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Basi
sWhy XQuery?XQuery, the XML query language promoted by the W3C. See:http://www.w3.org/XML/QueryChe
k your queries online (synta
ti
 analysis):http://www.w3.org/2005/qt-applets/xqueryApplet.htmlSample queries: http://www.w3.org/TR/xquery-use-
ases/XQuery vs XSLTXSLT is a pro
edural language, good at transforming XML do
umentsXQuery is a de
larative language, good at e�
iently retrieving some
ontent from large (
olle
tions of) do
umentsRemarkIn many 
ases, XSLT and XQuery 
an be used inter
hangeably. The 
hoi
eis a matter of 
ontext and/or taste.I. Manoles
u (Leo team) XQuery January 4, 2010 2 / 1



Basi
sMain prin
iplesThe design of XQuery satis�es the following rules:Closed-form evaluation. XQuery relies on a data model, and ea
h querymaps an instan
e of the model to another instan
e of themodel.Composition. XQuery relies on expressions whi
h 
an be 
omposed to formarbitrarily ri
h queries.Type awareness. XQuery may asso
iate an XSD s
hema to queryinterpretation. But XQuery also operates on s
hema-freedo
uments.XPath 
ompatibiliy. XQuery is an extension of XPath 2.0 (thus, any XPathexpression is also an XQuery expression).Stati
 analysis. Type inferen
e, rewriting, optimisation: the goal is toexploit the de
larative nature of XQuery for 
lever evaluation.At a synta
ti
 level, XQuery aims at remaining both 
on
ise and simple.I. Manoles
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XQuery Data ModelA simple model for do
ument 
olle
tionsA value is a sequen
e of 0 to n items.An item is either a node or an atomi
 value.There exist 7 kinds of nodes:Do
ument, the do
ument root;Element, named, mark the stru
ture of the do
ument;Attributes, named and valued, asso
iated to an Element;Text, unnamed and valued;Comment;Pro
essingInstru
tion;Namespa
e.The model is quite general: everything is a sequen
e of items. This 
oversanything from a single integer value to wide 
olle
tions of larges XMLdo
uments.I. Manoles
u (Leo team) XQuery January 4, 2010 4 / 1



XQuery Data ModelExamples of valuesThe following are example of values47 : a sequen
e with a single item (atomi
 value);<a/> : a sequen
e with a single item (Element node);(1, 2, 3) : a sequen
e with 3 atomi
 values.(47, <a/>, "Hello") : a sequen
e with 3 items, ea
h of di�erentkinds.() the empty sequen
e;an XML do
ument;several XML do
uments (a 
olle
tion).
I. Manoles
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XQuery Data ModelSequen
es: detailsThere is no distin
tion between an item and a sequen
e of length 1 ⇒everything is a sequen
e.Sequen
e 
annot be nested (a sequen
e never 
ontains another sequen
e)The notion of �null value� does not exist in the XQuery model: a value isthere, or not.A sequen
e may be emptyA sequen
e may 
ontain heterogeneous items (see previous examples).Sequen
es are ordered: two sequen
es with the same set of items, butordered di�erently, are di�erent.I. Manoles
u (Leo team) XQuery January 4, 2010 6 / 1



XQuery Data ModelItems: detailsNodes have an identity; values do not.Element and Attribute have type annotations, whi
h may be inferredfrom the XSD s
hema (or unknown if the s
hema is not provided).Nodes appear in a given order in their do
ument. Attribute order isunde�ned.
I. Manoles
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XQuery Data ModelSynta
ti
 aspe
ts of XQueryXQuery is a 
ase-sensitive language (keywords must be written inlower
ase).XQuery builds queries as 
omposition of expressions.An expression produ
es a value, and is side-e�e
t free (no modi�
ation ofthe 
ontext, in parti
ular variable values).XQuery 
omments 
an be put anywhere. Syntax:(: This is a 
omment :)I. Manoles
u (Leo team) XQuery January 4, 2010 8 / 1



Formulating queries PreliminariesEvaluation 
ontextAn expression is always evaluated with respe
t to a 
ontext. It is a slightgeneralization of XPath and XSLT 
ontexts, and in
ludes:Bindings of namespa
e pre�xes with namespa
es URIsBindings for variablesIn-s
ope fun
tionsA set of available 
olle
tions and a default 
olle
tionDate and timeContext (
urrent) nodePosition of the 
ontext node in the 
ontext sequen
eSize of the sequen
eI. Manoles
u (Leo team) XQuery January 4, 2010 9 / 1



Formulating queries PreliminariesXQuery expressionsAn expression takes a value (a sequen
e of items) and returns a value.Expressions may take several formspath expressions;
onstru
tors;FLWOR expressions;list expressions;
onditions;quanti�ed expressions;data types expressions;fun
tions.I. Manoles
u (Leo team) XQuery January 4, 2010 10 / 1



Formulating queries PreliminariesSimple expressionsValues are expressions:Literals: 'Hello', 47, 4.7, 4.7E+2Built values: date(`2008-03-15'), true(), false()Variables: $xBuilt sequen
es: (1, (2, 3), (), (4, 5)), equiv. to (1, 2, 3, 4,5), equiv. to 1 to 5.An XML do
ument is also an expression.<employee empid="12345"><name>John Doe</name><job>XML spe
ialist</job><deptno>187</deptno><salary>125000</salary></employee>The result of these expressions is the expression itself!I. Manoles
u (Leo team) XQuery January 4, 2010 11 / 1



Formulating queries PreliminariesRetrieving do
uments and 
olle
tionsA query takes in general as input one or several sequen
es of XMLdo
uments, 
alled 
olle
tions.XQuery identi�es its input(s) with the following fun
tions:do
() takes the URI of an XML do
ument and returns a singletondo
ument tree;
olle
tion() takes a URI and returns a sequen
e.The result of the do
() fun
tion is the root node of the do
ument tree,and its type is Do
ument.I. Manoles
u (Leo team) XQuery January 4, 2010 12 / 1



Formulating queries PreliminariesXPath and beyondAny XPath expression is a query. The following retrieves all the moviestitles in the movies 
olle
tion (for movies published in 2005).
olle
tion('movies ')/movie[year=2005℄/titleThe result is a sequen
e of title nodes:<title>A History of Violen
e</title><title>Mat
h Point</title>RemarkThe XPath expression is evaluated for ea
h item (do
ument) in thesequen
e delivered by 
olle
tion('movies').I. Manoles
u (Leo team) XQuery January 4, 2010 13 / 1



Formulating queries PreliminariesConstru
torsXQuery allows the 
onstru
tion of new elements, whose 
ontent may freelymix literal tags, literal values, and results of XQuery expressions.<titles>{
olle
tion('movies ')//title}</titles>Expressions 
an be used at any level of a query, and a 
onstru
tor mayin
lude many expressions.RemarkAn expression e must be surrounded by 
urly bra
es {} in order to bere
ognized and pro
essed.I. Manoles
u (Leo team) XQuery January 4, 2010 14 / 1



Formulating queries PreliminariesConstru
torsOther element 
onstru
tors<
hapter ref="[{1 to 5, 7, 9}℄">same as:<
hapter ref="[1 2 3 4 5 7 9℄"><
hapter ref="[1 to 5, 7, 9℄">same as<
hapter ref="[1 to 5, 7, 9℄">The 
onstru
tor:<paper >{$myPaper/�id}</paper >will 
reate an element of the form:<paper id="271"></paper >I. Manoles
u (Leo team) XQuery January 4, 2010 15 / 1



Formulating queries PreliminariesVariablesA variable is a name that refers to a value. It 
an be used in any expression(in
luding identity) in its s
ope.<employee empid="{$id}"><name >{$name}</name>{$job}<deptno >{$deptno}</deptno><salary >{$SGMLspe
ialist+100000}</salary></employee >Variables $id, $name, $job, $deptno and $SGMLspe
ialist must bebound to values.
I. Manoles
u (Leo team) XQuery January 4, 2010 16 / 1



Formulating queries FLWOR expressionsFLWOR expressionsThe most powerful expressions in XQuery. A FLWOR (��ower�) exp.:iterates over sequen
es (for);de�nes and binds variables (let);apply predi
ates (where);sort the result (order);
onstru
t a result (return).An example (without let):for $m in 
olle
tion('movies ')/moviewhere $m/year >= 2005return<film >{$m/title/text()},(dire
tor: {$m/dire
tor/last_name/text()})</film >I. Manoles
u (Leo team) XQuery January 4, 2010 17 / 1



Formulating queries FLWOR expressionsFLWOR expressions and XPathIn its simplest form, a FLWR expression provides just an alternative toXPath expressions. For instan
e:let $year :=1960for $a in do
('SpiderMan.xml ')//a
torwhere $a/birth_date >= $yearreturn $a/last_nameis equivalent to the XPath expression//a
tor[birth_date >=1960℄/last_nameNot all FLWR expressions 
an be rewritten with XPath.
I. Manoles
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Formulating queries FLWOR expressionsA 
omplex FLWOR example"Find the des
ription and average pri
e of ea
h red part that has at least10 orders" (assume 
olle
tions parts.xml and orders.xml):for $p in do
("parts.xml")//part[
olor = "Red"℄let $o := do
("orders.xml")//order[partno = $p/partno℄where 
ount($o) >= 10order by 
ount($o) des
endingreturn<important_red_part >{ $p/des
ription }<avg_pri
e > {avg($o/pri
e)} </avg_pri
e ></important_red_part >
I. Manoles
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Formulating queries FLWOR expressionsfor and letBoth 
lauses bind variables. However:for su

essively binds ea
h item from the input sequen
e.for $x in /
ompany/employee binds ea
h employee to $x,for ea
h item in the 
ompany sequen
e.let binds the whole input sequen
e.let $x := /
ompany/employee binds $x to all theemployees in 
ompany.Note the for may range over an heterogeneous sequen
e:for $a in do
("Spider-Man.xml")//*where $a/birth_date >= 1960return $a/last_nameHere, $a is bound in turn to all the elements of the do
ument! (Does itwork? Yes!)I. Manoles
u (Leo team) XQuery January 4, 2010 20 / 1



Formulating queries FLWOR expressionsfor + return = an expression!The 
ombination for and return de�nes an expression: for de�nes theinput sequen
e, return the output sequen
e.A simple loop:for $i in (1 to 10) return $iNested loops:for $i in (1 to 10) returnfor $j in (1 to 2) return $i * $jSynta
ti
 variant:for $i in (1 to 10),$j in (1 to 2) return $i * $jCombination of loops:for $i in (for $j in (1 to 10) return $j * 2)return $i * 3I. Manoles
u (Leo team) XQuery January 4, 2010 21 / 1



Formulating queries FLWOR expressionsDe�ning variables with letlet binds a name to a value, i.e., a sequen
e obtained by any 
onvenientmean, ranging from literals to 
omplex queries:let $m := do
("movies/Spider-Man.xml")/moviereturn $m/dire
tor/last_nameA variable is just a synonym for its value:let $m := do
("movies/Spider-Man.xml")/moviefor $a in $m/a
torreturn $a/last_nameThe s
ope of a variable is that of the FLWR expression where it is de�ned.Variables 
annot be rede�ned or updated within their s
ope.I. Manoles
u (Leo team) XQuery January 4, 2010 22 / 1



Formulating queries FLWOR expressionsThe where 
lausewhere is quite similar to its SQL synonym. The di�eren
e lies in the mu
hmore �exible stru
ture of XML do
uments.�Find the movies dire
ted by M. Allen�for $m in 
olle
tion("movies")/moviewhere $m/dire
tor/last_name="Allen"return $m/titleLooks like a SQL query? Yes but predi
ates are interpreted a

ording tothe XPath rules:1 if a path does not exists, the result is false, no typing error!2 if a path expression returns several nodes: the result is true if there isat least one mat
h.�Find movies with Kirsten Dunst� (note: many a
tors in a movie!)for $m in 
olle
tion("movies")/moviewhere $m/a
tor/last_name="Dunst"return $m/titleI. Manoles
u (Leo team) XQuery January 4, 2010 23 / 1



Formulating queries FLWOR expressionsThe return 
lausereturn is a mandatory part of a FLWR expression. It is instantiated on
efor ea
h binding of the variable in the for 
lause.for $m in 
olle
tion("movies")/movielet $d := $m/dire
torwhere $m/a
tor/last_name="Dunst"return<div >{$m/title/text(), "dire
ted by",$d/first_name/text(), $d/last_name/text()},with<ol>{for $a in $m/a
torreturn <li >{$a/first_name , $a/last_name ," as ", $a/role}</li>}</ol></div >I. Manoles
u (Leo team) XQuery January 4, 2010 24 / 1



Formulating queries FLWOR expressionsJoinsNested FLWOR expressions makes it easy to express joins on do
ument, àla SQL:for $p in do
("taxpayers.xml")//personfor $n in do
("neighbors.xml")//neighborwhere $n/ssn = $p/ssnreturn<person><ssn > { $p/ssn } </ssn >{ $n/name }<in
ome> { $p/in
ome } </in
ome></person>RemarkThe join 
ondition 
an be expressed either as an XPath predi
ate in these
ond for, or as a where 
lause.I. Manoles
u (Leo team) XQuery January 4, 2010 25 / 1



Formulating queries FLWOR expressionsJoin and grouping�Get the list of departments with more than 10 employees, sorted on theaverage salary�for $d in do
("depts.xml")//deptnolet $e := do
("emps.xml")//employee[deptno=$d℄where 
ount($e) >= 10order by avg($e/salary) des
endingreturn <big -dept >{ $d,<head
ount >{
ount($e)}</head
ount >,<avgsal >{avg($e/salary)}</avgsal>}</big -dept>I. Manoles
u (Leo team) XQuery January 4, 2010 26 / 1



Formulating queries Other expressionsOperations on listsXQuery proposes operators to manipulate lists:1 
on
atenation2 set operations: (union, interse
tion, di�eren
e)3 Fun
tions (remove(), index-of (), 
ount(), avg(), min(), max(), et
.)The distin
t values from a list 
an be gathered in another list. (This losesidentity and order.)�Give ea
h publisher with their average book pri
e�for $p indistin
t -values(do
("bib.xml")//publisher)let $a :=avg(do
("bib.xml")//book[publisher=$p℄/pri
e)return<publisher ><name >{ $p/text() }</name><avgpri
e >{ $a }</avgpri
e ></publisher >I. Manoles
u (Leo team) XQuery January 4, 2010 27 / 1



Formulating queries Other expressionsif-then-else expressions�Give the holding of published do
uments�for $h in do
("library.xml")//holdingreturn<holding >{ $h/title ,if ($h/�type = "Journal")then $h/editorelse $h/author }</holding >
I. Manoles
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Formulating queries Other expressionssome expressionssome expresses the existential quanti�er:�Get the do
ument that mention sailing and windsur�ng a
tivities�for $b in do
("bib.xml")//bookwhere some $p in $b//paragraphsatisfies (
ontains($p,"sailing")and 
ontains($p,"windsurfing"))return $b/title
I. Manoles
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Formulating queries Other expressionsevery expressionsevery expresses the universal quanti�er:�Get the do
ument where ea
h paragraph talks about sailing�for $b in do
("bib.xml")//bookwhere every $p in $b//paragraphsatisfies 
ontains($p,"sailing")return $b/title
I. Manoles
u (Leo team) XQuery January 4, 2010 30 / 1



More on XQueryXQuery pro
essing model
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More on XQueryWhen XQuery doesn't behave as expe
ted
1 The query does not parse (applet grammar 
he
k page) ⇒reformulate it. You may start from the XQuery use 
ases.2 The query parses, but does not work.3 The query works, but the results are unexpe
ted ⇒ �gure out whatthe parser understood.
I. Manoles
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More on XQueryWhen XQuery doesn't behave as expe
tedSometimes the query parses but will not work (the engine will refuse it).The parser only 
he
ks that the produ
tion is well-formed. It does not
he
k that the 
ontext provides su�
ient information to run the query:the fun
tions 
alled in the query are de�nedthe variables referred in the query are de�nedthe numeri
 operations are legal et
.This query parses but it does not work:for $x in do
("bib.xml")//bookreturn <res1 >{$x/title}</res1 >,<res2 >{$x/author}</res2 >org.exist.xquery.XPathEx
eption:variable $x is not bound.I. Manoles
u (Leo team) XQuery January 4, 2010 33 / 1



More on XQueryWhen XQuery doesn't behave as expe
tedSometimes the query parses but will not work (the engine will refuse it).This query parses but it does not work:for $x in do
("bib.xml")//bookreturn <res1 >{$x/title}</res1 >,<res2 >{$x/author}</res2 >org.exist.xquery.XPathEx
eption:variable $x is not bound.The parser saw this as a sequen
e formed of:a for-return expressiona path expressionYou probably meant:for $x in do
("bib.xml")//bookreturn (<res1 >{$x/title}</res1 >,<res2 >{$x/author}</res2 >)I. Manoles
u (Leo team) XQuery January 4, 2010 34 / 1



More on XQueryWhen XQuery doesn't behave as expe
tedThe query gives unexpe
ted results:Query//book[pri
e<"39.95"℄ Result<book year="1999"><title>The E
onomi
s of Te
hnology...</title><editor><last>Gerbarg</last><�rst>Dar
y</�rst><a�liation>CITI</a�liation></editor><publisher>Kluwer A
ademi
 Publishers</publisher><pri
e>129.95</pri
e></book>I. Manoles
u (Leo team) XQuery January 4, 2010 35 / 1



More on XQueryWhen XQuery doesn't behave as expe
tedThe query gives unexpe
ted results:Query//book[pri
e<"39.95"℄ Parsing tree (partial):
The 
omparison is done in the string domain.I. Manoles
u (Leo team) XQuery January 4, 2010 36 / 1



More on XQueryWhen XQuery doesn't behave as expe
tedThe query gives unexpe
ted results:This query has the desired meaning:Query//book[pri
e<39.95℄ Parsing tree (partial):
This time, the 
omparison is done in the numeri
 domain.I. Manoles
u (Leo team) XQuery January 4, 2010 37 / 1



More on XQueryWhen XQuery doesn't behave as expe
tedfor $b in do
("bib.xml")//book return bla
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More on XQueryWhen XQuery doesn't behave as expe
tedThe query gives unexpe
ted resultsfor $b in do
("bib.xml")//book return blaThe last part of the expression is a path expression testing if the 
ontextnode is named bla.If the 
ontext is empty, the query has an empty result.Maybe you meant:for $b in do
("bib.xml")//book return "bla"
I. Manoles
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More on XQueryMore on 
omparisons1 Two atomi
 values:
◮ determine the types of both operands
◮ 
ast then to a 
ommon type
◮ 
ompare the values a

ording to the rules of that type2 One atomi
 value and a node:
◮ Cast the node to a string, then pro
eed as above.3 Two lists (one list may be of length one):
◮ Compare all list item pairs, return true if the predi
ate is satis�ed atleast for one item pair.Casting is des
ribed in the XQuery Fun
tions and Operators do
ument.
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More on XQueryGoing in depth: W3C spe
i�
ationsWeb do
uments found under http://www.w3.org. Not arti
les! Typi
allyvery long but navigable. The Introdu
tion 
lari�es the do
ument role, thengo dire
tly to the interesting (sub)se
tions.XML spe
i�
ation:XML and DTDsNamespa
es in XMLXML S
hemaXQuery spe
i�
ation:XQuery 1.0 spe
i�
ation (syntax)XPath fun
tions and operators (op:equal, fn:text,fn:distin
t-values, fn:do
ument, op:gt, ...)XQuery data modelI. Manoles
u (Leo team) XQuery January 4, 2010 41 / 1



More on XQueryXQuery implementationsAmong those that are free and/or open-sour
e:Galax : 
omplete, not very e�
ientSaxon : in memory; by Mi
hael Kay, XSL guruMonetDB : based on in-memory 
olumn-oriented engine; among thefastesteXist : very user-friendly interfa
eQizX : Xavier Fran
. Ni
e but not greatBerkeleyDB XML : now belongs to Ora
le
I. Manoles
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More on XQuerySQL/XML: bridging the two worldsRe
ent SQL versions (2003) in
lude:a native XML atomi
 type, whi
h 
an be queried in XQuery stylea set of XML publishing fun
tions: extra
ting XML elements out ofrelational data by queryingmapping rules: exporting relational tables in XMLAdvantages:Uni�ed manipulation of relational and XML dataE�
ient relational query engine well exploitedEase of transformation from one format to anotherDisadvantage:ComplexityI. Manoles
u (Leo team) XQuery January 4, 2010 43 / 1



More on XQuerySQL/XML: bridging the two worldsXML publishing fun
tions:sele
t xmlelement(name Customer ,xmlattributes(
.
ity as 
ity),xmlforest(
.CustID,
.Name as CustName))from 
ustomer 
Mixed querying:sele
t 
ustomer , XMLExtra
t(order , '/order/�date ')from orderswhere XMLExists(order ,'/order [//des
/text()="Shoes"℄')=1The pre
ise SQL/XML syntax sometimes depends on the vendor.I. Manoles
u (Leo team) XQuery January 4, 2010 44 / 1
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