)




AoUyxpovn Evnuépwon AvTiypapwv

Peer-to-Peer

» TTepioodTepa amo €éva master avriypaga evog avTiKeIUEVOU
(avTiypaga Tou ptopei va Tpotomoinbouv)

o TpomomoIRoeIC KATToloU master avTiypd@ou TTPETTEl KATTWG
va HetadoBoUv ota dAAa avTiypaga

« OTav duo master avTiypapad TPOTOTIOIOUVTAI HE
OUYKPOUOHEVO TPOTIO, TTIPETTEl va O1EUBETNOOUV 01
ouykpouoeig (m.x., Site 1: Joe's age changed to 35; Site
2: to 36)

« TTpoTIHOTEPN OTAV dev cuppaivouv ouykpoUaeIG:

m}

[.X., KaOe master koupoc katéxel éva Cévo Tepdxio



AoUyxpovn Evnuépwon AvTiypapwv
TTpwTelovoa AvTtiypaephn

o AkpIPWC £va avriypdyo Hiac oxEong
(avTikelpévou) xapakTnpileTal w¢ mpwTtelov N
master avTiypagpo. Avtiypagpa o€ dAAoucg
KOuPouc d€ ummopoUV va TpoToTToinOouv dpeod.
= KolvoTrol€iTal Ttoio gival To mpwreUov

avTiypawo.
= O1 dAAo1 Koppot eyypdpovTal o (Tepdxia) Tng
oxéoncg, eivar deutepeliovra avTiypaya.



AoUyxpovn Evnuépwon AvTiypapwv

e Baoiko Oépa: TTwce ol TPOTTOTIOIROEIC OTO
TTPWTEVOV avTiypapo petadidovral otd
deuTEPEVOVTA avTiypaepd

[MiveTal o Ovo PrHuara
- EvTomiopuoc Twyv aAAaywv
- Epappoyh Twv aAAaywyv



AoUyxpovn Evnuépwon Avriypagpwyv

Evromiopoc Twv AAAaywy

e Log-Based Evromiopog: To nuepoAdyio Tou cuathuatog (log)
TTOU KPATEITAl Yid avdppwaon XpholgoTrolgiTal yia Th dnpiovpyia
evog mivaka mou kaAgitar Change Data Table (CDT).
= Av auté vivetar 6tav 1o log tail ypdgeTar oto dioko TOTE pe

KATTol0 TPOTIO va oPnoToUv o1 TPOTIOTTOINCEIC TTOU oEiAovTal
o€ 0000ANYIEC TTOU ATTOPPITITOVTAI APYOTEPA.

o AiadikaoTikoc Evromiopoc: Mia diadikacia kaAsitar autépara
(ouvnBwc¢ Taipvel aTAWC £va oTIYHIOTUTIO).

« O Log-Based evromiopog civar kaAuTepog (9BnvédTepog, mio
YPAYOpOC) .



Karavepnpévo KAcidwpa Avriypagwv

TTwe yivetar n diaxeipion Twv KA1diwyv yia dedopéva
OTOUC O1AdWOPETIKOUC KOUPOUC:,

o Kevrpika (Centralized): ‘Bvac koppoc eivar umeUBuvog vyia Th
diaxeipion 6Awv TwWv KAEIOIWY.

- ATtoTUXid TOU KOUpPOU;
= TIpwtetov avTiypawo: H diaxeipion Twv KAIOIWY yid éva avTIKEIHEVO
viveTar otov KOuPo oOmou pPpiokeTal To TpwTeEUOV AVTiypdpo TOU
AaVTIKEIHEVOU
- H avayvwon amaitei mpooméAaon kai otov Kopupo mou diaxelpileTal Ta
KA€101d KAl TOU KOUPOU OTTou €ival aTroONKEUPEVO TO AVTIKEIHEVO.
« TTARpw¢ karavepnuévn: H diaxeipion Tou kA£i1dioU via éva avTiypago
viveTail oTov Kopupo mou PpiokeTal To avtiypdago
- H eyypapn anaitei kKAcidid oe 6Aoug Toug KOHPoUC



Karavepnpévn Avixveuon Adie€odwv

« KdBe koppoc diatnpei évav Tomiké waits-for ypdyo.
« ‘Eva oAk adié€odo pmopei va dnpioupynOei akdpa Kai av ol TOTIKOi
KOHPoI Oev TTEPIEXOUV KUKAOUG:

0—0 0 00

SITE A SITE B GLOBAL



Karavepnpévn Avixveuon Adie€odwv

<« TpeIc Avoeig:
« Kevtpikn (amooToAn 0AwV TWV TOTTIKWY YpdQwV o€
évav Koupo)
« Hierarchical (opydavwon koppwv o€ pia iepapxia
Kdl dTTO0TOAR YpA@WV OTOV YOVEd OThV IEpdpXia
« Timeout (amoppiyn piac doocoAnyiac av TePIPEVEI
yia Tdpa ToAv).



Karavepunuévn Avakapyn

« Avo véa B¢épara:
= Avo véa e1dWvV dATOTUXIWYV, TI.X., OUVOEOEIC KAl
ATTOHAKPUOHEVOL KOUPOL.
s Av  TUApATa Hia¢ OocoAnyiac ekTeAouvTtal o€
O1adPOPETIKOUC KOUPoUC OAeC R Hia TpéTEl vd
ETMIKUPpWOOUV = TIPWTOKOAAO TTIKUPpWONC.

 Aiatnpeitar éva log oe kdBe kouPo, OTMWG Kal oTd
kevipikd ZABA oto omoio karaypdgovrar Kai ol
TPALC €1C TOU TPWTOKOAAOU



TTpwTtékoAAo EnikUpwone Avo Faoeswv

TTpwTtdKoAAO ETiKUpwaong AVo ®doswv
(Two Phase Commit Protocol 2PC)

« O koppoc amd Tov omoio {ekivnoe pia dogoAnyia civai o
ouvtovioTh¢ (coordinate) -- o1 utdéAoiTtol kopupoI Tou
OUHUETEXOUV 0TV eKTEAEoNn TnG docoAnyiag opiCovTal
w¢ ouppeTéxovteg (subordinates).



TTpwTékoAAo EmikUpwone Avo Faoceswv

e OTav pia doooAnyia mpéTel va emIKUpWOEi:

* O ouvToVIOTAG OTEAVE! €va pAvuua prepare o€ 6AoUG ToUG
OUHHETEXOVTEC KOUPOUC.

#* KdOe ouppeTéxov koupog force-writes pia eyypaen abort i prepare
oTo log kai yeTd oTéAvel éva URAVULA No ” yes OTOV CUVTOVIOTH.

®* Av o ouvTtovioTAG dexBei pnvuuara yes améd 6Aoug, force-writes pia
eyypapn commit oto log kai petd otéAvel €va ynvupa commit oe
O0AOUC TOUC OUHHETEXOVTEC KOUPouc. AAMIwce, force-writes pia
eyypaepn abort oto log kai petd oTéAver éva phvupa abort.

3% KdaBe ouppeTéxov koppoc pdaei Tou pnvuparog mou déxeTal, force-
writes pia eyypagh abort/commit oto log, kai ueTd oTéAver éva
pUAvupa ack aTtov cuvTovIoTA.

# O ouvToVvIoTAC apol AdPei 6Aa Ta acks ypdeer pia eyypaehn end aTto
log.



TTpwTtékoAAo EnikUpwone Avo Faoeswv

« Avo yUpor emikoivwviag: TpwTa ynpoyopia (voting) kai
HeTA TeppaTiopoc. Kai o1 duo EekivoUv atmod Tov GUVTOVIOTH.

e OTmol0oa0ATIOTE KOUPOC UTTOPEI va ATTOPATiIiTEl va ATIOPPIYEI
Hia doocoAnyia.

« KaBe pAvupa avTioToixXei o pia amépacn Tou amooToALa:
Yid ThV aVTIHETWTION TWV ATTOTUXIWYV AUTAH h artopacn
kataypdgeTtal oto TomiKo log (Ttpiv oTaAei)

« OAeg o1 eyypapéc oto log Tou agopolv To TPWTOKOAAO
eMKUpwaong meptéxouv 1o id Tng doooAnyiac Xactid kai 1o
id Tou Kopupou Tou ouvTovioTh Coordinatorid. O
eyypapéc abort/commit mepiéxouv Ta ids OAwv Twv
KOUPWV TTOU CUHHETEXOUV



TTpwTékoAAo EmikUpwone Avo Faoceswv

e Av via gia doooAnyia T éxoupe Hia eyypapnh commit R
abort aAAd dev éxoupe pia eyypapn end, pémein TA
va yivel A redo K undo
= AV auTOC 0 KOUPOC €ival o ouvTovIoTAC via Thv T, Ba

TIPETTIEI VA ouveXioel va oTEAvel pnvupara
commit/abort péxpi va Adpei acks amoé 6Aouc Toug
OUHUETEXOVTEC KOUPOoUC



TTpwTtékoAAo EnikUpwone Avo Faoeswv

« Avyia pia docoAnyia T £xoupe Hia eyypdgRn prepare
aAAd dev éxoupe pia eyypagpn commit/abort, autoc o
KOuPoC TtpéTrel va gival KOUPOC TTOU CUUHETEXEIL.

o ETTavaAnmTIKA £TIKOIVWVEI HE TO OUVTOVIOTH Yid va Ppel Thv
katdotaon Tn¢ T,

= ypdeel eyypagéc commit/abort oto log

= redo/undo T

o ypdyel eyypagéc end oTo log



TTpwTékoAAo EmikUpwone Avo Faoceswv

e Av via gia doogoAnyia T dev Exoupe oUTE Hid eyypdgh
prepare, abort kar undo T.

= AUTOC 0 KOUPOC UTTopEi va €ival 0 GUVTOVIOTAC. 2 € AUTAV ThV
TEPITITWON HTTOPEI OI CUUHETEXOVTEC vd OTEiAoUV pnvupara.



TTpwTtékoAAo EnikUpwone Avo Faoeswv

e AV 0 OUVTOVIOTAC YId TV T aTtoTUXEI, OI CUUHETEXOVTEC
KOHPOI TToU €Xouv yneioel 0gv UTTopoUV vd AaTtoPpdacicouV
av Oa TpETEl va MIKUPWOOUV R va akupwaoouv Thv T
HEXP! VA avappwaoel 0 CUVTOVIOTHC.
= T is blocked.

s AKOUA Kdl av 0Aol oI GUHHETEXOVTEC KOoppol yvwpilouv
o £vac Tov dAAo (emiTtAéov overhead ota pnvouara
prepare) dev UTTopoUV vd AdTTopdcioouV EKTOG av €vdg
amd auTtoug £XEl ynyioel ho




TTpwTékoAAo EmikUpwone Avo Faoceswv

e Av évacg koupoc dev atokpiveTdl o€ €vav Kopupo x
KAaTd Th OIdPKEIA TOU TTPWTOKOAAOU £TTIKUpWONG
eTTeION €iTe 0 KOUPOC €iTe N ouvOeon £XEl ATTOTUXEL:
= Av 0 KOUPOC X €ivdl 0 OUVTOVIOTAC, TTPETTEI vd

amoppiyel Thv T.
= AV 0 KOUPOC X €ival CUUHETEXOV, KAl OV £XEI
akoua yneioel yes, mpEMel vd amoppiyel Thv T.
5 Av 0 KOUPOC X €ival CUHHETEXOV, KAl £XEI AKOKA
WYnYioel yes, TIPETIEl vad TTEPIUEVEI HEXPI vd
amoKkpIO¢ci 0 CUVTOVIOTAC



TTpwTtékoAAo EnikUpwone Avo Faoeswv

« MnvUuata Ack xpnoipotroioUvTal yid va €100T0IRO0UV
TOV OUVTOVIOTH OTI PUTtopei va «{exdaei» Tn docoAnyia ,
HEXP! va Aapel auto To HAvUHA TIPETTEI va KpdTd Thv
docoAnyia oTtov Tivaka dogoAnyiwv

e AV 0 OUVTOVIOTAC ATTOTUXEI dpoU oTeiAel pynvupara
prepare aAAd Tipiv ypdyel TIG eyypapéc commit/abort,
TOTE KAvel Tn dogoAnyia abort

e Av n 0ocoAnyia d0ev mepiAapPpdver evnuepwaoeig, TOTE OEV
£XEI ongaocia av yiver commit A abort



TTepiAnyn

« Ta katavepnpéva ZABA mpooyépouv autovopia
oc KAO¢e koupo kal karavepnuévn diaxeipion.
Xpeialovral vEeC TEXVIKEC atoOnkeuanc,
dlaxeipion¢ Tou KataAoyou, eAéyxou
OUYXPOVIKOTNTAC Kdl avakapync.



