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Lecture Outline
NaƟve XML databases

• General introducƟon
XQuery and XPath

• Data model
• Query expressions

Path expressions
FLWOR expressions
Constructors, condiƟons, quanƟfiers, comparisons, …
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XQuery and XPath
XML Query Language
XML Path Language



IntroducƟon
XPath = XML Path Language

• NavigaƟon in an XML tree,
selecƟon of nodes by a variety of criteria

• Versions: 1.0 (1999), 2.0, 3.0, 3.1 (March 2017)
• W3C recommendaƟon

hƩps://www.w3.org/TR/xpath-31/

XQuery = XML Query Language
• Complex funcƟonal query language
• Contains XPath
• Versions: 1.0 (2007), 3.0 (2014), 3.1 (March 2017)
• W3C recommendaƟon

hƩps://www.w3.org/TR/xquery-31/
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Sample Data

<?xml version="1.1" encoding="UTF-8"?>
<movies>

<movie year="2006" rating="76" director="Jan Svěrák">
<title>Vratné lahve</title>
<actor>Zdeněk Svěrák</actor>
<actor>Jiří Macháček</actor>

</movie>
<movie year="2000" rating="84">

<title>Samotáři</title>
<actor>Jitka Schneiderová</actor>
<actor>Ivan Trojan</actor>
<actor>Jiří Macháček</actor>

</movie>
<movie year="2007" rating="53" director="Jan Hřebejk">

<title>Medvídek</title>
<actor>Jiří Macháček</actor>
<actor>Ivan Trojan</actor>

</movie>
</movies>
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Sample Data
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Data Model
XDM = XQuery and XPath Data Model

• XML tree consisƟng of nodes of different kinds
Document, element, aƩribute, text, …

• Document order / reverse document order
The order in which nodes appear in the XML file

– I.e. nodes are numbered using a pre-order depth-first traversal

Query result
• Each query expression is evaluated to a sequence
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Data Model
Sequence = ordered collecƟon of nodes and/or atomic values

• AutomaƟcally flaƩened
E.g.: (1, (), (2, 3), (4)) ⇔ (1, 2, 3, 4)

• Standalone items are treated as singleton sequences
E.g.: 1 ⇔ (1)

• Can bemixed
But usually just nodes, or just atomic values

• Duplicate items are allowed

B4M36DS2, BE4M36DS2: Database Systems 2 | Lecture 3: XML Databases: XQuery | 16. 10. 2017 8



Expressions
XQuery expressions

• Path expressions (tradiƟonal XPath)
SelecƟon of nodes of an XML tree

• FLWOR expressions
for … let … where … order by … return …

• CondiƟonal expressions
if … then … else …

• Switch expressions
switch … case … default …

• QuanƟfied expressions
some|every … satisfies …
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Expressions
XQuery expressions

• Boolean expressions
and, or, not logical connecƟves

• Primary expressions
Literals, variable references, funcƟon calls, constructors, …

• …

path expressionpath expression

FLWOR expressionFLWOR expression

conditional expressionconditional expression

switch expressionswitch expression

quantified expressionquantified expression

boolean expressionboolean expression

primary expressionprimary expression

......
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Path Expressions
Path expression

• Describes navigaƟon within an XML tree
• Consists of individual navigaƟonal steps

//

stepstep

//

stepstep

//

• Absolute paths = path expressions starƟng with /
NavigaƟon starts at the document node

• RelaƟve paths
NavigaƟon starts at an explicitly specified node / nodes
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Path Expressions
Examples

Absolute paths
/

/movies

/movies/movie

/movies/movie/title/text()

/movies/movie/@year

RelaƟve paths
actor/text()

@director
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Path Expressions
EvaluaƟon of path expressions

• Let P be a path expression
• Let C be an iniƟal context set

If P is absolute, then C contains just the document node
Otherwise (i.e. P is relaƟve) C is given by the user or context

• If P does not contain any step
Then C is the final result

• Otherwise (i.e when P contains at least one step)
Let S be the first step, P ′ the remaining steps (if any)
Let C ′ = {}
For each node u ∈ C :
evaluate S with respect to u and add the result to C ′

Evaluate P ′ with respect to C ′
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Path Expressions
Step

• Each step consists of (up to) 3 components

axisaxis :::: node testnode test

predicatepredicate

• Axis
Specifies the relaƟon of nodes to be selected for a given node u

• Node test
Basic condiƟon the selected nodes must further saƟsfy

• Predicates
Advanced condiƟons the selected nodes must further saƟsfy
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Path Expressions: Axes
Axis

• Specifies the relaƟon of nodes to be selected for a given node
Forward axes

• self, child, descendant(-or-self), following(-sibling)
• The order of the nodes corresponds to the document order

Reverse axes
• parent, ancestor(-or-self), preceding(-sibling)
• The order of the nodes is reversed

AƩribute axis
• attribute – the only axis that selects aƩributes
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Path Expressions: Axes
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Path Expressions: Axes
Available axes

selfself

childchild

descendantdescendant

descendant-or-selfdescendant-or-self

following-siblingfollowing-sibling

followingfollowing

parentparent

ancestorancestor

ancestor-or-selfancestor-or-self

preceding-siblingpreceding-sibling

precedingpreceding

attributeattribute
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Path Expressions
Examples

Axes
/child::movies

/child::movies/child::movie/child::title/child::text()

/child::movies/child::movie/attribute::year

/descendant::movie/child::title

/descendant::movie/child::title/following-sibling::actor
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Path Expressions: Node Tests
Node test

• Filters the nodes selected by the axis using basic tests

namename

**

node()node()

text()text()

Available node tests
• name – all elements / aƩributes with a given name
• * – all elements / aƩributes
• node() – all nodes (i.e. no filtering takes place)
• text() – all text nodes
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Path Expressions
Examples

Node tests
/movies

/child::movies

/descendant::movie/title/text()

/movies/*

/movies/movie/attribute::*
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Path Expressions: Predicates
Predicate

• Further filters the nodes using advanced condiƟons

[[ expressionexpression ]]

Commonly used condiƟons
• Comparisons
• Path expressions

Handled as true when evaluated to a non-empty sequence
• PosiƟon tesƟng

Based on the order as defined by the axis, starƟng with 1

• Boolean expressions, …
WhenmulƟple predicates are provided, they must all be saƟsfied
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Path Expressions
Examples

Predicates
/movies/movie[actor]

/movies/movie[actor]/title/text()

/descendant::movie[count(actor) >= 3]/title

/descendant::movie[@year > 2000 and @director]

/descendant::movie[@director][@year > 2000]

/descendant::movie/actor[position() = last()]
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Path Expressions: AbbreviaƟons
MulƟple (mostly syntax) abbreviaƟons are provided

• …/… (i.e. no axis is specified)⇔ …/child::…
• …/@… ⇔ …/attribute::…
• …/.… ⇔ …/self::node()…
• …/..… ⇔ …/parent::node()…
• …//… ⇔ …/descendant-or-self::node()/…
• …/…[number]… ⇔ …/…[position() = number]…
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Path Expressions
Examples

AbbreviaƟons
/movie/title

/child::movie/child::title

/movie/@year

/child::movie/attribute::year

/movie/actor[2]

/child::movie/child::actor[position() = 2]

//actor

/descendant-or-self::node()/child::actor
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Path Expressions: Conclusion
Path expressions

• Absolute / relaƟve
Step components

• Axis
• Node test
• Predicates

Path expression result
• Result of the enƟre path expression is the result of its last step
• Nodes are ordered in the document order
• Duplicate nodes are removed (based on the idenƟty of nodes)

B4M36DS2, BE4M36DS2: Database Systems 2 | Lecture 3: XML Databases: XQuery | 16. 10. 2017 25



Constructors
Constructors

• Allow us to create new nodes for elements, aƩributes, …
• Direct constructor

Well-formed XML fragment with nested query expressions
– E.g.: <movies>{ count(//movie) }</movies>

Names of elements and aƩributes must be fixed,
their content can be dynamic

• Computed constructor
Special syntax

– E.g.: element movies { count(//movie) }
Both names and content can be dynamic
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Constructors
Direct constructor

<< namename

attribute constructorattribute constructor

// >>

<< namename

attribute constructorattribute constructor

>>

element content constructorelement content constructor << // namename >>

• Both aƩribute value and element contentmay contain
an arbitrary number of nested query expressions

Enclosed by curly braces {}
Escaping sequences: {{ and }}
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Constructors
Direct constructor

• AƩribute

namename == "" characterscharacters

{{ expressionexpression }}

""

• Element content

characterscharacters

direct constructordirect constructor

{{ expressionexpression }}
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Constructors
Example: Direct Constructor

Create a summary of all movies
<movies>

<count>{ count(//movie) }</count>
{

for $m in //movie
return
<movie year="{ data($m/@year) }">{ $m/title/text() }</movie>

}
</movies>

<movies>
<count>3</count>
<movie year="2006">Vratné lahve</movie>
<movie year="2000">Samotáři</movie>
<movie year="2007">Medvídek</movie>

</movies>
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Constructors
Computed constructor

elementelement element nameelement name

{{ expressionexpression }}

{{ expressionexpression

,,

}}

attributeattribute attribute nameattribute name

{{ expressionexpression }}

{{ expressionexpression }}

texttext {{ expressionexpression }}
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Constructors
Example: Computed Constructor

Create a summary of all movies
element movies {

element count { count(//movie) },
for $m in //movie
return

element movie {
attribute year { data($m/@year) },
text { $m/title/text() }

}
}

<movies>
<count>3</count>
<movie year="2006">Vratné lahve</movie>
<movie year="2000">Samotáři</movie>
<movie year="2007">Medvídek</movie>

</movies>
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FLWOR Expressions
FLWOR expression

• VersaƟle construct allowing for iteraƟons over sequences

for clausefor clause

let clauselet clause

where clausewhere clause order by clauseorder by clause return clausereturn clause

Clauses
• for – selecƟon of items to be iterated over
• let – bindings of auxiliary variables
• where – condiƟons to be saƟsfied (by a given item)
• order by – order in which the items are processed
• return – result to be constructed (for a given item)
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FLWOR Expressions
Example

Find Ɵtles of movies with raƟng 75 and more
for $m in //movie
let $r := $m/@rating
where $r >= 75
order by $m/@year
return $m/title/text()

Samotáři
Vratné lahve
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FLWOR Expressions: Clauses
For clause

• Specifies a sequence of values or nodes to be iterated over
• MulƟple sequences can be specified at once

Then the behavior is idenƟcal as when more single-variable
for clauses would be provided

forfor $$ variable namevariable name inin expressionexpression

,,

Let clause
• Defines one or more auxiliary variable assignments

letlet $$ variable namevariable name :=:= expressionexpression

,,
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FLWOR Expressions: Clauses
Where clause

• Allows to describe complex filtering condiƟons
• Items not saƟsfying the condiƟons are skipped

wherewhere expressionexpression

Order by clause
• Defines the order in which the items are processed

order byorder by expressionexpression

ascendingascending

descendingdescending

,,
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FLWOR Expressions: Clauses
Return clause

• Defines how the result sequence is constructed
• Evaluated once for each suitable item

returnreturn expressionexpression

Various supported use cases
• Querying, joining, grouping, aggregaƟon, integraƟon,

transformaƟon, validaƟon, …

B4M36DS2, BE4M36DS2: Database Systems 2 | Lecture 3: XML Databases: XQuery | 16. 10. 2017 36



FLWOR Expressions
Examples

Find Ɵtles of movies filmed in 2000 or later such that they have at
most 3 actors and a raƟng above the overall average
let $r := avg(//movie/@rating)
for $m in //movie[@rating >= $r]
let $a := count($m/actor)
where ($a <= 3) and ($m/@year >= 2000)
order by $a ascending, $m/title descending
return $m/title

<title>Vratné lahve</title>
<title>Samotáři</title>

B4M36DS2, BE4M36DS2: Database Systems 2 | Lecture 3: XML Databases: XQuery | 16. 10. 2017 37



FLWOR Expressions
Examples

Find movies in which each individual actor stared
for $a in distinct-values(//actor)
return <actor name="{ $a }">

{
for $m in //movie[actor[text() = $a]]
return <movie>{ $m/title/text() }</movie>

}
</actor>

<actor name="Zdeněk Svěrák">
<movie>Vratné lahve</movie>

</actor>
<actor name="Jiří Macháček">

<movie>Vratné lahve</movie>
<movie>Samotáři</movie>
<movie>Medvídek</movie>

</actor>
...
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FLWOR Expressions
Examples

Construct an HTML table with data about movies
<table>

<tr><th>Title</th><th>Year</th><th>Actors</th></tr>
{

for $m in //movie
return
<tr>

<td>{ $m/title/text() }</td>
<td>{ data($m/@year) }</td>
<td>{ count($m/actor) }</td>

</tr>
}

</table>
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FLWOR Expressions
Examples

Construct an HTML table with data about movies
<table>

<tr><th>Title</th><th>Year</th><th>Actors</th></tr>
<tr><td>Vratné lahve</td><td>2006</td><td>2</td></tr>
<tr><td>Samotáři</td><td>2000</td><td>3</td></tr>
<tr><td>Medvídek</td><td>2007</td><td>2</td></tr>

</table>
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CondiƟonal Expressions
CondiƟonal expression

• Note that the else branch is compulsory
Empty sequence () can be returned if needed

ifif (( expressionexpression )) thenthen expressionexpression elseelse expressionexpression

Example
if (count(//movie) > 0)
then <movies>{ string-join(//movie/title, ", ") }</movies>
else ()

<movies>Vratné lahve, Samotáři, Medvídek</movies>
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Switch Expressions
Switch

• The first matching branch is chosen,
its return clause is evaluated
and the result returned

switchswitch (( expressionexpression ))

casecase expressionexpression returnreturn expressionexpression

defaultdefault returnreturn expressionexpression

• The default branch is compulsory
and must be provided as the last opƟon
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Switch Expressions
Example

Return movies with aggregated informaƟon about their actors
xquery version "3.0";
for $m in //movie
return

<movie>
{ $m/title }
{
switch (count($m/actor))
case 0 return <no-actors/>
case 1 return <actor>{ $m/actor/text() }</actor>
default return <actors>{ string-join($m/actor, ", ") }</actors>

}
</movie>
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QuanƟfied Expressions
QuanƟfier

• Returns true if and only if…
in case of some at least one item
in case of every all the items

• … of a given sequence/s saƟsfy the provided condiƟon

somesome

everyevery

$$ variable namevariable name inin expressionexpression

,,

satisfiessatisfies expressionexpression
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QuanƟfied Expressions
Examples

Find Ɵtles of movies in which Ivan Trojan played
for $m in //movie
where

some $a in $m/actor satisfies $a = "Ivan Trojan"
return $m/title/text()

Samotáři
Medvídek

Find names of actors who played in all movies
for $a in distinct-values(//actor)
where

every $m in //movie satisfies $m/actor[text() = $a]
return $a

Jiří Macháček
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Comparison Expressions
Comparisons

• Value comparisons
Two standalone values (singleton sequences)
are expected to be compared
eq, ne, lt, le, ge, gt

• General comparisons
Two sequences of values are expected to be compared
=, !=, <, <=, >=, >

• Node comparisons
is – tests idenƟty of nodes
<<, >> – test posiƟons of nodes
Similar behavior as in case of value comparisons
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Comparison Expressions
Value comparison

• Both the operands are expected to be evaluated to
singleton sequences

Then these values are mutually compared in a standard way
• Empty sequence () is returned…

when at least one operand is evaluated to an empty sequence
• Type error is raised…

when at least one operand is evaluated to a longer sequence
value expressionvalue expression eqeq

nene

ltlt

lele

gtgt

gege

value expressionvalue expression
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Comparison Expressions
General comparison (existenƟally quanƟfied comparisons)

• Both the operands can be evaluated to sequences of values
of any length

• The result is true if and only if there exists at least one pair of
individual values saƟsfying the given relaƟonship

value expressionvalue expression ==

!=!=

<<

<=<=

>=>=

>>

value expressionvalue expression
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Comparison Expressions
Value and general comparisons

• AtomizaƟon of values – takes place automaƟcally
Atomic values are preserved untouched
Nodes are first transformed into strings with concatenated
text values they contain (even indirectly)

– E.g.: <movie year="2006">Vratné lahve</movie>
is atomized to a string Vratné lahve

– Note that attribute values are not included!
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Comparison Expressions
Examples

• 1 le 2 ⇒ true
• (1) le (2) ⇒ true
• (1) le (1,2) ⇒ error
• (1) le () ⇒ ()
• <a>5</a> eq <b>5</b> ⇒ true
• 1 < 2 ⇒ true
• (1) < (1,2) ⇒ true
• (1) < () ⇒ false
• (0,1) = (1,2) ⇒ true
• (0,1) != (1,2) ⇒ true
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Primary Expressions
Primary expression

numeric literalnumeric literal

"" string literalstring literal ""

'' string literalstring literal ''

$$ variable namevariable name

function namefunction name ((

expressionexpression

,,

))

((

expressionexpression

,,

))

direct constructordirect constructor

computed constructorcomputed constructor

......
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Lecture Conclusion
XPath expressions

• Absolute / relaƟve paths
• Axes, node tests, predicates

XQuery expressions
• Constructors: direct, computed
• FLWOR expressions
• CondiƟonal, quanƟfied, comparison, …
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