
Element classification
A bottom up perspective

Diederik Gerth van Wijk
dg@doxatrix.nl

Declarative Amsterdam 2022

DOXATRIX



This talk top down
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⚫ Top down and bottom up
⚫ Content models: order, cardinality
⚫ Golden rules of content modeling
⚫ Detour: the missing parent

⚫ Sequence paradoxes
⚫ BUCL up
⚫ Round up



Top down and bottom up
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⚫ XML trees are like 
family trees

⚫ The root is the top
⚫ Unlike people, elements 
have only one parent

⚫ Element types however 
may be used in multiple 
element type 
definitions



Content models
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⚫ Element type definitions only state 
the possible children: top down

⚫ No control over parents, siblings 
or how the element may be used

⚫ Is that a pity?
⚫ Does the way an element type me be 
used say something about that type?



Top down classification
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⚫ Element types are /have
⚫ empty
⚫ mixed
⚫ element content, with children in
⚫ a repeatable OR group
⚫ a non repeatable OR group which 
is in a SEQ group

⚫ a SEQ group



Bottom up classification
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⚫ Take content models for book:
(title, author+, (sect+ | chap+))
and sect: (para|table|list)+

⚫ An element is:
⚫ the root element (book)
⚫ in a sequence (title, author)
⚫ in an OR group (sect, chap)
⚫ in a repeatable OR group (para)
⚫ in mixed content, like emph in
(#PCDATA | emph | anch)*



Combined classification
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Occurs in:

Has:

Mixed 
content

Sequence 
group

Non 
repeatable 
OR group

Repeatable 
OR group

Root

Empty 
element

<anchor/> <keyword/>

Mixed 
content

<emph> <title> <author> <para>

Element 
content

<formula> <header> <section> <table> <book>



Golden rules
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⚫ Many language owners have rules 
like:
⚫ An element should occur only once 
in a content model.

⚫ Sequence groups should not be 
optional or repeatable.

⚫ Mixed content may not contain 
element content.

⚫ Element types should occur only 
in mixed or in element content.



Element content in mixed?
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⚫ In simple text (title, emph)?
Usually not.

⚫ In complex text (paragraph)?
Maybe:
⚫ table
⚫ formula
⚫ figure
⚫ list
⚫ quotation
⚫ note



In or between para (1)
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⚫ A table or figure
may be rendered in 
a paragraph

⚫ Not part of a 
sentence

⚫ Encode between
paragraphs and put 
an anchor for 
placement



In or between para (2)
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⚫ Formulae, lists 
and quotations can
be part of a 
sentence:

⚫ Encode in the 
paragraph!



In or between para (3)
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⚫ The sentence may 
continue after 
the list!

⚫ A list item can, 
while being part 
of a sentence, 
contain a second 
sentence!



Element content in mixed?
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⚫ There is a use case
⚫ Coding lists, formulae and 
quotations in a paragraph:
⚫ better classification of 
paragraphs by relative word 
frequency

⚫ consistent layout (indent, white 
lines)



Detour: a missing element
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⚫ Most DTDs lack 
what should be the 
2nd most used 
element:
⚫ an element that 
groups some 
paragraphs:

⚫ a section without 
title (top down)

⚫ or a paragroup
(bottom up)



Top down content models
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⚫ para: 
(#PCDATA | emph | anch | list | 
quote | formula | noteref | 
tableref | figureref)*

⚫ paragroup: 
(para | note | table | figure)+ 



Sequence groups
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⚫ Element content:
a sequence of OR groups

⚫ A very generic model for novels:
(title, author+, paragroup*, section*, 
chapter*, part*)

⚫ Or a stricter submodel:
(title, author+, (paragroup+ |

section+ | chapter+ | part+))

⚫ (it is a submodel because the set of 
valid instances is a subset of the set 
of valid instances of the supermodel)



First sequence paradox
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⚫ Take the stricter model:
(title, author+, (paragroup+ |

section+ | chapter+ | part+))
⚫ One title, one or more authors, one 
or more sections etc.

⚫ A sequence group is the only way to 
specify cardinality

⚫ A sequence group is not about the 
sequence, it is about the cardinality



Second sequence paradox
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⚫ Valid instances of this model:
(title, author+, chapter+)
contain exactly the same information as 
valid instances of
(author+, title, chapter+)
or even
(chapter+, author+, title)

⚫ A simple XSLT can transform a “wrong” 
sequence in the right one

⚫ If the order according to the DTD 
matters, the order in the instances 
doesn’t matter



BUCL up (1)
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⚫ Appearing in sequence groups or in 
mixed content says something about 
an element:
⚫ Elements that appear in element 
content are typically block 
elements in CSS

⚫ Elements that appear in element 
content are typically word 
boundaries for word searching or 
counting



BUCL up (2)
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⚫ A title should be unique: it is a 
property of the element type

⚫ The element type definition should 
specify such properties

⚫ Need for a 
Class Oriented Element Type 
Definition Language
or
Bottom Up Constraint Language



The potential of BUCL
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⚫ Take the book models:
1. (title, author+, paragroup*,

section*, chapter*, part*)
2. (title, author+, (paragroup+ |

section+ | chapter+ | part+))

⚫ book: contains(_headelements, 
_bodyelements)

⚫ title:  is_in(_headelements)
is(single, required)

⚫ author: is_in(_headelements)
is(repeatable, required)



The potential of BUCL
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⚫ paragroup: 
is_in_class(_bodyelements) 
contains((para|….|figure)+)

⚫ section: 
is_in_class(_bodyelements)

⚫ chapter: 
is_in_class(_bodyelements)

⚫ part: 
is_in_class(_bodyelements)



The potential of BUCL
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⚫ _bodyelements: 
contains(title, 
_bodyelements(sequence,optional,

repeatable,nonrecursive))

⚫ creates
book: (title, author+, paragroup*,

section*, chapter*, part*)
part: (title, paragroup*, section*,

chapter*)
chapter: (title, paragroup*, section*)
section: (title, paragroup*)



The potential of BUCL
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⚫ _bodyelements: 
contains(title, 
_bodyelements(choice,required,

repeatable,nonrecursive))

⚫ creates
book: (title, author+, (paragroup+ |

section+ | chapter+ | part+))
part: (title, (paragroup+ | section+ |

chapter+))
chapter: 

(title, (paragroup+ | section+))
section: (title, paragroup+)



Round up
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⚫ Defining how an element should be 
used in content models leads to 
consistency (cardinality, order)

⚫ Whether an element may be used in 
element or in mixed content matters 
(CSS, word boundaries)

⚫ Element classes are a solution
⚫ BUCL could help, doesn’t exist yet



Questions?
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⚫ Ask me now
⚫ Mail me: 
dg@doxatrix.nl

⚫ App, text or call:
+31 622 27 81 55


