Lecture 5:Relational A Igebra
and XM L

M cnday, A pril 26th, 2004

Course Agenda

e Today, XM L and relational algebra
e Nexttwo weeks: the ntermalsof DBM S.

- Covered In gory detailin the book, but sy
tuned for reading assignm ents.

e M ay 20th fot17th!): PhilBemstein on
m eta-data m anagem ent.

e M ay 24th:data Integration.

e M ay 27th: finalexam .

Agenda

e Relationalalgebra
e XML:
— W hatis itand why do w e care?
-Datamodel
- Query Ianguage: X Path
- Realquery language:X Query.
- Generalmm nationsaboutXM L.

Relational A gebma

e Form alian forcreating new relations from
existing ones

e Tisplace n the big picture:

D et
query }A]gebm'—'{ Bnp]ementat:bnl
Janguage
oL, Reltionalalgebra
relational cakulus Rehtonalbag algebra R

. R elational A lgebra
® Five Opemators:
- Union:"
- D ifference: -
- Selection:s

e D erived orauxiliary operators:
- Tntersection, com plem ent
- Joins faturalequi-jpin, theta Join, sem i-pin)
- Renam Ing:r

1.Union and 2.D ifference

eR1 "™ R2
e Example:
- ActiveEmployees " RetiredEm ployees

e R1-R2
e Example:
- ATEmplbyees —RetiredEm ployees




W hatabout Intersection ?

e Tt isaderived operator
eR1 " R2=R1- R1-R2)
e Alo expressed asa pin W illsee later)
® Example
- UninizedEmplyees * RetiredEm ployees

3.Selecton

e Retumsall tuplesw hich satisfy a
condition

e Notation: s, R)

e Examples
= Seumy o EMPIOyEe)
= Sime. we EMpPlyes)

e Theconditionccanbe=,<,£,>,f,<>

Selection Exam ple

Employee

SSN Name DepartmentlD Salary
999999999 John 1 30,000
777777777 Tony 1 32,000
888888888 Alice 2 45,000

Find allem ployeesw ith salary m ore than $40,000.
S camy- 000 EM PIOyEL)

4 . Projection

e Elim lnates coluim ns, then rem oves duplicates

e Notation: P ,, ,,R)

e Exam ple:project social-security num berand
nam es:

P son,vame Empbyee)
— Outputschema: Answer(@SSN ,Name)
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SSN Name DepartmentlD Salary

888888888 A lice 2 45,000
9

Projection Exam ple

Em pbyee

SSN Name DeparmentlD Salary

999999999 John 1 30,000

777777777 Tony 1 32,000

888888888 A lice 2 45,000

P son,name Em ployee)

SSN Name

999999999 John
777777777 Tony
888888888 Alice

5.Cartesian Product

e Each tuple M R1 with each tiple MR 2
e Notation:R1 - R2
e Example:
- Employee - D ependents
e Very rare In practice; m ainly used t©
express pins
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Cartesian Product Exam ple

Em pyee

Name SSN

John 999999999

Tony 777777777

D ependents

EmployeeSSN Dname

999999999 Em iy

777777777 Joe

Em ployee x D ependents

Name SSN EmplbyeeSSN Dname
John 999999999 999999999 Em iy
John 999999999  777T7TTITT Joe
Tony 777777777 999999999 Em ily
Tony 777777777 777777777 Joe

Renam ing

® Changes the schem a, not the insance
® Nowton:ry; 5, R)
e Example:

= Tlsname, Socsoaro EMPIoyes)
- Outputschem a:
Answ erLastN am e, SocSodN 0)
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Renam Ing Exam ple

Em ployee

Name SSN

John 999999999
Tom 177777777

TlaaName, Socsoaro EM Ployee)

LastName SocSodN o
John 999999999
Tony TIT7ITTTTT

N atummlJoin

e Notaton:R1 M R2

e Meaning: RIM R2=P, (5. R1 - R2))

NaturalJoin Exam ple

Em ployee

Name SSN

John 999999999
Tony 777777777
D ependents

SSN Dname
999999999 Emily
77777 Joe

Employee <] Dependents =
PNsme,ssN,DnameLS SSN =SSN 2 EmpbyeexrssNanameD@endems))

Name SSN Dname
John 999999999 Emily
Tom 77T Joe

® W here:
- The selection s, checks equality of allcomm on
attributes
— The projection elim hates the duplicate com m on
attributes
N aturalJonn
e R= N B S= B c
X Y Z U
X Z v w
Y Z Z v
Z v
® R X S=

ISHIERER R k]

2|<|a|<|a]n

< NN NN o
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N aturmlJoin

e G iven the schemasR @ ,B,C,D),S@,C,E),
whatisthe schemaofR X S ?

e GivenR @ ,B,C), SO ,E),whatisR X' S ?

eGivenR @A ,B), S@A,B), whatisRI S ?

Theta Jon
e A pin that nvolves a predicate

0R1[><1qR2 = sq(Rl~R2)
e Here g can be any condition
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Eg-pin

e A theta pIn where g isan equality
®R1M, ,R2 = s, . R1-R2)
® Example:

— Employee Mggy_gqy D ependents

e M ostusefill pin I practice

Sem ipin

®RXS =P ., ,, RMS)
® W hereA,,.. ,A artheatirbutes mnR
® Example:

— Employee X D ependents
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Sem ipins i D istributed
D atabases
e Sem ijpins are used In distrbuted databases

‘ Employee P e - & e O ependem*s)l

o T=PsnSgen O ependents)

R = Emplb; X T
R T ‘Ar}sﬂer:R MDependent;J‘f

Complex RA Expressions

P

name
buyerﬁn sn
pxi-pxi
E'Derfsx—s’x
pii
nam e=fied nam e=gizmo

Product
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O perationson Bags

A bag = a setw ih =peated elem ents

A Nl operations need to be defined carefiilly on bags

e {abbc}” {abbbeffl={aabbbbbceff}

e {abbbecc) - {beeed} = {abbd}

® s, R):preserve the num berof occunences

e P, R):no duplicate elin nation

e Cartesin product, oin: no duplicate elin nation

Tm portant ! R elational Engines w ork on bags, not sets !

Reading assignment:53 - 54

Fially:RA hasLim iations !

e How dowe compute “tansitive closure”?

Namel Name2 Relationship
Fred M ary Father
M ary Joe Cousin
M ary Bill Spouse
Nancy Lou Sister

e Find alldirectand indirect relatives of Fred

26

XM L

XML

® X tensble M arkup Language

e XML 10 -arroommendation fiom W 3C,1998
® Roots: SGM L @ very nasty language) .

e A fierthe roots: a form at for sharing data
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W hy XM L isof mterestto Us

e XM L is justsyntax fordata
- Note:w e have no syntax forrelhtionaldata
- ButXM L isnotrelational: sem istuctured
e This is exciting because:
- Can transhte any daa to XM L
- Canship XM L overtheW eb HTTP)
- Can InputXM L mto any application
— Thus: data sharing and exchange on the W eb

XM L D ata Sharing and Exchange

lP:‘

Specific datam anagem ent tasks 30




From HTM L o XM L

%% Metscape M=
Fle Edi Yiew Go Communcator Help

Bibliography

Foundations af Databases , Abiteboul, Hull, Viam
Addison Wesley, 1995

Data on the Web | Abiteboul, Buneman, Suciu
Morgan Kaufinann, 1999

5] —

HTM L describes the presentation

HTM L

<h1> B ibliography < /hl>

<p> <i> Foundations of D atabases < />
Abieboul, Hull, V ianu
<br> Addison W esley, 1995

<p> <i>Dataon theW eb < /fi>
Abieoul, Bunem an, Suciu
<br> M organ K aufm ann, 1999
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XML

<bivliography>

<book> <ttle> Foundations.. </Aitles
<authors Abiteboul < Authors
<authors Hull < Authors
<authors V fanu < Authors
<publisher> Addison W esky < publishers
<years> 1995 < fears

< Joook>

< bbliogephy>

XM L descrbes the content =

W eb Services

e A new paradigm forcreating distrbuted
applications?

e System s com m unicate viam essages,
contracts.

e Exam ple: orderprocessing system .

e M S NET,J2EE - som e of the platform s

e XM L - apartof the story; the data formm at.
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XM L Tem nology

tags: book, title, author, ...

starttag: <book>, end tag: < book>

elem ents: <books... <books <authors... </Authors
elem ents are nested

em pty elem ent: <red>< fed> ddbrv. <red /s

an XM L docum ent: single rootelement

wellform ed XM L docum ent: fihas m atchhg tags

M ore XM L : A trbutes

<book price = “55” cunrency = “USD “>
< title> Foundations of D atabases < Atle>
<authors A bitgboul < Authors

<year> 1995 < fear>
< Joook>

attrbutes are alrmative ways o representdata
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M ore XM L :0 ds and R eferences

<person ¥="0555"> <name> Jane < /ham e> < person>

<person d="0456"> <name> M ary < fiam e>
<children dref="0123 0555” />

< person>

<person d="“0123" mother= "0456"><nam e>John< fham e>
< foerson>

ois and references 1 XM L are jistsyntax

XM L Semantics:a Tree !

<data>

<person id="0555" >

< pezzon>
<person>

<name> M ary < fEme>
<addmss

<steet M aple < Atrmets

<no> 345 < fi0>

<city> Seattle < fity>
</addess>

<nam e> John < ham e>
<addess> Thaibnd </Addess>
<phone> 23456 < phone>

XMLDaa

® XM L is self-describing
® Schem a elem ents becom e partof the data
- Reational schem a: persons (nam e phone)

- XM L <persons>, <nam e>, <phone> are part
of the data, and are repeated m any tim es

e Consequence:XM L ismuchmore flexible
e XM L = sem istmctured data

- < jperson>
O erm atters !!! 28
RelationalDataasXM L
person XM L:

XM L isSem i-stuctured D ata

e M issing attributes:
<person>  <nam e> John< fiam e>

<phone>1234< phone>
< person>
<person> <nam e>Joe< fiam e>
< person> no phone !
e Could representn
. hon
atblew ihnulls Sl

John 1234

name| phone

/ /
14 v hone

name phone name phone ' name

John 3634 Wohn" 3634 'Sue” 6343 Dik" 6363
<person>
Sue 6343 <10W > <nam e>bhn< ham e>

<phone> 3634< phone>< Aow >
<10W > <nam e>Sue< ham e>
<phone> 6343< phone>

D ick 6363

<10W > <nam e>D ick< ham e>
<phone> 6363< phone>< fow >

< erson>

XM L isSem i-stuctured D ata

® Repeated attributes

<person> <nam e> M ary< ham e>
<phone>2345< phone>
<phone>3456< phone> twophones !
< person>
e Tmpossible in tables:
name phone
M ary 2345 3456 ???
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XM L isSem i-stuctured D ata

e Attrbutesw ith different types in different objects

<person> <name> < first> John < /first>
<Jast> Sm ith < /last>
< /fhame>
<phone>1234< phone>
< fperson>

stmctured name !

® Nested collections (o INF)
* Heterogeneous collections:
- <db> containsboth <book>sand <publisherss

D ocum ent Type D efinitions
DTD
e partof the orignal XM L specification
e an XM L docum entm ay have aDTD
® XM L docum ent:
w ell-form ed = if tags are correctly closed
Vald = if thasaDTD and conform sto it
¢ validation isuseful n data exchange
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Very SmpleDTD

<DOCTYPE com pany [
<ELEMENT company ({person product)*)>
<ELEMENT person (ssn,nam e, office, phone?)>
<ELEMENT ssn #PCDATA)>
<ELEMENT name #PCDATA)
<ELEMENT offce #PCDATA)>
<ELEMENT phone #PCDATA)>
<ELEMENT prwoduct (i, nam e, descrpton?)>
<ELEMENT pd #PCDATA)>
<ELEMENT descrpton #PCDATA)>

>

>

Very SmpleDTD

Example of valid XM L docum ent:

<com pany>

<person> <ssn> 123456789 </ssn>
<nam e> John < fam e>
<offce> B432 < poffce>
<phone> 1234 < fphone>

< person>

<person> <ssn> 987654321 </ssn>
<name> Jin </fame>
<offce> B123 < bffce>

< person>

<pmoducts ... <product>

< fom pany>
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DTD : The ContentM odel

‘ <ELEM ENT tag (CONTENT)>I

content

e Contentmodel: )

— Complex = a regularexpression overothere:
- Textonly = #PCDATA

- Empty = EM PTY

- Any=ANY

- M ixed content= #PCDATA |A |B |C)*

D TD :RegularExpressions

sequence
v

<ELEMENT nam e I <name>
. <fistName> ..... < st am e>
@mtan o, movane) ) | clmene e
<fame>
optional

‘ <ELEMENTname (fistName?, hstName)) I

<pezson>

K1 <name>

<phones .

‘ <ELEMENT person (ham e, phone#*)) I |::> <phone> .

<phone>

atemation <goncns

‘ <ELEMENT person fiam e, fohone em aj])))' 48




Querying XM L Data
e X Path = sin ple navigation through the tree
® XQuery = the SQL of XM L
e X SLT = recursive taversal
- w illnotdiscuss n class

Sample D ata forQueries

<bib>

<book> <publisher> A ddisonW esley < fublishers
<author> Sexge Abitsboul < Authors
<author> <firstnam e> Rick < frstname>

<hstname> Hull< /lastname>

< fauthors
<authors V ictor'V ianu < Authors
<title> Foundations of D atabases < Aitle>
<years 1995 < Arears

< bock>

<book price="55">
<publisher> Freeman < publisher>
<authors Jeffrey D .U Timan < Authors
<title> Principles of D atabase and K now ledge Base System s < Atle>
<year> 1998 < fear>

< oock>

</bib>
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Da@aM odel forX Path

X Path: Sin ple Expressions

Result: <years 1995 < Aear>
<year- 1998 < Aear>

/be/pape:f ea

X Path: R estricted K Jeene C losure
//autho:

R esultxauthors Serge Abiteboul < Authors
<authors < firstnam e> R ik < /frstnam e>
<lastnam e> Hull < lastnam e>
< /author>
<authors V ictorV janu < /Authors
<authors Jeffrey D .U IIlm an < /author>

Joib/fFirstnam e Rick < /firstnam e>

Result: empty (there w exe no papers)
X path: TextN odes
‘ Joib oook Authorext () I
Result: seweAbisboul
Jeffrey D .U Iman

R ick Hull doesn "t appearbecause he has firsmam e, lasmam e

Functions In X Path:
- text() = matches the textvalie
- node() = matchesany node (= * or@ * ortext()
— nam e () = retums the nam e of the cunenttag
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Xpath:W ildcard

R esult: < firstnam e> R ick < firstnam e>
<lastnam e> Hull < /lastnam e>

* M atthes any elem ent

X path: A ttrbute N odes

Joib ook o price
Result: “55”

@ price m eans thatprice ishas to be an
attrbute
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X path : Predicates

| Joibjbock fauthorfisman ] |

Result: <authors < firstnam e> R ick < /firstnam e>
<Jlastnam e> Hull < /lastnam e>
< /author>

Xpath:M ore Predicates

Jbibjbook Author{fistmam €] bdiess /4] [ciy]]/astmam e

Resul:<lastmames .. </lasmames
<lasnames ... </lasmame>
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X path:M ore Predicates

| Joib/book @ price < 60”1

‘ Joiboock lauthore age < “25"]'

| bibjbock uthorext(] |

Xpath: Summ ary
bib matchesabib elem ent.
* m atches any elem ent
/ m atches the 1ootelem ent
Job m atches a bib elem entundermoot
bibpaper m atches a paperi bib
bib/paper m atches a paper bib, atany depth
/foaper m atches a paperatany depth
paperpook m atches a paperora book
@ prce m atches a price attrbute

bib/boock @ price m atthes price attribute 1n book, inbib
bib/boock/fe prce< “55”] /author/lastham e m atches..

60
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Comm entson X Path?

e W hat'sgood about it?
e W hatcan’t itdo thatyou want itto do?
e How does itcom pare, say, to SQL?

XQuery
® Based on Quilt, which isbased on XM L-QL

e UgesX Path to expressm ore com plex
queries
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FLW R (“Flower’) Expressions

X Query

Find allbook titles published after1995:

FOR $x IN docum ent("bib xm 1") bib ook
W HERE S$xAear> 1995
RETURN { $xtite }

Resul:
<ttle> abe < Atle>
<ttle> def < Atle>
<title> ghi< Atle> o

XQuery

Find book ttles by the coauthors of D atzbase
Theory” :

FOR $x IN bibbook [dtleext() = “D atabase Theory”]/Author
Sy IN bib/book uthortext() = $xAext(]Atde

RETURN <answer> { Sy/ext( } </nswer>

Result:
The answ erw il <answ er> abc < /answ er>
contain duplicates ! < answer> def</answer>

<answer> ghi</answer> &

XQuery

Sam e as before, butelin nate duplicates:

FOR $x IN bibbook [dtleext() = “D atabase Theory”]/Author|
$y N distinctbib/book Euthomtext() = $x/text(] Atlke)

RETURN <answer> { Sy/ext( } </nswer>

Result:
disthct= a functon <answ er> abc < /answ er>
thatelin hates dupIrates < answer> def</answer>

<answer> ghi</answer>
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X Query:N esting

Foreach authorof a book by M organ
Kaufm ann, listallbooks she published:

FOR $a N distihctdocum ent("oib xm 1)
Joibbock fpublisher="M organ K aufim ann” ] Author)

RETURN <mesul>

{sa,
FOR $tIN joib/book uthor=$al title

RETURN $t
}

< fesul>

XQuery

Result:

<resul>

<authorsJones< /authors
<title> abe < Atles>
<title> def < Atle>

< fesuls>

<results>
<authors Sm ith < Authors
<title> ghi< Atle>

< fresuls>
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X Query

e FOR $x In expr —binds $x to each value n
the listexpr

e LET $x = expr —binds $x to the entire list
expr
- U sefirl forcom m on subexpressions and for
aggregations

X Query

<biy_publshers>
FOR $p N dithctdocum ent(bb xm 1Y) /fpublsher)
LET $b = docum ent('bb xm 1') book publsher= $p]
W HERE count($b) > 100
RETURN {$p }

</by_publshers>

count = a @ggregate) fincton thatretums the num berofeln s

70

XQuery

Find books w hose price is larger than average:

LET $a=avg docum ent("bb xm 1") bib/book price)
FOR $b 1n docum ent('bb xm 1) bibbock

W HERE $b/price > $a

RETURN {$b}

Let's try to w rite this n SQ L...

XQuery

Summ ary:
¢ FOR-LET-W HERE-RETURN =FLW R

l Litoftupkes

W HERE Clhuse
l Listoftupks

RETURN Chuse

hstance ofXquery data m8Bdel
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FOR vs.LET

FOR
e Bindsnode variablkes ieration

LET
e Bindsoollection vardiables  onevalue

FOR vs.LET

etums:
FOR $x IN docum ent(bb xm 1) bibbock m‘n}f <bociks .« bocko< el

> <book> ..< k: It
RETURN <mesuls { $x } < fesuls> - osamtn

sl <books ... bock>< Aesuls

LET $x IN docum ent(bib xm 1) oiobook Retums:
<mesult> <books ..< bock>
RETURN <msul> { $x } </fesul> <book> ..« pook>

<books ...« pook>
< fesul>
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Collections n X Query

® O rdered and unordered collections

— i ook Author = an ordered collection

- D istinct(bib ook Author) = an unordersd collection
e LET Sa= bibbock Sa isa collection
e $bauthor  acollection (severalauthors...)

Retums:

‘ RETURN <msul> { $bauthor } < Aesul> I <resul <authors ..< Author
<authors...< faithors
<authors ...< Authors

</fesul>

Collections n X Query

W hatabout collections in expressions ?

® $bprice listofn prices

e Shprice * 0.7 listofn num bers

e Shprice * Sbuantty  listofnxm numbers ??

o $bjprice * Ebiuantl + SbAuant2) ,
$b/price * $b/uantl + Sbjprice * $bfuant2 11
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Sorting In X Query

<publisher list>
FOR $p IN distictdocum ent("bib xm 1) /publisher)
RETURN <publishers <name> { $pfext() } <hame> ,
FOR $b IN docum ent(bib xm 1")/book fpublisher= $p]
RETURN <book>
{ sbtie,
$b price

< /book> SORTBY forice DESCEND ING )
< foublisher> SORTBY fhame)
< publisher Tis>

If-Then-Else

FOR $h N /holding
RETURN <holding>
{ $hiide,
T sh/e type = "Joumal"
THEN S$hi&dior
ELSE sh/author

</holding> SORTBY (tite)

78
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Existential Q uantifiers

FOR $b IN /bock
W HERE SOME $p IN $b/fpam SATISFIES
contains ($p, "sailing")
AND contains($p, "w indsurfing")
RETURN { $btike }

Universal Q uantfiers

FOR $b IN /book

W HERE EVERY $p N $b/fam SATISFIES
contains $p, "sailing")

RETURN { $btitke }
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O therStuff n X Query

¢ BEFORE and AFTER
- fordealing w ith order In the Input
e FILTER
— deletes som e edges In the result tree

e Recursive fimctions
- Cunently : artbitrary recursion
- Perhapsm ore restrictions in the future ?

FnalCommentson XM L

e How arewe going to processXM L
- Specialpurpose XM L enghes, or
— Add finctonality to relational engines?

® Need tomanage XM L streams.

e Here, data m anagem ent ism uch closerto
otherprogram m Ing tasks.

82
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