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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. Zuvraktua Avdlvey (Parsing) & Metdgpaoy

H epdon petoppdletor o P E6OTEPIKN HOPPT apov Yivel 0 amapaitnTog
GUVTOKTIKOG KOl GNUAGIOAOYIKOG EAEYYOG (T3, TO OVOUOTO OV VOPEPOVTOL
£iVOL OVOUOT GYEGEMV IOV VGPYOLV)

AVTIKATAGTOGT TOV OYEDV OTO TOV OPIGUO TOVG

Ecotepikn popen; Exppacn mg oxectokng drhyePpag
select A\, A, ... A}
fromR,R,, ...,R,

where P

a0 (O p Ry xRy x . xRy)

Oéyara Baoswv Asdoyivay 1999-2000 Evayyeiia Mool 6

Eicaywyr)




Ene{epyacia Epwrioswv

2. BehmioTomoinon

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

select balance
* O patunce < 2500 (T palanc{@ccOUNL))
from account

- (o - (account))
where balance < 25000 Palance T balanes <2300
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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

Oéyara Bacswv Aedoptvay 1999-2000 Eoayyeiia Moope 9

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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BeAnioTomoinon Epwriocewv

Aévrpo epdTONG

DO GYEGELS E16050V

Ecatepucoi kopfor: mpaéelg me oyeotakng aryeppag

Extédeon dévrpov epdTnong
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Karavepnpéva ZABA

* Data is stored across several sites

* Each site is (typically) managed by a DBMS that can run
independently of the other sites
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Karavepnpéva ZABA

Transparency

- Distributed data independence

ask queries without specifying where the referenced relations, or copies of
fragments of the relations are located

queries that span multiple sites should be optimized systematically in a cost-
based manner (taking into account communications costs and differences in
local computation costs)

« Distributed transaction processing
alomicity
Not always efficiently achievable
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Karavepnpéva ZABA

Eidn

= Oporoyévera

* Etepoyévewn

gateway protocols: API that exposes DBMS functionality to external
applications (e.g., ODBC, JDBC)
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Karavepnpéva ZABA

ApyrTekToviKEg

« Client/server

clients (user-interface issues)

servers (manage data and execute transactions)

(client cache)
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Karavepnpéva ZABA

APLTEKTOVIKEG

« Collaborating server systems

a single query spans multiple servers

a collection of database servers, each capable of running transactions against local data which
cooperatively execute transactions spanning multiple servers
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Karavepnpéva ZABA

APYITEKTOVIKEG

» Middleware systems

just one special database server (layer of software) that coordinates the execution of queries and
transactions across one or more independent database servers
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Karavepnpéva ZABA

- Tunpatonoinon (partitioning) oyéoewv

Global relations: PRJ(PNO,PNAME,BUDGET)
EMP(ENO,ENAME, TITLE) SAL(TITLE,SALARY)
ASG(ENO,PNO,RESP,DUR)

Horizontal Partitioning:
EMP,:6pyg—p3(EMP)
EMP,:6p3 gx0<-r(EMP)
EMP;:6px0-5(EMP)
ASG;:6px0-—p3(ASG)

Vertical Partitioning:
PRI Mo, avr(PRY)
PRI, Ttpxo uncer(PRY)

Query Optimization Objectives

Minimize a cost function
I/O cost + CPU 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 aleorithms ignore all other cost components
Local area networks
= communication cost not that dominant
w total cost function should be considered
Can also maximize throughput

Distributed DEMS © 1998 1. Tamer Ozou & Patrick Val duriez Page 75,7
Oéyara Bageaw Azdopivary 1999-2000 19
Distributed Query ZTo)x0I1 B:Aﬂctonmlch; Epwr,]cru;x::
. ATAVE] Eva
Processing Methodology Hnp
Caleulus Guery on Distributed
{ations
#1gebraic Quert on Distributed « types of optimization (deterministic, randomized)
lations
CONTROL « optimization timing (dynamic, static)
SITE
* statistics
Fragment Query
« decision sites
« exploitation of network topology
B onan maes Sriraiine
e i b « exploitation of repli d fi
LOGCAL J .
SITES L « use of semijoins
Optimized Local
Queries
Distribuced DEMS © 1998 M. Tamer Uzsu & Parrick Valduriez Pog=1-5. 15

Gépara Béoeor Acdopivaw 19992000 Evaypeiia rovpi 22
Step 2 — Data Localization Example
Tlenave
Assume
Input: Algebraic query on distributed relations “ EMP is fragmented into EMP;, O bUR-12 OR DUR=24
_ i ) EMP,, EMP, as follows:
m Determine which fragments are involved & EMPy=Opyocrs EME) O ortsnae osmons
m Localization program * EMPg= Opgpnosge EME) N
* EMP =0pyouzs EMP o ) boe
w substitute for each global query its materialization #Omozee EMP) ENAME="), DOE
- w ASG fragmented into ASG, and ASG, +
program
as follows: o

= optimize

* ASGH=0Opyo g (A5 AN
* ASCG,=0gy0. g (ASE) Pdeno
/ \

Distributed DEMS © 1998 M. Tamer Ozsu & Patrick Valduriez Page7-9. 29

Replace RMP by (RMP,LEMP,LIRMP,) PROJ e -
and ASG by (ASG U ASG,) in any 2l BN SN
query EMP, EMP, EMP; ASG,  ASG,
DistrbuedDBMS o 1955 M. Tamer Gee & Fatrich Valdurios Fege 15,50




Step 3 — Global Query Optimization

Input: Fragment query
® Find the best (not necessarily optimal) global
schedule
= Minimize a cost function
w Distributed join processing
& Bushy vs. linear trees
# Which relation to ship where?
& Ship-whole vs ship-as-needed
w Decide on the use of semijoins

& Semijoin saves on communication at the expense of
mere Looal processing.

= Join methods
& nested loop vs ordered joins (merge join or hash join)

Distributed DBMS © 1908 M. Tamer Ozsu & Patrick Valduriez PagsT9. 43

Join Ordering

m Consider two relations only

@ if size (R)< size (S) :

if size (R)> size (S)

® 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 difficult,

w Use heuristics

Distributed DBMS © 1998 M. Tamer Ozsu & Patrick Valduriez Pags75.73

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

Semijoin Algorithms

m Consider the join of two relations:
= R[A] (located at site 1)
= S[A] (located at site 2)
m Alternatives:
1 Do the join R, S
2 Perform one of the semijoin equivalents
Rwy§ o RryS) S
& Rwy (Sw,R)
o (Bx, 5w, (SxyR)

Distributed DBMS © 1968 M. Tamer Ozeu & Patrick Valduriez Page79.76

Semijoin Algorithms

m Perform the join

= send R to Site 2

= Site 2 computes R s, §
m Consider semijoin (R, S) >, S

= 8 <TLS)

= S' — Site 1

= Site 1 computes R'=Rb<, S'

= R'—> Site 2

= Site 2 computes B's, §
Semijoin is better if

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

Distributed DEMS © 1998 M. Tamer Ozsu & Patrick Valduriez Page 75,71

Step 4 — Local Optimization

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

m Use the centralized optimization techniques

Distributed DBMS © 1988 M. Tamer Ozsu & Patrick Valduriez Pags79. 103

Enelepyasio Epoticeov yia
Hp-dopnpéva Agdopéva,
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Ene{epyacia Epwrioswv

Ta i faoikd otadia
1. Metappaon - éva oyédlo eKTELeong
2. Beluiotonoinon

3. Mmyavi) Extéheong

« Kotavoun/Apyitektovikég

« Elewyn oyfijuatog
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AP XITEKTOVIKES

Toviilwg aro tov id10 vendor

Database client

query J { answer
Database server

Oépara Baoewv Aedopivev 1999-2000 Evayyeiia IMrovpa 32

ApXITEKTOVIKES

Middleware systems

APXITEKTOVIKES

. . . warehouse
just one special database server (layer of software) that coordinates the execution of queries
and transactions across one or more independent database servers
data
load
[ update
server server server
data data data
Oéyara Bacswv Aedoptvay 1999-2000 Eoayyeiia Mroope. 33 Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mrmoope 34
ApXITEKTOVIKES APXITEKTOVIKES
+ Multitier system
decide which sources
: source-to-source query
medi T *,
ediato transformations (rewriting)
global execution plan
server server server
data data data
Oéyara Bacsw Aedoptvay 1999-2000 Eoayeiia Mrowpec 35 Oéyara Baoswv Asdoyivay 1999-2000 Eoayyelia Moopc 36




AnoOnkevon

« Storage back-end

« Type information

Oipara Baoewv Acdopivarv 1999-2000

Tpomor Anodkevong

1. Keipevo

2. Tyeowkn Baon Agdopévov

3. Avtikelpevo-otpagn Bdon Agdopévav
4. Avto-opyavoon - YPpdikn anobikevon

AmoOnkeuon

Eoayyeiia Mrompic 37 Oéypara Baoeaw Asdopivay 1999-2000 Evayyeiia Mroopa 38
AnoOnkeuvon AmoOnkeuon
Text File
<family id = “017>
<person id = ‘p1”> <name Joan </name> Text File
<age> 36 </age>
p i administrator </pi !
<hobby> gardening </hobby> « subobjects are naturally grouped together
<cellular> 555-6234 </cellular> « fixed granularity (an XML document)
</person>
- ok for parts of an XML document
<person id = “p2”™> <name John </name>
<age> 38 </age>
pl i systems inistrator </p| 1
<beeper> 555-3322 </beeper>
</person>
Oéara Bageav Aebopévary 1999-2000 Evaypeiia Movpic 39 Oépara Bageay Asdopivay 1999-2000 Evayyeiia Moopa 40
AnoOnkeuvon AmoOnkeuon
Xyeowaki) Baon Asdopévav
Avo oyéoeig ref(sre, label, dst) Val(oid, value)
o ) amily id = “o1"> src label dst
Iyeowuxi Baon Asdopévav woot! “famiv* |01
X r Boon W <person id = *p1"> <name Joan </name> Toot’| *family’ o1 oid  value
s CSABA ) ) ) <age> 36 </age> “o1" |“person’  [*p1" “p11" |"Joan"
AECIOKA TAPELOLY YPNCIA YAPAKTNPIGTIKG <profession> database administrator 01" |"person” | 'p2 p1” |38
(concurrency control, indexes, etc) <Iprofession> “p1" |*name’ p11” “p13" |"database admin”
« AboKkoro <hobby> gardening </hobby> “p1" |“age” p12" “p14" |"gardening”
<cellular> 555-6234 </cellular> “p1" |"profession” |*p13” “‘p15" |"555-6234"
<lperson> “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 admil ion> “p2" | *age” “p22"  p24" | "555-3322"
<beeper> 555-3322 </beeper> “p2" |“profession” | “p23"
</person> “‘p2" |“beeper | “p24’
Oépara Bagewv Azbopiévary 1999-2000 Evaypeiia Movpic 41 Oépara Bageay Asdopivay 1999-2000 Evayyehia Mrcoopd. 42




AnoOnkevon
Zyeorwaxi) Baon Asdopévav
<family id = "01">
<person id = "p1"> <name Joan </name>

<age> 36 </age>
database select X

<hobby> gardening <fhobby> from family.person.hobby X
<cellular> 555-6234 </cellular>

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

<age> 38 </age>

systems
<beeper> 555-3322 </beeper>

<lperson>
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AmoOnkeuon
Iyeowkii Baon Asdopévav
src label dst oid value

select X
“root’| “family”  |*01" “p11" |“Joan”
“01* | “person® o1 p11" | 36 from family.person.hobby X
01" | “person’ p2 p13" |database admin Lo
“p1” | “name” p11” “p14” |*gardening”
from Refs r1, Refs r2, Refs r3, Val

01" |*age” 012" *p15' |'555.6234" omRetsri, Rels re, Rels 9, Value v
“p1* | “profession” |-p13* “621" | “John" where r1.src =“root” and
“p1" | *hobby" “p14" “p22" | 38 r1.label = “family and
“p1" |“cellular’  |“p15" “023" | “systems admin” ri.dst=r2srcand | 4-way join!
“p2" | “name’ p21" p24" | "565-3322" r2.label= person and index?
‘02" [*age" “p22"

r2.dst =r3.src and
r3.label = hobby and
r3.dst = v.oid

“p2" | “profession” | “p23" Value

*p2" |"beeper | “p24"

Refs

@tyuara Baosav Asdoyivay 1999-2000 Evayyeiia Mewoopé 44

AnoOnkeuvon

Zyeowaxi Baen Asdopévov

< peydio apBpd Join

* opyévoon oto dicko (clustering, indexing)
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AmoOnkeuon
Zyeorwax) Baon Azdopéivav
src  label dst Breadth-first search!
“root’| “family”  |"01"
‘01" |"person’  [*p1” root
“o1" | “person” “p2”
ot |t |t famil/ m
1" [*age" “p12”

ol ol
“p1" | “profession” |‘p13”
“p1” | “hobby" “p14” name hobby name
age
pl  pl pl p

*p1" | "cellular’ | "p15"

“p2" | “name” “p21"
02" |“age" “p22"
*p2" | “profession’ | "p23” pl 1 p2 p2 p2 p2

*p2" | "beeper’ | “p24°

Refs

Béuara Baoewy Aedopivav 1999-2000 Evayyeiia ITmovpe. 46

AnoOnkeuvon
Iyecraxii Baen Asdopévov

src label dst Depth-first search!
“root’| “family”  |‘01”
“o1" |*person’ 1" root

p1” |*name”  [*p11°
p1” |*name”  [*p11” family m

p1* |-age® P12t ol
hobby name
name
age
pl  pl pl pl

ol
“p1" |"profession” [*p13"
p2 p2  p2 p2

“p1" |*hobby”  |*p14”
“p1” | “cellular” ‘p15”
01" |"person”  |"p2"
“p2" |*name” “p21"
. 022" pl
“p2" |“profession”| “p23"

“p2" ‘beeper’ “p24"
Refs

Oéyara Bacsw Aedoptvay 1999-2000

02" |*age

FEoayeiia Mnowpic 47

AmoOnkeuon

Xyeoraxi) Baon Asdopévav

Hapatipnon
incorrect: values of different types are mixed in the value column of
Val

‘Evo. d10popetikd mivoko. yio. K6Oe S10p0PETIKN OTOUIK
T (évo axduo. join!!!)

BeknieTonoiney

Inline the values of the Ref relation
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AnoOnkevon

AmoOnkeuon
Avtikelpevo-otpugi] Baon Asdopévav

Zygoraxi Baon Aedopévay DTDs - iwepapyia KMicsav
src label dst flag ValString Valint ValData <IELEMENT company (employee)*>
“root” “family” 01" 0 null null null . .
<IELEMENT employee (name, address, project*, (phone|email))>
“o1" ‘“person” ‘p1” 0 null null null
. L <IELEMENT name (#PCDATA)>
01 ‘person’ p2’ 0 null null null
p1* “name” p11° 1 “Joan" null null <IELEMENT address (city, country)>
p1* tage’ P12t 2 nul 36 il <IELEMENT city (#PCDATA)> orousio » Khon
*p1" “profession” “p13" 1 ‘dba”  nul null <IELEMENT country (#PCDATA)> PCDATA .
‘P17 ‘hobby® - “p14” 1 “gardening” null null IELEMENT project (name, deadline)> ~ strings
“p1" ‘cellular’  ‘p15" 1 “555-6234" null null <IELEMENT phone (#PCDATA)> regular expressions?
‘p2" “name” “‘p21" 1 “John” null null B
<IELEMENT email (#PCDATA)>
“p2" ‘age” “p22" 2 null 38 null _
“p2" “profession” “p23" 1 isa” null null <IELEMENT deadline (#PCDATA)>
“‘p2" ‘“beeper” ‘p24” 1 “565-3322" null null
Oéyara Bagewy Aedopivery 1999-2000 Eoayyeiia Mrovpi 49 Oéyara Bageev Aesopivev 1999-2000 Enaypeiia Movpd 50
AnoOnkeuvon AmoOnkeuon

Avnikeipevo-otpagy Baon Asdopivav

DTDs - wepapyia kKhiceov

class Company public type set(Employee)

class Employee public type tuple (name: string,
address: Address,

—— or

projects: list(Project),
pe: PE)

class Address public type tuple (city: string, country:string)

class Project public type tuple (name:string, deadline:string),

class PE public type union (phone:int, email:string),
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Avtikepevo-etpagt] Basn Acdopévov

o N oxpPig petdppaon efoprdror amd tov tOmMO TOL
OVTIKELUEVO-GTPAPODG HOVTELOD

« cAhayn THnov
« dedopéva y1o ta omoia 8¢ yvapilovue Tov THmo Tovg

« amofikevon pikpdv XML document mg text
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AnoOnkeuvon

AvTo-opyavoey

* oraTioTIKG.  oTtoyEio (Mo  ouxvEG epOTNGEL,  €idog
amodnKevPEVOV dedouévav)

YBprdua amobijkeven

« Soopiopog ™G amodikevong o€ structured kot unstructured

Oéyara Bacsw Aedoptvay 1999-2000 Eoayyeiia Mroopee 53

Eupemipia

Evpenipua yia ek@pdaseis povonatiddv

Syfuo 8.8 (ceida 181)

Epotmioelg:

(R1) part.name

(R2)  part.supplier.name
(R3)  _*suppliername

(R4)  part._* subpart.name
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Euperipia

Evpetiipra 710 EKQPAGELS POVOTATIOV

Evpemipro
« dévrpo
« pila: 6ha ta labels mov epgavilovrat otov root data node

« &va k6pPo 1o kaOe axorovBia labels mov odnyei oe évo ecmTEPIKO
xoppo tov data tree

« kGOe kOpuPog Tov dévpov: hash table - kGBe Bon oto hash table
deiyvel 6TOVG avicTooug kopuPoug Tov data tree

@éyuara Baazav Aedopivay 1999-2000 Evayeiia Mtoopéc 55

Evpemipia
Evpemipla 1o eKQpacsels HovonatTidv b
1
(hastiplp2p3 [partlsubpart] (haghs4
h2 h8

(hash) nl,n3.n12

name|supplier
address

[ name ‘descr‘supplieﬂ subpart J

3 h4

[nam4 address] [name ‘supplier ‘ subpartJ

hs h6

[nam& address ] [ na.me‘supplier]

h7

Oépara Baoewv Aedopivev 1999-2000 Evayyeiia IMrovpa 56

EupeTipia

Evpetiipra 710 eKQpaceLg povonatidv
Epoticeig:
(R1)  partname
hl — h2 - use hash at name
(R2)  part.supplier.name
hi - h2 — h3 - use hash at name
(R3)  _*supplier.name
7
(R4)  part._*.subpart.name
search all nodes in the subtree rooted at h2
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Eupemipia

Evpemipua yua ek@pdcerg povonatidv

kopformov axpipdg ta b povondria and ™ pila (m.y., kéupornl,
n3 kornl2 - n2, n13 kot n4 oto 8.8 --- pl ka1 p2 oo 8.11)

pl and p2 language-equivalent: for any path expression query, either
both p1 and p2 are in the answer or none is

Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mroope 58

EupeTiipia

Evperiipra Y10 eK@paceig povonatidv
T'o kGBe xopPo x

L, = {w| Opath from the root to x labeled w}

LX

* umopeEl vat givat Grepo av o Ypaeog Exel KHKAOVG

* YEVIKG TEPTYPAPETOL AT PIt KAVOVIKT) EKPPaoT

x and y language-equivalent: (x = y)if L, =L,

Oéyara Bacsw Aedoptvay 1999-2000 Eoayyeiia Mroopee 59

Eupemipia
Evpenipua yua ek@pdoers povonatiddv

‘Eoto [x] 1 KAG6N 1608uvapiog Y1 To X

Karaokevn Tov gupetnpiov
£va k6pPo Yo kGOe KAGon 1odvvapiog

vrapyet ok and o [x] oto [y] ue label a av vrdpyovv képfor x
ot0 [x] koty’ oto [y] mov cuvdéoveat e kdmowr akun pe label a

Oéyara Baoswv Asdoyivay 1999-2000 Eoayyelia Moopdc 60
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Euperipia Evpemipia
Evpemipla yia eK@pasels povonatiddv
Evpenipla 710 eKQpAGELS povonaTidv
TIog B vroroyicovpue avx = y
Reverse graph
1oy0EL
Oxy, x=y0O x=y
hs J (2 ] M6
upplier
h7
@éyuara Baazav Aedopivay 1999-2000 Evayyeiia Mioopie 61 @tyuara Baosav Asdoyivay 1999-2000 Eoayyeiia Mewoopé 62
EupeTipia Eupemipia

Bisimulation: dvadiki oyéon petatd tov kopfov dvo ypagev tl ka 2
(£ot0 X, X” kOpfor Tov L1 kary, v’ koufor Tov (2)

1. Av x xau y givan pileg tov t1 xou 12 tote x

2. Av x ~ y ko évag gk TV X kot Y givan pile, ToTte ko1 0 dhhog koufiog
givon pila

3. Avx ~y ko (x, I, X°) oo L1 toTE VRAPYEL OKYA (¥, |, ¥7) 070 12 pE TV
b eTikéTa ko v'Avtiotoya, av x ~y xa (v, 1, ¥v°) oto (2 tote
omapyet axkp (x, 1, x*) oto t1 pe v idia eTkéra ko x'~

4. Av x ~ y ko1 10 X gival poAko pe T v oto L1, TotE Kat 10 v given
QOLAO pe Ty v 670 (2. AvtioTo o, av X~y KOL 10 y £ivol QUALO pe Ty
v 070 12, TOTE KoL TO X givo pHAko pe Ty v oto Ll

book 3
author .
9 O O smith xl~yl x3~y3x3~y4
x2
x {itle O Database x4~y3x2~y2
<4 Systems
author y3 .
book O Smith

O _ O author O}'4Smil}|

vl v2 {itle Database
V5 Systems
Oéuara Bagewy Aedopévery 1999-2000 Evayyeiia Mrovpé 63 Gépara Bagea Asdopivay 1999-2000 Evayyeiia Mmovpe. 64
EupeTiipia Eupemipia
Bisimulation: X =y Evperipra yna XML text

1. Av x =y, x givar pila, 1ot v givar pila, avrictoya av y eivar pilo,
T0tE 10 X givon pila

2. Avx =y kar vmapyer akpf X7 -2 x, 10te vrdpyet axp yT -y ko x’
=y, avtictoya av vrapyel akpyy’ -2y, 1018 vIdpyel akpl X -2 x
ko x' =y’

Oéyara Bacsw Aedoptvay 1999-2000 Eoayeiia Mrowpe 65

« region: a (contiguous) segment of text in the file

* region set: set of regions such that any two regions are
either disjoint or one is included in the other

Ly devipin avomapbortoon:

Kk@0e kouPog opiler o region (m.y,, 0 kOéuPog p2 avrictoryel
670 Keilevo katw and tov koppo p2)

region set: GUVOAO KOUP@V

Oéyara Baoswv Asdoyivay 1999-2000 Evapeiia Mroopee 66
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Euperipia

Evpemipra yia XML text
Id10itepo evolopépov - region sets mov ovtiororyoby oe XML tags

T.Y., part opilel To region set {p1, p2, p3}

subpart opilet To region set {s1,s2,53,54,s5}

@éyuara Baazav Aedopivay 1999-2000 Evayeiia Mtoopéc 67

Evperipla yia XML text

Region

Evpemipia

Levyog (x, y) x: start and end position of the region in the text file

Region Set
ordered tree: kG0e k6uBog pa region

«r=(x,y)ancestor of ’(x’, y’) (v Or)

subpart {s1,s2,s3,s4,s5}

AN

ifx<x’ <y’ <y sl s3 s4 s5
« rto the left of I’ l
ifx<y<x’<y’ s2

Oépara Baoewv Aedopivev 1999-2000 Evayyeiia IMrovpa 68

EupeTipia

Evpemipra o XML text

Region Algebra (G\yeppa a neproyés)

* TAVO G GOVOAY TEPLOYDV
* 1eAeGTEG TOL Jivouv ¢ omoTéAES I GOVOAD TLEpLoy®V: s1 op s2
véo GOVoAa TEPIOY@Y -- Oyt VEES TEPIOYES, avTés Dewpoivior

mpokaboprouéves (ovtiatoryody oTovg kéufiovg)

Oéyara Bacswv Aedoptvay 1999-2000 Eoayeiia Mrowpe 69

Eupemipia

Evperipra yia XML text

Mapadeiypata erectdv mag region algebra

sl intersects2= {r|r sl rJs2}

slincluded s2= {r(r0Osl,0Or°0s2,r0 1"}
slincludings2= {r|rOsl,0Or°0s2,r 01}

sl parents2 = {r|r(0sl, Or° 0s2,risaparent of 1’}

slchilds2= {r|r0Osl, Or°0s2, risachild of r’}

Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mroope 70

EupeTiipia
Evpemipra 7o XML text
Topodetypoto

« subpart {s1,s2,s3,54,s5} part {pl, p2, p3}

subpart included part {sl,s2,s3,s5}

part including subpart {p2, p3}
« name {nl, n2, ..., nl2} part {pl, p2, p3}
name child part {nl, n3,n12}
name included part {nl,n2, ., n9, nl2}

Oéyara Bacsw Aedoptvay 1999-2000 Evayyeiia Mroopec 71

Eupemipia
Evpemipra o XML text
Ynrohonopog TeheoTdv

s1ops2

traverse the tree representations of s1 and s2 simultaneously
similar to a merge join

Oéyara Baoswv Asdoyivay 1999-2000 Evapeiia Mroopee 72
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Euperipia
Evpenijpia yia XML text

s1 included s2

assuming that s1 and s2 are sets of disjoint regions

Apyxa (x1, y1) o mpdo orotyeio Tov sl kot (x2, y2) To
TPAOTO GTOLLEIO TOL 2

Méypt To TEhoG ™G Motog sl 1 s2 45»—
Av x1 <x2, advance sl x2 xL oyl y2
Avyl >y2, advance s2

AXMbG, Tpdedese to (x1, y1) oto
amotéAecpo, advance sl

Evpemipia

Evpenipua yia XML text
Epomoeic:
(R1) part.name
name child (part child root)
(R2)  part.supplier.name
name child (supplier child (part child root))
(R3)  _*supplier.name
name child supplier
(R4)  part._* subpart.name
name child (subpart included (part child root))

@éyuara Baazav Aedopivay 1999-2000 Evayeiia Mioopic 73 @tyuara Baosav Asdoyivay 1999-2000 Evayyeiia Mewoopé 74
EupeTipia Eupemipia
Evpemiipra yia XML text Evpemipw o XML text
(RS5) * uOVO £VOL TEPLOPLOUEVO PN OO KUVOVIKEG EKPPAGELG,
GUYKEKPLUEVE EKPPAGELS
select X R.R, ... R,

from _*.subpart: {name: X, _*.supplier.address: “Philadelphia”

name child (subpart includes (supplier parent (address intersect “Philadelphia”)))

Oéyara Bacswv Aedoptvay 1999-2000 Eoayyeiia Mrowpec 75

6mov R label constant or the Kleene closure ( *)

* uévo yo ordered trees

Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mroope 76

EupeTiipia

Evpemipra yio xeipevo
£vag onuavtikdg Tumog epdtnong: keyword search

« 0 mo ocLOoUEVOG TOMOG EPATNONG OTI UNYOUVESG
avafiTng

~cuVE KpoTeitol kot pio AMoTo ue cuvOVLu (.Y, EpdTEN
Yot car - eniong, automobile)

*T0 TEPIMAOKEG EPWTNGELG TOL TEPAapuPivouy and, or, not

Oéyara Bacsw Aedoptvay 1999-2000 Eoayyeiia Mroopec 77

Eupemipia
Evpemipua yia keipevo

Avo Bocikoi TOTOL EpOTHGEMV:
= boolean

» ranked query

Boolean (conjuctive normal form)
(t, Ot 0. ty) O O O, 0. O )
omov t; eivan ave&dpmra query terms 1 keywords

j conjucts (oL AVTIGTOLOVV € SLUPOPETIKEG Evvoleg (concepts)) - kabepio
and ToAAG disjuncts (oL AVTIGTOLKOOV GE SLPOPETIKOVS OPOVG Yiat TV idla
£vvol)

Oéyara Baoswv Asdoyivay 1999-2000 Evapeiia Mroopee 78
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Euperipia
Ranked query

Amnotéleouo

cOvoro and documents mov empdcheta eival Talivopnpéva pe
Baon ™) eyeTikéTnTa ToVg (ranked by their relevance)

Information retrieval

Avo kpripla

« precision: percentage of the retrieved documents that are relevant to the
query

¢ recall: percentage of relevant documents in the database that are
retrieved in response to a query

@éyuara Baazav Aedopivay 1999-2000 Evayeiia Mtoopé 79

Evpemipia

Evpetipro - (ebyn <keyword, documentid>

ue mbove emmpdcheta medio Onwg moceG Popés eugavileTar o
keyword oto document

we pnxovy avalfong dnuiovpyel éva kevepikd gupemiplo yur
documents mov givat omonkevuéva oe didpopa sites

Oépara Baoewv Aedopivev 1999-2000 Evayyeiia IMrovpa 80

EupeTipia

Inverted files

T kGe 6po (term) puo taévounuévn Aiota (inverted list) and to ids
eV documents ov TEPLEYOVY AVTOV TO GPO

Enmnpocbera, Grot o1 mbavoi Gpot TomobeTovveat o £va SevTEPEHOV
gupetpto (w.y,, B+-8évepo) -- eupetiiplo Aekihoyiov

Conjunction -- &gkwvdvtag omd T cvvtopdtepn Aoto

Oéyara Bacswv Aedoptvay 1999-2000 Evayyeiia Moope 81

Eupemipia
Inverted files
Rid Document Signature Word  Inverted List Hash
1 agent James Bond 1100 agent <12> 1000
2 agent mobile computer 1101 Bond <14> 0100
3 James Madison movie 1011 computer <2> 0100
4 James Bond movie 1110 James <13.4> 1000
Madison ~ <3> 0001
mobile <2> 0001
movie <3,4> 0010

Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mroope 82

EupeTiipia
Signature files

An index record (signature) for each document

Each signature has a fixed size of b bits - b is called the signature width

‘Which bits we set depends on the words that appear on the document
« apply a hash function at each word that appears in the document
« set the bits that appear in the result of the hash function

the same bit may be set twice by different words

Oéyara Bacsw Aedoptvay 1999-2000 Eoayeiia Moopec 83

Eupemipia
Signature files
« Signature S, matches another signature S, if all the bits that are set in
signature S, are also set in signature S,

« If signature S, matches signature S,, then signature S, has at least as
many bits as signature S,

Bépara Baoewy Aedopivay 1999-2000 Evayyeiia ITrovpe. 84
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Euperipia

Signature files

Conjuction

1. Generate the query signature by applying the hash function to
each word in the query

2. Scan the signature file and retrieve all documents whose
signatures match the query signature

3. Retrieve each potential match and check whether it actually
contains the query terms

false positive

@éyuara Baazav Aedopivay 1999-2000 Evayeiia Mtoopéc 85

Evpemipia

Signature files

Disjuction
1. Generate a list of query signature, one for each term in the query

2. Scan the signature file and retrieve all documents whose
signatures match any signature in the list of the query signatures

Oépara Baoewv Aedopivev 1999-2000 Evayyeiia IMrovpa 86

EupeTipia
Signature files

scan the complete signature file

Vertically partition the signature file into a set of bit slices - bit
sliced signature file

For a query with b bits - retrieve only q bit slices

Oéyara Bacswv Aedoptvay 1999-2000 Eoayyeiia Mroopec 87

Eupemipia
Inverted files

Kid Document Signature Word  Inverted List Hash
1 agent James Bond 1100 agent 12> 1000
2 agent mobile computer 1101 Bond <14> 0100
3 James Madison movie 1011 computer  <2> 0100
4 James Bond movie 1110 James 34> 1000
Madison ~ <3> 0001

signature file width 4 mobile <> 0001
movie <3,4> 0010

Queries: “James”, “James” and “Bond”,
“movie” and “Madison”

Oéyara Baoswy Asdoyivay 1999-2000 Evapeiia Mrmoope. 88

15



