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1. One-paragraph synopsis

The projed will produce asoftware padkage which will allow a user to interad with a
database of information about English inflectional morphology. The user will be ale to add
new fads about morphologicd patterns, inflectional categories, lexemes and lexicd relations,
and to test the database's ability to analyse or produce new forms. The theoreticd framework
will be Word Grammar, in which the theory of inflecional morphology is arealy sufficiently
well formalised for this projed. The software will be designed in such away that it can also be
applied (in future work) to other areas of language, including syntax, and will i nclude asimple
model of spreading adivation which can be expanded in future work.

2. Aims and objedives

1. To produce a omputer system which will allow testing of the existing Word Grammar
theory of infledional morphology. At present the aurrent theory exists only on paper, so it is
important to chedk whether the assumed version of default logic does in fad producethe
conclusions that have been claimed for it.

2. To produce auser-friendly interfacefor grammar development which will :

- digplay the relevant portion of the grammear (as a network),

- allow the grammar to answer questions about word forms as a means of testing it,
- allow the user to input new data to the grammear.

3. To produce adatabase of fads for English verbal infledions which cover both regular
infledions and a representative sample of irregularities, including some sub-regularities (such
asthe sing-sang, ring-rang set).

4. To study the feasibility of including spreading adivation in such a network, in preparation
for afurther grant application.

3. Non-technical description

Infledional morphology isthe aeaof language which is responsible for variations in word
forms which refled tense, number and so on. In English these variations are rather trivial
compared with highly infleded languages sich as Latin and its descendants, becaise aregular
English verb hes just four aternative forms (including its basic form): e.g. walk - walks -
walked - walking. However even in English there ae non-trivial problems:

- How to acoommodate irregular verbs such astake (past: took, not taked) in the same
analysis as the regular ones? For example, does took contain both or either of take and the el
suffix?



- How to relate the morphologicd structure - e.g. the presence of ed - to the more astraa
infledional categories guch as 'past tense' and ‘past participle? Are there two distinct ed
suffixes, ead mapped onto a different infledional caegory, or just one anbiguous one?

- How to acoommodate sub-regularities such as the tendency for monosyllabic verbs which
end int to have identica base and past forms: cut, hit, let, shut?

Any linguistic theory which aims to cover inflecional morphology hasto answer these
guestions, and answers have dready been suggested in Word Grammar, as explained below.

The proposal is for agrant to build a mmputer system for infledional morphology in Word
Grammar. Thiswill alow usto test the Word Grammar answers for consistency, and if results
are positive it can be used fredy in future work for analysing inflectional morphology in other
languages where the fads are much richer and (in some ways) more calenging. This kind of
work redly requires a computer model as atool because of the anount of detail and the
interadions between different kinds of data. It is one thing to present the fads in the form of a
paradigm of infleded forms, asin traditional grammars, but it is much more difficult to present
the general patterns in aformal analysis.

This areaof language has recantly attraded a grea ded of attention from psychologists, as
popularised in Pinker's Words and Rules (Weidenfeld and Nicolson 1999. The question is
whether infleded forms are dl generated by connedionist networks, or (as Pinker thinks)
some ae handled in this way but others are handled by a cmmpletely different mechanism,
rules. The debate has involved both experimentation and computer modelling by both sides,
S0 the present proposal can be seen as a small contribution to this reseach. It will be small,
because it will not attempt to duplicae the experimental findings by modelling spreading
adivation. (This may be possble in future research using the software developed in this
projed.) However it will be sufficiently different from both the competing aternatives to
suggest the possbility of a midde way.

What, then, are the Word Grammar answers to the various research questions that have been
raised? The main claim of the theory is that language is a symbolic network - a network of
nodes and conneaions ead of which is 'symbolic’ in the sense that it can be related
individually to some asped of redity such as aword, arelationship or a wncept. This deasa
middle way between the two approadces that Pinker contrasts because (like rules) it is
symbolic, but like mnredionist networks it assumes a network structure. Linguists generaly
favour symbolic analyses (in this ®nse), but few linguistic theories other than Word Grammar
asaime network structures.

Another peauliarity of Word Grammer is that the networks are not simply associative
networks which show that node A is asciated in some way with node B. Insteal the links
between nodes are dl classfied in terms of a general system of link-types which isitself clealy
defined. It iscommon in Al to present knowledge structures in this way, though less ® in
linguistics; but what may be unique to Word Grammer is the assumption that link-types are
themselves organised in an isa (i.e. classficaion) hierarchy. This ams psychologicdly
plausible, as it solves the question of where the link-types ‘come from": more general types can
be learned inductively by generalisations aaoss pedfic sub-types.

When applied to inflectional morphology, this theory assumes a network which trandates quite



diredly into atraditional description of morphology. Categories such as 'past tense' are word
classes, adongside lexicdly based classes such as 'verb' and lexicd items such as WALK; so the
past tense of WALK is defined as the intersedion of the dasses 'past tense' and 'WALK'. This
is represented in a Word Grammar analysis by the label WALK :past, but in the network it is
shown as a hode with isa connedionsto 'past tense' and to WALK. Thisword's 'stem’ isthe
part contributed by the lexicd item, i.e. walk, and its 'suffix’ is the part contributed by its
infledion; so its completely infleaed form (cdled its ‘whol€, for ladk of an established term)
consists of walk followed by ed. For an irregular form such astook we say that its 'stem
vowel' is 00, which overrides the usual stem vowel of take. And if there is a sub-regularity
such as the one involving cut, hit, let and shut, this can be expressed by postulating a sub-class
of verb-stems whose 'prototype' is defined by a cmbination of monosyllabicity and a final t,
and whose past tense is always the same as its present.

In genera, then, this theory builds heavily on traditional informal descriptions. However, there
is one important resped in which it bregks with tradition. The analysis asaumes the logic of
default inheritance, whereby default properties are inherited unlessoverridden by more spedfic
ones. In thiskind of analysis we take basic and 'unmarked' charaderistics as defaults, which
has the dfed of removing the traditional distinction between a super-caegory and its
unmarked sub-caegory - for example, the distinction between Noun and Singular noun. This
gives atwo-caegory analysis which contrasts Noun (= Singular noun) and Plural noun,

instead of the more traditional Noun - Singular noun - Plural noun. When applied to verbs this
approach makes the analysis even simpler than a more traditional one.

Apart from the use of default inheritance, the main advance on traditional analysesisthe
possbility of strict formalisation. There ae two fundamental components to the formali sation:

- link-types, which acaommodate relations such as 'stem of' and 'suffix of';

- the logic of multiple default inheritance, which allows the infleaded word to inherit
charaderistics from multiple models (namely, the lexicd item and the infledional category),
and to inherit only 'by default’, so that exceptions can override the default patterns.

Asisto be expeded, there ae other theories which show partial similarities, but none which
combine charaderisticsin quite thisway. Moreover the theory of infledional morphology is
integrated into a much larger theory (Word Grammar) which applies the same basic ideas to
other areas of language including syntax and semantics. No competing theory of morphology
has sich a dose relationship to an over-arching theory of language.

However it isimportant to stressthat the proposed projed has a very limited goal,
commensurate with the size of the grant requested. The theory described is arealy available,
and it will be eay to build a small database for a sample of English verbs. All that is needed is
software which will allow the following elementary operations:

- displaying a seleded part of the database & a network on screen,

- adding to the database and editing it;

- creaing new temporary fads by multiple default inheritance



- using default inheritanceto define queriesin either diredion (i.e. querying the form of a
spedfied word classfication or querying the dassfication of a spedfied form).

Onceit isrealy the software will be made generally avail able on the internet so that it can be
used by other reseachers and by students to allow easier development of theories and
descriptions, which are imposshbly complex without computer testing.

Another benefit of this s/stem will be the posshility of incorporating a model of spreading
adivation into it. Therewill not be timein this projed to take thisideafar, but we shall at
least aim to test the feasibility of developing a more sophisticated system in later work.

This projed fits into a plan for the longer term which includes various extensions which will be
able to build on the same mmputer system with minimal changes.

- Asjust mentioned, the system will model spreading adivation, so that the answer to a query
will be the most adive node that has the spedfied charaderistics.

- The system will apply to derivational morphology (e.g. the link between WALK and
WALKER), lexicd semantics (e.g. the link between Walking and other semantic nodes such as
Go, Leg and Run), syntax and compositional semantics (e.g. the result of combining Johnwith
walks).

These extensions will require aseries of separate projeds, which we hope ESRC will be ale
to fund.

4. Full research Proposal

Relationsto the previous proposal

The present applicaion is based on the much more anbitious proposal R000239358& dled
“Parsing by spreading adivation in Word Grammar”. This was described as follows by the
Board Assesor:

“Thisisaprojed that has considerable promise in that it may well provide amore redistic
model of human syntadic processng than the mainstream approach that has been provided in
theoreticd linguistics. However, the projed asit stands is very ambitious, very expensive
particularly given the number of potential problemsthat developing it may well imply. It is
thought that a more piecemed approach, which inevitably will mean a more modest proposal,
may be abetter way forward for this very innovative and interesting approach to modelling.”

The present proposal isthe first step in the piecaned approadch recommended. It corresponds
to the preparatory phase of the larger projed, but with a more spedfic focus on inflecional
morphology. Neither of these parts of the ealier proposal attraded any adverse mmments
from referees. However the proposed projed can stand on its own, regardlessof the success
of future grant applicaions. Thisis guaranteed by the focus on inflectional morphology of
English verbs, which is a worthwhile reseach topic in its own right.

Inflecional morphologyin Word Grammar



The analysis of an infleded word such as walked involves the following elements:
alexeme: WALK
an infledional category: Past
aword class Verb
two caegories: Word, Morpheme
aword-type defined by the intersedion of WALK and Past: Walk:past
two morphemes. walk, ed
five variables which by default are instantiated: 1, 3, 4, 5, 6
one variable which by default is not instantiated: -2
the ‘isa’ relationship from
10. WALK and Past to Verb,
11 Verbto Word
12 walk, ed, 1 and -2 to Morpheme
13 3towalkand 4to ed
14, 5to3and 6to4
15. the ‘stem’ relationship from
16, WALK1to3
17. WALK:past to 5
18 Wordto 1
19. the *suffix’ relationship from
20. Past and WALK:past to ed
21.  Wordto-2
22.  the‘whol€ relationship from
23. WALK:past to the sequence{5, 6}
24.  Word to the sequence {1, -2}
25.  the‘predecesr’ relationship from
26. -2to1l
27. 6to5
These dements define the network shown in Figure 1.
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All of the dements in this network are part of the stored grammar except for those in the



bottom right-hand corner - the variables 5 and 6, and al the links to them. These stand for the
form walked, composed out of examples of the morphemes walk and ed in a pattern that can
be inferred by multiple default inheritance from the stored elements. For example, because
WALK:past isaWALK, its dem isa 3, which in turn isawalk; and becaise WALK:past isa
Word (inherited via WALK and Word), this token of walk precedes the token of ed. The term
‘whole’ means the word' s fully infleded form; all the other terms are traditional and self-
explanatory.

In this model the role of inflecional morphology isto handle any differences there may be
between aword’s gem and its whole. In some caes this may be done diredly by arule such
as “The whole of a Past verb consists of its gem followed by ed”, asin the dove example.
However there aein fad reasons for handling this particular pattern (and others) in two steps
rather than one. One such reason is the need to explain systematic syncretism; for example, the
fad that averb's past tense is usually the same & its past participle, and (more strikingly) that
the past participle is aways the same (in form) as the passve participle, however irregular the
verb may be in other respeds. In order to explain this g/ncretism we can assume an
‘intermediate’ morphologicd function cdled ‘ed-form’ which stands between the stem and the
whole. This allows a more explanatory analysis than would otherwise be possble:

. A verb's ed-form consists of its gem followed by ed.
. A past tense verb’'swhole is its ed-form.

. A past-participle verb’'swhole is its ed-form.

. A passve-participle verb’s whole isits ed-form.

Morphologicd irregularity is then locaed in the definition of the ed-form (which may be
further subdivided if the past tense is different from the participles). For smplicity, none of
thisis siown in Figure 1.

The network in Figure 1 deds with the morpho-syntax of walked, but it does not make
contad with the sounds of which these words are mmposed (which isimportant for reasons
explained below). The morpho-phonology for walked requires at least the following additional
elements:

. The cdegories Phoneme, Vowel and Consonant.
. The phonemes /o, w, k, t/.
. Four obligatory variables (1, 2, 3, 4) standing for the four segments.
. The'‘isa relationship from
. Vowel and Consonant to Phoneme
. /o/ to Vowel
. Iw, k, t/ to Consonant

. 1to/wl,2to/ol, 3to /k/, 4to It/
. The ‘shape’ relationship from
. walk to the sequence{1, 2, 3}

. edto4
. The ‘stem vowel’ relationship from walk to 2.
. The ‘predecesr’ relations from 2 to 1 and from 3 to 2.

This analysis involves a minimum of assumptions about phonologica structure becaise WG
has not been applied serioudly to this areaof language; presumably the individual phonemes
are further classfied by multiple default inheritance in terms of some set of phonetic caegories
which we shall not attempt to show. Nor shall we try to show the dlomorphy of ed (whose
default shape may in fad be /d/ rather than /t/). The network for these fadsis siown in Figure
2. (For smplicity this figure omits the ‘ predecesor’ relations among the phonemes inside



walk.) A different network would be neeled for the graphologicd structure (defined in terms
of letters).
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Figure 2

Why isit necessary to ded with morpho-phonology as well as with morpho-syntax? There ae

threereasons.

. Most irregular verbs involve alaut - a change of stem vowel between present and
past: sSing - sang, take - took, etc. Ablaut applies diredly to phonologicd structure, by
substituting one vowel for another, so we have to push the analysis as far as
phonology. Given the analysis outlined above, ablaut is essy to acaoommodate with the
help of the relationship ‘stem vowel’ from the stem to its (stressed) vowel. In this way
we can distinguish vowel-change verbs from suppetive ones (go - went), where the
entire stem changes.

. Sub-regularities are defined phonologicdly, so if we ae to represent them we have to
be ale to define them in phonologicd terms.
. A phonologicd analysis will alow usto model psychologicd processes of sprealing

adivation which are involved in selecing morphemes. Thiswill be important in future
work, though less ® in the present analysis.

It should be dea why a computer system isimportant for this kind of work. Even atiny
fragment of the total network for English such as the one ill ustrated above is aready
problematic - hard to display and hard to chedk for completenessand consistency. The
problems will i ncrease rapidly as further infledions and lexemes are alded, so further serious
reseach is virtualy impossble without a computer aid.

Earlier work in Word Grammar

My interest in morphology dates badk to my PhD on a highly infleaded (Cushitic) language,
Beja. | published a formalisation of this morphology in terms of the theory which | then
espoused, Systemic Grammar (Hudson 1973, followed by two general articles on
morphology (Hudson 1976 Hudson 1977). Each of my monographs on Word Grammar
contained a substantial discusson of morphology (Hudson 1984 pages 43-74; Hudson 199Q



pages 90-96, 17280, 225-32), and more recaitly | have authored or co-authored two articles
on morphologicd theory. The first is agenera presentation of Word Grammar morphology
with applicaionsto a variety of language types (Creider, Hudson 1999, while the second
discusses one particularly interesting detail of English morphology in grea detail (Hudson
2000.

In short, | have been thinking about morphologica theory for along time, and know
enough about the linguistic and psycholinguistic fads to be ale to evaluate my own theory
quiteredisticdly. | believe it is as good as any of the dternatives, though some aeas are sill
developing. One reason for requesting this grant isthat | fed it may not be possble to make
further progresswithout a computational tool for testing hypotheses.

| also recaved a grant from the ESRC which allowed me to spend ayea in 19878
writing a Prolog grammar-tester for Word Grammar. The main thrust of the work was g/ntax,
but the grammar-tester included a morphologicd analyser which could recognise dl the
infledions of English regular verbs. In this snse the morphologicd analyser was succesdul,
but it required a spedfic module for morphology which contained a very large anount of
code. The am of the present projed isto use avery much more genera processor in which
only avery small part - or better still, no part at al - which is dedicated to morphology.

Relationsto ather work on inflectional morphology

There ae agrea many alternative theories of morphology, ead of which shares sme of the

asumptions of Word Grammar. Since the proposed projed does not spedficdly aim to

evaluate Word Grammer in relation to other theoriesit would be irrelevant to list them here.

In any case, the theory to be tested is certainly unique in its compatibili ty with the other tenets

of Word Grammer.

However there is a serious question to be answered in relation to DATR, awidely
used and tested programming language which was gedficaly designed for use with lexicd
analyses which presuppose multiple default inheritance (Evans, Gazdar 1996 Gazdar 1992).
Since DATR isfredy available, and sinceit looks at first sight like the tool we need, why do
we ned to build a new system? This question is espedally urgent since DATR has been used
asa computer environment for work in a similar theory of morphology, Network Morphology
(Brown et al 1996 Corbett, Fraser 1993 Fraser, Corbett 1995. There ae various reasons
why we canot use DATR:

. Although DATR allows multiple inheritance, it requires the supercaegoriesto be
ranked so that conflicts will always be resolved in favour of one of them. Thisisnot in
the spirit of Word Grammar, where it isimportant for conflicts to remain unresolved.
(Thisisthe basis for my explanation of the gap where we exped *I amn’t - Hudson

2000)

. DATR does not allow the rich vocabulary of elements that we need for relating words,
morphemes and phonemes and for distinguishing relationships such as ‘stem’, “ suffix’
and ‘whole’.

. DATR uses ‘rules of referral’ to handle systematic syncretism, for which we use the
intermediate functions such as ‘ed-form’ explained above.

. DATR isdesigned for use in ‘the lexicon’, and it is not clea how or even whether it
can be extended to other areas of language such as g/ntax.

. DATR does not include auser-friendly interfacefor presenting and editing network
grammars.

In other respeds, however, the proposed software is very much in the spirit of DATR so we
shall be ale to build on that system.



Details of the proposed system

The software padkage which we propose to build will be written in C++, and when compiled it

will be made fredy available to any user for use on the internet or for downloading to aPC. It

will i nclude the following fadlities:

. Aninterfacewith a database of facts which is gored in text form so that users can
insped it visually. This database will hold all the dedarations for individual nodes and
relationships (with the exception of the ‘isa relationship, which is built-in because of
itsrole in inheritance).

. A screen interfacewhich alows the user:

. to seled some node in the database for display as the cantre of a small network
of closely related nodes (where ‘closely’ may be defined by the user);

. to add, delete and edit nodes and relationships;

. to define queries by adding a“query’ variable to the network which the system
then tries to instantiate;

. to ‘step’ through queries watching changes to the network as they happen.

. An inference angine based on the Word Grammar definitions of:
. Multiple Default Inheritance
. If: AisaB and

. X of B=M and not:
. Y of C=N where:
. Y=XorYisaX ad
. C=BorCisaBad

. N =M
. then: X of A =M.
. Isa:
. If: AisaB and
BisaC
. then: AisaC.
. An elementary ‘ spreading activation’ model which will smply seled candidates for

testing by the inference angine (e.g. all the stored morphemes whose letters overlap
with those in the word whose identity is being gueried, and in which these letters occur
in the same order). Inthis projed this adivation will i nvolve on/off values which will
spread a spedfied distance through the network, but in later versions these values can
be replaced by numbers.

At least in language processng it is unusual to combine spreading adivation with default
inheritance, so this projed will also test the feasihility of thisidea The default logic presented
above faces well known problems of speed, becaise whenever it is possble to infer a default
value, a dhed hasto be run for more spedfic fads which might override the default. This
requires a omplex seach through the entire database, which is unredistic psychologicaly as
well as unpromising computationally. However, the aldition of sprealing adivation solves this
problem because dl the fads that might be relevant will be adive, so the search can be
restricted only to a few of the most adive fads.
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