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Multi-Layer Content Modelling?

Use case

Implementation

Usage
Take-aways



Schooltype # years

VMBO 4

HAVO 5

VWO 6

Total: 15

What? #

Subjects 10

Books per 
subject per year

3

Pages per book 150

Website 
components per 
subject per year

500

• 450 books
• 67.500 pages
• 75.000 website components

The use-case: Educational Publishing



Example 1: Secondary Education book 1



Example 2: Secondary Education book 2

Title
Main text

Image

Image

Image

Image 
caption

Image 
caption

Image 
caption



Differences matter!



Support for Interactive Website Contents



Support for Multiple Output Channels



A content solution has to deal with:

• High volume

• Different product families with
• Different structural models

• Varying markup demands 

• Complex interactions and other data structures

• Reuse

• Multiple output channels



Solution properties?

Not:

• Multiple content-models

• Multiple input 
tools/configurations

• Multiple output toolchains

• Content Silo’s

But:

• Single content-model

• Single input tool with 
minimum number of 
configurations

• Minimum number of 
output toolchains

• No content Silo’s



Solution? Multi-Layered 
Content Modelling

Base layer: Generic Content Model

Secondary layer: Product Family Customization



Similar Approaches

• DITA Specializations

• RelaxNG Customizations

• Epischemas

• Schematron

These are all technically based languages and approaches, 
about XML itself
We wanted something more functional and domain driven



Base Layer: Generic Content Model

• Bespoke
• Functional and technical requirements

• Allow for secondary layer

• Stole a lot of good ideas from others
• DITA maps/topics

• TEI structures

• QTI interactions

• Validation included
• Schemas

• Schematron



Base Content Model Example 1: Structure

<chapter>

…

<subsection1>

…

<subsection2>

…

</subsection2>

</subsection1>

</chapter>

<section class=”chapter”>

…

<section class=”subsection1”>

…

<section class=”subsection2”>

…

</section>

<section>

</section>

Minimal number of structuring elements (~1), specialize using @class

Not:



Base Content Model Example 2: Markup

<h1>A <i>header</i> that is <b>bold</b></h1>

<p class=”header1”>A <em class=”italic”>header</em> that is 

<em class=”bold”>bold</em></p>

Minimal number of markup elements (~12), specialize using @class

Not:



Base Content Model Example 3: Metadata

<multiple-choice-interaction id="mc-1">

…

</multiple-choice-interaction>

<metadata-set about-idrefs="mc-1" class="interaction-info">

<properties>

<property property-name="nr-of-retries">

<value>2</value>

</property>

<property property-name=”score”>

<value>6.5</value>

</property>

</properties>

</metadata-set>

Metadata organized in sets



The Layered Approach
What Base layer Secondary layer

Structure • Any structure to any depth
• Any class

• Define the section classes that can be used
• Define how sections with these classes can be nested
• Limit the number of occurrences of sections with a 

certain class



The Layered Approach
What Base layer Secondary layer

Structure • Any structure to any 
depth

• Any class

• Define the section classes that can be used
• Define how sections with these classes can be nested
• Limit the number of occurrences of sections with a 

certain class

Markup • Limited number of 
elements

• Any class

• Depending on where you are in the document, limit 
element and  class usage



The Layered Approach
What Base layer Secondary layer

Structure • Any structure to any 
depth

• Any class

• Define the section classes that can be used
• Define how sections with these classes can be nested
• Limit the number of occurrences of sections with a 

certain class

Markup • Limited number of 
elements

• Any class

• Depending on where you are in the document, limit 
element and  class usage

Metadata • Metadata-sets can be 
attached to elements in 
the contents

• Any property, any value 
type

• Define what is in a specific metadata-set (properties, 
value types, nr. of occurrences, etc.) 

• Define to which elements you can bind a specific 
metadata-set 



Secondary Layer Implementation:
DSVL (Domain Specific Validation Language)

• Not a generic validation language
• Works only for valid base layer contents
• Language based on features of the base model

• Serves many masters:
• XML validation
• Editor
• Toolchain
• Content specialist

• Limited functionality, to what is most 
needed

• Semantic, less technical, oriented



DSVL Structure Definition

<section-definition class="chapter" max-occurs=”10”>

…

<section-definition class="subsection1">

…

<section-definition class="subsection2" min-occurs=”0”>

…

</section-definition>

</section-definition>

</section-definition>

<section class=”chapter”>

…

<section class=”subsection1”>

…

<section class=”subsection2”>

…

</section>

<section>

</section>

Secondary layer defines:
• Nesting
• Classnames
• Occurrences
• …



DSVL Markup Definition

<element-definition element-names=“p" class=“header1“ 

word-count-max=“15”/>

<element-definition element-names=“em" class=“italic"/>

<element-definition element-names=“em" class=“bold"/>

<p class=”header1”>A <em class=”italic”>header</em> that is 

<em class=”bold”>bold</em></p>

Secondary layer defines:
• Elements
• Allowed classes for elements
• Word and character counts
• …



DSVL Metadata Definition

<metadata-set-definition class="interaction-info">

<properties-definition>

<property-definition property-name="nr-of-retries">

<value-definition datatype="integer"/>

</property-definition>

<property-definition property-name="score">

<value-definition datatype="double"/>

</property-definition>

</properties-definition>

</metadata-set-definition>

<metadata-set about-idrefs="mc-1" class="interaction-info">

<properties>

<property property-name="nr-of-retries">

<value>2</value>

</property>

…

</properties>

</metadata-set>

Secondary layer 
defines:
• Metadata-set class
• Property 

• Names
• Data types
• …



Usage: Validation

Contents

Layer 1 Schema Layer 1 Schematron

Layer 2 XSLT 
Stylesheets



Usage: Editor Configuration

• Structure editor 
home grown

• Content editor Fonto
• Both adapt to DSVL 

in use



Usage: Delivery toolchain

Content 
Storage

Contents

DSVL

Xproc Pipeline(s) Delivery zip



DSVL Creation

• Train DSVL Designers
• XML Skills
• Basic XSLT skills

• DSVL Designers talk with publishers and editors
• DSVL Designers create:

• DSVL
• Sample contents
• Rendering (preview) 

• Evaluate



DSVL Lessons and Takeaways

• Make your DSVL a true DSVL
• Reduce impedance between key users, DSVL designers and base model

• Don’t overengineer the DSVL
• Don’t re-invent schema languages

• Leave some to business rules

• Don’t underengineer the DSVL
• Allow for some abstraction

• Allow for refactoring



Implementation Lessons and Take Aways

• You need a way to validate content
• For checking hand-crafted content

• For validating your tools

• Current implementation in IDEs takes an extra step

• Re-use still not seamless
• But definitely easier



Conclusion
Multi Layered Content Modelling can be a useful solution when:

• You have lots product families to support

• All have different content models

Allows you to:

• Customize editors and other components more easily

• Add product families with less trouble

• Decrease toolchain cost



Thanks!

Erik Siegel
erik@xatapult.nl2018


