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Movtéha
T'hdooeg Epomosav
——> Enzlepyacia Epoticzav
Enslepyasio Epomozov os Lysoaka ZABA

Enslepyosio Epomozov o Kotavepnpéve Zysoiaka
TABA

Enzéepyosio Epomozov e Hmdopnpéva Asdopéva
2. APXITEKTONIKEZ
3. TPOIIOI METAAOZHZ
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Enelepyoacio Epoticsov

og Xyeowukd XABA
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Eneepyacia Epwrioswv

LovrokTuen
Avalvon &
Metagpaon

BeltisTomoinen

Mmyavi
Yroloyispol
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Enef{epyacia Epwriocewv

Ta Pacikd Puate oy encepyosio pog epdTNONG Eivat
1. Zvvraktikh Avéivon & Metdopoon

2. Behtiotonoinen

3. Yrohoyiopog
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Eneepyacia Epwrioswv

1. Zovraktuai Avalvey (Parsing) & Metagpaoy

H ephmon petoppdleral o pio €6MTEPIKY popPY apod yivelt o
ONOPOITNTOG CLVIOKTIKOG KOl ONUOGLOAOYIKOG Eheyxog (my., To
OVOLLOTOL TOV CVOLPEPOVTOL EIVOLL OVOUOTO GYEGEDV OV LILEPYOVV)

Avtikatdotoon Tav Oyemv omd Tov opiopd Tovg

Eowtepui popen; Exepaon mg oyeowkig dhyepag
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Ene{epyacia Epwrioswv

2. BehmioTomoinon

Mux SQL epdnon pmopei v PeTapuctel o€ SUPOpETIKES (Lo0dOVAES)
EKPPAGELG TNG GYESLIKNG GAYEBpog

select balance
*0 balance <2500 (T palancc{acCOUND)
from account

b (o 2500 (account))
where balance < 25000 balance (O balance <2500
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Eneepyacia Epwrioswv

2. BehtisTomoinen

Apa dev apkei 0 TPosdOpLouOs TG TPaéng - Tpénel va npocdlopilerat Kat o
aAyopBuog ov Ba gpnciponomdei Y v viomoinon TG

Y., Y1 TNV LAOToinon TG EmAoYNG umopel
gite va supOoovpe (scan) 6Xo To apyeio EAEyyovtag kGbe eyypagn

gite av vmdpyxet my., éve BT evpemiplo oto yvhpiopo balance va
FAPNGIUOTOGOVUE TO EVPETHPLO
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Enef{epyacia Epwrioewv

2. BehmioTomoinon

Kabe mpa&n g oxecwkng GhyePpag upmopei vo  viomombel pe
Sdwpopetikolg  aryopibuovg: Pacwég (primitive) mphéeg (mpdén +
ahy6p1Ouoc)

Tyédro extéheong (execution plan): pio axorovdio oo Pooikég npatelg

T balance

G halanes < 2500, XPTISIHOTOMGE TO EVPETAPLO 1

account
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Eneepyacia Epwrioswv

2. Behtiotomoinon

* Ta Swpopeticd oyédia eKTédesng £XOVV Kt S1poptkd KOGTOG

* Bekristonoinon: n dedacia enthoyig tov oyediov ektéheong mov £xel TO
HKpOTEPO KOGTOG

+ Extiunon 1ov kd66Toug (6uvnmg xpnion STaticTikdv oTotyEinv)
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Enef{epyacia Epwriocewv

3. Extéleon

Mnyavi ektéreons mov ekterel Ti Pacikég nphéelg
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Eneepyacia Epwrioswv

1. AlyopBpovug ektédeons facikdv npaéemv

2. Ioodvvaypin oyeclOKOV EKQPACEMY - EVPLOTIKY EMAOYT
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AAyopi10po1 ExréAeong Baomkwyv Mpadewv

Extiunon kootovg - apyeio dedopévav
* 0 apdpudg Thekdov mg oyéong R
* by, : ap1Opdg blocks g oxéong R
= s péyedog o€ bytes kade Theradag ™g oyxéomng R
« f : Topayovtag opadonoinong
av un extewopevn, f= B / s Oxar by = Ony/ £,0
= V(A, R): apifpog Srapopetikdv tipdv ov A
|7 (R) |~ av A xhedi:

= SC(A, R): péoog apiipdg mieiadov mov tkavonotei wa ovvOnkm (dedopévov dtt
VREPYEL U1CL TOVAGYIOTOV TOV TNV IKOVOTOLEL)

1 av khedi, av opoopopen;
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AAyopi6por Exrédeong Baoikwv Mpafewv

Extiunon xéctoug - apyeio gvpernpiov

« f; : mapayovrag Sraxkiadmong,
mohveninedo £, B' dévipo ~ Padlud

= H;: ap1fpog emnédov

* LB;: ap1fpog block puihiov

Ap19ué blocks mov petapépovrat
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Emloyn

El Zeipraxn avalitnon
E2 Avaduc avalinon
E3 Xprion tpotedovtog vpeTnpiov/ KATOKEPUATIGHOD

E4 Xprion Seutepehovtog EVPETNPIoV/ KATAKEPUATIGUOD

Movondri mposnéracng
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AAyopi18por ExTéAsong Baoikwy Mpafewv

Emloy1 - covOiikn 166tNTOS
SA=q (R)

by /2 av 0 A vroymelo khedi

Mmropei vo. gpnoiponomBei 6e onotodnote apyeio

Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mroope 16

AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Emioyi - cuvOnkn wétnTag

E2 Avadn avolimon

Mmropei va ypnoonomBei poévo av to apyeio givor droretaypévo pe
Béon to yvhpiopa mg entoyig

Olog (b, )0+ Evpeon g mpdng

+ [SCA,n/fz0O- 1  Ebpeon twv vidromov
Av 10 A vroymero kAewdi;
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AAyopi18po1 ExTéAsong Baoikwy Mpafewv

Emloy1 - cuvOiikn 166tNnTag
E3 Xpijon tpotedovtog evpetnpiov
Mmropei vo xpncuonomBei HOVO o VIGPYEL TPOTEVOV EVPETNPIO 6TO A
HT;+ 1 «——  Ebpeomn kot petagopd g npdTng
Av 1o A dev givor voyn@ro kAedi -- vpeTHPLO SLETAdWV

HT, + OSC(A, R) / f0
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AAyopi10po1 ExréAeong Baomkwyv Mpadewv

Emioyi] - cuvOnkn w6étnTag
E4 Xpijon devtepedovtog evpetnpiov
Mmropei vo gpnGIHomomBei LOVO av VEAPYEL SEVTEPEVOV EVPETIPLO 6TO A
Av 1o A givat vroymelo kKAeLSi
HT;+ 1
Av 10 A dev givar vroyi@lo kKAewdi
I yedtepn mepintoon kade eyypapi

mov  wovomolel Tt ouvvlikn  oe
Srapopetikd block

HT, + SC(A, R)
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AAyopi6por Exrédeong Baoikwv Mpafewv

Emloyn - covOikn pe 60ykpion
Gasu R) Mo, 5y (R)
‘Eot 611 ¢ mAe16deg tcavomolodv ) cuveikn

Tevikéc=n_/2

‘Eoto min, max, opotouopen katavoun] Kai 6 <, (R)
0 av u <min

c= np 0V U 2 max
ng * [(u - min) / (max -min)]
Al Zepoxi ovalimen; A2 Avadch avaljmoen;
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Emihoyi - cuvOkn pe odykpion
ES5 Xpnon mpotedovtog evpetnpion
Azu

1. Xpjon gvpetnpiov yio v €0peo TG TPATNG EYYPOPNG A = u

2. Zapwon 6hov Tov apyeiov Eekvdvag omd auTiy TNV EYYpaph

HT;+ e/ fi O
A<u

Ae yperdlerar gvpetipio, yuti;
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AAyopi18por ExTéAsong Baoikwy Mpafewv

Emloy1 - covOiikn pe 6Oykpion
E6 Xpijon devtepedovtog evpemnpion
Zapoon v QOAROV TOL SEVIPOL
A <uand mv opyn £ogTou
A 2 u and 1o u £0G 10 TENOG
Av ¢ =ng/2, 161 (av KGO eyypogn o Sroapopetikd block)
HT;+LB;/2+ng/2
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Emloy1 - cuvOnkn 6vlevéng

S o1 ANDe2 ... ANDEn (R)

Endektikémnra ag svvoikng:

10 TAMB0G TV EYYPAPOV (TAEES®V) TOL THV IKOVOTOLODV

10 TAMB0G TV £YYpaphV (TAe1ddmV) Tov apyeiov (oxéong)
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AAyopi18po1 ExTéAsong Baoikwy Mpafewv

Emloyn - cuvOiikn 60lgvéng

*Eoto s; =| 6 ; (R) | -- emhextikétnro: s; / ny

Av @i cuvbixm 166TNTag o8 £va Yvdpiopa vroymero kKhewis; = 1 /ny

Av 0Oi cvvbiKkn 166TNTaG 68 Eva YVOPIGHD, OHOOpopen Kotovour, k
Swprrég Tég, s;=k/ny

«Av o1 cuvBikeg givon avebaptnteg, To péyedog ToL anOTEAEGUATOG:
ng *sy¥sy ¥ *s)
ng"
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AAyopi10po1 ExréAeong Baomkwyv Mpadewv

Emloyi - cuvOnkn 60levéng

E7 Zvlevkrn enthoyn 1)o1)_EVOG ATAOD EVPETNPIOV

Yrapyer Swdpoun mpooméroong yo Eve omd To YvOpIiGHOTE OV
epgavilovral o onowdfimote amhi cuvifkn

Emoyn tov yvepicpotog otnv oamh ocuvOfkm ue TN pIkpoTeEpn
EMAECTIKOTNTAL
Xpion wog omd TG mponyodueveg HeBOdOVG YW TNV OVOKTNON TOV

EYYPAPOV TOL KAVOMOWOLY GUTHV TNV GUVONKN Kot EAeyxog Yy KaBe
emAEYUEVI EYYPAPT OV IKAVOTTOIEL KOl TIG VIOAOUTEG GUVONKEG
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AAyopi6por Exrédeong Baoikwv Mpafewv

Emoyn - cuvOiikn 6dlgvéng

E8 Yvevkriin em 1|_LLE yprjom GOVOETOL £V iov

Av  vmdpyer evperiplo oto  ovvdvacud o 1 MEPGCOTEPLV
YVOPLGUETOV ToL eppavilovtal 6e onodNTOTE AMAEG GUVONKES
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Emoyi} - 6ovOnkn 60ievéng
E9 Zvlevktikn emdoyn e Top) Sektdv

AV urdpyovV EVPETNPIL GE TEPLGCOTEPA AT £V ATO TA YVOPICUATA
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AAyopi18por ExTéAsong Baoikwy Mpafewv

Emoyi} - sovOnkn d1alenéng
Se1ore? ... oRen (R)

Av kanota omd Tig cuviikeg dev éxet Sradpoun TpocméLaong ->
c@pman GAoL Tov apyeiov
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Zovévaon
RP< paopss S
21 Eppmrevpévog (E6mTeplkag - eEmTeptkas) Bpoyyos
X2 Xpnjon pag doung mposméracng
23 Ta&wounon-Zuyydvevon

YA TovEVOOT PE KOTUKEPUATIGUO
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AAyopi18po1 ExTéAsong Baoikwy Mpafewv

Tuvévoon

21 Epgaievpévog (esotepikog - e&mtepucoc) Bpoyyog

Ta kG0e eyypoen t g R
T kdBe eyypagn s g S
Av t[A] op s[B] npdcbece to t s 610 amotéhecua

Aypvoarvrog v eyypopn twv blocks tov aroteiéoparoc

ng * by + by
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AAyopi10po1 ExréAeong Baomkwyv Mpadewv

Lovévaon

T kGBe block B, ng R
T'wo kGOe block B, g S
T k@Be eyypagn t Tov B,
T kGBe eyypagn s Tov By

Av t[A] op s[B] npdcBece 10 t s 6T0 0MOTEAEG O

Aypvoavroc v eyypopn twv blocks tov aroteiéopatoc bg * by +by

ZoupEPEL N TOMOBETNON NG HIKPOTEPNS CYESNG
670 EWTEPIKO PPOYYO
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Oipara Baoewv Acdopivarv 1999-2000

AAyopi6por Exrédeong Baoikwv Mpafewv

Zuvévoon
Av vrépyovv ng> 2 blocks ot pvium mov pmopei va yprnotponomGovv
Y10, TOV VTOAOYIGUO TG GLVEVMGTG cvuépet vor dtaPalovpe T blocks
™G oyéong Tov e&mreptcod Ppdyyxov avé ng - 1
To k6Be ng - 1 block B g R
To kéOe block B, g S
T kGBe eyypagn t Tov B,
Ta x6Be eyypagn s Tov B,
Av t[A] op s[B] tpdcbece 1o t s 610 anotérecua

by /(ng-1))0* bs+by
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Zovévoon
X2 Xprjon g doutig Tposnéracng

H oyéon v Vv omoia VRdpYEL EVPETHPIO TOMODETEITAL GTO ECMTEPIKO
Bpoyxo. Eotm ot1 vapyet evpeTnplo yur o yvopiopa B mg oxéong S

T kGBe block B, tigR
Ta k60e eyypagn t ov B,

Xpnowonoieicot 7o vpetiplo 6to B yia va Ppeig Tig eyypapés s
g S téroeg dote t[A] op s[B]

ng * ¢ + by 6moL ¢ 70 KOGTOG [aG EMAOYIG 6TO S
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AAyopi18por ExTéAsong Baoikwy Mpafewv

Zovévoon

EmAekTIKéTITO GUVEVOGIS IIUG GYEGTGE
10 TAM00G TV EYYPaPdV (TAerddwv) mov emiéyovtal

10 TAM00G TV EYYPaedV (Therdtdmv) Tov apyeiov (cyéong)

+ Tg OpIGUEVEG MEPUTOGELS UTOPEL VoL dnpiovpynOei Eva evpeTHPLo E1dIKE
Y1 TN GUVEVMON
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Tovévoon
23 To&wounon - Zvyydveven

Ta&wvopumoe g hewadeg mg R oto yvéopiopo A

Ta&woumoe Tig Thewddeg g S oto yvdpioua B

ir=1 j=1
while (i < ny and j < ny)
if (RA] <S;[B])
i=i+l;
if (R [A] > S[B)

j=itl
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AAyopi18po1 ExTéAsong Baoikwy Mpafewv
Zovévaon
else (* RjJA] =5;[B] *)
mpoatleos o R; . S; o0 anotéheopa
k=j+1; (*yptye xa us diies maddes me S mov Tapdlovy, av vadpyooy *)
while ((k < ng) and (R;[A] = S,[B]))
mpociese 10 R; . S, oo amotéhecpa
k:=k+1;
m:=1i+1; (*ypdye xa uc dMec mierddes Tig R mov taipdlovy, av vmépyovy *)
while (m <ny) and (R,,[A] = S;[B])
wpoclece 10 R, . S; 010 amotéheopa

ki=k+1;

i=m;j
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AAyopi10po1 ExréAeong Baomkwyv Mpadewv

Lovévaon

Av ayvoncovue ) tagvoumen yu t chpoon:
by + by

Ta&wounon: by * log(bg) + bg * log(bg)
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AAyopi6por Exrédeong Baoikwv Mpafewv

Zovévaon

24 ZyvEVOON UE KOTUKEPUUTIOUO
« yopilovus pe Pdon pia cuvéptnon katakepuatiopod h tig theiddeg
m¢ S kot g R og kadovg -- oTov 10 kado av h(tz[A]) = h(ts[B])

« MAadn ot mherddeg pe tx[A] = tg[B] méprovv ctov b0 k&do dpa
apkel va eléyéovpe petadd tovg Tig TAEWEdEG TOL TEPTOLY GTOV 1d10
K&do
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Zovévaon

Koraxepudrioe Tig eyypagés g R ypnoyomowbvrag v h(t,[A])
Ta kb eyypagh Ly e S
k= h(t,[B])

ovykpve 10 L[B] ue ty[A] yio Gheg Tig eyypopés
L; ™G R otov xado k

XpNoonoovue TV PIKPOTEPY SYESN YOl TO TPMTO MEPUCUL. AV OAOL OL
KG301 TOL TPOKVATOVY YWPEVE GTN Pvijun, K66Tog by, + by
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AAyopi18por ExTéAsong Baoikwy Mpafewv

Zovévaon
‘Eotw 611 8¢ ympodv 6Aot ot kddot.

‘Eoto M kataympntés, N kédot, kat m covipmon h(k) =k mod N

(* Kataxsppamoe g eyypagic mg R ypnowonowdviac myv h(tg[A]) - ot pvijpn
8ot ot kot Tov TpGTOV KASow Kat éva block yia Tovg vRGLoMmOU *)

lNa xade t, mgR
K := h(t A])
if (k> 1 ka1 to block tou k-oo100 KGOV EivVan YERATO)

netépepe o block otn dioko
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

Zovévaon

(* o pvijpn 6k a blocks Tov Tov kadow - ypays ta blocks v Mhay kadov oto

Bioko *)
TNa xale eyypagn tg e S
k =h([B])
av k =1 cvykpwve 10 4[B] pe 0kheg Tig eyypupés ty; otov kado 1
avk > 1, ypaye mv eyypagpr oto dicko
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AAyopi18po1 ExTéAsong Baoikwy Mpafewv

Lovévaon

(* petd to mpdTo fipa - g1 yiver cuvEvemon OOV TOV EYYPapOVY TOD TPGOTOD
xadov kat 610 dioko vrapyovv N - 1 kddorng R koa N - 1 kador g S *)

i=2; ju
while (i <N)

@épe ot pviun oA ta blocks tov i-ootoh KAdon
while (j < # blocks tov i-06T00 kG300 TOV ApyEiov S)
Oépe o wvMuN 10 j-0016 block B; Tov i-00T0v KGdov ToVL apyEiov S
o xale eyypapn g tov B,
ovyKpve 10 L[B] pe 0heg TG EYYpagés ty; oTov kado i
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AAyopi10po1 ExréAeong Baomkwyv Mpadewv

pa&erg Zovérav

Ta&wounoe tig Theradeg e R oe éva yvopiopo A
Ta&wounoe Tig Theladeg e S 610 idlo yvdpioua

ir=1; ji=1;
while (i < n, and j <ng)
if (R[> S[B])
Topi ‘Evoa Agopl
Timota Yp&ye to S; oTo rimota
anotéhecuo
jmit
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AAyopi6por Exrédeong Baoikwv Mpafewv

Mpa&eig Zuvorov
else if (Ri[A] < S;[B])
Toun ‘Evwen Awgopd
Timota péye 10 R; 610 anotéheona Ypaye 1o R; 610 anotéheopua
j=itl

else (* R[A] = S[B] *)

Topn

Ypaye 1o R; 010 anotéhecuo
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AAyopiOpo1 ExtéAeong Baoikwy Mpafewv

BeAnioTomoinon Epwriocewv

Mpa&eg Zovérav
select A, A,, ...,
‘Evaen Awgopd oA e A,
while (i <ny) while (i <ny) fromR,R, ..., R
ypéye 10 R; 010 anotéheopa Ypaye o R; 610 anotérecpa where P
=it =i+l
n (] xRyx ... xR
while (j < ng) AL a0 G Ry xRy )
ypdye To S; 010 amotéhecua
I R
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BeAnioromoinon Epwriocewv BeAnioTomoinon Epwriocewv
Aévrpo epdTnONG

DOM: GYEGELS E16O30D
Eowmtepikoi koupot: mpaéelg me oyectokng arhyefpog

Extéreon dévipov epdmong
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1. Abonoon Tov mpalewv emhoyig e culevkTikég cuvlnkeg oe
akohovdieg mphéemv emhoymg

2. Meraronilovpe v mpadn emAoyie 660 To KT EMTPENETAL AT
10 yvopicpato mov teptiapPdvovial 6T cuvenim

3. Emavadievfémon tov @OARov dote va gktedobviar mpdte. o
GYEGELG MOV £XOLV TIG TO MEPIOPISTIKEG TPGEES EMAOYNHG
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BeAnioromoinon Epwricewv

4. Tovdvoopog Hog TPEENG KOPTEGIOVOD YIVOUEVOD UE pie Tpdén
EMAOYNG TOL aKOAOLOEL

5. Abonoon kot petoakivinon tov Motdv mpoPorng 660 o kit
yivetat 610 dEvTpo

6. Evromiopog vmodévipmv pe opddeq mpdéeov mov pmopei v
EKTEAEGTOVV UE KOO oAyOpIOuo
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BeAnioTomoinon Epwriocewv

Emnpocbereg Siopaveieg omd to Ppiio:

Database M t Sy , 2nd ed.

Raghu Ramakrishnan and Johahnes Gehrke,

McGraw Hill, 1999
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Bektiotronoinon Epotioemv ot
Koatavepnpéva Xyeoraka XABA

Nepiexopeva

0 Ewayoym

0 Auwtomaon g Epd@tnong

0 Data Localization

0 Olwry Bedtiotomoinon Epotioeov
0 Tomwn Bektiotonoinon Epetioeov

Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mroope 52

Resources

O Principles of Distributed Database Systems, M. Tamer Ozsu,
Patrick Valduriez, Second Edition, 1999.

0 http:/Avww.cs.ualberta.ca/~database/ddbook.html
O http://www.cs.ualberta.ca/~database/ddbook/notes/Query/ppframe. htm

Oéyara Bacsw Aedoptvay 1999-2000 Eoayyeiia Mroopee 53

Partitioning in Distributed Databases

U Global Relations

O Horizontal Partitioning
0 Vertical Partitioning
0 Hybrid Partitioning

Bépara Baoewy Aedopivay 1999-2000 Evayyeiia Mmoopé 54




MNapadeiypara AlapepICHOU

Global relations:
EMP(ENO,ENAME, TITLE)
ASG(ENO,PNO,RESP,DUR)

PRJ(PNO,PNAME,BUDGET)
SAL(TITLE,SALARY)

Horizontal Partitioning:

EMP, 6\ o-_p3(EMP)

Vertical Partitioning:

PRJ; :"PNO,PXA\/IE(PRD

Objectives of distributed Q.O.

Teygae
Find the names of employees other
than J. Doe who worked on s
CAD/CAM project for either one or ~ Cbun-12gnoun-24
two years.
O onamE=cADICAM"
SELECT ENAME

FROM PROJ, ASG, EMP [ A
EMP, o, . (EMP' 3 WHERE ASG.ENO=EMP.ENO

23 exonel ) PRI, Mtpxo,punceT(PRY) AND ASG. PNO=PROJ . PNO -
EMP. Oy MP AND ENAME=*J. Doe” S

1 ENU/EE(E ) AND PROJ. PNAME=*CAD/CAM” N;qo -

. AND DUR=12 OR DUR=24) ™~
ASGy:Oprops(ASG) ¢ derbs  asd Eue
ASG;:0px0-£3(ASG) DrembaedDBME © 1995 M. Tamor Do & Patmck Valdwios Feen 7o 50

@éyuara Baazav Aedopivay 1999-2000 Evayeiia Mtoopéc 55 @tyuara Baosav Asdoyivay 1999-2000 Evayyeiia Mewoopé 56
Objectives of distributed Q.0. Objectives of distributed Q.0.
HENAME P . P .
« types of optimization (deterministic, randomized)
O bUR=12 OR DUR=24 « optimization timing (dynamic, static)
* statistics
le] - . .
T PNAME=TEADICANM = decision sites
O e riamEa DO~ « exploitation of network topology
T « exploitation of replicated
oo « use of semijoins
R
PROJ ~ [
EMP, EMP, EMP, ASG, ASG,

Oéyara Bacswv Aedoptvay 1999-2000 Eoayyeiia Mrowpe. 57

Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mroope 58

Query Optimization Objectives

Minimize a cost function
T/0) cost. + CPTJ cost + communication cost
These might have different weights in different
distributed environments
Wide area networks
w communication cost will dominate
* low bandwidth
* low speed
« high protocol overhead
w most algorithms ignore all other cost compenents
Local area networks
w comnunication cost not that dominant
w total cost function should be considered
Can also maximize throughput

Distributed DEMS © 1998 M. Tamer Ozsu & Patrick Valduriez Page 7-9.7

Distributed Query
Processing Methodology

‘Calculus Guery on Distributed
1ations

Al
CONTROL

ebraic Query on Distributed
S Fen

Fragment Query

QPtimized Fragment Guery
with Communication Operations

. i
e Dy D

Optimized Local

Distributed DEMS 1998 M. Tamer Ozsu & Patrick ¥ alduriez Page 7.9.15
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Step 1 — Query Decomposition

Input : Calculus query on global relations
m Normalization

w manipulate query quantifiers and qualification
m Analysis

w detect and reject “incorrect” queries

w possible for only a subset of relational calculus
m Simplification

w eliminate redundant predicates
m Restructuring

w caleulus query = algebraic query

= more than one translation is possible

w use transformation rules

Normalization

m Lexical and syntactic analysis
w check validity (similar to compilers)
w check for attributes and relations
= type checking on the qualification
m Put into normal form
w Conjunctive normal form

L VP1Y- V1Y Aeee A Py PV VP
= Disjunctive normal form

(B11P13 Ao APL) VrsV Dot A D)

= OR’s mapped into union

= AND’s mapped into join or selection

Disgtributed DEMS © 1998 M. Tamer Ozsu & Patrick WV alduriez Fage 7.0, 18 Distributed DEM S © 1998 M. Tamer Ozsu & Patrick Val duriez. Page7-9. 17
Analysis Simplification — Example
If the query graph is not connected, the query is
wrong SELECT TITLE
SELECT ENAME , RESP FROM EMP
FROM EMP, ASG, PROJ WHERE EMP.ENAME = ~J. Doe”
WHERE EMP.ENO = ASG.ENO oR (NOT(&MP. ULTULE = “Programmer”)
AND PNAME = "CAD/CAM" AND (EMP.TITLE = “Programmer”
=
AND Dur = 36 oR EMD.TITLE = “Elect. Eng.”)
AND TITLE = "Programmer"
AND NOT (EMP.TITLE = “Elect. Eng.”))
R U
R SELECT TITLE
CTEMP nesp (_PROJ
e FROM EMP
ENAME > BESULT > - WHERE EMP.ENAME = “J. Doe”
FEEUELY puave-rcanican
—— T ——— Fr—— Distributed DEMS © 1558 M. Taumer Ozou & Patrick ¥ alduriez Page 19, 22
Restructuring Example
m Convert relational calculus to TT, anae }_ Project Recall the previous example: Meyge }_ Project

relational algebra
m Make use of query trees
= HKxample
Find the names of employees other © Lname="GALICAM"

than J. Doe who worked on the
CAD/CAM project for either 1 or 2

O-DUR:1 20R DUR=24

Select

years. Oenames". DOE" 7,
SELECT ENAME
FROM  EMP, ASG, FROJ o -~
WHERE EMP.ENO = ASG.ENO e L
AND ASG.PNO = PROJ.PNO S Join
AND ENZBME = “J. Doe” - — [
AND PNAME = “CAD/CRM” PROJ  ASG EMP.
AND (DUR = 12 OR DUR = 24)

Drorouted DBMS © 1955 M. Tamer O & Batrich Vel duries Fage 10 25

Find the names of employees other
than J. Doe who worked on the o
CAD/CAM project for either one or ~ ouR-1208 DUR<2¢
two years.

Oenave--cavicanr
SELECT  ENAME
FROM PROJ, ASG, EMP Oyaptenns oo
WHERE  ASG.ENO=EMP.ENO
AND ASG. PNO=PROJ . PNO

Hp
AND ENAME="J. Doe” " L
AND PROJ . PNAME="CAD/CAM"” o Join
AND (DUR=12 OR DUR=24) /’N \
PRt El

0J ASG

Select

o

Distributed DEMS © 1998 M. Tamer Ozsu & Patrick Valduriez

Pags79.26
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Equivalent Query

Terame

T

O PNAME="CADICAM A(DUR-12 DUR=24) » ENAME="J. DOE"

T

o AENO

Restructuring

Tryenic

TENO e

/ /’:on -

HPNO,ENAME

e

1-IPNO HPNO,ENO

COHAME - " CADICAM Fpun -2 DUR-21 T EMAME = "J. Doe’

S S
e . !
ASG PROJ EMP PROJ ASG EMP
Distributed DEMS © 1598 M. Tamer Ozou & Patrick Valdurie Page 1.0, 21 Distributed DEMS © 1898 M. Tamer Ozou & Patrick V alduries Fawe 1928
Step 2 — Data Localization Example
Tlerine
Assume
Input: Algebraic query on distributed relations w EMP is fragmented into EMP,, O oun-1z on pun-z1
EMP,, EMP, as follows:
m Determine which fragments are involved & EMP =0pyg ey EMP) O praamEroADICEM
m Localization program * EMPs= Swpzpnoses ENM) -
* EMP =gy g EMP, o ) boe
= substitute for each global query its materialization = Cvoxge-(ME) EHAMEZ, DOF
w ASG fragmented into ASG, and ASG, 1
program
as follows: [
= optimize * ASG=0gyocps (A3 ™~
* ASG,=0gyo.-gs (AS3) Peno
i 7 ~
Replace EMP by (EMP,UEMP,UEMP) FRoJ .y P
and ABG by (ASG; U ASG) in any Al BN SN
query EMP, EMP, EMP; ASG, ASG,
Distributed DEMS © 1598 M. Tamer Ozou & Patrick Valdurie Page 1.0 28 Distributed DBMS @ 1095 M. Tamer Ozeu & Patrich V aldurie Fag= 75,50
Provides Parallellism Eliminates Unnecessary Work
o )
L -~ -
e - —
. -
o P ‘ — o ~
) P Pero Peno [T B B
EMP, ASG, EMP, ASG, EMP, ASG, EMP; ASG, EMP, ASG, EMP, ASG, EMP, ASG,
© 1598 M. Tamer Ozou & Patrick Valdurie Page 1.9, 51 Distributed DEMS & 1998 M. Tamer Gzeu & Patrick ¥ al duries Fage 7.5 57

Distributed DEMS
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Reduction for HF

Reduction for HF

Example
®m Combine the rules already specified: . X . I
Y =P Consider the following hybrid EnAmE o
= Remove empty relations generated by contradicting fragmentation: ENAME
selections on horizontal fragments; EMP momocer M enomue EME) O coes:
w Remove nseless relations generated by projections EMP=0gyosee (1 Enosname CMI)) T »» c
on vortical fragmonts; N Ero-ES”
EMPyTT wnoirree EMP) N
= Distribute joins over unions in order to isolate and
remove useless joins. and the query 1
SELECT  ENAME EMP,
FROM EMP
WHERE ENO="ES5" EMP, EMP, EMP,
Distributed DEMS ® 1998 M. Tamer Ozsu & Patrick Val duriez Page T-9. 41 Distributed DBMS © 1998 M. Tamer Ozsu & Patrick Valduriez Pag=19. 42
Step 3 — Global Query Optimization Cost-Based Optimization
Input: Fragment query B Solution space
m Find the best (not necessarily optimal) global - ;H“ set of equivalent algebra expressions (query
schedule rees).
= Minimize a cost function m Cost function (in terms of time)
= Distributed join processing = 1/O cost + CPU cost + communication cost
Bushy vs. linear b . . o
¢ W”h i"sl t“’t h - = These might have different weights in different
: Shi;cw:i ‘V‘;“Sh‘)’: :L:zz distributed environments (LAN vs WAN).
= Decide on the use of semijoins = Can also maximize throughput
& Semijoin saves on communication at the expense of m Search algorithm
more Local processing.
=~ Join methods = How do we move inside the solution space?
# nested loop vs ordered joins (merge join or hash join) = Exhaustive search, heuristic algorithms (iterative
improvement, simulated annealing, genetic,...)
Distributed DEMS © 1955 M. Tamer Ozeu & Patrick Valduries Page19. 4 Distributsd DBMS 1998 M. Tamer Ozeu & Patrik Valdurie a0 44

Query Optimization Process

Input Query

Search Space
Generation

Equivalent GEP

Search
Strategy

Best QEP

ransformation)
Rules

Distributed DBMS © 1988 M. Tamer Ozsu & Patrick Valduriez PagsT9. 45

Search Strategies

® Deterministic

N
A NN
NN

R| Rz R1 2

R}

® Randomized

Distributed DEMS © 1998 M. Tamer Ozsu & Patrick Valduriez Pags 75,49
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Join Ordering

Join Ordering — Example

m Consider two relations only
@ it size (R) < size (S)
if size (R)> size () :
m Multiple relations more difficult because

too many alternatives.

= Compute the cost of all alternatives and
select the best one.

& Necessary to compute the size of intermediate
relations which is diffioult.

w Use heuristies

Consider
PROJ HpyoASG i pyyoEMP

Distributed DBMS © 1988 M. Tamer Ozsu & Patrick Valduriez Pags79.73

Site 2
ENO PNO
Site 1 Site 3
Distributed DBMS © 1998 M. Tamer Ozsu & Patrick Valduriez Pags 75,74

Join Ordering — Example

Semijoin of R with S is the subset of tuples of R that
participate in the join of R with S

Semijoin Algorithms

Execution alternatives:

1L.EMP — Site 2 2. ASG - Site 1
Site 2 computes EMP'=EMPwASG Site 1 computes EMP'=EMPwASG
EMP' — Site 3 EMP' — Site 3
Site 3 computes EMP'wPROJ Site 3 computes EMP'wPROJ
3.A8G - Site 3 4. PROJ — Site 2
Site 3 computes ASG'=ASGWPROJ Site 2 computes PROJ'=PROJNASG
ASG' - Site 1 PROJ' — Site 1
Site 1 computes ASG' w EMP Site 1 computes PROJ' w EMP

5. EMP — Site 2
PROJ — Site 2
Site 2 computes EMP wPROJ= ASG

m Consider the join of two relations:
w R[A] (located at site 1)
w S[A] (ocated at site 2)
m Alternatives:
1 Do the join R, §
2 Perform one of the semijoin equivalents
Rwy§ & Re, 5w, 5
o Rwy(SwyR)
= By 8w, (Sx4R)

Distributed DBMS © 1968 M. Tamer Ozeu & Patrick Valduriez Page79.75

Distributed DEMS © 1998 M. Tamer Ocsu & Patrick Valduriez Pags15.76

Semijoin Algorithms

R* Algorithm

m Perform the join
w send R to Site 2
w Site 2 computes R i, S
m Consider semijoin (R x4 S) =, S
= 8IS
w S' — Site 1
w Site 1 computes R'=Rpb<, §'
w R'— Site 2
w Site 2 computes R, S

Semijoin is better if

size([[4(S)) + size(R x4 S)) < size(R)

m Cost function includes local processing as well
as transmission

m Considers only joins
m Exhaustive search
m Compilation

m Published papers provide solutions to handling
horizontal and vertical fragmentations but the
implemented prototype does not

Distributed DBMS © 1988 M. Tamer Ozeu & Patrick Valduriez Pags79.71

Distributed DEMS © 1998 M. Tamer Ozsu & Patrick Valduriez Pags79.80
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R* Algorithm

Input: Query QT
Output: miminum cost strategy
begin
for each fragment in QT, decide best access plan;
for all the possible states
build strategy and compute cost;
obtain best strategy;
perform local optimization at each site;
end.

state: = orders of joins. No. of states = n/

strategy = see next

@éyuara Baazav Aedopivay 1999-2000 Evayeiia Mtoopéc 85

R¥* Algorithm

Performing joins

m Ship whole
w larger data transfor
w smaller number of messages
w better if relations are small

m Fetch as needed semijoin internal with external
= number of messages = O(cardinality of external
relation)

w data transfer per message is minimal

= better if relations are large and the selectivity is
oo

Distributed DBMS © 1908 M. Tamer Ozsu & Patrick Valduriez PageT9. 81

R* Algorithm —
Vertical Partitioning & Joins

1. Move outer relation tuples to the site of the inner
relation

(a)Retrieve outer tuples
(b)Send them to the inner relation site
() Join them as they arrive
Total Cost = cost(retrieving qualified outer tuples)

+no. of outer tuples fetched %
cost(retrieving qualified inner tuples)

+ msg. cost * (no. outer tuples fetched *
avg. outer tuple size) / msg. size

R* Algorithm —
Vertical Partitioning & Joins

2. Move inner relation to the site of outer relation
cannot join as they arrive; they need to be stored
Total Cost = cost(retrieving qualified outer tuples)

+no. of outer tuples fetched *
cost(retrieving matching innertuples
from temporary storage)

+ cost(retrieving qualified inner tuples)

+ cost(storing all qualified inner tuples
in temporary storage)

+ msg. cost * (no. of inner tuples fetched %
avg inner tuple size) /msg. size

Distributed DEMS ® 1998 M. Tamer Ozsu & Patrick Valduriez Page 7-9. 82 Distributed DEMS © 1998 M. Tamer Ozsu & Patrick Valduriez. Page7.9.83
R* Algorithm — R* Algorithm —
Vertical Partitioning & Joins Vertical Partitioning & Joins
. . 4. Fetch inner tuples as needed
3. Move both inner and outer relations to another X P L
sito (2)Retrieve qualified tuples at outer relation site
(b)Send request containing join column value(s) for outer
Total cost = cost(retrieving qualified outer tuples) tuples to inner relation site
+ cost(retrieving qualified inner tuples) () Retrieve matching inner tuples at inner relation site
o ) (d)Send the matching inner tuples to outer relation site
+ cost(storing inner tuples in storage) (e)Join as they arrive
+ msg. cost * (no. of outer tuples fetched Total Cost = cost(retrieving qualified outer tuples)
avg. outer tuple size) / msg. size + msg. cost * (no. of outertuples fetched)
+ msg. cost * (no. of inner tuples fetched * + no. of outer tuples fetched * (no. of
ave innor tuple size) /msg, size inner tuples fetched % avg, inner tuple
size * msg. cost /msg size)
*no. of oufer}:up%es fotched « + mno. of outer tuples fetched *
cost(retrieving inner tuples from cost(retrieving matching inner tuples
temporary storage) for one outer value)
DA DB @ 1955 1 Tamer Ouon & Faimeh Valdaries Pag=19.81 Drermoaea DBV 1998 T Tamer Orou & Fatick Valdaricr Page 70,55
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Step 4 — Local Optimization

Input: Best global execution schedule
m Select the best access path

®m Use the centralized optimization techniques

Enelepyasio Epoticeov yua
Hp-dopnpéva Asdopéva,

Distributed DEMS © 1968 M. Tamer Oz & Patrick Valdies Page79. 103
Oéypara Baoeaw Asdopivay 1999-2000 Envayyeiia Mroops 92
ApXITEKTOVIKES APXITEKTOVIKES
. Soviifmg amd Tov idio vendor
Database client oes
query l I answer warehouse
server server server
data data data
Oéara Bageav Aebopévary 1999-2000 Evaypeiia Movpic 93 Oépara Bageay Asdopivay 1999-2000 Evaypeiia Mmovpic 94
ApXITEKTOVIKES Eneepyacia Epwrioswv

mediator
server server server
data data data
Oépara Bagewv Azbopiévary 1999-2000 Evaypeiia Movpic 95

Ta idw faowkd otadin
1. Metappaon - £vo. oxEdo extéheong
2. Behtiotomoinon

3. Mnyavn Extéheong

Katavoun

‘Eliewyn oyfjuatog

Oéyara Baoswv Asdoyivay 1999-2000 Eoayyelia Moopic 96

16



AnoOnkevon

1. Keipevo

2. Zyeookn Baon Aedopévov

3. Avtiketpevo-otpagn Baon Aedopévov
4. Avto-opyavoon - YBpidikn arnobikevon

@éyuara Baazav Aedopivay 1999-2000 Evayeiia Mtoopé 97

AmoOnkeuon
Text File
<family id = “01">
<personid = “p1”> <name Joan </name>

<age> 36 </age>

<profession> inistrator </pr
<hobby> gardening </hobby>
<cellular> 555-6234 </cellular>

</person>

<person id = “p2"> <name John </name>

<age> 38 </age>
<profession> systems administrator </profession>
<beeper> 555-3322 </beeper>

</person>

Oépara Baoewv Aedopivev 1999-2000 Evayyeiia IMroopa 98

AnoOnkeuvon
Iyeoraki Baon Aedopevov
% <l "l " Avo oyéoeig ref(src, label, dst) Val(oid, value)

<family id = "01"> src label dst
<person id = “p1"> <name Joan </name> “root’| “family” ‘01" oid  value
<age> 36 </age> ‘01" ["person”  |"pt" “p11” |"Joan®
<profession> database administrator 01" | “person”  |*p2" p11" (36
<fprofession> p1" ['name”  [*p11"  “p13' |“database admin”
<hobby> gardening <hobby> 1" | *age’ 12 "p14" |‘gardening’

<cellular> 555-6234 </cellular> *p1" | “profession’ |p13" “p15" |"555-6234"

</person> “p1* *hobby"  |'p14  “p21* | “John®
<person id = "p2"> <name John </name> p1* |'cellular  |*p15*  “p22’ | 38
<age> 38 </age> “p2" | “name” p21"  *023" | “systems admin’
systems i *p2" |age” p22' p24” | '565-3322°
<beeper> 555-3322 </beeper> *p2" | profession’ | *p23’
</person>

“p2" | “beeper” “p24”

Oéyara Bacswv Aedoptvay 1999-2000 Eoayyeiia Mroopee 99

AmoOnkeuon
Tyeoroxn Baen Acdopévav
<family id = “01">

<person id = "p1"> <name Joan </name>

<age> 36 </age>
database admini i select X

<hobby> gardening </hobby>
<cellular> 555-6234 </cellular>

</person>

from family.person.hobby X

<person id = p2"> <name John </name>

<age> 38 </age>

systems
<beeper> 555-3322 </beeper>

<Iperson>

Oéyara Baoswy Asdoyivay 1999-2000 Evaypeiia oo 100

AnoOnkeuvon
Iyeoraxi Baon Aedopévav
src label dst oid  value
; select X
“root”| “family” “o1” “p11" |*Joan”
“01" |*person” p1* p11* | 36 from family person.hobby X
o1” |- P M 013" |database admin®
01" |“person’ P P atabase admin® e
“p1" | *name” “p11"  “p14" |“gardening’ rom Refo 11 Refs 12. Refs r3. Vall
“p1” |age” “p120  p15 |*555-6234" om Refsri, Refs r, Refs 1o, Value v
“p1” |*profession’ |"p13” “p21° | “John* where r1.src =“root” and
“p1" |*hobby” “p14” “p22" | 38 r1.label = “family and
“p1” | “cellular” “p15” “023" | “systems admin” r1.dst = r2.src and 4-way join!
‘p2" |"name” ‘p21" p24” | "855-3322° r2 label= person and index?
P2’ |"age’ 22 Val r2.dst =r3.src and
“p2" | “profession”| “p23" ue
Pz P 13.Jabel = hobby and
‘p2" |"beeper’ | “p24"

r3.dst = v.oid
Refs

Oéyara Bacsw Aedoptvay 1999-2000 Eoayyeiia Mroopec 101

AmoOnkeuon
Iyecraxii Baon Azdopévov

src label dst Breadth-first search!

“root”| “family” ‘01"

“o1" |person’  |*p1 rool

*o1" |"person”  |*p2"

ot | mamet |t ramil/ m
o1 |"age® 12 ol ol

“p1" | “profession” [*p13"
“p1" |*hobby"  |*p14"
“p1" | “cellular” “p15”

hobby name
name
age
pl  pl pl p

“p2" | “name” “p21”
02" [*age” 22"
“p2" |“profession” | “p23" pl 1 P2 p2 p2 p2

*p2" | "beeper’ | “p24*

Refs

Oéyara Baoswv Asdoyivay 1999-2000 Eovayyeiia Maovpa 102
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Iyecruxii Baon Asdopévov
src

“root”|

ot
ot
ot
ot
ot
ot

01

label
“family”
“person”
“name”

“name”

age’

dst
01
1"
11"
11"
12"

*profession” *p13"

*hobby”
*cellular”
“person”

“name”

age’

“beeper’
P Refs

Oipara Baoewv Acdopivarv 1999-2000

o
ot
o2

2t
w2z

*profession” | “p23"

024"

AnoOnkevon

Depth-first search!

root

hobby
name
age
pl  pl pl p

ol

name

p2 p2  p2 p2

Evayeiia Mtoopé 103




