Lecture 11.:
Xpath/XQuery

Wednesday, April 17, 2007



Outline

e XPath
e XQuery

 See recommend readings In previous lecture



Querying XML Data

o XPath = simple navigation through the tree
o XQuery =the SQL of XML

e XSLT =recursive traversal
— will not discuss In class



Sample Data for Queries

<bib>

<book> <publisher Addison-Wesley gublishep
<authop Serge Abiteboul siuthop
<authop <first-name> Rick <first-name>

<last-name Hull </last-name

</authop
<authop Victor Vianu <aAuthop
<title> Foundations of Databasegit¢>
<yeapr 1995 <year

</book>

<bookprice=“55">
<publisher Freeman fublishep
<authop Jeffrey D. Ullman <duthop
<title> Principles of Database and Knowledge Base Systéitis>
<yeaPr 1998 <year

</book>

</bib>




Data Model for XPath

/

The root

bib | The root element

Addison-Wesley Serge Abiteboul




XPath: Simple Expressions

/bib/book/yeal

Result: gear 1995 <year
<yeap> 1998 <feapr

/bib/paper/yeg'r

Result: empty (there were no papers)

/bib What's the diffe :




XPath: Restricted Kleene Closure

//autho:'

Resultzauthor Serge Abiteboul sluthop
<authop <first-name> Rick <first-name>
<last-name Hull </last-name
</authop
<authop Victor Vianu <Authop
<authop Jeffrey D. Ullman <duthop

/bib//first-namﬂ Rick <first-name>



Xpath: Attribute Nodes

/bib/book/@pricﬂ;

Result: “55”

@pricemeans that price Is has to be an
attribute



Xpath: Wildcard

//author/*l

Result:<first-name> Rick <first-name
<last-name Hull </last-name

* Matches any element
@* Matches any attribute



Xpath: Text Nodes
/bib/book/authorext() I)

Result: Serge Abiteboul
Victor Vianu
Jeffrey D. Ullman

Rick Hull doesn’t appear because he tiasname lastname

Functions in XPath:
— text() = matches the text value
— node() = matches any node (= * or @* wxi())
— name(= returns the name of the current tag
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Xpath: Predicates

/bib/book/author[firstnamé]

Result:<authop <first-name> Rick <first-name
<last-name Hull </last-name
</authop
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Xpath: More Predicates

/bib/book/author[firsthname][address|.//zip][cityd5tnam

Result:<lastname ... </lastnamge
<lasthame ... </lasthame

How do we read this ?
First remove all qualifiers (predicates):.

/bib/book/author /Iastnaﬂ@

Then add them one by one:

/bib/book/author[firstname][address]/lastnflﬁ% etc
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Xpath: More Predicates

/bib/book[@price < 69}
/bib/book[author/@age < Zﬁ]

/bib/book[authoriext()] |
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Xpath: Position Predicates

Ibib/book(2]] " The 2nd book

/bib/book[last()]

/bib/book[@year = 1998] [m
/bib/book[2][@year = 199@‘




Xpath: More Axes

. meansurrent node /bib/book[.//review'
/bib/book[./review' Same as /bib/book[revieW]I

/bib/authory/. /firstnam|§ame as /bib/author/firstnamk
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Xpath: More Axes

.. meangarent node

/bib/authorl/.. /author/zilp, Same as /bib/author/ziEI)
/bib/book[.//review/../commentﬁ]

Same as

/bib/book[.//*[comments][review]l]

Hint; don’t use .|
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Xpath: Summary

bib matches #&ib element

* matches any element

/ matches theoot element

/bib matches &ib element underroot
bib/paper matches a@apern bib

bib//paper matches aaperin bib, at any depth
lpaper matches a paper at any depth
paper|book matches @aperor abook

@price matches ariceattribute

bib/book/@ pricematchesriceattribute inbook, in bib
bib/book[@price<“55")/author/lastnamenatches...
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XQuery
e Based on Quilt, which Is based on XML-QL

 Uses XPath to express more complex
gueries

18



FLWR (“Flower”) Expressions

WHERE ..
RETURN..
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FOR-WHERE-RETURN

Find all book titles published after 1995:

FOR$X IN document("bib.xml"Yib/book
WHERE $x/yeartext() > 1995

RETURN $x/title

Result:
<title> abc <fitle>
<title> def <fitle>
<title> ghi <title> .



FOR-WHERE-RETURN

Equivalently (perhaps more geekish)

FOR$x IN document("bib.xml"Yib/book[yeaftext() > 1995] iitle
RETURN $x

And even shorter:

document("bib.xml"Yib/book[yeaftext() > 1995] title I
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COERCION

The query:

FOR$x IN document("bib.xml"¥ib/book[year> 1995] fitle

RETURN $x

Is rewritten by the system into:

FOR$x IN document("bib.xml"Yib/book[yeaftext() > 1995] iitle
RETURN $x




FOR-WHERE-RETURN

* Find all book titles and the year when they

were published:

FOR$x IN document("bib.xmlI")bib/book
RETURN<answep
<title>{ $x/title/text() } <ftitle>
<year{ $x/yeartext() } <fyear

<fanswep

Result:
<answep <title> abc <fitle> <year 1995 </jear> </answep
<answep <title> def <fitle> <year> 2002 </year> </answep
<answep <title> ghk <fitle> <year> 1980 </year> </answsp



FOR-WHERE-RETURN

* Notice the use of {* and “}"

 \What is the result without them ?

FOR$x IN document("bib.xmlI")bib/book
RETURN<answep
<title> $x/title/text() <title>
<yeap $x/yeartext() <jear |-

<fanswep

<answep <title> $x/title/text() <title> <year $x/yeartext() <feap> </answep
<answep <title> $x/title/text() <title> <year $x/yeartext() <fear </answep

<answep <title> $x/title/text() <title> <year $x/yeartext() <keap> </answep,



Nesting

For each author of a book by Morgan
Kaufmann, list all books she published:

FORS$bIN document(“bib.xmlI”)bib,
$alN $h/booK publishertext()=“Morgan Kaufmann”Huthorfl 5
RETURN<result
{ $a,
FORS$t IN $k/bool authortext()=Satext()]fiitle
RETURN $t

}

<[result

In the RETURNclause comma concatenates XML fragmants




Result

<result
<authoprJones<duthop
<title> abc <fitle>
<title> def <fitle>

<[result

<result
<author Smith <Authop |-
<title> ghi <title>

<[result>
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Aggregates

Find all books with more than 3 authors:

FOR$x IN document("bib.xmlI")bib/book
WHERE coun($x/autho)>3
RETURN $x

count = a function that counts

avg = computes the average

sum = computes the sum
distinct-values = eliminates duplicates
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Aggregates

Same thing:

FOR$XIN document("bib.xml")bib/bool coun(autho)>3] ;
RETURN $x
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Eliminating Duplicates

Print all authors:

FOR$alN distinct-valuegbl/book/authottext()) i)
RETURN<authopr { $a} </authopr

Note: distinct-values applies ONLY to values, NO&naents
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The LET Clause

Find books whose price is larger than average:

FOR$bin document(*bib.xml”)bib
LET $a=avg$k/bookpricetext())
FOR$x in $h/book

WHERE $x/pricetext() >%$a
RETURN $x
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Flattening

 Compute a list of (author, title)

pairs

Input:

<book>
<title> Databases #fle>
<author Widom <authop
<authop Ullman <fauthop

FORS$bIN document("bib.xml"Ypib/book, f </answer

$x IN $httitle/text(),
$y IN $h/authortext()
RETURN<answep

<title> { $x } </title>
<authop { $y } </authopr
</answep

Output:
<answep
<title> Databases tfle>
<author Widom <authop
</answep
<answep
<title> Databases tfle>
<author Ullman <authop
</answep 31



Re-grouping

e For each author, return all titles of her/his

books
Result:
FORS$bIN document("bib.xml")bib, <a2§\$\$xgp efg <Authop
$x IN $k/bookauthortext() <title> abc <fitle>
RETURN <title> klm <title>
<answep S
<authop { $x} </authop </answep
FOR $y IN $k/book[authoftext()=$x]/title
</answer duplicate

authors ?,,




Re-grouping

e Same, but eliminate duplicate authors:

FOR$b IN document("bib.xmlI")bib

LET $a:= distinct-value¢bt/bookauthoftext()) )
FOR%$xIN $a
RETURN
<answep
<authop $x </author
{ FOR $vy IN $h/book[authoftext()=$x]/title
RETURNS$y}

</answep
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Re-grouping

e Same thing:

FORS$bIN document("bib.xmlI™"ib,
$xIN distinct-valueSh/bookauthortext()) |
RETURN
<answep
<authop $x </authop
{ FOR $y IN $h/book[authoftext()=$x]/title
RETURNS$y }

</answep
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SQL and XQuery Side-by-side

Find all product names, prices,

Product(pid, name, maker, price) sort by price

SELECT x.name, [I| FOR$xin document(“db.xmI"yib/Productrow
x.price ORDER BY $x/pricetext()
FROM Product x ||| RETURN<answep

ORDER BY x.price { $x/name, $x/price}
</answep
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<answep

Xquery’'s Answer

<name> abc <hame
<price> 7 <frice>

<fanswep
<answep

<name> def <hame

<price> 23 <price>

<fanswep

Notice: this is NOT a
well-formed document !
(WHY ?7?7?)
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Producing a Well-Formed
Answer

<myQuery
{ EOR $xin document(“db.xml”)Y/Productrow

ORDER BY $x/pricetext()
RETURN<answep
{ $x/name, $x/price}
</answep

}
</myQuery
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Xquery’'s Answer

<myQuery
<answep

<name> abc <hame
<price> 7 <frice>
</answep
<answep
<name> def <hame
<price> 23 <price>
</answep

Now it is well-formed !

</myQuery
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SQL and XQuery Side-by-side

Product(pid, name, maker, price)
Company(cid, name, city, revenue

FOR$rin document(“db.xml”)db, |
$xin $r/Productrow,
$y in $r/Companyrow
WHERE
$x/makerftext()=by/cid/text()
and $y/city/text() = “Seattle”
ETURN{ $x/name}

FOR$y in /db/Companyrow][city/text()="Seattle”],
Cool $xin /d/Productrow[makertext()=$y/cidext()] |
XQUEerY /™ | RETURN{ $x/name}

5ind all products made in Seattle

SELECT x.name
FROM Product x, Company}\
WHERE x.maker=y.cid

and y.city="Seattle”




<product
<row> <pid> 123 <pid>
<name> abc <hame
<makep efg <imakep
</row>
<row> .... <fow>
</product
<product

</product
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SQL and XQuery Side-by-side

For each company with revenues < 1M count the ptsdover $100

SELECT y.name, count(*)

FROM Product x, Company y

WHERE x.price > 100 and x.maker=y.cid and y.revenqud®0000
GROUP BY y.cid, y.name

FOR $r in document(“db.xml”)db,
$y in $r/'Companyrow[revenue/text()<1000000]
RETURN
<proudCompany
<companyName { $y/namétext() } </companyNane
<numberOfExpensiveProduets
{ coun($r/Productrow] makertext()=by/cid/text()][pricetext()>100]) }
</numberOfExpensiveProduects
</proudCompany




SQL and XQuery Side-by-side

Find companies with at least 30 products, and tngrage price

SELECT y.name, avg(x.pric )
FROM Product x, Company An element
WHERE x.maker=y.cid

GROUP BY y.cid, y.name FOR$r%ﬁ)cument(“db.xml”)db,
HAVING count(*) > 30 $y in $r/'Companyrow
LET $p := $r/Productrow] makertext()=py/cid/text()] )]

“WHERE coun($p) > 30
A collection RETURN
<theCompany

<companyName { $y/namétext() }

</companyName

<avgPrice av($p/pricetext()) <avgPrice
</theCompany
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