
PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

XPath Queries
in the Real World

David Baelde Anthony Lick Sylvain Schmitz

PODS, July 2, 2019, Amsterdam

1/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

XPath

2/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

XPath

2/16

Decidable Fragments

Problem (Satisfiability)
input ϕ an XPath query

question ∃data tree t . t |=ϕ?

Expressiveness/Complexity

undecidable

open
TOWER-hard

decidable
ACKERMANN-hard

TOWER-complete

EXP-complete

NP-complete

NonMixing

Core 2.0

Core 1.0

Positive

EMSO2

Vertical Forward

Downward

Data



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

XPath

2/16

Decidable Fragments

Problem (Satisfiability)
input ϕ an XPath query

question ∃data tree t . t |=ϕ?

Expressiveness/Complexity

undecidable

open
TOWER-hard

decidable
ACKERMANN-hard

TOWER-complete

EXP-complete

NP-complete

NonMixing

Core 2.0

Core 1.0

Positive

EMSO2

Vertical Forward

Downward

Data



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

XPath

2/16

Decidable Fragments

Problem (Satisfiability)
input ϕ an XPath query

question ∃data tree t . t |=ϕ?

Expressiveness/Complexity

undecidable

open
TOWER-hard

decidable
ACKERMANN-hard

TOWER-complete

EXP-complete

NP-complete

NonMixing

Core 2.0

Core 1.0

Positive

EMSO2

Vertical Forward

Downward

Data



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

XPath

2/16

Decidable Fragments

Problem (Satisfiability)
input ϕ an XPath query

question ∃data tree t . t |=ϕ?

Expressiveness/Complexity

undecidable

open
TOWER-hard

decidable
ACKERMANN-hard

TOWER-complete

EXP-complete

NP-complete

NonMixing

Core 2.0

Core 1.0

Positive

EMSO2

Vertical Forward

Downward

Data



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Overview

benchmark
I open source

I 21,141 XPath queries

coverage of decidable XPath fragments
I “vanilla”

I simple extensions

analysis

3/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Overview

benchmark
I open source

I 21,141 XPath queries

coverage of decidable XPath fragments
I “vanilla”

I simple extensions

analysis

3/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Overview

benchmark
I open source

I 21,141 XPath queries

coverage of decidable XPath fragments
I “vanilla”

I simple extensions

analysis

3/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Overview

benchmark
I open source

I 21,141 XPath queries

coverage of decidable XPath fragments
I “vanilla”

I simple extensions

analysis

3/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Overview

benchmark
I open source

I 21,141 XPath queries

coverage of decidable XPath fragments
I “vanilla”

I simple extensions

analysis

3/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Benchmark Construction

XSL

XQueryS
ou

rc
es

xpparser
syntax
trees

NonMixing

Core 2.0

Core 1.0

Positive

EMSO2

Vertical Forward

Downward

Data

rng rng rng rng rng rng rng rng

RelaxNG Schemas

4/8

4/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Benchmark Construction

XSL

XQueryS
ou

rc
es

xpparser
syntax
trees

NonMixing

Core 2.0

Core 1.0

Positive

EMSO2

Vertical Forward

Downward

Data

rng rng rng rng rng rng rng rng

RelaxNG Schemas

4/8

<xsl:with-param name="node" select="$container"/>

</xsl:call-template>

</xsl:variable>

<xsl:value-of select="$slevel + 1"/>

</xsl:when>

<xsl:otherwise>1</xsl:otherwise>

</xsl:choose>

</xsl:template>

<xsl:template name="qandadiv.section.level">

<xsl:variable name="section.level">

<xsl:call-template name="qanda.section.level"/>

</xsl:variable>

<xsl:variable name="anc.divs" select="ancestor::qandadiv"/>

<xsl:value-of select="count($anc.divs) + number($section.level)"/>

</xsl:template>

<xsl:template name="question.answer.label">

<xsl:variable name="deflabel">

<xsl:choose>

<xsl:when test="ancestor-or-self::*[@defaultlabel]">

<xsl:value-of select="(ancestor-or-self::*[@defaultlabel])[last()]

/@defaultlabel"/>

</xsl:when>

<xsl:otherwise>

<xsl:value-of select="$qanda.defaultlabel"/>

</xsl:otherwise>

</xsl:choose>

</xsl:variable>

<xsl:variable name="label" select="@label"/>

<xsl:choose>

<xsl:when test="$deflabel = ’qanda’">

<xsl:call-template name="gentext">

<xsl:with-param name="key">
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(: ## Add metadata :)

declare function od-api:metadata($response as item()*) as item()* {

let $metadata := $response/json/metadata

let $date := $response[1]/*[fn:name()="http:header"][@name="Date"]/@value/fn:string()

let $version := "v0.6.0"

return element {"metadata"} {

$metadata/node(),

element {"od_api_xquery"} {$version},

element {"date"} {$date}

}

};

(: ## Create elements for optional fragment arrays :)

declare function od-api:option($fragment as item()*, $function as xs:string) as item()* {

(: ### General arrays :)

if ($fragment and $function = "arrayofstrings") then

od-api:arrayofstrings($fragment)

else if ($fragment and $function = "CategorizedTextList") then

element {"notes"} {

for $note in $fragment/_

return od-api:CategorizedTextList($note, "note")

}

(: ### Lemmatron arrays :)

else if ($fragment and $function = "headwordLemmatron") then

element {"results"} {

for $result in $fragment/_

return od-api:headwordLemmatron($result)

}

else if ($fragment/fn:name() = "grammaticalFeatures" and $function = "lemmatronGrammaticalFeaturesList") then
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<xqx:flworExpr xmlns:xqx="http://www.w3.org/2005/XQueryX">

<xqx:forClause>

<xqx:forClauseItem>

<xqx:typedVariableBinding>

<xqx:varName>result</xqx:varName>

</xqx:typedVariableBinding>

<xqx:forExpr>

<xqx:pathExpr>

<xqx:stepExpr>

<xqx:filterExpr>

<xqx:varRef>

<xqx:name>fragment</xqx:name>

</xqx:varRef>

</xqx:filterExpr>

</xqx:stepExpr>

<xqx:stepExpr>

<xqx:xpathAxis>child</xqx:xpathAxis>

<xqx:nameTest>_</xqx:nameTest>

</xqx:stepExpr>

</xqx:pathExpr>

</xqx:forExpr>

</xqx:forClauseItem>

</xqx:forClause>

<xqx:returnClause>

<xqx:functionCallExpr>

<xqx:functionName xqx:prefix="od-api">headwordLemmatron</xqx:functionName>

<xqx:arguments>

<xqx:varRef>

<xqx:name>result</xqx:name>
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Sources Queries Coverage
XPath 1.0 XPath 2.0 XPath 3.0

XSLT 14,675 98.4% 100.0% 100.0%
XQuery 6,466 76.1% 87.4% 99.8%

Total 21,141 91.6% 96.1% 99.9%
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Benchmark: Functions

Sources Queries Coverage
XPath 1.0 XPath 2.0 XPath 3.0 XPath 3.0 std

XSLT 14,675 98.4% 100.0% 100.0% 91.3%
XQuery 6,466 76.1% 87.4% 99.8% 46.7%

Total 21,141 91.6% 96.1% 99.9% 77.7%
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expressed through (polynomial time
computable) equivalent requests

encoded through (polynomial time
computable) equisatisfiable requests

defines a front-end
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9/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Extensions

/π root navigation, e.g.
//firstterm

$x free variables, e.g.
$module/merge

π4d data tests against constants, e.g.
refmeta/refmiscinfo[@class = ’version’]

π4π positive data joins, e.g.
a/@href = preceding-sibling::li/a/@href

last() one-step positional predicates, e.g.
tocentry[position() = last()]

9/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Extensions

/π root navigation, e.g.
//firstterm

$x free variables, e.g.
$module/merge

π4d data tests against constants, e.g.
refmeta/refmiscinfo[@class = ’version’]

π4π positive data joins, e.g.
a/@href = preceding-sibling::li/a/@href

last() one-step positional predicates, e.g.
tocentry[position() = last()]

9/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Extensions

/π root navigation, e.g.
//firstterm

$x free variables, e.g.
$module/merge

π4d data tests against constants, e.g.
refmeta/refmiscinfo[@class = ’version’]

π4π positive data joins, e.g.
a/@href = preceding-sibling::li/a/@href

last() one-step positional predicates, e.g.
tocentry[position() = last()]

9/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Extensions

/π root navigation, e.g.
//firstterm

$x free variables, e.g.
$module/merge

π4d data tests against constants, e.g.
refmeta/refmiscinfo[@class = ’version’]

π4π positive data joins, e.g.
a/@href = preceding-sibling::li/a/@href

last() one-step positional predicates, e.g.
tocentry[position() = last()]

9/16



PRODAQANR Project
2015—2019

Overview Benchmark Coverage Analysis

Expressible Extensions

Example (expressible root navigation)

//firstterm 

ancestor-or-self::*[not(parent::*)]//firstterm

Fact (¬expressible)
Root navigation cannot be expressed in DownwardXPath.
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extend label set Σ to Σ×2{free vars}

//.[ora∈Σ,$module∈S(a,S)]/self::*[orS(merge,S)]

Proposition (¬encodable, c.f. Figueira & Segoufin 2009)
Satisfiability in ForwardXPath extended with root
navigation or free variables is undecidable.

Proposition (¬poly. enc., c.f. Figueira & Segoufin 2009)
Satisfiability in DownwardXPath extended with
[position()=last()] and [position()!=last()] is
ACKERMANN-hard.
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combined 60.86%

Core 2.0 75.03% of XSLT and 28.08% of XQuery
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Function Support

Coverage with respect to XPath 3.0 std.

combined 78.33%

Core 2.0 82.14% of XSLT and 60.00% of XQuery

Extra support through SMT?

I interval encoding of trees for Positive fragment
I support for linear arithmetic and string functions like
concat(), contains(), string-length(), etc.

I 62.75% coverage, 84.77% of XSLT wrt. XPath 3.0 std
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Benchmark: Size Distribution
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Synthetic Benchmarks
Sources Queries Coverage

XPath 1.0 XPath 2.0 XPath 3.0

XPathMark-FT 64 100.0% 100.0% 100.0%
XPathMark-PT 38 100.0% 100.0% 100.0%
XMark 66 92.4% 93.9% 100.0%

Total 168 97.0% 97.6% 100.0%
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