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What i1s an IXML Grammar?

A set of grammatical production rules with h
* terminal and non-terminal components,
* sequence, alternative, optional and

\_repetition operators y
describing a valid sentence of characters

Gset of declarations attached to those )

rules that define for a valid sentence

* how to project the resulting parse tree as
an XML tree of element, attribute and text

knodes y

There is an iXML grammar for

a (commentable) textual

representation of any iXML

grammar, which:

* will generate the equivalent
XML tree for the grammar

* where all these components
are elements, attributes or
text-nedes
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A textually defined valid IXML Grammatr:
1. MusT be a valid sentence against the iXML grammar
2. MusT satisfy a set of additional rules:
* No multiply-defined non-terminals
* No undefined but referenced non-terminals
* etc. (See spec. ;-)
3. Preferably sHouLD satisfy additional desiderata:
* No inherent ambiguity, e.g. doubly-accounted whitespace
* No infinite recursion
* etc.

Develop flexible IXML grammar applications,
by temporarily ignoring the all but the first requirement
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Assumptions

* You are reasonably familiar with IXML
and understand the XML form of a sample grammar

* You are used to XML toolsets, in particular XSLT
and can write XSLT to write XSLT

* You are the developer of a mixed toolchain based
on XML, using IXML as a component

* You value flexibility in your design
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Two technigues -

Use the XML representation of a grammar as data
and generate other grammars and transforms

1.Add annotations to a grammar and use these to
guide build-time ‘specialisation’

2.Analyse and transform the grammar as a semantic
‘graph’

See other approaches in my 2024 Balisage paper
https://www.balisage.net/Proceedings/vol29/html/Lumley01/BalisageVol29-LumleyO1.html
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https://www.balisage.net/Proceedings/vol29/html/Lumley01/BalisageVol29-Lumley01.html

Example 1: Va.”a.nt Grammars

(Grammar Annotation)

<events>
<event>Invisible XML Symposium,Netherlands@26/2/2026</event>
<event>Balisage,USA@8/3/2026</event>
<event>XMLPrague,Czech Republic@5/6/2026</event>

</events>

If the input contains a USA location:
parse dates as MonthDayYear
otherwise
parse dates as DayMonthYear
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ez PArtial Binding

(Grammar analysis and transformation)

order:
items:
item:
@quantity:
customer:

customer,items.

item++1f, 1f?2.
s?,-"item:",~[", "]+, quantity, s?.
-",",digits.

person, Lf,street....

-diéits:
-1f:

[Il0||_||9l|]+.
-#a | -#d, -#a.

order:
items:
item:

customer,
item++1f,
s?, -"item:",
guantity, S?.
-", ", digits.

item:ballpoint pen,3
item:notebook, 1

@quantity:

customer:

-digits:

-G "oy

S1F: -#a | -#d,
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items.
1f?.

-#a.

We already <customer>

<person>
h_ave a <given>Steven</given>
valid parse

<surname>Pemberton</surname>
sub-tree for

</person>
<street "21"
customer

<city>St Albans</city>

<postcode>AL1 4BY</postcode>

<country>United Kingdom</country>
</customer>

"Sandridge Road"/>

<order>
<customer>
<person>
<given>Steven</given>
<surname>Pemberton</surname>
</person>
<street "21"
<city>St Albans</city>
<postcode>AL1 4BY</postcode>
<country>United Kingdom</country>
</customer>
<items>
<item
<item
</items>
</order>

—~ 1 " +
[#ar ’ ] ’ "Sandridge Road"/>

"3">ballpoint pen</item>
"1">notebook</item>
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=ampe 2 VANt Grammars @

<events>
<event>Invisible XML Symposium,Netherlands@26/2/2026</event>
<event>Balisage,USA/event>
<event>XMLPrague,Czech Republic@5/6/2026</event>

</events>

{variant;USA;contains(.,"USA")}

event: description,-",",location,-"@", date.
description: ~[","]+. location: ~["@"]+.

event: description,-",",location,-"@", date.
description: ~[","]+.
location: ~["@"]+.

date{#default}. day,sep,month,sep,year.

date: day,sep,month,sep,year. date{#USA}: month,sep,day,sep,year.

date: month,sep,day,sep,year.
oda _"{Iblz 12,[Nd]; "3", ['01"] “sep: -/

ay: n n 2, ;ll ||’ 1 11 . . . "' . A N N
@month: [Nd]: "1", ['12"]. @day: ['012"]?,[Nd]; "3", ['01"].

ey N 1 G e
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jIXML @
<ixml>
<comment>variant;USA;contains(.,"USA")</comment>
<rule "event">

<alt> <rule "date"> <rule "date">
<nonterminal "description"/> :;ﬁ;n sl s O :Zﬂ;n meni#ISAs/comment>
<literal _ - "’"_/> <nonterminal "day"/> <nonterminal "month"/>
<nonterminal "location"/> <nonterminal "sep"/> <nonterminal "sep"/>
<literal ‘@"> <nonterminal "month"/> <nonterminal "day"/>
<nonterminal "date"/> <nonterminal "sep"/> <nonterminal "sep"/>
</alt> <nonterminal "year"/> <nonterminal "year"/>
</rule>... </alt> </alt>
</rule> </rule>
ixml/comment[starts-with(., 'variant;")] <xsl:template ‘rule[starts-with(comment[1], #)]">
<xsl:param "variant" "Xs:string"/>
<xsl:if "substring-after(comment[1], '#") eq $variant">
m?p{ . . . <xsl:next-match/>
USA': contains(., '"USA")", </xs|if>
'"default': “"true()” </xsl:template>
}
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Build-time processing with XSLT

ixml Grammar (iXML text) event.default.ixml
{version 2022-05-17} event: description,-",",location,-"@", date.
ixml: s, rule++RS, s. event Grammar <XML/> description: ~[*,"]+. location: ~['@"]+.
s: (whitespace: . date{#default}. day,sep,month,sep,year.
-S: pace; comment)*.

-RS: (whitespace; comment)+. <ixml>
-whitespace: -[Zs]; tab; 1f; cr. <comment>variant;USA;
contains( ., "USA")</comment>
<rule name="date">
<comment>#default</comment>
<alt>
<nonterminal name="day"/>
<nonterminal name="sep"/>
IXML <nonterminal name="month"/>
<nonterminal name="sep"/>
nonterminal name="year"/>
Processor </alt>
</rule>
<rule name="date">
<comment>#USA</comment>
<alt>

“S€P: -1 event: description,-"," location,-"@", date.
@day: | jescription: ~[","]+. location: ~['@"]+.
@mont yatef#USA}: month,sep,day,sep,year.
@year -sep: -"/".

@day: ['012"]?,[Nd]; "3", ['01"].

@month: [Nd]; "1", ["12"].

@year: [Nd],[Nd],[Nd],[Nd].

<xsl:template match="rule">

</xsl:template>

variant.xsl

event Grammar (iXML tEXt) <nonterminal name="month"/> event.xsl
. - . " <nonterminal name="sep"/> . . .
{variant;USA;contains(.,"USA")} <nonterminal name="day"/> <xsl:template match="event"> .
event: description,-",",location,-"@", date. <nonterminal name="sep"/> <XS|1V|aF|lqab|e name="parserSource" as="xs:string">
description: ~[","]+. location: ~["@"]+. <nonterminal name='"year"/> <xsl:choose> )
s [ e </alt> <xsl:when test="contains(.,&#34;USA&#34;)"

</rule> select=""event.USA.ixml|"/>

<xsl:when tesi="true()" seleci=""event.default.ixml™/>
</xsl:choose>
</xsl:variable>

date{#default}. day,sep,month,sep,year.
date{#USA}. month,sep,day,sep,year.

-sep: -"/". <xsl:variable name="parser"

@day: ['012"]?,[Nd]; "3", ["01"]. select="cs:load-grammar($parserSource)"/>
@month: [Nd]; "1", ["12"]. <xsl:sequence select="$parser(string(.))"/>
@year: [Nd],[Nd],[Nd],[Nd]. </xsl:template>
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event. USA.ixml event.default.ixml

event: description,-",", location, -"@", date.
description: ~[","]+.
location: ~["@"]+.

date: month,sep,day, sep, year. date: day, sep,month, sep, year.

-sep: -"/".

@day: ["©12"]?,[Nd]; "3", ["e1"].
@month: [Nd]; "1", ["012"].
@year: [Nd], [Nd], [Nd], [Nd].

<xsl:template "event">
<xsl:variable "parserSource" "Xs:string">
<xsl.choose>
<xsl:when "contains(.,&#34,USA&#34;)" "event.USA.ixml"'/>
<xsl:when “true()" "event.default.ixml™/>

</xsl:choose>
</xsl:variable>

<xsl:variable "parser" "cs:load-grammar($parserSource)"/>
<xsl:sequence "$parser(string(.))"/>
</xsl:template>
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<events>
<event>Invisible XML Symposium,Netherlands@26/2/2026</event>
<event>Balisage,USA@8/3/2026</event>
<event>XMLPrague,Czech Republic@5/6/2026</event>

</events>

<events>
<event>
<description>Invisible XML Symposium</description>
<location>Netherlands</location>
<date 26" 2" "2026"/>
</event>
<event>
<description>Balisage</description>
<location>USA</location>
<date "8" "3" "2026"/>
</event>
<event>
<description>XMLPrague</description>
<location>Czech Republic</location>
<date "5 "6" "2026"/>
</event>
</events>
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order:
items:
item:
@quantity:
customer:

person:
title:
initials:
initial:
surname:
given:
-name:
street:
@streetname:
city:
country:
postcode:

@no:
-LETTER:
-letters:
-digit:
-digits:
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~miezP@rtial Binding

customer,items.

item++1f, 1f?.

s?,-"item:",~[#a;"," ]+, quantity, s?.

-", ", digits.

person, Lf,street, 1Lf, postcode, city, 1Lf, country, 1f ;
person, Lf,street, 1f,city, postcode, Lf, country, Lf.
(title,s?)?, (initials;given,S), surname,s?.

"Mr-"; "MrS."; "Dr."; "MS-”-
initial+.

LETTER,".", s?.

name.

name.

LETTER, letters.

no, s,streetname, s?,; streetname,s,no,s?.
name; name, S, name.

name, s?; name, S, name, s?.

name, s?; name,S,name,s?.
digits, S, LETTER, LETTER, s? ;

LETTER, LETTER, digits,S,digit, LETTER, LETTER, s?.
digits.

[llAll_llle] .
[llall_llzll]* .
[llOll_llgll] .
[||O||_||9||]+.
_n ||+.

n mn%x

-#a | -#d, -#a.

2026 February 26

Steven Pemberton
21 Sandridge Road
St Albans AL1 4BY
United Kingdom
item:ballpoint pen,3
item:notebook,1

<customer>

<person>
<given>Steven</given>
<surname>Pemberton</surname>
</person>
<street "21"
<city>St Albans</city>
<postcode>AL1 4BY</postcode>
<country>United Kingdom</country>

"Sandridge Road"/>

</customer>
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order:
items:
item:
@quantity:
customer:

-di&its:
-1f:

customer, items.
item++1f, 1f?2.

s?,-"item:",
-", ", digits.
person, Lf,street....

["0"-"9"]"‘.
-#a |

~[", "]+, quantity, s?.

-#d, -#a.

~miez. PArtial Binding

<customer>
<person>
<given>Steven</given>
<surname>Pemberton</surname>
</person>
<street "21"
<city>St Albans</city>
<postcode>AL1 4BY</postcode>
<country>United Kingdom</country>

"Sandridge Road"/>

We already have a valid parse sub-tree
for customer

1.Can we produce a reduced grammar
for all the rest of order

2.Can we interpolate the binding for
customer into the final result tree?

3.Can we extract the sub-grammar for

customer?
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</customer>
order: customer, items.
items: item++1f, 1f?2.
item: S?, -"item:", ~[#a;","]+,

gquantity, S?.
@quantity: -",", digits.

customer: .
-digits: ["O"-"9"]+.
-G "oy
-1f: -#a | -#d, -#a.
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order:
items:
item:
@quantity:
customer:

person:
title:
initials:
initial:
surname:
given:
-name:
Street:
@streetname:
city:
country:
postcode:

@no:
-LETTER:
-letters:
-digit:
-digits:
-s:

-S:

-1f:

customer, items.
item++1f, 1f?.

s?,-"item:",~[#a;", "]+, quantity, s?.

-", ", digits.

person, 1f, street, 1f, postcode, city, 1f, country, 1f ;
person, 1f, street, 1f,city, postcode, 1f, country, 1f.
(title,s?)?, (initials;given,S), surname,s?.

"Mr.”; "MI’S."; "Dr."; "MS.".
initial+.

LETTER,".", s?.

name.

name.

LETTER, letters.

no, s,streetname, s?; streetname,s,no,s?.

name; name,S, name.

name, s?,; name,S,name,s?.
name, s?,; name,S,name,s?.
digits, S, LETTER, LETTER, s? ;

LETTER, LETTER, digits,S,digit, LETTER, LETTER, s?.

digits.
[IIAII_IIZII] .
[llall_llzll]* .
[lloll_llgll] .
[lloll_llgll]+.
_ll II+.

n "%

-#d?, -#a.
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item:ballpoint pen,3
item:notebook, 1

order: customer, items.
items: item++1f, 1f?2.
item: s?, -"item:", ~[#a;","]+, quantity,
@quantity: -",", digits.
customer: .
-digits: ["O@"-"9"]+.
_ S : _ " ll+ )
-1f: -#d?, -#a.
<order>
<customer/>
<items>
<item "3">ballpoint pen</item>
<item "1">notebook</item>
</items>
</order>

An iXML Grammar is an iXML Sentence
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order:
items:

item:

@gquantity:
customer:

person:
title:
initials:
initial:
surname:
given:
-name:
street:
@streetname:
city:
country:
postcode:

@no:
-LETTER:
-letters:
-digit:

-digits:

, =S
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customer, items.
item++1f, 1f?.
s?,-"item:",~[#a;", "]+, quantity, s?.

_non

,", digits.

(title,s?)?,(1nitials;given,S), surname,s?.

"Mr."; "MFS."; "Dr.”; "MS.”.
initial+.

LETTER,".", s?.

name.

name.

LETTER, letters.

no, s,streetname, s?;
name; name,S, name.
name, s?; name, S, name,s?.
name, s?; name,S,name,s?.
digits, S, LETTER, LETTER, s? ;

streetname, s, no, s?.

Using the XML form of the grammatr:
1.Replace the bound rule(s) with a stub
customer: .

2.Find the set of all rules order now
depends upon, by transitive closure.

3. Filter out all rules which are not within
that set.

4.Convert to text form if required.

LETTER, LETTER, digits, S, digit, LETTER, LETTER, s?.

digits.
[HAH_"ZH].
[Ha"_"ZH]*.
["0"‘"9"].
[HO"_"g"]+.
_" "+.

nm nx

-#d?, -#a.

2026 February 26

order: customer, items.
items: item++1f, 1f?2.
item: s?, -"item:", ~[#a;","]+, quantity, s?.
@quantity: -",", digits.
customer: .
-digits: ["@"-"9"]+.
_S: _H H+.
-1f: -#d?, -#a.
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Partial Binding —

&

1) post-process substitution

<order>
<customer/> <order>
<items> <customer>
<item "3">ballpoint pen</item> <person> _
<item "1">notebook</item> <given>Steven</given>
</items> <surname>Pemberton</surname>
</order> </person>
<street "21" "Sandridge Road"/>
$bindings := map{ <city>St Albans</city>
'customer': doc(‘steven.xml’), <postcode>AL1 4BY</postcode>
<country>United Kingdom</country>
e </customer>
} <items>
: " " <item "3">ballpoint pen</item>
<xsl:template "c_us';omﬁ:r|other-bound-components > item "1">notebook</items
<xsl:param bindings </items>
"map(xs:string,document-node())" </order>
“true"/>
<xsl:sequence "$bindings(local-name())"/>
</xsl:template>
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Partial Binding — =
Il) specialise the grammar

Generate a set of rules that will produce the binding XML tree
for no input text by using insertion of text and attributes

<customer>
<person> customer: person, street, city, postcode, country.
<given>Steven</given> person: given, surname.
<surname>Pemberton</surname> given: + Steven'.
surnane: +"penber ton” Add these rules
<street "21" "Sandridge Road"/> A ' :
: ; @no: +"21". to the partially
<city>St Albans</city> @streetname: +"Sandridge Road".
<postcode>AL1 4BY</postcode> city: +"St Albans". bound grammar
<country>United Kingdom</country> postcode: +"AL1 4BY".
</customer> country: +"United Kingdom".
<xsl:for-each "I, K @* >
<rule "Iname()}"> <xsl:template l@*">
) <xsl:if ". instance of attribute()"> <nonterminal "tname()}'/>
If no element/attribute name _slattribute "mark" @l Shsktemplate> )
. . . : <xsl:template "text()">
IS repeated, conversion Is <alt> <inseprtion L3>
Straightforward /<|xs|:app|y-templates "@*node()">  </xsl:template>
" </alt>
</rule>

</xsl:for-each>
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order:
items:
item:
@quantity:
customer:
person:
given:
surname:
street:
city:
postcode:
country:
@no:
@streetname:
-digits:
-S:

-1f:

1%t International Symposium on Invisible XML

customer, items.

item++1f, 1f2.

s?, -"item:", ~[#a;","]+, quantity, s?.
-",", digits.

person,
given, surname.
+"Steven".
+"Pemberton".

no, streetname.
+"St Albans".
+"AL1 4BY".
+"United Kingdom".
+Il21ll .

+"Sandridge Road".
[IlOII_IIgII]+.

_n ll+.

-#d?, -#a.

2026 February 26

item:ballpoint pen,3
item:notebook, 1

street, city, postcode, country.

<order>
<customer>
<person>
<given>Steven</given>
<surname>Pemberton</surname>
</person>
<street "21"
<city>St Albans</city>
<postcode>AL1 4BY</postcode>
<country>United Kingdom</country>
</customer>
<items>
<item
<item
</items>
</order>

"Sandridge Road"/>

"3">ballpoint pen</item>
"1">notebook</item>
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Partial Binding — )

Il) specialise the grammar

If element/attribute names are repeated, then we need to use renaming.

<customer> customer: person, street, city, postcode, country.
<pgr§9n> person: initials, surname.
<intials> initials: initiale, initiald.
<initial>J.</initial> initiale@>initial: +"J.".
<initial>W.</initial> initiali>initial: +"w.".
</initials> surname: +"Lumley".
<surname>Lumley</surname> street: no, streetname.
</person> city: +"Bristol".
<street "7 "The Laurels"/> postcode: +"BS12 3Yz".
<city>Bristol</city> country: +"United Kingdom".
<postcode>BS12 3YZ</postcode> @no: +"17".
<country>United Kingdom</country> @streetname: +"The Laurels”.
</customer>
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.
Conclusion

* An IXML sentence that conforms (just) to the iIXML
grammar can be the basis of a flexible suite of grammar
applications

* The XML form of such sentences can be used with XSLT
to extend your IXML application

Many thanks to my colleague i XML implementers for
hours of valuable discussion, ideas and encouragement
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