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Mo#va#on
• Java Compiler, JVM, JRE

• JRE - Many libraries wri9en in C

• Python and Cython

• Python with op>onal C type annota>ons

• Compiles to C for improved performance

• Computa>onally intensive workloads

• Integra>on requirements
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Declara've Languages: XSLT, XQuery and 
XPath

    <xsl:template name="xsl:initial-template">
        <xsl:param name="rpt" select="100000" as="xs:integer"/>
        <xsl:param name="input" select="100000" as="xs:integer"/>
        <results>
            <xsl:for-each select="1 to $rpt">
                <run number="{.}">
                    <xsl:sequence select="f:calculate($input)"/>
                </run>
            </xsl:for-each>
        </results>
    </xsl:template>

...
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    <!-- Expensive function -->
    <xsl:function name="xf:calculate" as="xs:double">
        <xsl:param name="iterations" as="xs:integer"/>
        <xsl:param name="context" as="xs:integer"/>

        <xsl:sequence select="
            sum(
                for $i in 1 to $iterations
                return math:sqrt($i) + $context
            )
        "/>
    </xsl:function>
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This math:sqrt example wri1en in XSLT 
executes in 9 seconds using SaxonJ.

Can we speed it up?

• Combining declara/ve XML processing with na/ve code?
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What is available to XML Processors?
User defined Extension Func1on

Feature available in several XSLT and XQuery processors:
- Saxon
- BaseX
- SupXML (Rust, XSLT 1.0)

• Are there other implementa/ons with this feature?
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Why User Extension Func2ons?

• Developers want to reuse exis2ng libraries

• Avoid rewri2ng subrou2nes in XSLT

• Integra2on requirement
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Further benefits
CPU-Intensive Tasks

• Mathema(cal algorithms

• Recursive opera(ons

• String processing
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Implementa)on Details

• SaxonJ

• SaxonC
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SaxonJ
Java Implementa,on

To define a user extension func1on: - extend the ExtensionFunc1on class:

• Specify callback func0on name

• Argument types

• Return type

• The call method
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SaxonC

• Built using GraalVM Na1ve Image technology (AOT compiler)

• SaxonJ compiled to a na1ve shared library

• C/C++ API

• Python API

• PHP API
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SaxonC
C++/Python/PHP Implementa2on

To define your own user-defined Extension Func4on:

• Write the func-on in the host language (C++, Python, or PHP)

• Arguments passed as an array

• Func-on registra-on

• Method signature specified as JSON string

• Func-on pointer passed to the processor
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Benchmark Setup

• Apple M3 Max with 64 GB memory 

• SaxonJ & SaxonC both EE edi?on

• Java

• C++

• Python
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Benchmark
Pure XSLT vs User-defined extension func7on

1. Square root calcula.ons on a set of numbers

2. Abs() func.on on a set of numbers

3. Tree walk with string-length computa.on 

4. Tree walk with predicate filter on 10 MB XMark XML document. 
10,000 repeated 
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Benchmark Results

Benchmark ! SaxonJ
XSLT

! SaxonJ
Func

" SaxonC-
Python

XSLT

" SaxonC-
Python

Func

# SaxonC-
C++-XSLT

# SaxonC-
C++-Func

math:sqrt()
sum 
calcula(on

9 s 0.63 s 71 s 55 s 71 s 0.76 s

abs() 0.052 s 0.066 s 0.08 s 0.23 s 0.086 s 0.21 s

Tree walk
string length

7.2 s 7.6 s 28.1 s 77.8 s 23 s 202 s

Tree walk
predicate

0.022 s 0.042 s 0.017 s 0.342 s 2.59 s 2.64 s
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Where is the Time Spent?

• XSLT/XPath/XQuery evalua3on

• Host-language callback overhead

• Type conversion

• Python run3me overhead
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Observa(ons

• User-defined func.ons provide large gains for CPU-intensive 
mathema.cal workloads.

• math:sqrt() computa.on benefits from host-language 
implementa.on

• abs() shows liCle benefit from a host-language implementa.on

• Tree-walk opera.ons are generally be+er expressed directly in 
XSLT.

• C++ user func.ons achieve performance close to na.ve Java.
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Key Takeaways
User-Defined Extension Func3ons: A Powerful 

Op3misa3on Tool

•
!

 Use host-language user extension func3ons for computa,onally intensive algorithms and 
recursive opera,ons.

•

⚡

 Large performance gains are possible when logic is difficult or inefficient to express in 
XSLT or XQuery.

•

#

 Keep XML processing in XSLT/XQuery for tree naviga,on, predicates and document-
oriented transforma,ons.

•

$

 Use selec3vely—choose the technology that best matches the task.
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Future Work

• More experiments for addi1onal languages:

• PHP, C# and JavaScript

• Use the results to help improve XML processors

• Include addi1onal XSLT processor implementa1ons
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Ques%ons?
Thank you

Source code, benchmarks, experiments, and presenta5on slides

h"ps://github.com/Saxonica/balisage2026-user-func<on-paper
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