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Abaract PARADIGM FOR GERMAN DEFINITE ARTICLE
. I . . . . SINGULAR PLURAL
LIHQUISIIC. forms are inherently mult|-d|men5|ona}l. ASCULINE FEMINNE  NBUTER  ALL GENDERS
They exhibit a variety of phonological, orthographic, omave o = - =
1 i 1 i ACCUSATIVE de di d di
morphqsyntactlg, s<_am_ant|c and. pra_gmatlc properyes. i den g das die
Accordingly, linguistic analysis involves multi- DATIVE dem der dem den

dimensional exploration, a process in which the same

collection of forms is laid out in many ways until clea_r Figure 1: Paradigm for German definite article
patterns emerge. Equglly, Ianggagg cllocumentatlo?Finegan, 1999, 60)

usually contains tabulations of linguistic forms to

illustrate systematic patterns and variations. In

all such cases, multi-dimensional data is projectedhe preservation and access of linguistic paradigms,
onto a two-dimensional table known as a linguisticand can generate an extensive range of useful visu-
paradigm, the most widespread format for linguistic alisations.

data presentation. In this paper we develop an XML This paper is organised as follows. §2 we dis-
data model for linguistic paradigms, and show how XSL cuss the existing computational models in linguistic
transforms can render them. We describe a high-levgbaradigms and the lack of an existing formalism. In
interface which gives linguists flexible, high-level §3 we discuss the data model, whijé and§5 we
control of paradigm layout. The work provides a simple, provide an example of how to generate and visualise
general, and extensible model for the preservation and linguistic paradigm. Ir§6 we discuss the query

access of linguistic data. engine implementation and motivate each opera-
_ tion. In §7 we describe the transformation of the
1 Introduction paradigm data into an XHTML presentation form.

A linguistic paradigm is any kind of rational tabu- Finally, §8 discusses the significance of the work
lation of linguistic forms, such as phrases, words,and outlines several areas for further investigation.

or phonemes, intended to illustrate contrasts and
systematic variation (Bird, 1999). A characteristic2 Background

property of paradigms is that interchqnging enti.reTraditionaIIy, there have been two sources for com-
rows or columns does not change the Interpret"’lt'orﬂ)utational representations for linguistic paradigms,

OT the |nformat|on. We view paradigms as a two- descriptive linguistic tools and technologies for lan-
dimensional arrangement of elements and attribute uages having complex morphology. There has

Wl'th ]?ptlonald_row ]:';lndthcogmn Iab((jalsf: _tAn (?[?("’Ilm.' been little formal work in either area concerning
p'e of a paradigm for the Lerman detinite article 1Sy, o oot form for this linguistic data type. Here we

shown in Figure 1, with the labelling of number and examine some of the more widely-used models and
gender at the top, and case on the left. their drawbacks

This paper describes a relational data model for Of the descriptive linguistic tools, perhaps the

linguistic paradigms, together with an XML based ¢ o1t e Shoebdxand CHILDES? Shoebox
approach for representing and rendering them. An . . . X
XSLT implementation provides proof of concépt IS an interlinear text e(_jltor. pppular among field

¢ linguists for analysing linguistic transcripts. The

This work presents a simple and general model f%nderlying model is an attribute value set for each

The implementation is available fromhtt p:
/I ww. csse. uni mel b. edu. au/ research/ 1t/ 2http: //ww. si | . or g/ conput i ng/ shoebox/
pr oj ect s/ par adi gns/ Shttp://childes. psy. cmu. edu/
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Tag Value Description D1 Do Ds Dg
\id 1612 identifier (used for hyperlinks) gender number casgcontent
\w mbhu orthographic form masc sg nom der
\t LDH tone transcription masc sg acc| den
\p n part of speech masc sg gen| des
\pl me- plural prefix masc sg dat| dem
\cl  9/6 noun class (singular/plural) masc pl nom| die
\en dog English gloss masc pl acc| die
\fr  chien French gloss masc pl gen| der
masc pl dat| den
Figure 2: Shoebox File Format, Adapted for Lin- fem sg nom| die
guistic Paradigms (Bird, 1997) fem sg acc| die
fem sg gen| der
fem sg dat der
— fem o] nom| die
eptry, as shown in Figure 2. In the context.of para- fem pl acc | die
digms, each element corresponds to a cell in a table, fem pl gen| der
and Shoebox can generate simple tabulated listings fem pl dat | den
of forms which constitute a one-dimensional para- neut sg nom| das
digm. The CHILDES CLAN tool supports tran- neut sg acc| das
scription and analysis of conversation, and is widely neut S¢ gen des
used by psycholinguists in their study of child lan- neut 9 dat| dem
guage acquisition. It has good search functional- neut pl- nom|  die
> . . neut pl acc die
ity that permits the generation of tabular reports. neut ol gen| der
Despite their ability to generate simple paradigm- neut pl dat | den

like reports, these systems do not provide an inter-

face for generating arbitrary paradigms, nor do they

permit paradigms to be saved in a format which per-  Figure 3: Function for the German Paradigm
mits reuse.

Outside purely linguistic description, work
on computational morphology usually requiresforms and categories. Accordingly, a paradigm is a
paradigms to be set up. For instance, Finnish anéunction that maps a vector of properties to content,
Romanian have such a large number of productives follows:
morphological processes it is impractical to
list every form in the lexicon. Instead, regular
derivational and inflectional processes are described G lisi letD Db t of linquisti
using a formal system (such as a finite-state eneraiising, 1€t . .. L, D€ a Set ot finguistic
transducer). Groups of processes which appl _ropertles (or domains). Then a paradigm is a func-
to the same class of lexical items are sometimed°™
referred to as a paradigm (e.g. (Tufis, 1989; Oflazer FiDyx - x Dy — Dy
et al., 2001)). Unlike the descriptive viewpoint, in
which a paradigm is a tabulation, here a paradigmis et D, = {mascfem neutt, D, = {sgpl},
effectively treated as executable code which mightand D; = {nom acc gendat}. Also, let Dy =
be used to generate such tabulations. However, weder, die, das . . .}. The functional representation of
are neutral on this issue since both viewpoints carthe German paradigm is shown in Figure 3.
be reconciled by treating a paradigm as a relation, Observe that the original paradigm display in Fig-

f : (mascsg acg — den

as we do ir3. ure 1 is a compact view of this table. It shows
the domain values just once, and dispenses with the
3 Data Modé gender property for the plural forms.

h Now, the above functional representation in Fig-

Linguistic paradigms associate linguistic forms wit 1is iust lational table with sch G
linguistic categories. For instance, the German defil;re d'.SJUS areg\ lona ba € with sc temta e\;vman-
inite article paradigm in Figure 1 categorises the aradigm ( gendemumber case content ). We

form den as either masculine singular accusativeggln #"312 gfotwslgr'reéaalﬁlor;?ggalr%u;grs dt'z ?;(traéct t.he
or as dative plural. Systematic changes in layout, u 'ginal p '9 ISpiay, €.9.:
such as interchanging rows and columns, or flipping

axes, have no affect on the associations between {s | t € GermanParadigm ¢[numbe} = ‘sg’
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A tlgendef = ‘masc’ A t[casé = s[caseé
A t[content = s[content} Plgze-l;)e')d »| Plain Text Parser
= {(nomde, (acc den , (gen des , (dat dem }

. . XML Query
The same query is expressed in SQL as follows:
SELECT case, content XML Model _
FROM Ger manPar adi gm Database | —~; Paradigm ] Logic/Query
WHERE nunber = "sg"
AND gender = "nmasc". [
Intermediate
nom der Representation

acc, den XHTML
ge? ) ges Document < Presentation
at, em

Standard XML technologies provide a more con- ) _
venient way to map from this abstract representation Figure 4: Architecture of System
to a range of visualisations. The relational table
representation of a paradigm in XML is as follows:  yapies. Anejoin Pronouns

<par adi gne 1. INC 1.exc 2, 3.
<forme Possessive
<attribute nanme="gender" val ue="nasc"/> Singular — * -1 -n
<attribute name="nunber" val ue="sg"/> Dual Jau -mrau -mirau -rau
<attribute name="case" val ue="noni/> Trial -taj -mtaj -mitaj -ttaj
<attribute name="content" val ue="der"/> Plural Ja -ma -mia -ra
</ forne

</ paradi g Figure 5: Anejom Possessive Pronouns (Lynch
XSL transforms provide a method to render this1998:106) - Scanned Version

material into XHTML or into some other presenta-

tional markup language for delivery to users. Using

th|§ ?pprof”‘c“ we v_wllaccompllsh a round-trip, from XML model, a query engine, and a presentation

existing visualisations to the abstract model dis-_ .

cussed here, then back to visualisations. The nexe%nglne.

two sections describe this process in more detail.  Figure 5 shows a visualisation of a paradigm for
Anejom. It displays suffix morphemes for posses-
4 Generating Paradigms sive pronouns for different combinations of number

This section provides an overview of the steps@nd person. Each cellis characterised by its content
required to produce a paradigm of possessivénd its attributes. For instance, the top right cell
pronouns in Anejori, an Austronesian language of'@s contentn, a ‘number’ attribute whose value is
Vanuatu. The source data is from (Lynch, 1998).Singular’, and a ‘person’ attribute whose value is
The process of generating paradigms is the same - Each attribute has a domain of possible values.
for paradigms that are more complicated, so thd O €xample, the domain of ‘number’ is ‘singular’,
simplified Anejof paradigm provides a helpful ‘dual’, ‘t_rlal’ an_d ‘plural’. The contgnt is likewise
introduction. First there is a simple examination of@ domain, having values such as ‘-jau’ and:-mrau'.
the paradigm structure which motivates the choicd-19ure 6 shows the XML model for Anejofn. The
of model for the paradigm. Then, by investigating a_lttrlbute.s and their domains make up the first sec-
an example query and looking at how it is processedion: while the ce_IIs — the correspondences between
and presented, the intricacies and obstacles to afPhtent and attribute values, make up the second
effective model are evident. This leads onto theS€ction.
discussion in§6 and §7 which provides the finer The XML model provides a representation for the
details of the implementation and presents morgaradigm; the remainder of this section describes
elaborate examples in order to reveal the strengtha plain text query language for generating different
and weaknesses of the model. presentations from that model. The plain text query
Figure 4 shows the architecture of the systemmaps to an XML based representation. Then a XSL
The processing pipeline has three components: ammansform performs the underlying operations on the
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<?xm version="1.0" encodi ng="UTF- 8" ?> TINC T 1LEXC] 2 3
et bt es> singular| - [k [-m |n

<name name="person"> dgal -jau -mrau | -mirau | -rau
<val ue val ue="1.1NC'/> trial -taj -mtaj | -mitaj | -ttaj
<val ue val ue="1. EXC'/> plural -ja -ma -mia | -ra
<val ue val ue="2"/>

L value value="3'/> Figure 7: Anejom Possessive Pronouns: Table -

<nane name="nunber "> Reproduced Visualisation
<val ue val ue="si ngul ar"/>
<val ue val ue="plural "/> 1.INC | singular| -

</ name> dual -jau

<nanme nanme="content"> trial 4aj
<val ue val ue="-"/> .
<val ue val ue="-jau"/> p]ural -Ja
- 1.EXC | singular| -k
<val ue val ue="-ra"/> dual -mrau

</ nane> trial -mtaj

</attributes> plural -ma
<par adi g 2 singular | -m

<f or m> dual -mirau
<attribute name="person" val ue="1.1NC'/> trial -mitaj
<attribute nane="nunber" val ue="singular"/> plural -mia
<attribute name="content" val ue="-"/> 3 sh1gLHar n

</formp

<f or dPa' -rau
<attribute name="person" val ue="1.1NC'/> trial -ttay
<attribute nane="nunber" val ue="dual "/ > plural -ra
<attribute name="content" val ue="-jau"/>

</form Figure 8: Anejom Possessive Pronouns - Hierarchy

<form induced by query

<attribute nanme="person" val ue="3"/>
<attribute name="nunber" val ue="plural"/>
<attribute nane="content" value="-ra"/>

</ form The model supports multiple visualisations of the
</ par adi gne data. For example, Query 2 produces a presenta-
</ docunent > tion of the XML model in a tree-like structure. In

Query 2 the shorthand ‘/' symbol represents the
hierarchy operation shown in Translation 2. The
hierarchy operator takes two arguments, the con-
straint that forms a list and the operation applied to
each element of the list. This produces the visu-
alisation of Figure 8. Nesting table and hierarchy
operations allows presentation of paradigms that are

Figure 6: XML Model of Anejom Possessive Pro-
nouns

XML model of the paradigm. Here is an exam-

ple. The Query 1 produces the vi_sualisation of Fig-more complicated and n-dimensional.

ure 7 from the XML model of Figure 6. Trans- )

lation 1 shows the full query. The table operatorQUErY 2 person/number/content

takes three arguments, the constraint applied to théransiation 2: hierarchy( domain( person ), hier-

vertical axis, the constraint applied to the horizontal@rchy( domain( number ), domain( content ) ) )

axis, and the operation applied in each cell. The .. .

domain operation presents a list of all the values i?  R€alising Paradigms

a given domain. Note that the domain for the third This section details the implementation responsible

argument of a table operation is different for eachfor presenting queries, using our running example.

cell and determined by the values on the vertical andrirst, a PHP script maps the textual query represen-

horizontal axes. Therefore Figure 7 shows a tabldation to the equivalent XML representation shown

with person and number as axes and content in thim Figure 9. Then the ‘logical’ transform runs the

cells. query on the underlying XML model of the Anejon

Query 1: table( person, number, content ) paradigm (See Figure 6). Finally, the ‘preser_lta—
tional’ transform generates an XHTML presentation

Translation 1. table( domain( person ), domain( of that naradigm. Both transforms are written using
number ), domain( content ) ) XSLT.
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<?xm version="1.0"?>
<docunent >
<parse-tree>
<oper at or opcode="tabl e" instruction="1">
<oper and type="donai n"
ar g="hori zont al " >per son</ oper and>
<oper and type="donai n"
arg="vertical ">nunber </ oper and>

<?xm version="1.0"?>

<node ..>
<att><htnl-att.

<docunent ><oper at or optype="t abl e">

1" | eaves="4">

| eaf - dept h="1" | eaves="4" direction="top-to-b.">

PAGE 127

el ement - nane="t h"/></att>

<oper and type="donai n" “2;§§>
arg="cel | ">cont ent </ oper and> <att. name="person” value="1.INC'/>
</ oper at or > <att. name="nunber" val ue="singul ar"
<att. nane="content" val ue="-"/>
</ parse-tree> </form
</ docunent > <formp
<att. nane="person" val ue="1.EXC'/>
<att. nanme="nunber" val ue="singul ar"
<att. nanme="content" val ue="-k"/>
. . </ fornme
Figure 9: XML Version of Query 1 <f or m>
<att. nanme="person" val ue="2"/>
<att. nanme="nunber" val ue="singul ar"”
<att. nane="content" val ue="-ni{/>
</form
. . . f
The logical transform generates an intermediate < ot name="person” val ue="3"/>
representation from the XML query and the XML Satt- name=/nunber val ue="singul ar
source model. The XSLT processor performs a _rtor m
depth first traversal of the query expression. For  </node> . <node heading="plural" ../>

</ oper at or >

example, in Query 1 control starts at the table oper- < vertical >
ation. The table operation requires calculating the

<hori zontal | eaf-depth="1"
<oper at or optype="donai n"

| eaves="4">
root - dept h="1"

epth="1" | eaves="4" direction="left-to-r."

domain of person and number before it can gener-*'-“sh i e
ate the cells. The domain operation generates the <forms>

NC' >

output tree of Figure 10 with a node for each value e name="per son” val ue="1.1NC'/>
in its domain. The processor generates nodrs,1 Satt. mammcoontent* val seceiy
1Exc, 2 and 3 for person. It then places the forms Sorm
from the source tree that match the domain value L o v e g e
under the corresponding output node. _jfatt. name="content” value="-jau'/>
When processing the table operation the XSLT O et por son val ue=" 1.1 NG5
processor searches the output trees of the vertical <att. name="nunber” val ue="trial"/>
and horizontal branches for child nodes. The XSLT o T conentt valuest-taltl>
processor generates a cell for each combination T name=" person® val ue="1.1NC'/ >
of vertical horizontal child pairs. The combined L o e anyteo P >
set of nodes for each cell form the domain of the _torm
third argument. In the example, the first cell of the </node> . <node heading="3" ../>

</ oper at or >
</ hori zontal >
<cel | s>
<r ow>
<col utm>

paradigm has the following mapping:

vertical: singular{-, -k, -m. -n}
horizontal: 1.NncC{-, -jau, -taj, -jg
Ce”(l’l) {-} <f orns>
<f ornmp
<att.
<att.
<att.
</form
</forms>
</ node>
</ oper at or >

<forne
<attribute nane="person" val ue="1.INC'/>
<attribute nane="nunber" val ue="singular"/>
<attribute name="content" val ue="-"/>
</ forne
</ row><row>. . </ r ow>
</cell s>

The query domain(content) in cell (1,1) produces® °Perator></ document>
a single node with a value *-’. The extended XML
output of the sheet is shown in Figure 10. At eachg;
node the XSLT processor tags the number of leaveg,
and maximum depth of the tree which simplifies the
presentation logic.

The presentational transform renders the

>

<operator optype="domain" root-depth="1"
| eaf -dept h="1" | eaves="1" direction="left-to-r.">
<node headi ng="-" ..

val ue="-"/>

</ col um><col um>. . </ col utm>

>

>

>

nanme="person" val ue="1.INC'/>
nanme="nunber" val ue="si ngular"/>
name="cont ent"

gure 10: XML output from Query 1. The forms
ements are only relevant in the horizontal and ver-
tical nodes during processing. The common form
element becomes the form element for the cell.

into XHTML for
It traverses the

intermediate representation
display on web browsers.
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from The domain and hierarchy queries have

the root. The XSLT document handles three classestraightforward mappings to SQL as shown for
of node; text leaves (node), text nodes with childrenTranslation 3 and Translation 4. The interactions
(domains) and arrays of text nodes with childrenof the table operation are complex, especially
(tables). It must handle the following cases for eachwhen looking at the query that produces the cells.
node; where the node is the contents of anothefTo build the table the parser generates the axes
node; and where the orientation of the node isusing the query for the vertical and horizontal

vertical or horizontal.

The next section provides axes with a direct mapping of the queries from the

further detail of how the query engine presentsfirst two arguments as shown in Translation 5. In

paradigms.

6 Operations

tional queries:

Query 3: person
Trandation 3: domain(person)
The SQL equivalent of Translation 3 is as follows:

SELECT person FROM par adi gm

person
1.INC
1.EXC
2

3

Query 4: person/number

Trandation 4. hierarchy ( domain( person ),
domain ( number))

SELECT * FROM

this case, it is the queries for domain(person) and
domain(number) that produce the desired SQL. A

projection of the vertical and horizontal valu&d/(
This section elaborates the domain, hierarchy an@ndQc) form the domainQd) for each of the cells
table operations, showing how they describe th€Qc). Any query on the cells applies only to this
presentation of a wide variety of linguistic para- new domain @d). The result of the quergx is a
digms. We also provide correspondences with relalist of values which fill the table from the top left

corner.

Singular

le bon livre la bonne maison
‘the good book’ ‘the good house’
ce livre vert cette maison verte
‘this green book’ ‘this green house’
mon grand frére ma grande soeur
‘my big brother’ ‘my big sister’
Plural les bons livres les bonnes maisons

‘the good books’

ces livres verts
‘these green books’

mes grands fréres
‘my big brothers’

‘the good houses’

ces maisons vertes
‘these green houses’

mes grandes soeurs
‘my big sisters’

(

SELECT person FROM par adi gm

QUTER JO N

)s

SELECT nunber FROM par adi gm

Figure 11: French concord (Crowley, 1992, 322)

person

number

l.inc

1.exc

singular
dual
trial
plural
singular
dual

Query 5. table( person, number, content)

Trandation 5: table( domain ( person ), domain (
number ), domain ( content ) )

PRIL

Proceedings of the Australasian Language Technology Workshop 2004

SELECT person FROM par adi gm

SELECT nunber FROM par adi gm

Qv QUTER JO N Gh QUTER JO N par adi gm
SELECT content FROM (d;

This covers the simple case where the paradigm
has just three-dimensions. There are however,
paradigms that have many more dimensions. The
French concord of Figure 11 has five dimensions
and provides a good source for more complicated
queries. Consider the following two queries:

Query 6: table (gender, number, language/phrase )

Trandation 6: table( domain( gender ), domain(
number ), domain( language/phrase ) )

Qv = SELECT gender FROM paradi gm

Gh = SELECT nunber FROM paradi gm

Q = Qv QUTER JO N Gh OQUTER JO N par adi gm
Q@ =

SELECT * FROM (
SELECT | anguage FROM Qd
OUTER JO N
SELECT phrase FROM (d

~
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Query 7: table( gender, number, language ) Item 11 Item 12

Trandation 7: table( domain( gender ), domain( ltem 21 Item 22| Item 23| Item 24
number ), domain( language ) )

Table 1: Horizontal hierarchy of items.

o _ Paradiam ltem 11| Item 21
SELECT * FROM ( Item 22
SELECT | anguage FROM d [tem 21| Item 23
QUTER JO N
SELECT phrase FROM Qd Item 24

);
Table 2: Vertical hierarchy of items.

The difference in SQL for the cells between these

two queries is the domaiqd. This represents s straightforward; each node has width equal to the
the context for the query, its treatment is systemmumper of its children (set with the colspan prop-
atic throughout the XSLT logic allowing nesting of erty). When the hierarchy is root, each level is a row
queries. Query 8 and Query 9 show queries thajvith control grounded at the root. Control must be
produce two different structures for the French lan-grounded at the root to avoid parts of the tree end-
guage data. Using combinations of domain, hiering up in different rows. In Table 1 this equates to
archy and table operation it is possible to generateitem 11’ and ‘Item 12’ forming one row and ‘ltem

almost all presentation layouts. 21’, ‘ltem 22', ‘ltem 23’ and ‘Item 24’ forming the
Query 8: table( gender/number, case/languagesecond row.
phrase ) The same is true for the vertical realisation: the

Trandation 8: table( hierarchy( domain( gender 00t node controls the generation of each row. How-

), domain( number ) ), hierarchy( domain( case ),ever in this case, there is a need for a policy fpr
domain( language ) ), domain( phrase )) when to generate XHTML nodes. The problem is
Query 9: table( gender, case, table ( number Ian_the XHTML language has one nesting of row and
guage p;hrase )) ’ ' ’ column yet two directions of spanning cells. Thus,

i ] _in Table 2, ‘Item 11’ produces a node in row one
Trandation 9: table( domain( gender ), domain( pyt not row two and ‘ltem 21’ produces a node in
case ), table( domain( number ), domain( languaggow three but not row four. This causes serious
), domain( phrase ) ) difficulties for any program written in a functional
7 Presentation !anguage. The solution is an intricr_;lte variable pass-
ing procedure where the generation of each label
This section describes the implementation of thedepends on whether it is the first node in the row.
presentation engine. This is the most complex comwhen it is first the label forms a cell with the rows-
ponent in the system; it produces XHTML from the pan property equal to the number of children in the
underlying XML representation. The XSL trans- hjerarchy.
form does the processing with each operation act- The generation of tables comes in three parts; the
ing as event. The domain operation is the simplesgeneration of the vertical axis; the horizontal axis
operation. It handles three distinct cases; one casgnd the cells. The XSL transform leaves the top-left
for producing a list of values; one for producing asquare of the paradigm blank to avoid connection
horizontal table; and one for producing a verticalambiguity problems. The generation of the hori-
table. The processing produces the following codezontal axis is the same as when the table did not
for each: exist, albeit appropriately shifted by the depth of the
vertical axis. The table operator iterates over each
row generating first the vertical heading for that row
then the cells for that row. This maps to the XHTML
Col umm: design of the table where the declaration of the rows
<tr><td>ltem 1</td></tr> comes before the columns.
stre<td>item 2</td></tr> The XSL transform treats operators as either con-
Space separated |ist: trollers or fillers. As controller, the operator has
ltem1 Item 2 responsibility for generating XHTML table and row
tags. As filler, the operator just has responsibil-
XSLT recursion solves the more difficult problem ity for generating content. The nature of different
of constructing a hierarchy. The example of Table lorientations require different code for vertical and

Row.
<tr><td>ltem l</td><td>ltem 2</td></tr>
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horizontal orientations. When supported this allowsSteven Bird. 1999. Multidimensional exploration
integration and presentation of arbitrary commands. of online linguistic field data. In Pius Tamaniji,
In fact this XSLT framework can display any query Masako Hirotani, and Nancy Hall, editors,

that used operations frof6. Proceedings of the 29th Annual Meeting of
the Northeast Linguistics Societgages 33-47.
8 Conclusion GLSA, University of Massachusetts at Amherst.

Terry Crowley. 1992.An Introduction to Histori-
cal Linguistics, second editionAuckland, NZ:
Oxford University Press.

This paper describes an XML model for linguistic
paradigms, including a query language and
implementation, along with a model for generating

presentations and an implementation. This worlJEdWard Finegan. 1399Language: its structure

provides a flexible and extensible representation and use Fort Worth._ Harcourt Brage.

for storing multidimensional linguistic paradigms; John Lynch. 199.8Pa_0|f|c I__anguages..,an Introduc-
and a simple yet powerful method for accessing tion. Honolulu: Unlve_rsn;_/ of Hawai'i Press. o
and analysing stored data. This model allows the<emal Oflazer, Sergei Nirenburg, and Marjorie
easy manipulation of paradigm structure, and easy McShane. 2001. Bootstrapping morphological
presentation of systematic patterns and variations. analyzers by combining human elicitation and
We believe that the XML representation will be Machine learning. Computational Linguistics
useful for archiving linguistic paradigms and for 27_(1):59_85' _ _

the interchange of paradigms between programé?av'd Penton, Catherine Bow, Steven Bird, and
We also believe the presentation system supports B&den Hughes. 2004. Towards a general model
multidimensional exploration of complex linguistic _ for linguistic paradigms. o
datasets, a linguistic version of what is known inDan Tufis. 1989. It would be much easier if went
the database world as online analytical processing Were goed. IrProceedings of the 4th European
(OLAP). Conference of the Association for Computational

In the future, we plan to investigate the following: ~ Linguistics U.K. Manchester, 1989

ordering paradigm content; generating paradigms
from interlinear text; and investigating a multi-table
model. Ordering the cells of a paradigm is an
issue because it complicates the axes, which then
require the repetition of headings. The second
line of enquiry is the generation and integration
of paradigm presentation into interlinear text
systems, which requires a level of machine learning
combined with an understanding of how to integrate
different levels of linguistic description. The other
issue is how to represent some of the relationships
within paradigms such as the phonetic characters
for a vowel and its height (ege is a high vowel).
We believe that the optimum solution for some of
these problems is a multi-table model.
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