D A TR : A Language for Lexical

Kno wledge Represen tation

∗

Roger Ev ans

†

Gerald Gazdar

‡

Univ ersit y of Brigh ton Univ ersit y of Sussex

Much r e c ent r ese ar ch on the design of natur al language lexic ons has made use of non-

monotonic inheritanc e networks as original ly develop e d for gener al know le dge r epr esen-

tation purp oses in A rtificial Intel ligenc e. D A TR is a simple, sp artan language for defining

nonmonotonic inheritanc e networks with p ath/value e quations, one that has b e en designe d

sp e cific al ly for lexic al know le dge r epr esentation. In ke eping with its intende d ly minimalist

char acter, it lacks many of the c onstructs emb o die d either in gener al purp ose know le dge

r epr esentation languages or in c ontemp or ary gr ammar formalisms. The pr esent p ap er

shows that the language is nonetheless sufficiently expr essive to r epr esent c oncisely the

structur e of lexic al information at a variety of levels of linguistic analysis. The p ap er

pr ovides an informal example-b ase d intr o duction to D A TR and to te chniques for its use,

including finite state tr ansduction, the enc o ding of D A Gs and lexic al rules, and the r ep-

r esentation of ambiguity and alternation. Sample analyses of phenomena such as infle c-

tional syncr etism and verb al sub c ate gorisation ar e given which show how the language

c an b e use d to sque eze out r e dundancy fr om lexic al descriptions.

1. In tro duction

Irregular lexemes are standardly regular in some resp ect. Most are just lik e regular lex-

emes except that they deviate in one or t w o c haracteristics. What is needed is a natural

w a y of sa ying “this lexeme is regular except for this prop ert y”. One ob vious approac h

is to use nonmonotonicit y and inheritance mac hinery to capture suc h lexical irregularit y

(and subregularit y), and m uc h recen t researc h in to the design of represen tation languages

for natural language lexicons has th us made use of nonmonotonic inheritance net w orks

(or “seman tic nets”) as originally dev elop ed for more general represen tation purp oses in

Artificial In telligence. Daelemans et al. (1992) pro vide a rationale for, and an in tro duc-

tion to, this b o dy of researc h and w e will not rehearse the con ten t of that pap er here,

nor review the w ork cited there

1

. D A TR is a rather spartan nonmonotonic language for

defining inheritance net w orks with path/v alue equations. In k eeping with its in tendedly

minimalist c haracter, it lac ks man y of the constructs em b o died either in general purp ose

∗ This edition of the presen t pap er is to app ear in Computational Linguistics .

† Information T ec hnology Researc h Institute, Univ ersit y of Brigh ton, Brigh ton BN2 4A T, U.K.;

Roger.Evans@itri.brighton.ac.uk

‡ Cognitiv e & Computing Sciences, Univ ersit y of Sussex, Brigh ton BN1 9QH, U.K.;

Gerald.Gazdar@cogs.sussex.ac.uk

1 Daelemans & Gazdar (1992) and Brisco e et al. (1993) are collections that bring together m uc h

recen t w ork on the application of inheritance net w orks to lexical description. Other relev an t recen t

w ork not found there includes Bouma (1993), Brisco e et al. (1995), Calder (1994), Cop estak e

(1992), Daelemans (1994), Daelemans & De Smedt (1994), Ide et al. (1994), Lascarides et al.

(forthcoming), Mellish & Reiter (1993), Mitam ura & Nyb erg (1992), P enn & Thomason (1994),

Reiter & Mellish (1992), Y oung (1992), and Y oung & Rounds (1993).

c ◯ 1995 Roger Ev ans & Gerald Gazdar

D A TR cogs csrp 382 , No v em b er 1995

kno wledge represen tation languages or in con temp orary grammar formalisms. But the

presen t pap er seeks to sho w that the language is nonetheless sufficien tly expressiv e to

represen t concisely the structure of lexical information at a v ariet y of lev els of language

description.

The dev elopmen t of D A TR has b een guided b y a n um b er of concerns whic h w e sum-

marise here. Our ob jectiv e has b een a language whic h (i) has an explicit theory of infer-

ence, (ii) has an explicit declarativ e seman tics, (iii) can b e readily and efficien tly imple-

men ted, (iv) has the necessary expressiv e p o w er to enco de the lexical en tries presupp osed

b y w ork in the unification grammar tradition, and (v) can express all the eviden t gen-

eralisations and subgeneralisations ab out suc h en tries. Our first publications on D A TR

(Ev ans & Gazdar 1989a, 1989b) pro vided a formal theory of inference (i) and a formal

seman tics (ii) for D A TR and w e will not recapitulate that material here

2

.

With resp ect to (iii), the core inference engine for D A TR can b e co ded in a page of

Prolog (see, e.g., Gibb on 1993, p50). A t the time of writing, w e kno w of a dozen differen t

implemen tations of the language, some of whic h ha v e b een used with large D A TR lexicons

in the con text of big NLP systems (e.g., Andry et al. 1992; Cahill 1993a, 1994; Cahill &

Ev ans 1990). W e will commen t further on implemen tation matters in Section 5, b elo w.

Ho w ev er, the main purp ose of the presen t pap er is to exhibit the use of D A TR for lexical

description (iv) and the w a y it mak es it relativ ely easy to capture lexical generalisations

and subregularities at a v ariet y of analytic lev els (v). W e will pursue (iv) and (v) in the

con text of an informal example-based in tro duction to the language and to tec hniques for

its use, and w e will mak e frequen t reference to the D A TR -based lexical w ork that has

b een done since 1989.

The pap er is organized as follo ws. Section 2 uses an analysis of English v erbal mor-

phology to pro vide an informal in tro duction to D A TR . Section 3 describ es the language

more precisely: its syn tax, inferen tial and default mec hanisms, and the use of abbreviatory

v ariables. Section 4 describ es a wide v ariet y of D A TR tec hniques, including case constructs

and parameters, b o olean logic, finite state transduction, lists and D A Gs, lexical rules,

and w a ys to enco de am biguit y and alternation. Section 5 explores more tec hnical issues

relating to the language, including functionalit y and consistency , m ultiple-inheritance,

mo des of use and existing implemen tations. Section 6 mak es some closing observ ations.

Finally an app endix to the pap er replies to the p oin ts made in the critical literature on

D A TR .

2. D A TR b y example

W e b egin our presen tation of D A TR with a partial analysis of morphology in the English

v erbal system. In D A TR , information is organised as a net w ork of no des , where a no de

is essen tially just a collection of closely related information. In the con text of lexical

description, a no de t ypically corresp onds to a w ord, a lexeme or a class of lexemes. F or

example, w e migh t ha v e a no de describing an abstract v erb, another for the sub case of a

transitiv e v erb, another for the lexeme love and still more for the individual w ords that

are instances of this lexeme ( love , loves , love d , loving , etc.). Eac h no de has asso ciated with

it a set of path/v alue pairs where a path is a sequence of atoms (whic h are primitiv e

ob jects), and a v alue is an atom or a sequence of atoms. W e will sometimes refer to atoms

in paths as attributes .

2 Note, ho w ev er, that the definitions in the 1989 pap ers are not giv en in sufficien t generalit y to co v er

D A TR equations with more than one (non-atomic) descriptor on the righ t hand side. Keller (1995)

effectiv ely replaces our 1989 presen tation of a seman tics for D A TR and his treatmen t is general

enough to co v er descriptor sequences.

P ath

V alue

syn cat
verb

syn type
main

syn form
present participle

mor form
love ing

T able 1

P ath/v alue pairs for presen t participle of love

F or example, a no de describing the presen t participle form of the v erb love (and

called p erhaps Word1 ) migh t con tain the path/v alue pairs sho wn in T able 1. The paths

in this example all happ en to con tain t w o attributes, and the first attribute can b e

though t of as distinguishing syn tactic and morphological t yp es of information. The v alues

indicate appropriate linguistic settings for the paths for a presen t participle form of love .

Th us its syn tactic category is verb , its syn tactic t yp e is main (i.e., it is a main v erb,

not an auxiliary), its syn tactic form is present participle (a t w o atom sequence),

its morphological form is love ing (another t w o atom sequence). In D A TR this can b e

written as

3

:

Word1:

<syn cat> = verb

<syn type> = main

<syn form> = present participle

<mor form> = love ing.

Here, angle brac k ets < . . . > delimit paths. Note that v alues can b e atomic or they can

consist of sequences of atoms, as the t w o last lines of the example illustrate

4

. As a

first appro ximation, no des can b e though t of as denoting partial functions from paths

(sequences of atoms) to v alues (sequences of atoms)

5

.

In itself, this tin y fragmen t of D A TR is not p ersuasiv e, apparen tly allo wing only for

the sp ecification of w ords b y simple listing of path/v alue statemen ts for eac h one. It

seems that if w e wished to describ e the passiv e form of love w e w ould ha v e to write:

Word2:

<syn cat> = verb

<syn type> = main

<syn form> = passive participle

<mor form> = love ed.

This do es not seem v ery helpful: the whole p oin t of a lexical description language is

to capture generalisations and a v oid the kind of duplication eviden t in the sp ecification

of Word1 and Word2 . And indeed, w e shall shortly in tro duce an inheritance mec hanism

whic h allo ws us to do just that. But there is one sense in whic h this listing approac h is

exactly what w e w an t: it represen ts the actual information w e generally wish to access

from the description. So in a sense w e do w an t all the ab o v e statemen ts to b e presen t

in our description; what w e w an t to a v oid is rep eated sp ecification of the common

3 The syn tax of D A TR , lik e its name and its minimalist philosoph y , o w es more than a little to that of

the unification grammar language P A TR (Shieb er 1986). With hindsigh t this ma y ha v e b een a bad

design decision since similarit y of syn tax tends to imply a similarit y of seman tics. And, as w e shall

see in Section 4.7 b elo w, and elsewhere, there is a subtle but imp ortan t seman tic difference.

4 No de names and atoms are distinct but essen tially arbitrary classes of tok ens in D A TR . In this

pap er w e shall distinguish them b y a simple case con v en tion – no de names start with an upp ercase

letter, atoms do not.

5 This is an appro ximation since it ignores the role of global con texts – see Section 5.1, b elo w.

D A TR cogs csrp 382 , No v em b er 1995

elemen ts.

This problem is o v ercome in D A TR in the follo wing w a y: suc h exhaustiv ely listed

path/v alue statemen ts are indeed presen t in a description, but t ypically only implicitly

presen t. Their presence is a logical consequence of a second set of statemen ts, whic h

ha v e the concise, generalisation-capturing prop erties w e exp ect. T o mak e the distinction

sharp, w e call the first t yp e of statemen t extensional and the second t yp e definitional .

Syn tactically , the distinction is made with the equalit y op erator: for extensional state-

men ts (as ab o v e), w e use = , while for definitional statemen ts w e use == . And, although

our first example of D A TR consisted en tirely of extensional statemen ts, almost all the

remaining examples will b e definitional. The seman tics of the D A TR language binds the

t w o together in a declarativ e fashion, allo wing us to concen trate on concise definitions of

the net w ork structure from whic h the extensional “results” can b e read off.

Our first step to w ards a more concise accoun t of Word1 and Word2 is simply to c hange

the extensional statemen ts to definitional ones:

Word1:

<syn cat> == verb

<syn type> == main

<syn form> == present participle

<mor form> == love ing.

Word2:

<syn cat> == verb

<syn type> == main

<syn form> == passive participle

<mor form> == love ed.

This is p ossible b ecause D A TR resp ects the unsurprising condition that if at some no de a

v alue is sp ecifically defined for a path with a definitional statemen t, then the corresp ond-

ing extensional statemen t also holds. So the statemen ts w e previously made concerning

Word1 and Word2 remain true, but no w only implicitly true.

Although this c hange do es not itself mak e the description more concise, it allo ws us

to in tro duce other w a ys of describing v alues in definitional statemen ts, in addition to

simply sp ecifying them. Suc h v alue descriptors will include inheritance sp ecifications

whic h allo w us to gather together the prop erties that Word1 and Word2 ha v e solely b y

virtue of b eing v erbs. W e start b y in tro ducing a VERB no de:

VERB:

<syn cat> == verb

<syn type> == main.

and then redefine Word1 and Word2 to inherit their v erb prop erties from it. A direct

enco ding for this is as follo ws:

Word1:

<syn cat> == VERB:<syn cat>

<syn type> == VERB:<syn type>

<syn form> == present participle

<mor form> == love ing.

Word2:

<syn cat> == VERB:<syn cat>

<syn type> == VERB:<syn type>

<syn form> == passive participle

<mor form> == love ed.

In these revised definitions the righ t hand side of the < syn cat > statemen t is not a direct

v alue sp ecification, but instead an inheritance descriptor. This is the simplest form of

D A TR inheritance, it just sp ecifies a new no de and path from whic h to obtain the required

v alue. It can b e glossed roughly as “the v alue asso ciated with < syn cat > at Word1 is the

same as the v alue asso ciated with < syn cat > at VERB ”. Th us from VERB: < syn cat >

== verb it no w follo ws that Word1: < syn cat > == verb

6

.

Ho w ev er, this mo dification to our analysis seems to mak e it less rather than more

concise. It can b e impro v ed in t w o w a ys. The first is really just a syn tactic tric k: if the

path on the righ t hand side is the same as the path on the left hand side it can b e

omitted. So w e can replace VERB: < syn type > , in the example ab o v e, with just VERB .

W e can also extend this abbreviation strategy to co v er cases lik e the follo wing, where the

path on the righ t hand side is differen t but the no de is the same:

Come:

<mor root> == come

<mor past participle> == Come:<mor root>.

In this case w e can simply omit the no de:

Come:

<mor root> == come

<mor past participle> == <mor root>.

The other impro v emen t in tro duces one of the most imp ortan t features of D A TR – sp ecifi-

cation b y default. Recall that paths are sequences of attributes. If w e understand paths

to start at their left hand end, w e can construct a notion of path extension : a path P2

extends a path P1 if and only if all the attributes of P1 o ccur in the same order at the

left hand end of P2 (so < a1 a2 a3 > extends <> , < a1 > , < a1 a2 > and < a1 a2 a3 > ,

but not < a2 > , < a1 a3 > , etc..). If w e no w consider the (finite) set of paths o ccurring in

definitional statemen ts asso ciated with some no de, that set will not include all p ossible

paths (of whic h there are infinitely man y). So the question arises of what w e can sa y

ab out paths for whic h there is no sp ecific definition. F or some path P1 not defined at

no de N , there are t w o cases to consider: either P1 is the extension of some path defined

at N or it is not. The latter case is easiest – there is simply no definition for P1 at N

(hence N can b e a partial function, as already noted ab o v e). But in the former case,

where P1 extends some P2 whic h is defined at N , P1 assumes a definition “b y default”.

If P2 is the only path defined at N whic h P1 extends, then P1 tak es its definition from

the definition of P2 . If P1 extends sev eral paths defined at N , it tak es its definition from

the most sp ecific (i.e., the longest) of the paths that it extends.

In the presen t example, this mo de of default sp ecification can b e applied as follo ws.

W e ha v e t w o statemen ts at Word1 whic h (after applying the abbreviation in tro duced

ab o v e) b oth inherit from VERB :

Word1:

<syn cat> == VERB

<syn type> == VERB.

Because they ha v e a common leading subpath < syn > , w e can collapse them in to a single

statemen t ab out < syn > alone:

Word1:

<syn> == VERB.

If this w ere the en tire definition of Word1 , the default mec hanism w ould ensure that

all extensions of < syn > (including the t w o that concern us here) w ould b e giv en the

same definition – inheritance from VERB . But in our example, of course, there are other

6 And hence also the extensional v ersion, Word1: < syn cat > = verb

D A TR cogs csrp 382 , No v em b er 1995

statemen ts concerning Word1 . If w e add these bac k in, the complete definition lo oks lik e

this:

Word1:

<syn> == VERB

<syn form> == present participle

<mor form> == love ing.

The paths < syn type > and < syn cat > (and also man y others, suc h as < syn cat

foo > , < syn baz > ) obtain their definitions from < syn > using the default mec hanism

just in tro duced, and so inherit from VERB . But < syn form > , b eing explicitly defined,

is exempt from this default b eha viour, and so retains its v alue definition, present

participle . And an y extensions of < syn form > obtain their definitions from < syn

form > rather than < syn > (since it is a more sp ecific leading subpath), and so will ha v e

the v alue present participle also.

The net effect of this definition for Word1 can b e glossed as “ Word1 stipulates its mor-

phological form to b e love ing and inherits v alues for its syn tactic features from VERB ,

except for < syn form > whic h is present participle ”. More generally , this mec hanism

allo ws us to define no des differen tially: b y inheritance from default sp ecifications, aug-

men ted b y an y non-default settings asso ciated with the no de at hand. In fact, the Word1

example can tak e this default inheritance one step further, b y inheriting ev erything

(not just < syn > ) from VERB , except for the sp ecifically men tioned v alues:

Word1:

<> == VERB

<syn form> == present participle

<mor form> == love ing.

Here the empt y path <> is a leading subpath of ev ery path, and so acts as a “catc h

all” – an y path for whic h no more sp ecific definition at Word1 exists will inherit from

VERB . Inheritance via the empt y path is ubiquitous in real D A TR lexicons but it should

b e remem b ered that the empt y path has no sp ecial formal status in the language.

In this w a y Word1 and Word2 can b oth inherit their general v erbal prop erties from

VERB . But of course these t w o particular forms ha v e more in common than simply b eing

v erbs – they are b oth instances of the same v erb, love . By in tro ducing an abstract Love

lexeme, w e can pro vide a site for prop erties shared b y all forms of love (in this simple

example, just its morphological ro ot and the fact that it is a v erb).

VERB:

<syn cat> == verb

<syn type> == main.

Love:

<> == VERB

<mor root> == love.

Word1:

<> == Love

<syn form> == present participle

<mor form> == <mor root> ing.

Word2:

<> == Love

<syn form> == passive participle

<mor form> == <mor root> ed.

So no w Word1 inherits from Love rather than VERB (but Love inherits from VERB , so the

latter’s definitions are still presen t at Word1 ). Ho w ev er, instead of explicitly including the

atom love in the morphological form, the v alue definition includes the descriptor < mor root > . This descriptor is equiv alen t to Word1: < mor root > and, since < mor root >

is not defined at Word1 , the empt y path definition applies, causing it to inherit from

Love: < mor root > , and thereb y return the exp ected v alue, love . Notice here that eac h

elemen t of a v alue can b e defined en tirely indep enden tly of the others; for < mor form >

w e no w ha v e an inheritance descriptor for the first elemen t and a simple v alue for the

second.

Our to y fragmen t is b eginning to lo ok somewhat more resp ectable: a single no de for

abstract v erbs, a no de for eac h abstract v erb lexeme, and then individual no des for eac h

morphological form of eac h v erb. But there is still more that can b e done. Our fo cus on

a single lexeme has mean t that one class of redundancy has remained hidden. The line

<mor form> == <mor root> ing

will o ccur in ev ery presen t participle form of ev ery v erb. But it is a completely generic

statemen t that can b e applied to all English presen t participle v erb forms. So can w e not

replace it with a single statemen t in the VERB no de? Using the mec hanisms w e ha v e seen

so far, the answ er is no. The statemen t w ould ha v e to b e (i), whic h is equiv alen t to (ii),

whereas the effect w e w an t is (iii):

(i) VERB:<mor form> == <mor root> ing

(ii) VERB:<mor form> == VERB:<mor root> ing

(iii) VERB:<mor form> == Word1:<mor root> ing

Using (i) or (ii), w e w ould end up with the same morphological ro ot for ev ery v erb (or

more lik ely no v alue at all, since it is hard to imagine what v alue VERB: < mor root >

migh t plausibly b e giv en), rather than a differen t one for eac h. And of course, w e cannot

simply use (iii) as it is, since that only applies to the particular w ord describ ed b y Word1 ,

namely loving .

The problem is that the inheritance mec hanism w e ha v e b een using is lo cal , in the

sense that it can only b e used to inherit either from a sp ecifically named no de (and/or

path), or relativ e to the lo cal con text of the no de (and/or path) at whic h it is defined.

What w e need is a w a y of sp ecifying inheritance relativ e to the the original no de/path

sp ecification whose v alue w e are trying to determine, rather than the one w e ha v e reac hed

b y follo wing inheritance links. W e shall refer to this original sp ecification as the query

w e are attempting to ev aluate, and the no de and path asso ciated with this query as the

global con text

7

. Global inheritance, that is, inheritance relativ e to the global con text, is

indicated in D A TR b y using quoted ( " . . . " ) descriptors, and w e can use it to extend our

definition of VERB as follo ws:

VERB:

<syn cat> == verb

<syn type> == main

<mor form> == "<mor root>" ing.

Here w e ha v e added a definition for < mor form > whic h con tains the quoted path " < mor

root > " . Roughly sp eaking, this is to b e in terpreted as “inherit the v alue of < mor root >

from the no de originally queried”. With this extra definition, w e no longer need a < mor

form > definition in Word1 , so it just b ecomes:

Word1:

<> == Love

<syn form> == present participle.

T o see ho w this global inheritance w orks, consider ev aluating the query Word1: < mor

form > . Since < mor form > is not defined at Word1 , it will inherit from VERB via Love .

7 Strictly sp eaking, the query no de and path form just the initial global con text, since as w e shall see

in Section 3.2.2 b elo w, the global con text can c hange during inheritance pro cessing.

D A TR cogs csrp 382 , No v em b er 1995

This sp ecifies inheritance of < mor root > from the query no de, whic h in this case is

Word1 . The path < mor root > is not defined at Word1 but inherits the v alue love from

Love . Finally , the definition of < mor form > at VERB adds an explicit ing , resulting in a

v alue of love ing for Word1: < mor form > . Ho w ev er, had w e b egun ev aluation at, sa y , a

daugh ter of the lexeme Eat , w e w ould ha v e b een directed from VERB: < mor form > bac k

to the original daugh ter of Eat to determine its < mor root > , whic h w ould b e inherited

from Eat itself. So w e w ould ha v e ended up with the v alue eat ing .

The analysis is no w almost the w a y w e w ould lik e it to b e. Ho w ev er, b y mo ving < mor

form > from Word1 to VERB , w e ha v e in tro duced a new problem: w e ha v e frozen in the

presen t participle as the (default) v alue of < mor form > for all v erbs. Clearly , if w e w an t

to sp ecify other forms at the same lev el of generalit y , then < mor form > is curren tly

misnamed: it should b e < mor present participle > , so that w e can add < mor past

participle > , < mor present tense > , etc. If w e mak e this c hange, then the VERB no de

will lo ok lik e this:

VERB:

<syn cat> == verb

<syn type> == main

<mor past> == "<mor root>" ed

<mor passive> == "<mor past>"

<mor present> == "<mor root>"

<mor present participle> == "<mor root>" ing

<mor present tense sing three> == "<mor root>" s.

In adding these new sp ecifications, w e ha v e added a little extra structure as w ell. The

passiv e form is asserted to b e the same as the past form – the use of global inheritance here

ensures that irregular or subregular past forms result in irregular or subregular passiv e

forms, as w e shall see shortly . The paths in tro duced for the presen t forms illustrate

another use of default definition. W e assume that the morphology of presen t tense forms

is sp ecified with paths of fiv e attributes, the fourth sp ecifying n um b er, the fifth, p erson.

Here w e define default presen t morphology to b e simply the ro ot, and this generalises to

all the longer forms, except the presen t participle and the third p erson singular.

So no w for Love , the follo wing extensional statemen ts hold, in ter alia:

Love:

<syn cat> = verb

<syn type> = main

<mor present tense sing one> = love

<mor present tense sing two> = love

<mor present tense sing three> = love s

<mor present tense plur> = love

<mor present participle> = love ing

<mor past tense sing one> = love ed

<mor past tense sing two> = love ed

<mor past tense sing three> = love ed

<mor past tense plur> = love ed

<mor past participle> = love ed

<mor passive participle> = love ed.

There remains one last problem in the definitions of Word1 and Word2 . The morpho-

logical form of Word1 is no w giv en b y < mor present participle > . Similarly , Word2 ’s

morphological form is giv en b y < mor passive participle > . There is no longer a

unique path represen ting morphological form. But this can b e corrected b y the addition

of a single statemen t to VERB :

VERB:

<mor form> == "<mor "<syn form>">".

This statemen t emplo ys a D A TR construct, the ev aluable path , whic h w e ha v e not

encoun tered b efore. The righ t hand side consists of a (global) path sp ecification, one

of whose comp onen t attributes is itself a descriptor, to b e ev aluated b efore the outer

path can b e. The effect of the ab o v e statemen t is to sa y that < mor form > globally

inherits from the path giv en b y the atom mor follo w ed b y the global v alue of < syn

form > . F or Word1 , < syn form > is present participle , so < mor form > inherits from

< mor present participle > . But for Word2 , < mor form > inherits from < mor passive

participle > . Effectiv ely , the < syn form > is b eing used as a parameter to con trol

whic h sp ecific form should b e considered the morphological form. Ev aluable paths ma y

themselv es b e global (as in our example) or lo cal and their ev aluable comp onen ts ma y

also in v olv e global or lo cal reference.

Our analysis no w lo oks lik e this:

VERB:

<syn cat> == verb

<syn type> == main

<mor form> == "<mor "<syn form>">"

<mor past> == "<mor root>" ed

<mor passive> == "<mor past>"

<mor present> == "<mor root>"

<mor present participle> == "<mor root>" ing

<mor present tense sing three> == "<mor root>" s.

Love:

<> == VERB

<mor root> == love.

Word1:

<> == Love

<syn form> == present participle.

Word2:

<> == Love

<syn form> == passive participle.

The en tire analysis is somewhat larger than the original, but it enco des all the past and

presen t tense forms as w ell as all three participial forms. More imp ortan tly , almost all

the information is in the VERB no de and is common to man y v erb lexemes

8

. Indeed, the

other no des are as small as they reasonably could b e: Love simply states that it is a

v erb with morphological ro ot love and Word1 simply states that it is a presen t participle

instance of Love .

Of course, Love is a completely regular v erb. But D A TR ’s capacit y for definition b y

default allo ws subregular and irregular lexemes to b e concisely represen ted also. As an

example, consider the class of v erbs whic h tak e en as their past participle ending: hew,

mow, saw, sew, etc.

9

W e can represen t this subregularit y with a new v erbal no de whic h

defaults to VERB , but o v errides just the past participle morphology:

8 Linguistically , the analysis is still not abstract enough since it fails to enco de the morphotactic

generalisation that, b y default, an inflected English w ord consists of a ro ot optionally follo w ed b y a

suffix. Suc h generalisations are easy enough to state in D A TR but w ould en tail more elab oration of

our running example than its exp ository purp ose requires.

9 Our orthographic represen tations in this pap er presupp ose some basic “sp elling rules”, th us love ed

is sp elt love d , love ing is sp elt loving and mow en is sp elt mown . If w e had c hosen to represen t

ro ots and suffixes as letter sequences rather than as atoms then it w ould ha v e b een p ossible to

implemen t the necessary sp elling rules in a finite state transducer written in D A TR itself. See, for

example, that presen ted in Section 4.3, b elo w.

D A TR cogs csrp 382 , No v em b er 1995

EN_VERB:

<> == VERB

<mor past participle> == "<mor root>" en.

Relev an t individual v erb lexemes then inherit from this no de instead of directly from

VERB :

Mow:

<> == EN_VERB

<mor root> == mow.

Sew:

<> == EN_VERB

<mor root> == sew.

As noted ab o v e, the passiv e forms of these subregular v erbs will also no w b e correct,

b ecause of the use of a global cross-reference to the past participle form in the VERB

no de. So for example, the definition of the passiv e form of sew is:

Word3:

<> == Sew

<syn form> == passive participle.

If w e seek to establish the < mor form > of Word3 , w e are sen t up the hierarc h y of no des,

first to Sew , then to EN VERB , and then to VERB . Here w e encoun ter " < mor " < syn

form > " > " whic h resolv es to " < mor passive participle > " in virtue of the em b ed-

ded global reference to < syn form > at Word3 . This means w e no w ha v e to establish the

v alue of < mor passive participle > at Word3 . Again, w e ascend the hierarc h y to VERB

and find ourselv es referred to the global descriptor " < mor past participle > " . This

tak es us bac k to Word3 , from where w e again clim b, first to Sew , then to EN VERB . Here,

< mor past participle > is giv en as the sequence " < mor root > " en . This leads us to

lo ok for the < mor root > of Word3 whic h w e find at Sew giving the result w e seek:

Word3:

<mor form> = sew en.

Irregularit y can b e treated as just the limiting case of subregularit y , so, for example, the

morphology of Do can b e sp ecified as follo ws

10

:

Do:

<> == VERB

<mor root> == do

<mor past> == did

<mor past participle> == done

<mor present tense sing three> == does.

Lik ewise, the morphology of Be can b e sp ecified as follo ws

11

:

Be:

<> == EN_VERB

<mor root> == be

<mor present tense sing one> == am

<mor present tense sing three> == is

10 Orthographically , the form does could simply b e treated as regular (from do s ). Ho w ev er, w e ha v e

c hosen to stipulate it here since, although the sp elling app ears regular, the phonology is not, so in a

lexicon that defined phonological forms it w ould need to b e stipulated.

11 In their default unification reconstruction of this D A TR analysis of English v erbal inflection, Bouma

& Nerb onne (1994) in v ok e “a feature -SG3 to co v er all agreemen t v alues other than third p erson

singular” in order “to a v oid redundancy”. But they do not explain ho w they w ould then accoun t for

the first p erson singular presen t tense form of b e without rein tro ducing the redundancy that they are

seeking to a v oid. And the use of this purely morphological feature leads them to in tro duce a set of

lexical rules in order to map the relev an t information across from the (differen t) syn tactic features.

<mor present tense plur> == are

<mor past tense sing one> == <mor past tense sing three>

<mor past tense sing three> == was

<mor past tense plur> == were.

In this section w e ha v e mo v ed from simple attribute/v alue listings to a compact,

generalisation-capturing represen tation for a fragmen t of English v erbal morphology . In

so doing, w e ha v e seen examples of most of the imp ortan t ingredien ts of D A TR : lo cal and

global descriptors, definition b y default, and ev aluable paths.

3. The D A TR language

3.1 Syn tax

A D A TR description consists of a sequence of sen tences corresp onding seman tically to

a set of statemen ts. Sen tences are built up out of a small set of basic expression t yp es,

built up out of sequences of lexical tok ens, whic h w e tak e to b e primitiv e.

In the previous section, w e referred to individual lines in D A TR definitions as state-

men ts . Syn tactically ho w ev er, a D A TR description consists of a sequence of sen tences ,

where eac h sen tence starts with a no de name and ends with a p erio d, and con tains one or

more path equations relating to that no de, eac h corresp onding to a statemen t in D A TR .

This distinction b et w een sen tences and statemen ts is primarily for notational con v enience

(it w ould b e cum b ersome to require rep etition of the no de name for eac h statemen t) and

statemen ts are the primary unit of sp ecification in D A TR . F or the purp oses of this section,

where w e need to b e particularly clear ab out this distinction, w e shall call a sen tence

con taining just a single statemen t a simple sen tence.

3.1.1 Lexical tok ens. The syn tax of D A TR distinguishes four classes of lexical tok en:

no des , atoms , v ariables and reserv ed sym b ols. The complete list of reserv ed sym b ols

is as follo ws:

: " < > = == . ’ % #

W e ha v e already seen the use of the first sev en of these. Single quotes can b e used to form

atoms that w ould otherwise b e ill-formed as suc h; % is used for end-of-line commen ts,

follo wing the Prolog con v en tion; # is used to in tro duce declarations and other compiler

directiv es

12

.

The other classes, no des , atoms and v ariables , m ust b e distinct, and distinct from

the reserv ed sym b ols, but are otherwise arbitrary

13

. F or this discussion, w e ha v e already

adopted the con v en tion that b oth no des and atoms are simple w ords, with no des starting

with upp ercase letters. W e extend this con v en tion to v ariables, discussed more fully in

Section 3.4 b elo w, whic h w e require to start with the c haracter $ . And w e tak e white-space

(spaces, newlines, tabs, etc.) to delimit lexical tok ens but otherwise to b e insignifican t.

3.1.2 Righ t-hand-side expressions. The expressions that ma y app ear as the righ t-

hand-sides of D A TR equations are sequences of zero

14

or more descriptors . Descriptors

12 Aside from their use in Section 3.4, w e will completely ignore suc h directiv es in this pap er.

13 F ormally , w e require them to b e finite classes, but this is not of great significance here.

14 D A TR mak es a distinction b et w een a path not ha ving a v alue (i.e., b eing undefined) and a path

ha ving the empt y sequence as a v alue:

NUM:

                                                                                                                     <two> ==

                                                                                                                     <one> == one.

In this example, NUM: < one > has the v alue one , NUM: < two > has the empt y sequence as its v alue,

and NUM: < three > is simply undefined.

D A TR cogs csrp 382 , No v em b er 1995

are defined recursiv ely , and come in sev en kinds. The simplest descriptor is just an atom

or v ariable:

atom1

$var1

Then there are three kinds of lo cal inheritance descriptor : a no de, an (ev aluable)

path, and a no de/path pair. No des are primitiv e tok ens, paths are descriptor sequences

(defined b elo w) enclosed in angle brac k ets and no de/path pairs consist of a no de and a

path separated b y a colon:

Node1

<desc1 desc2 desc3 ...>

Node1:<desc1 desc2 desc3 ...>

Finally there are three kinds of global inheritance descriptor , whic h are quoted

v arian ts of the three lo cal t yp es just describ ed:

"Node1"

"<desc1 desc2 desc3 ...>"

"Node1:<desc1 desc2 desc3 ...>"

A descriptor sequence is a (p ossibly empt y) sequence of descriptors. The recursiv e

definition of ev aluable paths in terms of descriptor sequences allo ws arbitrarily complex

expressions to b e constructed, suc h as

15

:

"Node1:<"<atom1>" Node2:<atom2>>"

"<"<<Node1:<atom1 atom2> atom3>" Node2 "<atom4 atom5>" <> >">"

But the v alue sequences determined b y suc h definitions are flat : they ha v e no struc-

ture b ey ond the simple sequence and in particular do not reflect the structure of the

descriptors that define them.

W e shall sometimes refer to descriptor sequences con taining only atoms as simple

v alues, and similarly (unquoted) path expressions con taining only atoms as simple paths.

3.1.3 Sen tences. D A TR sen tences represen t the statemen ts whic h mak e up a descrip-

tion. As w e ha v e already seen, there are t w o basic statemen t t yp es, extensional and def-

initional, and these corresp ond directly to simple extensional and definitional sen tences,

whic h are made up from the comp onen ts in tro duced in the preceding section.

Simple extensional sen tences tak e the form

Node:Path = Ext

where Node is a no de, Path is a simple path, and Ext is a simple v alue. Extensional

sen tences deriv able from the examples giv en in Section 2 include:

Do:<mor past participle> = done.

Mow:<mor past tense sing one> = mow ed.

Love:<mor present tense sing three> = love s.

Simple definitional sen tences tak e the form

Node:Path == Def.

where Node and Path are as ab o v e and Def is an arbitrary descriptor sequence. Defini-

tional sen tences already seen in Section 2 include:

Do:<mor past> == did.

VERB:<mor form> == "<mor "<syn form>">".

EN_VERB:<mor past participle> == "<mor root>" en.

15 A descriptor con taining an ev aluable path ma y include nested descriptors whic h are either lo cal or

global. Our use of the lo cal/global terminology alw a ys refers to the outermost descriptor of an

expression.

Eac h of these sen tences corresp onds directly to a D A TR statemen t. Ho w ev er w e extend

the notion of a sen tence to include an abbreviatory con v en tion for sets of statemen ts

relating to a single no de. The follo wing single sen tence:

Node:

Path1 == Def1

Path2 == Def2

...

PathN == DefN.

abbreviates (and is en tirely equiv alen t to):

Node:Path1 == Def1.

Node:Path2 == Def2.

...

Node:PathN == DefN.

Extensional statemen ts, and com binations of definitional and extensional statemen ts,

ma y b e similarly abbreviated, and the examples used throughout this pap er mak e ex-

tensiv e use of this con v en tion. Suc h comp ound sen tences corresp ond to a n um b er of

individual (and en tirely indep enden t) D A TR statemen ts.

Finally , it is w orth reiterating that D A TR descriptions corresp ond to sets of state-

men ts: the order of sen tences, or of definitions within a comp ound sen tence is immaterial

to the relationships describ ed.

3.2 Inheritance in D A TR

D A TR descriptions asso ciate v alues with no de/path pairs. This is ac hiev ed in one of three

w a ys: a v alue is explicitly stated, or it is explicitly inherited, or it is implicitly sp ecified

(stated or inherited) via the default mec hanism. W e ha v e already seen ho w v alues are

explicitly stated; in this and the follo wing subsections, w e con tin ue our exp osition b y pro-

viding an informal accoun t of the seman tics of sp ecification via inheritance or b y default.

The presen t subsection is only concerned with explicit (i.e., non-default) inheritance.

Section 3.3 deals with implicit sp ecification via D A TR ’s default mec hanism.

3.2.1 Lo cal inheritance. The simplest t yp e of inheritance in D A TR is the sp ecification

of a v alue b y lo cal inheritance. Suc h sp ecifications ma y pro vide a new no de, a new path,

or a new no de and path to inherit from. An example definition for the lexeme Come

illustrates all three of these t yp es:

Come:

<> == VERB

<mor root> == come

<mor past> == came

<mor past participle> == <mor root>

<syn> == INTRANSITIVE:<>.

Here the empt y path inherits from VERB so the v alue of Come: <> is equated to that of

VERB: <> . And the past participle inherits from the ro ot: Come: < mor past participle >

is equated with Come: < mor root > (i.e., come ). In b oth these inheritances, only one of

the no de or path w as sp ecified: the other w as tak en to b e the same as that found on the

left-hand-side of the statemen t ( <> and Come resp ectiv ely). The third t yp e of lo cal in-

heritance is illustrated b y the final statemen t, in whic h b oth no de and path are sp ecified:

the syn tax of Come is equated with the empt y path at INTRANSITIVE , an abstract no de

defining the syn tax of in transitiv e v erbs

16

.

16 Bear in mind that the follo wing are not synon ymous

D A TR cogs csrp 382 , No v em b er 1995

There is a natural pro cedural in terpretation of this kind of inheritance, in whic h

the v alue asso ciated with the definitional expression is determined b y “follo wing” the

inheritance sp ecification and lo oking for the v alue at the new site. So giv en a D A TR

description (i.e., a set of definitional statemen ts) and an initial no de/path query , w e lo ok

for the no de and path as the left hand side of a definitional statemen t. If the definitional

statemen t for this pair pro vides a lo cal descriptor, then w e follo w it, b y c hanging one

or b oth of the no de or path, and then rep eat the pro cess with the resulting no de/path

pair. W e con tin ue un til some no de/path pair sp ecifies an explicit v alue. In the case of

m ultiple expressions on the righ t hand side of a statemen t, w e pursue eac h of them

en tirely indep enden tly of the others. This op eration is lo cal in the sense that eac h step

is carried out without reference to an y con text wider than the immediate definitional

statemen t at hand.

Declarativ ely sp eaking, lo cal descriptors simply express equalit y constrain ts b et w een

definitional v alues for no de/path pairs. The statemen t:

Node1:Path1 == Node2:Path2.

can b e read appro ximately as “if the v alue for Node2:Path2 is defined, then the v alue of

Node1:Path1 is defined and equal to it”. There are sev eral p oin ts to notice here. First,

if Node2:Path2 is not defined, then Node1:Path1 is unconstrained, so this is a w eak

directional equalit y constrain t. Ho w ev er, in practice this has no useful consequences, due

to in teractions with the default mec hanism – see Section 5.1 b elo w. Second, “defined”

here means “defined b y a definitional statemen t”, that is a “ == ” statemen t: lo cal inheri-

tance op erates en tirely with definitional statemen ts, implicitly in tro ducing new ones for

Node1:Path1 on the basis of those defined for Node2:Path2 . Finally , as w e shall discuss

more fully in the next subsection, “v alue” here tec hnically co v ers b oth simple v alues and

global inheritance descriptors.

3.2.2 Global inheritance. Lik e lo cal inheritance, global inheritance comes in three

t yp es: no de, path, and no de/path pair. Ho w ev er, when either the no de or the path is

omitted from a global inheritance descriptor, rather than using the no de or path of the

left-hand-side of the statemen t it is con tained in (the lo cal con text of the definition), the

v alues of a global con text are used instead. This b eha viour is p erhaps also more easily

in tro duced pro cedurally rather than declarativ ely . As w e sa w ab o v e, w e can think of lo cal

inheritance in terms of follo wing descriptors starting from the query . The lo cal con text

is initially set to the no de and path sp ecified in the query , and when a lo cal descriptor is

encoun tered, an y missing no de or path comp onen ts are filled in from the lo cal con text,

and then con trol passes to the new con text created (that is, w e lo ok at the definition

asso ciated with the new no de/path pair). In doing this, the lo cal con text also c hanges

to b e the new con text. Global inheritance op erates in exactly the same w a y: the global

con text is initially set to the no de and path sp ecified in the query . It is not altered when

lo cal inheritance descriptors are follo w ed (so it “remem b ers” where w e started from), but

when a global descriptor is encoun tered, it is the global con text that is used to fill in an y

missing no de or path comp onen ts in the descriptor, and hence to decide where to pass

con trol to. In addition, b oth global and lo cal con texts are up dated to the new settings.

So global inheritance can b e seen as essen tially the same mec hanism as lo cal inheritance,

but la y ered on top of it – follo wing global links alters the lo cal con text to o, but not vice

v ersa.

Come:<syn> == INTRANSITIVE:<>.

Come:<syn> == INTRANSITIVE.

since the latter is equiv alen t to

Come:<syn> == INTRANSITIVE:<syn>.

F or example, when a global path is sp ecified, it effectiv ely “returns con trol” to the

curren t global no de (often the original query no de) but with the newly giv en path. Th us

in Section 2, ab o v e, w e sa w that the no de VERB defines the default morphology of presen t

forms using global inheritance from the path for the morphological ro ot:

VERB:<mor present> == "<mor root>".

The no de from whic h inheritance o ccurs is that stored in the global con text. So a

query of Love: < mor present > will result in inheritance from Love: < mor root > (via

VERB: < mor present > ), while a query of Do: < mor present > will inherit from Do: < mor

root > .

Similarly , a quoted no de form accesses the globally stored path v alue, as in the

follo wing example:

Declension1:

<vocative> == -a

<accusative> == -am.

Declension2:

<vocative> == "Declension1"

<accusative> == -um.

Declension3:

<vocative> == -e

<accusative> == Declension2:<vocative>.

Here, the v alue of Declension3: < accusative > inherits from Declension2: < vocative >

and then from Declension1: < accusative > , using the global path (in this case the

query path), rather than the lo cal path ( < vocative > ) to fill out the sp ecification. So the

resulting v alue is -am and not -a as it w ould ha v e b een if the descriptor in Declension2

had b een lo cal rather than global.

W e observ ed ab o v e that when inheritance through a global descriptor o ccurs, the

global con text is altered to reflect the new no de/path pair. Th us after Love: < mor

present > has inherited through "VERB: < mor root > " , the global path will b e < mor

root > rather than < mor present > . When w e consider quoted no de/path pairs, it turns

out that this is the only prop ert y that mak es them useful. Since a quoted no de/path pair

completely resp ecifies b oth no de and path, its immediate inheritance c haracteristics are

the same as the unquoted no de/path pair. Ho w ev er, b ecause it also alters the global

con text, its effect on an y subsequen t global descriptors (in the ev aluation of the same

query) will b e differen t:

Declension1:

<vocative> == "<nominative>"

<nominative> == -a.

Declension2:

<vocative> == Declension1

<nominative> == -u.

Declension3:

<nominative> == -i

<accusative> == "Declension2:<vocative>".

In this example, the v alue of Declension3: < accusative > inherits from Declension2:

< vocative > and then from Declension1: < vocative > and then from Declension2:

< nominative > (b ecause the global no de has c hanged from Declension3 to Declension2 )

giving a v alue of -u and not -i as it w ould ha v e b een if the descriptor in Declension3

had b een lo cal rather than global.

There are a n um b er of w a ys of understanding this global inheritance mec hanism.

The description w e ha v e giv en ab o v e amoun ts to a “global memory” mo del, in whic h

a D A TR query ev aluator is a mac hine equipp ed with t w o memories: one con taining the

D A TR cogs csrp 382 , No v em b er 1995

curren t lo cal no de and path, and another con taining the curren t global no de and path.

Both are initialised to the query no de and path, and the mac hine op erates b y rep eatedly

examining the definition asso ciated with the curren t lo cal settings. Lo cal descriptors alter

just the lo cal memory , while global descriptors alter b oth the lo cal and global settings.

This mo del is the basis of at least one implemen tation of D A TR but it is not, of

course, declarativ e. Nev ertheless, the notion of global inheritance do es ha v e a declarativ e

reading, v ery similar to lo cal inheritance but, as w e ha v e already suggested, la y ered on

top of it. Recall that lo cal inheritance establishes a net w ork of w eak equalit y relation-

ships among no de/path pairs, and these equalities are used to distribute v alues across

this net w ork. As w e men tioned ab o v e, formally sp eaking the lo cal inheritance net w ork

con trols the distribution not only of simple v alues, but of global descriptors as w ell. That

is, to lo cal inheritance, v alues and global descriptors are one and the same, and are in-

herited through the net w ork. Indeed, this is the in tuitiv e w arran t for the use of the quote

notation: the quotes turn an inheritance descriptor in to a (kind of ) v alue. Consequen tly ,

global descriptors are also distributed through the lo cal inheritance net w ork, and so are

implicitly presen t at man y no de/path pairs in addition to those they are explicitly defined

for. In fact, a global descriptor is implicitly presen t at ev ery no de/path pair whic h could

ev er o ccur as the global con text for ev aluation of the descriptor at its original explicitly

defined lo cation. This means that once distributed lik e this, the global descriptors form

a net w ork of w eak equalit y relationships just lik e the lo cal descriptors, and distribute the

simple v alues (alone) in just the same w a y .

T o see this in terpretation in action, w e consider an alternativ e analysis of the past

participle form of Come . The essen tial elemen ts of the analysis are as follo ws:

BARE_VERB:

<mor past participle> == "<mor root>".

Come:

<mor root> == come

<mor past participle> == BARE_VERB.

Lo cal inheritance from BARE VERB to Come implicitly defines the follo wing statemen t (in

addition to the ab o v e):

Come:

<mor past participle> == "<mor root>".

Because w e ha v e no w brough t the global inheritance descriptor to the no de corresp onding

to the global con text for its in terpretation, global inheritance can no w op erate en tirely

lo cally – the required global no de is the lo cal no de, Come , pro ducing the desired result:

Come:

<mor past participle> = come.

Notice that, in this last example, the final statemen t w as extensional, not defini-

tional. So far in this pap er w e ha v e almost en tirely ignored the distinction w e established

b et w een definitional and extensional statemen ts, but with this declarativ e reading of

global inheritance w e can do so no longer. Lo cal inheritance uses definitional inheritance

statemen ts to distribute simple v alues and global descriptors. The simple-v alued defi-

nitional statemen ts thereb y defined map directly to extensional statemen ts, and global

inheritance uses the global inheritance statemen ts (no w distributed), to further distribute

these extensional statemen ts ab out simple v alues. The statemen ts ha v e to b e of a formally

distinct t yp e, to prev en t lo cal inheritance descriptors from distributing them still further.

In practice, ho w ev er, w e need not b e to o concerned ab out the distinction: descriptions

are written as definitional statemen ts, queries are read off as extensional statemen ts

17

.

17 Ho w ev er, in principle, there is nothing to stop an extensional statemen t b eing sp ecified as part of a

The declarativ e in terpretation of global inheritance suggests an alternativ e pro cedu-

ral c haracterisation to the one already discussed, whic h w e outline as follo ws. Starting

from a query , lo cal descriptors alone are used to determine either a v alue or a global de-

scriptor asso ciated with the queried no de/path pair. If the result is a global descriptor,

this is used to construct a new query , whic h is ev aluated in the same w a y . The pro cess re-

p eats un til a v alue is returned. The difference b et w een this and the earlier mo del is really

just one of p ersp ectiv e. When a global descriptor is encoun tered one can either bring the

global con text to the curren t ev aluation con text (first mo del), or tak e the new descriptor

bac k to the global con text and con tin ue from there (second mo del). The significance of

the latter approac h is that it reduces b oth kinds of inheritance to a single basic op eration

whic h has a straigh tforw ard declarativ e in terpretation. Th us w e see that D A TR con tains

t w o instances of essen tially the same declarativ e inheritance mec hanism. The first, lo cal

inheritance, is alw a ys sp ecified explicitly , while the second, global inheritance, is sp ecified

implicitly in terms of the first.

Extending these inheritance mec hanisms to the more complex D A TR expressions is

straigh tforw ard. Descriptors nested within definitional expressions are treated indep en-

den tly — as though eac h w as the en tire v alue definition rather than just an item in a

sequence. In particular, global descriptors whic h alter the global con text in one nested

definition ha v e no effect on an y others. Eac h descriptor in a definitional sequence or

ev aluable path is ev aluated from the same global state. In the case of global ev alu-

able paths, once the sub expressions ha v e b een ev aluated, the expression con taining the

resultan t path is also ev aluated from the same global state.

3.3 Definition b y default

The other ma jor comp onen t of D A TR is definition b y default. This mec hanism allo ws a

D A TR definitional statemen t to b e applicable not only for the path sp ecified in its left-

hand-side, but also for an y righ t w ard extension of that path for whic h no more sp ecific

definitional statemen t exists. In effect, this “fills in the gaps” b et w een paths whic h are

defined at a no de, on the basis that an undefined path tak es its definition from the path

whic h b est appro ximates it without b eing more sp ecific

18

. Of course, to b e effectiv e,

this “filling in” has to tak e place b efore the op eration of the inheritance mec hanisms

describ ed in the previous section.

Consider for example, the definition of Do w e ga v e ab o v e.

Do:

<> == VERB

<mor root> == do

<mor past> == did

<mor past participle> == done

<mor present tense sing three> == does.

Filling in the gaps b et w een these definitions, w e can see that man y paths will b e implicitly

defined only b y the empt y path sp ecification. Examples include:

Do:

<mor> == VERB

<syn> == VERB

<mor present> == VERB

<syn cat> == VERB

D A TR description directly . Suc h a statemen t w ould resp ect global inheritance but not lo cal

inheritance and migh t b e useful to ac hiev e some exotic effect.

18 F or formal discussion of the seman tics of the D A TR default mec hanism, see Keller (1995).

D A TR cogs csrp 382 , No v em b er 1995

<syn type> == VERB

<mor present tense sing one> == VERB.

If there had b een no definition for <> , then none of these example paths w ould ha v e

b een defined at all, since there w ould ha v e b een no leading subpath with a definition.

Note ho w < mor > itself tak es its definition from <> , since all the explicitly defined < mor

. . . > sp ecifications ha v e at least one further attribute.

The definition for < mor past > o v errides default definition from <> and in turn

pro vides a definition for longer paths. Ho w ev er, < mor past participle > blo c ks default

definition from < mor past > . Th us the follo wing arise

19

:

Do:

<mor past tense> == did

<mor past tense plur> == did

<mor past tense sing three> == did

<mor past participle plur> == done

<mor past participle sing one> == done.

Similarly all the < mor present > forms inherit from VERB except for the explicitly cited

< mor present tense sing three > .

Definition b y default in tro duces new D A TR sen tences eac h of whose left-hand-side

paths is an extension of the left-hand-side paths of some explicit sen tence. This path

extension carries o v er to an y paths o ccurring on the righ t-hand-side as w ell. So for

example, the sen tence:

VERB:

<mor present tense> == "<mor root>"

<mor form> == <mor "<syn form>">.

giv es rise to the follo wing, in ter alia:

VERB:

<mor present tense sing> == "<mor root sing>"

<mor present tense plur> == "<mor root plur>"

<mor form present> == <mor "<syn form present>" present>

<mor form passive> == <mor "<syn form passive>" passive>.

This extension o ccurs for all paths in the righ t-hand-side, whether they are quoted or

unquoted and/or nested in descriptor sequences or ev aluable paths.

The in ten t of this path extension is to allo w descriptors to pro vide not simply a

single definition for a path but a whole set of definitions for extensions to that path,

without losing path information. In some cases this can lead to gratuitous extensions to

paths – path attributes sp ecifying detail b ey ond an y of the sp ecifications in the o v erall

description. Ho w ev er, this do es not generally cause problems since suc h gratuitously

detailed paths, b eing unsp ecified, will alw a ys tak e their v alue from the most sp ecific path

that is sp ecified (effectiv ely , gratuitous detail is ignored)

20

. Indeed, D A TR ’s approac h to

default information alw a ys implies an infinite n um b er of un written D A TR statemen ts,

with paths of arbitrary length.

3.4 Abbreviatory v ariables

The default mec hanism of D A TR pro vides for generalisation across sets of atoms b y means

of path extension and is the preferred mec hanism to use in the ma jorit y of cases. Ho w ev er,

19 The past participle extensions here are purely for the sak e of the formal example – they ha v e no

role to pla y in the morphological description of English (but cf. F renc h where past participles inflect

for gender and n um b er).

20 Th us, for example, the path < mor plur acc > is a gratuitous extension of the path < mor plur > for

English common nouns since the latter are not differen tiated for case.

when one w an ts to transduce atoms in the path domain to atoms in the v alue domain

(see Section 4.3, b elo w), it is extremely con v enien t to b e able to mak e use of abbreviatory

v ariables o v er finite sets of atoms. This is ac hiev ed b y declaring D A TR v ariables whose use

constitutes a kind of macro: they can alw a ys b e eliminated b y replacing the equations in

whic h they o ccur with larger sets of equations that sp ell out eac h v alue of the v ariables.

Con v en tionally , v ariable names b egin with the $ c haracter and are declared in one of the

follo wing three w a ys:

# vars $Var1: Range1 Range2 ... .

# vars $Var2: Range1 Range2 ... - RangeA RangeB ... .

# vars $Var3.

Here, the first case declares a v ariable $Var1 that ranges o v er the v alues Range1, Range2

... , where eac h RangeN is either an atom or a v ariable name, the second case declares

$Var2 to range o v er the same range, but excluding v alues in RangeA RangeB ... , and

the third declares $Var3 to range o v er the full (finite) set of atoms in the language

21

. F or

example:

# vars $letters: a b c d e f g h i j k l m n o p q r s t u v w x y z.

# vars $vowels: a e i o u.

# vars $consonants: $letters - $vowels.

# vars $not_z: $letters - z.

# vars $odd: 1 3 5 7 9.

# vars $even: 0 2 6 4 8.

# vars $digit: $odd $even.

Caution has to b e exercised in the use of D A TR v ariables for t w o reasons. One is that

their use mak es it hard to sp ot m ultiple confilcting definitions:

# vars $vowel: a e i o u.

DIPTHONG:

<e> == e i <>

<$vowel> == $vowel e <>.

Here, < e > app ears on the left hand side of t w o conflicting definitions. Exactly what

happ ens to suc h an improp er description in practice dep ends on the implemen tation and

usages of this kind can b e the source of hard to lo cate bugs (See also Section 5.1, b elo w.).

The other reason is that one can fall in to the trap of using v ariables to express

generalisations that w ould b e b etter expressed using the path extension mec hanism.

Here is a v ery blatan t example:

# vars $number: singular plural.

NOUNX:

<third $number> == <second $number>.

This w ould almost certainly b e b etter expressed as:

NOUNX:

<third> == <second>.

The follo wing example is a v arian t on the same theme:

# vars $number: singular plural.

NOUNY:

<$number third> == <$number second>.

whic h suggests, not a real need for the use of D A TR v ariables, but rather an inappropriate

c hoice of attribute order in the design of the description.

21 Undeclared v ariables are similarly assumed to range o v er the full set of atoms. Some

implemen tations ma y also include implicit definitions of more restricted v ariables, suc h as $integer .

D A TR cogs csrp 382 , No v em b er 1995

4. D A TR tec hniques

The D A TR fragmen ts in tro duced ab o v e illustrate the basic descriptiv e resources pro-

vided b y the language. W e no w presen t some further examples, sho wing ho w these basic

comp onen ts com bine to pro vide a p o w erful represen tation to ol.

4.1 Case constructs and parameters

Ev aluable paths allo w the v alue of one path to b e determined b y the v alue of another.

More generally , the v alues of an arbitrary n um b er of descriptors can b e in v ok ed as pa-

rameters in an ev aluable path and th us determine the v alue of a particular no de/path

pair. The familiar case construct of pro cedural programming languages is readily imple-

men ted, as the follo wing example describing English plural suffixes sho ws:

NOUN:

<plural> == <case of "<origin>">

<case of latin masculine> == -i

<case of latin neuter> == -a

<case of> == -s

<origin> == norman.

Cat:

<> == NOUN.

Datum:

<> == NOUN

<origin> == latin neuter.

Alumnus:

<> == NOUN

<origin> == latin masculine.

Here the v alue of the < origin > attribute of a noun (denoting its et ymological source)

is used to determine the v alue of its < plural > suffix. Th us w e can deriv e the follo wing

extensional statemen ts:

Cat:

<plural> = -s.

Datum:

<plural> = -a.

Alumnus:

<plural> = -i.

W e do not need to in v ok e an attribute called case to get this tec hnique to w ork. F or

example, in Section 2, w e ga v e the follo wing definition of < mor form > in terms of < syn

form > :

VERB:

<mor form> == <mor "<syn form>">.

Here the feature < syn form > returns a v alue (suc h as passive participle or present

tense sing three ) whic h b ecomes part of the path through whic h < mor form > inher-

its. This means that no des for surface w ord forms need only state their paren t lexeme

and < syn form > feature in order for their < mor form > to b e fully describ ed

22

. So, as

22 More generally , ev aluable paths pro vide “structured inheritance” in the sense of Daelemans & De

Smedt (1994, 161-168).

w e sa w in Section 2 ab o v e, the passiv e participle form of sew is fully describ ed b y the

no de definition for Word3 .

Word3:

<> == Sew

<syn form> == passive participle.

F or finite forms, w e could use a similar tec hnique. F rom this,

Word4:

<> == Sew

<syn form> == present sing third.

w e w ould w an t to b e able to infer this:

Word4:

<mor form> = sew s

Ho w ev er, the comp onen ts of < syn form > , present , sing , third are themselv es v alues

of features w e probably w an t to represen t indep enden tly . One w a y to ac hiev e this is to

define a v alue for < syn form > whic h is itself parameterised from the v alues of these

other features. And the appropriate place to do this is in the VERB no de, th us:

VERB:

<syn form> == "<syn tense>" "<syn number>" "<syn person>".

This sa ys that the default v alue for the syn tactic form of a v erb is a finite form, but

exactly whic h finite form dep ends on the settings of three other paths, < syn tense > ,

< syn number > and < syn person > . So no w w e can express Word4 as:

Word4:

<> == Sew

<syn tense> == present

<syn number> == sing

<syn person> == third.

This approac h has the adv an tage that the attribute ordering used in the < mor... > paths

is handled in ternally: the leaf no des need not kno w or care ab out it

23

.

4.2 Bo olean logic

W e can, if w e wish, use parameters in ev aluable paths that resolv e to true or false . W e

can then define standard truth tables o v er D A TR paths:

Boolean:

<> == false

<or> == true

<if> == true

<not false> == true

<and true true> == true

<if true false> == false

<or false false> == false.

This no de defines the standard truth tables for all the familiar op erators and connectiv es

of the prop ositional calculus expressed in P olish rather than infix order

24

. Notice, in

particular, ho w the D A TR default mec hanism completes most of the truth table ro ws

without explicit listing. The definabilit y of the prop ositional calculus ma y app ear, at first

sigh t, to b e a curiosit y , one whic h has no relev ance to real-life lexical represen tation. But

23 Word3 remains unc hanged, o v erriding the definition of < syn form > and so not requiring these

additional features to b e defined at all.

24 W e can, of course, use the same tec hnique to define man y-v alued logics if w e wish.

D A TR cogs csrp 382 , No v em b er 1995

that is not so. Consider a h yp othetical language in whic h p ersonal prop er names ha v e one

of t w o genders, masculine or feminine. Instead of the gender b eing wholly determined

b y the sex of the referen t, the gender is determined partly b y sex and partly b y the

phonology . Examples of this general t yp e are quite common in the w orld’s languages

25

.

In our h yp othetical example, the prop er name will ha v e feminine gender either if it ends

in a consonan t and denotes a female or if it ends in a stop consonan t but do es not denote

a female. W e can enco de this situation in D A TR as follo ws

26

:

Personal_name:

<> == Boolean

<ends_in_consonant> == "<ends_in_stop>"

<gender_is_feminine> ==

<or <and "<female_referent>" "<ends_in_consonant>">

<and <not "<female_referent>"> "<ends_in_stop>">>.

W e can then list some example lexical en tries for p ersonal prop er names

27

:

Taruz:

<> == Personal_name

<female_referent> == true

<ends_in_consonant> == true.

Turat:

<> == Personal_name

<female_referent> == true

<ends_in_stop> == true.

Tarud:

<> == Personal_name

<ends_in_stop> == true.

Turas:

<> == Personal_name

<ends_in_consonant> == true.

Note that b oth Turas and Tarud turn out not to denote females, giv en the general false

default in Boolean

28

. The genders of all four names can no w b e obtained as theorems:

Taruz: <gender_is_feminine> = true.

Turat: <gender_is_feminine> = true.

Tarud: <gender_is_feminine> = true.

Turas: <gender_is_feminine> = false.

25 F or example, F raser & Corb ett (1995) use D A TR to capture a range of

phonology/morphology/seman tics in terdep endencies in Russian. And Bro wn & Hippisley (1994) do

the same for a Russian segmen tal phonology/proso dy/morphology in terdep endency . But one can

find suc h in terdep endencies in English also: see Ostler & A tkins (1992: 96-98).

26 Note that complex expressions require path em b edding. Th us, for example, the w ell-formed

negation of a conditional is < not < if .. .. >> rather than < not if .. .. > .

27 F or the sak e of simplicit y , w e ha v e assumed that the truth v alues of < ends in consonant > and

< ends in stop > are just stipulated in the en tries, and indeed the second definition in

Personal name means that < ends in stop > implies < ends in consonant > . But if the en tries

represen ted the phonology of the w ords in D A TR also, then these predicates could b e defined on the

basis of the feature comp osition of the stem-final segmen t. As a n um b er of researc hers ha v e sho wn,

the highly default y c haracter of lexical phonology and morphophonology mak es D A TR a v ery

suitable medium of represen tation (Bleic hing 1992, 1994; Cahill 1993b; Gibb on 1990, 1992; Gibb on

& Bleic hing 1991; Reinhard 1990; Reinhard & Gibb on 1991).

28 It is straigh tforw ard to add extra D A TR co de so as to deriv e < gender > = feminine when

< gender is feminine > is true and < gender > = masculine when < gender is feminine > is false ,

or con v ersely .

4.3 Finite state transduction

P erhaps surprisingly , D A TR turns out to b e an excellen t language for defining finite state

transducers (FSTs)

29

A path can b e used as the input tap e and a v alue as the output

tap e (recall that the D A TR default mec hanism means that extensions to left-hand-side

paths are automatically carried o v er as extensions to righ t-hand-side paths, as discussed

in Section 3.3, ab o v e). No des can b e used for states, or else states can b e enco ded in

attributes that are prefixed to the curren t input path. Here, for example, is a v ery simple

D A TR FST that will transduce a path suc h as < subj 1 sg futr obj 2 sg like > in to

the v alue ni ta ku penda (Sw ahili for I wil l like you )

30

:

S1:

<subj 1 sg> == ni S2:<>

<subj 2 sg> == u S2:<>

<subj 3 sg> == a S2:<>

<subj 1 pl> == tu S2:<>

<subj 2 pl> == m S2:<>

<subj 3 pl> == wa S2:<>.

S2:

<past> == li S3:<>

<futr> == ta S3:<>.

S3:

<obj 1 sg> == ni S4:<>

<obj 2 sg> == ku S4:<>

<obj 3 sg> == m S4:<>

<obj 1 pl> == tu S4:<>

<obj 2 pl> == wa S4:<>

<obj 3 pl> == wa S4:<>.

S4:

<like> == penda.

Although the example is trivial, the tec hnique is b oth p o w erful and useful. Gibb on

(1990), for example, has made notably effectiv e use of it in his treatmen ts of African tone

systems

31

. Muc h of the computational phonology and morphology of the last decade and

a half has dep ended on FSTs (Kaplan & Ka y 1994). P oten tial lexical applications come

readily to mind – for example, the orthographic sp elling rules for English suffixation (cf.

sky/skies ). W e giv e b elo w a small fragmen t of suc h an FST in whic h + is used as a mor-

pheme b oundary mark er. Note the role of D A TR v ariables in giving concise expression to

the rules:

# vars $abc: a b c d e f g h i j k l m n o p q r s t u v w x y z.

# vars $vow: a e i o u.

SPELL:

<> ==

<+> == <>

<$abc> == $abc <>

<e + $vow> == $vow <>.

These axioms then giv e rise to theorems suc h as these:

SPELL:

29 Cf. Krieger et al. (1993), who reconstruct finite state automata in a feature description language.

30 F or clarit y , this FST do es not exploit default inheritance to capture the 50% o v erlap b et w een the

sub ject and ob ject pronoun paradigms. See Gazdar (1992) for a v ersion that do es.

31 And see McF etridge & Villa vicencio (1995) for a less exotic application.

D A TR cogs csrp 382 , No v em b er 1995

<l o v e> = l o v e

<l o v e + s> = l o v e s

<l o v e + e d> = l o v e d

<l o v e + e r> = l o v e r

<l o v e + l y> = l o v e l y

<l o v e + i n g> = l o v i n g

<l o v e + a b l e> = l o v a b l e.

4.4 Represen ting lists

D A TR ’s foundation in path/v alue sp ecifications means that man y of the represen tational

idioms of unification formalisms transfer fairly directly . A go o d example is the use of

first and rest attributes to represen t list-structured features, suc h as syn tactic ar-

gumen ts and sub categorised complemen ts. The follo wing definitions could b e used to

extend our v erb fragmen t b y in tro ducing the path < syn args > , whic h determines a list

of syn tactic argumen t sp ecifications.

NIL:

<> == nil

<rest> == UNDEF

<first> == UNDEF.

VERB:

<syn cat> == verb

<syn args first syn cat> == np

<syn args first syn case> == nominative

<syn args rest> == NIL:<>.

Here extensions of < syn args first > sp ecify prop erties of the first syn tactic argumen t,

while extensions of < syn args rest > sp ecify the others (as a first/rest list). UNDEF is

the name of a no de that is not defined in the fragmen t, th us ensuring that < syn args

rest first > , < syn args rest rest > , and so forth are all undefined. The fragmen t

ab o v e pro vides a default sp ecification for < syn args > for v erbs consisting of just one

argumen t, the sub ject NP . Sub classes of v erb ma y , of course, o v erride an y part of this

default; for instance, transitiv e v erbs add a second syn tactic argumen t for their direct

ob ject:

TR_VERB:

<> == VERB

<syn args rest first syn cat> == np

<syn args rest first syn case> == accusative

<syn args rest rest> == NIL:<>.

The description can b e impro v ed b y using a separate no de, NP ARG , to represen t the

(default) prop erties of noun-phrase argumen ts:

NP_ARG:

<first syn cat> == np

<first syn case> == accusative

<rest> == NIL:<>.

VERB:

<syn cat> == v

<syn args> == NP_ARG:<>

<syn args first syn case> == nominative.

TR_VERB:

<> == VERB

<syn args rest> == NP_ARG:<>.

TR VERB accepts the NP ARG default unconditionally for the direct ob ject argumen t, but

VERB o v errides the default case for its sub ject argumen t. The effect of the empt y path

( <> ) sp ecification in the NP ARG inheritances is to “strip off ” the leading subpath from

the path whose v alue is inherited. The default mec hanism adds the same path extension

to b oth sides, giving rise to statemen ts suc h as the follo wing:

VERB:<syn args first syn cat> == NP_ARG:<first syn cat>.

TR_VERB:<syn args rest first syn cat> == NP_ARG:<first syn cat>.

TR_VERB:<syn args rest first syn case> == NP_ARG:<first syn case>.

Three elemen t argumen t lists, suc h as that needed for ditransitiv e v erbs, are constructed

in the ob vious w a y (where PP ARG is assumed to b e lik e NP ARG but for prep ositional-

phrase complemen ts):

DI_VERB:

<> == TR_VERB

<syn args rest rest> == PP_ARG:<>.

4.5 Lexical rules

A lexical represen tation language needs to b e able to express the relations that are no w

widely though t to b e in the domain of lexical rules

32

. Canonically , suc h rules deal with the

phenomena that used to b e describ ed b y the “cyclic rules” of late 1960s transformational

grammar. Characteristically , they p ertain to rather sp ecific classes of lexical items (e.g.,

transitiv e v erbs, or tensed auxiliary v erbs) and they are sub ject to exceptions of v arious

kinds

33

. It is these c haracteristics that ha v e led man y linguists to consign them to the

lexicon. They usually in v olv e a difference in argumen t structure and this is sometimes

accompanied b y a morphological difference. The com bination of ev aluable paths with a

standard enco ding of argumen t lists mak e it rather easy to define lexical rules in D A TR

34

.

Here, b y w a y of illustration, is a partial analysis of v erbs that implemen ts a lexical

rule for syn tax of the (agen tless) passiv e construction

35

:

VERB:

<mor past> == "<mor root>" ed

<mor form> == "<mor "<syn form>">"

<syn cat> == verb

<syn subcat> == "<syn args>"

<syn args> == NP_ARG:<>

<syn args first syn case> == nominative.

PASSIVE_VERB:

<> == VERB

<mor passive> == "<mor past>"

<syn subcat rest> == "<syn args rest rest>".

TR_VERB:

32 See Carp en ter (1991; 1992) and Ritc hie et al. (1992, 93-111) for thorough discussion and

exemplification of lexical rules in sev eral differen t grammatical framew orks. More generally , Brisco e

& Cop estak e (1991) and Cop estak e & Brisco e (1992) argue that, in the con text of a default

inheritance lexicon, the v ery same lexical rule mec hanism can b e in v ok ed for b oth sense extensions

and morphological pro cesses.

33 Radically lexicalist framew orks, whic h lac k an y construction-sp ecific grammatical rules outside the

lexicon, do not restrict the use of lexical rules to “cyclic” phenomena. Th us, for example, Ev ans et

al. (1995) rep ort the use of D A TR to form ulate a lexical rule for wh- questions in L T A G , in ter alia.

34 Ev aluable paths are not essen tial in this domain: th us Kilgarriff (1993) do es not emplo y them in his

D A TR analysis of v erbal alternations in the con text of an HPSG lexicon, although he do es use the

standard enco ding of argumen t lists.

35 Since our purp ose here is exp ository , w e ha v e delib erately k ept the analysis to minim um. Dealing

with the seman tics of passiv e, for example, in v olv es more of the same rather than an y issue of

principle.

D A TR cogs csrp 382 , No v em b er 1995

<syn args rest> == NP_ARG:<>

<> == <<mood "<syn form>">>

<mood> == active

<mood passive> == passive

<active> == VERB:<>

<passive> == PASSIVE_VERB:<>.

This example in tro duces sev eral new tec hniques. Firstly , in TR VERB w e ha v e a double

parametrisation on < syn form > : the v alue of < syn form > is ev aluated and used to

create a < mood > path. The v alue returned b y this path is then used to route the inheri-

tance. This allo ws us to emplo y the default mec hanism to mak e the default mo o d activ e

(for arbitrary < syn form > v alues other than those that b egin with the atom passive ),

and th us just pic k out < syn form > passiv e (and its extensions) for v erbs in the passiv e

mo o d. Secondly , < active > and < passive > path prefixes are pro vided for the explicit

purp ose of con trolling the inheritance route. Thirdly , the example presupp oses a distinc-

tion b et w een the syn tactic argumen ts list ( < syn args > ) asso ciated with a lexeme and

the sub categorisation frame list ( < syn subcat > ) asso ciated with a particular syn tactic

form of a lexeme. If the mo o d of the form is activ e (and the TR VERB no de sa ys that

an ything that is not passiv e is activ e), then the sub categorisation frame is the same as

the argumen t list. But if the mo o d of the form is passiv e, then the part of the sub cate-

gorisation frame that deals with ob jects and complemen ts is stripp ed of its first item –

i.e., its direct ob ject. By default, this dep endency of sub categorisation frame on mo o d

will b e inherited b y all the descendan ts of TR VERB whether these b e instances of simple

transitiv e v erb lexemes or no des defining sp ecific t yp es of transitiv e v erbs (ditransitiv es,

ob ject-plus-infinitiv e v erbs, b et -class v erbs, etc.) and their descendan ts. Th us, if w e as-

sume, for example, that the lexeme Donate is an instance of DI VERB as defined ab o v e,

and that Word5 and Word6 are inflected tok ens of Donate , then w e will b e able to deriv e

the follo wing theorems:

Word5:

<mor form> = donate ed

<syn form> = past tense

<syn subcat first syn cat> = np

<syn subcat first syn case> = nominative

<syn subcat rest first syn cat> = np

<syn subcat rest first syn case> = accusative

<syn subcat rest rest first syn cat> = pp

<syn subcat rest rest first syn pform> = to

<syn subcat rest rest rest> = nil.

Word6:

<mor form> = donate ed

<syn form> = passive participle

<syn subcat first syn cat> = np

<syn subcat first syn case> = nominative

<syn subcat rest first syn cat> = pp

<syn subcat rest first syn pform> = to

<syn subcat rest rest> = nil.

Finally , notice that the equation that sp ecifies passiv e morphology app ears on the PASSIVE VERB

no de. This ensures that passiv e morphology is undefined for v erbs whic h are not syn tac-

tically passiv e.

The tec hniques used in this rather simple treatmen t of passiv e can b e readily adapted

for use in enco ding other lexical rules and for grammatical framew orks other than that

implicit in the P A TR ish syn tax w e ha v e adopted in our example. Th us, as noted ab o v e,

Ev ans et al. (1995) form ulate v arious lexical rules for L T A G . They can also b e readily

adapted for use in the seman tic domain and used, for example, to implemen t the distinc-

tion b et w een fixed and pro jectiv e inheritance of lexical seman tic information prop osed

b y Pustejo vsky (1991,433-437).

It is adv an tageous to express lexical rules in the same formal language as is used

to express the lexical hierarc h y since lexical rules themselv es ma y w ell exhibit exactly

the kinds of default y relations, one to another, that lexical classes do

36

. Th us a lexical

rule for direct wh questions ma y b e a v arian t of that for indirect wh questions: similar,

sharing comp onen ts, but not iden tical. With a suitable degree of abstraction, ac hiev ed b y

parameterisation of the comp onen ts, lexical rules can b e reified in a language lik e D A TR ,

allo wing one to inherit from another.

4.6 Represen ting am biguit y and alternation

D A TR is a language that allo ws the lexicon writer to define sets of partial functions

from sequences of atoms to sequences of atoms. That is actually all that it allo ws the

lexicon writer to do. Because D A TR deals in functions it do es not em b o dy an y notion of

disjunction or an y p ossibilit y of m ultiple v alues b eing asso ciated with a single no de/path

pair. It migh t seem, at first glance, as if suc h a language w ould b e quite inappropriate to

a domain suc h as the lexicon where am biguities are common. In practice, ho w ev er, this

turns out not to b e the case. Consider the homon ym y of b ank :

Bank1:

<> == NOUN

<mor root> == bank

<sem gloss> == side of river.

Bank2:

<> == NOUN

<mor root> == bank

<sem gloss> == financial institution.

This is simply the traditional analysis of homon ym y , enco ded in D A TR : there are t w o

en tirely distinct lexemes with unrelated meanings that happ en b oth to b e nouns and to

ha v e indistinguishable morphological ro ots.

Or consider the p olysem y of cherry

37

:

Cherry:

<> == NOUN

<mor root> == cherry

<sem gloss 1> == sweet red berry with pip

<sem gloss 2> == tree bearing <sem gloss 1>

<sem gloss 3> == wood from <sem gloss 2>.

Again, this is a rather traditional analysis. There are (at least) three distinct but related

senses

38

. They are not freely in terc hangeable alternativ e v alues for a single attribute or

36 Cf. Krieger (1994, 279) who notes some other adv an tages.

37 The example is due to Kilgarriff (1995) who sho ws that the kind of p olysem y exhibited b y cherry

applies generally to fruit trees and can th us b e sp ecified at a higher no de in the lexical net w ork,

remo ving the need for stipulation (as in our example) at the Cherry no de, the Apple no de, and so

on. Kilgarriff & Gazdar (1995) also presen t an extended example sho wing ho w D A TR can b e used to

enco de the regular and subregular p olysem y asso ciated with the crop, fibre, y arn, fabric and

garmen t senses of w ords lik e c otton and silk . See also Cop estak e & Brisco e (1995) for related w ork

on regular and subregular p olysem y .

38 F or p erspicuit y , w e pro vide these in D A TR -augmen ted English here. But in a serious treatmen t they

could just as w ell b e giv en in a D A TR -enco ding of the lam b da calculus, sa y (as used in Cahill &

Ev ans 1990, for example).

D A TR cogs csrp 382 , No v em b er 1995

path. Instead, D A TR allo ws their relatedness of meaning to b e captured b y using the

definition of one in the definition of another.

A v ery few w ords in English ha v e alternativ e morphological forms for the same

syn tactic sp ecification. An example noted b y F raser & Hudson (1990, 62) is the plural

of ho of whic h, for man y English sp eak ers, can app ear as b oth ho ofs and ho oves

39

. D A TR

do es not p ermit a theorem set suc h as the follo wing to b e deriv ed from a consisten t

description:

Word7:

<syn number> = plural

<mor form> = hoof s

<mor form> = hoove s.

But it is quite straigh tforw ard to define a description that will lead to the follo wing

theorem set:

Word7:

<syn number> = plural

<mor form> = hoof s

<mor form alternant> = hoove s.

Or something lik e this:

Word7:

<syn number> = plural

<mor forms> = hoof s | hoove s .

Or this:

Word7:

<syn number> = plural

<mor forms> = { hoof s , hoove s }.

Of course, as far as D A TR is concerned { hoof s , hoove s } is just a sequence of

sev en atoms. It is up to some comp onen t external to D A TR whic h mak es use of suc h

complex v alues to in terpret it as a t w o mem b er set of alternativ e forms. Lik ewise, if w e

ha v e some go o d reason for w an ting to put together the v arious senses of cherry in to a

v alue returned b y a single path, then w e can write something lik e this:

Cherry:

...

<sem glosses> == { <sem gloss 1> , <sem gloss 2> , <sem gloss 3> }.

whic h will then pro vide this theorem:

Cherry:

<sem glosses> = { sweet red berry with pip ,

tree bearing sweet red berry with pip ,

wood from tree bearing sweet red berry with pip }.

Also relev an t here are the v arious tec hniques for reducing lexical disjunction discussed

in Pulman (forthcoming).

4.7 Enco ding D A Gs

As a feature-based formalism with a syn tax mo delled on P A TR , it w ould b e reasonable to

exp ect that D A TR can b e used to describ e directed acyclic graphs (D A Gs) in a P A TR -lik e

fashion. Consider an example suc h as the follo wing:

DAG1:

<vp agr> == <v agr>

39 See also the dr e amt/dr e ame d v erb class discussed b y Russell et al. (1992, 330-331).

<v agr per> == 3

<vp agr gen> == masc.

This lo oks lik e simple reen trancy from whic h w e w ould exp ect to b e able to infer:

DAG1:

<vp agr per> = 3.

And, indeed, this turns out to b e v alid. But matters are not as simple as the example

mak es them app ear: if DAG1 w as really the D A G it purp orts to b e, then w e w ould also

exp ect to b e able to infer:

DAG1:

<v agr gen> = masc.

But this is not v alid, in fact < v agr gen > is undefined. It migh t b e tempting to conclude

from this that the equalit y op erator in D A TR is v ery differen t from the corresp onding op-

erator in P A TR , but this w ould b e to misunderstand what has happ ened in this example.

In fact, the seman tics of the statemen t

DAG1:

<vp agr> == <v agr>.

tak en in isolation is v ery similar to the seman tics of the corresp onding P A TR statemen t:

b oth assert equalit y of v alues asso ciated with the t w o paths. The D A TR statemen t is

sligh tly w eak er in that it allo ws the left-hand-side to b e defined when the righ t-hand-side

is undefined. But, ev en in D A TR , if b oth sides are defined they m ust b e the same, so,

in principle, the v alue of the left-hand-side do es seman tically constrain the v alue of the

righ t-hand-side. Ho w ev er, in a D A TR description, sp ecifying explicit v alues for extensions

of the left-hand-side of suc h an equalit y constrain t o v errides its effect, and th us do es

not influence the v alues on its righ t-hand-side.

Another difference lies in the fact that D A TR subpaths and sup erpaths can ha v e

v alues of their o wn:

DAG2:

<v agr> == sing

<v agr per> == 3.

F rom this little description w e can deriv e the follo wing statemen ts, in ter alia:

DAG2:

<v agr> = sing

<v agr num> = sing

<v agr per> = 3

<v agr per num> = 3.

F rom the p ersp ectiv e of a standard un t yp ed D A G-enco ding language lik e P A TR , this is

strange. In P A TR , if < v agr per > has v alue 3 , then neither < v agr > nor < v agr per

num > can ha v e (atomic) v alues.

As these examples clearly sho w, D A TR descriptions do not map trivially in to (sets

of ) standard D A Gs (although neither are they en tirely dissimilar). But that do es not

mean that D A TR descriptions cannot describ e standard D A Gs. Indeed, there are a

v ariet y of w a ys in whic h this can b e done. An esp ecially simple approac h is p ossible

when the D A Gs one is in terested are all built out of a set of paths whose iden tit y is

kno wn in adv ance (Kilbury et al. 1991). In this case, w e can use D A TR paths as D A G

paths, more or less directly:

PRONOUN2:

<referent> == ’<’ ’NP’ referent ’>’.

She2:

<> == PRONOUN2

<case> == nominative

D A TR cogs csrp 382 , No v em b er 1995

<person> == third

<number> == singular.

F rom this description, w e can deriv e the follo wing theorems:

She2:

<case> = nominative

<person> = third

<number> = singular

<referent> = < NP referent >.

W e can also deriv e the follo wing un-D A G-lik e consequences, of course:

She2:

<case person> = nominative

<person number> = third

<referent referent referent> = < NP referent >.

But these nonsensical theorems will b e of no concern to a D A TR -in v oking NLP system

that is able to sp ecify in adv ance whic h paths are of in terest for D A G-construction and

to ignore all the rest

40

.

A more sophisticated approac h uses D A TR itself to construct a D A G description (in

the notation of y our c hoice) as a v alue

41

:

IDEM:

<> ==

<$atom> == $atom <>.

PATH:

<> == ’<’ IDEM ’>’.

LHS_EQ:

<> == PATH ’=’.

LHS_EQ_RHS:

<> == LHS_EQ "<>".

PRONOUN1:

<dag> == [ LHS_EQ_RHS:<case>

LHS_EQ_RHS:<person>

LHS_EQ_RHS:<number>

LHS_EQ:<referent> PATH:<’NP’ referent> ].

She1:

<> == PRONOUN1

<case> == nominative

<person> == third

<number> == singular.

F rom this description, w e can deriv e the follo wing theorem:

She1:

<dag> = [ < case > = nominative

< person > = third

< number > = singular

< referent > = < NP referent > ].

40 In this connection, see the discussion of “closure definitions” in Andry et al. (1992, 259-261).

41 This approac h is due to recen t unpublished w ork b y Jim Kilbury . He has sho wn that the same

D A TR theorems can ha v e their v alues realised as con v en tional attribute-v alue matrix

represen tations, Prolog terms, or expressions of a feature logic, simply b y c hanging the fine detail of

the transducer emplo y ed.

The sequence of atoms on the righ t hand side of this equation is just a sequence of

atoms as far as D A TR is concerned. But a grammar or a parser that exp ects to see D A Gs

represen ted as they are here can in terpret the D A TR v alues as easily as it can the con ten ts

of a file

42

.

5. T ec hnical Issues

In this section w e briefly discuss a n um b er of tec hnical issues, relating b oth to D A TR as

a formal language, and also to practical asp ects of D A TR in use.

5.1 F unctionalit y

Most D A TR descriptions consist only of definitional statemen ts, and include at most one

statemen t for eac h no de/path pair. In this section w e examine the significance of this

observ ation from a formal p ersp ectiv e. As already noted in Section 2, D A TR no des can

b e though t of seman tically as denoting partial functions from paths (sequences of atoms)

to v alues (sequences of atoms)

43

. Generalising this view in the ob vious w a y , whole D A TR

descriptions can b e though t of as denoting functions from no des to (partial) functions

from paths to v alues. This seman tic notion induces a notion of consistency for D A TR

descriptions: w e sa y that a D A TR description is consisten t if and only if it has a coheren t

in terpretation as a function, that is, if the extensional sen tences defined (explicitly or

implicitly) for eac h no de constitute a (partial) function from paths to v alues.

The syn tax of D A TR do es not itself prev en t one from writing do wn inconsisten t

descriptions:

VERB:

<syn cat> == verb

<syn cat> == noun.

Ho w ev er, suc h descriptions are of no utilit y and it w ould b e desirable to find a mec han-

ical w a y of eliminating them. In pursuit of this, w e can define a syn tactic notion of

functionalit y o v er D A TR descriptions as follo ws:

A D A TR description is functional if and only if (i) it con tains only

definitional statemen ts and (ii) those statemen ts constitute a (partial)

function from no de/path pairs to descriptor sequences.

The significance of this syn tactic notion arises from the follo wing prop ert y:

Ev ery functional D A TR description is consisten t.

T o understand wh y this is

44

note first that the default extension pro cess preserv es func-

tionalit y , since it only adds definitional statemen ts ab out new no de/path pairs not already

presen t in the original description. Lo cal inheritance deriv es new statemen ts asso ciated

42 Indeed, it will b e in terpreting the con ten ts of a file if D A TR has b een used to define a lexicon that

has subsequen tly b een compiled out, rather than b eing accessed directly b y comp onen ts of the NLP

system (see Section 5.3, b elo w). W e are not, of course, claiming that textual represen tations will

standardly pro vide the optimal in terface b et w een an implemen tation of D A TR and the larger NLP

system in whic h it is em b edded (cf., e.g., Duda & Gebhardi 1994).

43 W e con tin ue to o v ersimplify matters here. As Keller (1995) p oin ts out, the meaning of a no de

dep ends on the global con text, and a no de th us really denotes a function from global con texts to

partial functions from paths to v alues. Though imp ortan t, this p oin t is tangen tial to the issue

addressed here.

44 F or simplicit y here, w e consider only the case of length one descriptor sequences – the general case

in v olv es complications not relev an t to the main p oin t.

D A TR cogs csrp 382 , No v em b er 1995

with a no de/path pair, but at most one of these defines a v alue or global inheritance

descriptor (since lo cal inheritance ceases at that p oin t). Th us although the lo cal inher-

itance mak es the description b ecome syn tactically non-functional, the sp ecification of

v alues or global descriptors remains functional. The v alue sp ecifications map directly to

extensional statemen ts, while the global inheritance descriptors op erate just as the lo cal

ones, adding at most one further v alue statemen t for eac h global inheritance statemen t,

so that ultimately the consistency of the set of (extensional) v alue statemen ts is assured.

This theorem cannot b e strengthened to a biconditional, ho w ev er, since consisten t

but non-functional D A TR descriptions exist, as in the follo wing examples:

NONFUNC1:

<a> == UNDEF

<a> == 1.

NONFUNC2:

<a> == <b>

<a> == 1

<b> == 1.

NONFUNC3:

<a> == <b>

<b> == <a>

<a> == 1.

In NONFUNC1 , UNDEF is a no de with no asso ciated definitions, so the first statemen t imp oses

no constrain t on the v alue of < a > ; in NONFUNC2 , t w o definitions for < a > are pro vided

whic h happ en to define the same v alue; in NONFUNC3 , w e establish a m utual dep endence

b et w een < a > and < b > , and then define a v alue for one (either) of them. Ho w ev er, w e

ha v e not encoun tered an y examples of nonfunctional but consisten t descriptions whic h are

not b etter expressed b y a straigh tforw ard functional coun terpart

45

. Indeed, w e susp ect

(but ha v e no pro of ) that ev ery consisten t D A TR description is extensionally equiv alen t

to (that is, defines the same extensional sen tences as) a functional one.

In the ligh t of these considerations, w e assume here, and elsewhere, that functionalit y

is a reasonable restriction to place on D A TR descriptions

46

. The adv an tage of this is that

it is completely trivial to c hec k that a D A TR description is functional and hence guaran tee

its consistency . In other w ords, w e can substitute a straigh tforw ard syn tactic constrain t

on descriptions for the less tractable notion of seman tic consistency , apparen tly without

significan t loss of expressiv e p o w er. Among other things, this means that implemen tations

of D A TR can th us either treat attempted violations of functionalit y as syn tactic errors

and require the user to eliminate them, or (more commonly in existing implemen tations)

they can treat apparen t violations as in ten tional corrections and silen tly erase earlier

statemen ts for the no de and path for whic h a violation has b een detected.

5.2 Multiple inheritance

Multiple inheritance , in inheritance net w ork terminology , describ es an y situation

where a no de in an inheritance net w ork inherits information from more than one other

no de in the net w ork. Wherev er this phenomenon o ccurs there is the p oten tial for con-

flicting inheritance, i.e., when the information inherited from one no de is inconsisten t

45 NONFUNC3 p erhaps comes closest, but adding statemen ts ab out extensions of either < a > or < b >

quic kly breaks the illusion that the t w o are in some sense “unified”.

46 This only applies to original source descriptions: as w e men tioned ab o v e, the formal inference

mec hanisms that implemen t inheritance necessarily add statemen ts to mak e a description

nonfunctional. But since these can alw a ys b e automatically determined, they need nev er app ears

explicitly in source descriptions.

with that inherited from another. Because of this, the handling of m ultiple inheritance

is an issue whic h is cen tral to the design of an y formalism for represen ting inheritance

net w orks.

F or the formalism to b e coheren t, it m ust pro vide a w a y of a v oiding or resolving an y

conflict whic h migh t arise. This migh t b e b y banning m ultiple inheritance altogether, re-

stricting it so that conflicts are a v oided, pro viding some mec hanism for conflict resolution

as part of the formalism itself, or pro viding the user of the formalism with the means to

sp ecify ho w the conflict should b e resolv ed. Putting aside considerations of functionalit y

for the momen t, w e see that, in D A TR , b oth the second and third of these options are

emplo y ed. The “longest-defined-subpath-wins” principle amoun ts to conflict resolution

built in to the formalism; ho w ev er, it do es not deal with ev ery case: definitions suc h as

Node3:

<> == Node1

<> == Node2.

ma y result in unresolv able conflicts. Suc h conflicts could, of course, just b e ruled out b y

app ealing to their inconsistency , whic h, follo wing a logical tradition, is grounds for ruling

the description to b e “improp er”.

T ouretzky (1986, p70ff ) pro vides a formal description of a n um b er of prop erties that

an inheritance net w ork ma y ha v e, and discusses their significance with resp ect to the

problem of m ultiple inheritance. T ree-structured net w orks, as their name suggests, allo w

an y no de to inherit from at most one other no de, so m ultiple inheritance conflicts cannot

arise. Orthogonal net w orks allo w a no de to inherit from more than one other no de,

but the prop erties it inherits from eac h m ust b e disjoin t, so that again, no conflict can

p ossibly arise.

The basic descriptiv e features of D A TR allo w the sp ecification of simple orthogonal

net w orks similar to T ouretzky’s. F or example, if w e write:

A:

<a> == true.

B:

<b> == false.

C:

<a> == A

<b> == B.

then w e are sp ecifying a net w ork of three no des ( A B , and C ), and t w o “predicates”

(b o olean-v alued attributes co ded as D A TR paths < a > and < b > ), with C inheriting a

v alue for < a > from A , and for < b > from B . The net w ork is orthogonal, since < a > and

< b > represen t distinct (sets of ) predicates.

Orthogonal m ultiple inheritance (OMI) is a desirable prop ert y of lexical represen-

tation systems. Consider an analysis in whic h w e put the common prop erties of v erbs

at a VERB no de and the (disjoin t) common prop erties of w ords that tak e noun phrase

complemen ts at an NP ARG no de. A transitiv e v erb ( TR VERB ) is b oth a v erb and a w ord

that tak es an NP complemen t, th us it should inherit from b oth VERB and NP ARG in this

analysis. In D A TR , this migh t b e expressed as follo ws:

VERB:

<cat> == verb.

NP_ARG:

<arg cat> == np

<arg case> == acc.

TR_VERB:

<cat> == VERB

<arg> == NP_ARG.

D A TR cogs csrp 382 , No v em b er 1995

Here TR VERB inherits from b oth VERB and NP ARG but the path prefixes cat and arg

ensure that the inheritance is orthogonal and that no conflict (e.g., in resp ect of < cat >

v alues) can arise.

More generally , OMI is in v aluable for partitioning the v arious differen t, and largely

indep enden t, asp ects of lexical description con v en tionally asso ciated with suc h initial

path prefixes as phn (phonology), mor (morphology), syn (syn tax), and sem (seman tics).

In the English v erbal system, for example, most morphological subregularities (suc h as

ha ving a past participle form in -en ) op erate en tirely indep enden tly of most syn tactic

subregularities (suc h as ha ving a ditransitiv e sub categorisation frame). Within the se-

man tic domain, Pustejo vsky & Boguraev (1993, 214) in tro duce the expression t yp ed

inheritance for OMI and argue for its adv an tages in connection with the consisten t

assem bly of the differen t facets of meaning asso ciated with a lexical item.

The ab o v e examples of OMI are in fact instances of a more general phenomenon in

D A TR . W e ha v e already noted that the com bination of the longest-defined-subpath-wins

and logical consistency are the basis of D A TR ’s supp ort for coheren t m ultiple inheritance.

It turns out that functionalit y (whic h of course implies consistency) ensures orthogonalit y ,

so that OMI falls out as the most normal, natural mo de of definition using D A TR .

Finally here, w e note that a n um b er of recen t lexical theories ha v e in v ok ed a form

of inheritance in whic h m ultiple paren ts with o v erlapping domains are sp ecified, and a

priorit y ordering imp osed to resolv e p oten tial inheritance conflicts (e.g., Flic kinger 1987;

Russell et al. 1992). In this prioritised m ultiple inheritance (PMI), precedence is giv en

to no des that come earlier in the ordering, so that the inherited v alue for a prop ert y

comes from the first paren t no de in the ordering that defines that prop ert y , regardless of

whether other later no des also define it (p ossibly differen tly).

Surprisingly p erhaps, D A TR ’s v ersion of OMI can b e used to reconstruct PMI with-

out making syn tactic and seman tic additions to the language. In fact, w e ha v e describ ed

elsewhere no few er than three differen t tec hniques for capturing PMI in D A TR (Ev ans et

al. 1993). But D A TR w as primarily designed to facilitate OMI analyses of natural lan-

guage lexicons and w e do not b eliev e that PMI treatmen ts of the lexicon offer significan t

analytical or descriptiv e adv an tages.

5.3 Mo des of use

Lexicons can either b e dev elop ed b y hand or, in principle at least, they can b e induced

from relev an t data. Once created, lexicons get used for language understanding, language

generation, or b oth. Lexicons that are in use also ha v e to b e main tained. A t presen t,

implemen tations of lexical represen tation systems are t ypically sp ecialised to one or t w o

of these tasks. A language for lexical kno wledge represen tation is merely one comp onen t

of a lexical represen tation system, of course, but its design ma y w ell ha v e implications

for the tasks noted ab o v e. A language that co ded ev erything in to bit strings migh t b e

fully adequate for the induction and generation tasks, sa y . But it w ould probably not

facilitate man ual lexicon main tenance.

F rom a more formal p oin t of view, Barg (1994) pro vides the useful tabular concep-

tualisation of the inferen tial tasks that ma y b e asso ciated with a lexical represen tation

language lik e D A TR sho wn in T able 2, b elo w. Consider the English v erbal morphology

facts that pro vided our running example in Section 2, ab o v e. The con v en tional inference

task presupp oses that w e ha v e a description (suc h as that giv en in that section) and

a query (suc h as Love : <mor past participle> ): the task is to infer the appropriate

v alue for this query , namely love ed . This task is crucial to lexicon dev elopmen t and

main tenance since it pro vides the means b y whic h the dev elop er can c hec k the empirical

adequacy of their analysis. It is also a task that is lik ely to figure in the on-line use

of the lexicon in a language pro cessing system, once the relev an t lexical en try (i.e., the

Theory Query V alue

Con v en tional inference giv en giv en unkno wn

Rev erse query giv en unkno wn giv en

Theory induction unkno wn giv en giv en

T able 2

P ossible inference tasks (adapted from Barg 1994)

relev an t D A TR no de) has b een determined, to reco v er information asso ciated with the

en try . And it is the task that do es the compilation in systems that use a partially or fully

compiled-out off-line lexicon (as in Andry et al. 1992).

The rev erse query task again presupp oses that w e ha v e a description a v ailable to us.

But instead of starting with a kno wn query , w e start instead with a kno wn v alue ( love

ed , sa y , and the task is to infer what queries w ould lead to that v alue ( Love : <mor past

participle> , Love : <mor past tense sing one> , etc.)

47

, The abilit y to p erform this

kind of inference ma y also b e useful in lexicon dev elopmen t and main tenance. Ho w ev er, its

most ob vious application is to “b o otstrap” lexical access in language pro cessing systems

that mak e direct use of an on-line lexicon: giv en a surface form (in analysis) or a seman tic

form (in generation), w e need to iden tify a lexical en try asso ciated with that form b y

rev erse query , and then access other lexical information asso ciated with the en try b y

con v en tional inference. Langer (1994) giv es an inference algorithm, based on the familiar

c hart data structure, for rev erse querying D A TR lexicons; and Gibb on (1993) describ es

EDQL (Extended D A TR Query Language) whic h p ermits quan tification in to comp onen ts

of m ultisen tence D A TR queries.

The final task is that of theory induction. Here one starts with a set of kno wn query-

v alue pairs ( Love : <mor past participle> = love ed ., Love : <mor pres tense sing

three> = love s ., etc.) and the task is to induce a description that has those pairs as

theorems under the application of con v en tional inference. In a w orld in whic h all the

relev an t data w as already clearly set out in descriptiv e linguistic w ork, an algorithm

that efficien tly ac hiev ed this kind of induction w ould b e the philosopher’s stone to the

construction of computational lexicons. In the real w orld, suc h an algorithm w ould still

b e useful for domains lik e morphology (where the qualit y and clarit y of extan t descriptiv e

linguistic w ork is v ery high), for b o otstrapping lexical descriptions for subsequen t man ual

dev elopmen t b y h umans, for up dating lexicons in the ligh t of newly encoun tered lexical

information, and for con v erting one kind of lexicon in to a completely differen t kind of

lexicon b y inducing the latter from the output of the former. The automatic induction of

(sym b olic) lexicons from data is a v ery new researc h area in computational linguistics:

Kilbury (1993), Kilbury et al. (1994), Ligh t (1994) and Ligh t et al. (1993) ha v e prop osed

a v ariet y of incremen tal algorithms that tak e a partial lexical hierarc h y and elab orate

it as necessary in the ligh t of successiv ely presen ted data sets, whilst Barg (1994) has

presen ted a nonincremen tal algorithm that induces full D A TR hierarc hies from suitable

data sets.

Since D A TR is no more than a language, it do es not itself dictate ho w a D A TR

lexicon is to b e used. As it turns out, differen t researc hers ha v e used it v ery differen tly .

Andry et al. (1992), in the con text of a sp eec h recognition task in v olving the parsing of

“extremely large lattices of lexical h yp otheses” (p248), opted for off-line compilation of

their 2000 w ord D A TR lexicons in to pairs of on-line lexicons, one of whic h w as enco ded

47 An alternativ e form ulation is to start with a kno wn v alue and path, and the task is to infer the

appropriate no des.

D A TR cogs csrp 382 , No v em b er 1995

with bit-v ectors for sp eed and compactness. A t the other extreme, Duda & Gebhardi

(1994) presen t an in terface b et w een a P A TR -based parser and a D A TR lexicon where the

former is dynamically link ed to the latter and able to query it freely , in b oth con v en tional

and rev erse mo des, without restriction. And Gibb on (1993) presen ts an implemen tation

of a v ery flexible query language, EDQL , whic h allo ws quan tification o v er an y constituen ts

of (p ossibly complex) D A TR queries.

5.4 Implemen tations

As already noted, the inferen tial core of D A TR is extremely simple to implemen t. W e

kno w of the existence of around a dozen differen t implemen tations of the language but

there ma y w ell b e others that w e do not kno w of. The b est kno wn, and most widely

a v ailable are our o wn (Brigh ton/Sussex), whic h is written in Prolog and runs on most

Unix platforms, Gibb on’s (Bielefeld) DD A TR Sc heme and NODE Sicstus Prolog imple-

men tations, and Kilbury’s (Duesseldorf ) QD A TR Prolog implemen tation whic h runs (in

compiled form) on PCs and on Sicstus Prolog under Unix. All of these are freely a v ail-

able on request, as is an extensiv e arc hiv e of o v er one h undred example fragmen ts some

of whic h illustrate formal tec hniques and others of whic h are applications of D A TR to

the lexical phonology , morphology , syn tax or seman tics of a wide v ariet y of differen t

languages

48

. Other in teresting implemen tations that w e are familiar with include the ex-

p erimen tal rev erse query implemen tation b y Langer (Osnabruec k), Duda & Gebhardi’s

(Berlin) implemen tation that is dynamically link ed to P A TR , and Barg’s (Duesseldorf )

implemen tation of a system that induces D A TR descriptions from extensional data sets.

6. Concluding Remarks

Our title for this pap er is to b e tak en literally – D A TR is a language for lexical kno wledge

represen tation. It is a kind of programming language, not a theoretical framew ork for

the lexicon (in the w a y that HPSG is a theoretical framew ork for syn tax, sa y). Clearly ,

the language is w ell suited to lexical framew orks that em brace, or are consisten t with,

nonmonotonicit y and inheritance of prop erties through net w orks of no des. But those

t w o disp ositions hardly constitute a restrictiv e notion of suitabilit y in the con text of

con temp orary NLP w ork. Nor are they absolute requiremen ts: it is, for example, en tirely

p ossible to write useful D A TR fragmen ts that nev er o v erride inherited v alues (and so are

monotonic) or whic h define isolated no des with no inheritance.

It is true, of course, that our examples, in this pap er and elsewhere, reflect a particular

set of assumptions ab out ho w NLP lexicons can b e b est organised. But, apart from

the utilit y of inheritance and nonmonotonicit y , w e ha v e b een careful not to build those

assumptions in to the D A TR language itself. There is, for example, no built-in assumption

that lexicons should lexeme-based rather than, sa y , w ord- or morpheme-based.

Unlik e some other NLP inheritance languages, D A TR is not in tended to pro vide

the facilities of a particular syn tactic formalism. Rather, it is in tended to b e a lexical

formalism that can b e used with an y syn tactic represen tation whic h can b e enco ded

in terms of attributes and v alues. Th us, at the time of writing, w e kno w of non trivial

D A TR lexicons written for GPSG , L T A G , P A TR , Unification Categorial Grammar, and

W ord Grammar. Equally , the use of D A TR do es not commit one, in adv ance, to adopting

an y particular set of theoretical assumptions with resp ect to phonology , morphology or

seman tics. In phonology , for example, the language allo ws one to write transducers that

48 Anon ymous FTP to ftp.cogs.sussex.ac.uk and directory /pub/nlp/DATR pro vides access to

v arious D A TR implemen tations, the example arc hiv e, and some relev an t pap ers and do cumen tation.

map strings of atomic phonemes to strings of atomic phones. But it also allo ws one to

enco de full-blo wn feature and syllable-tree based proso dic analyses.

Unlik e the formalisms t ypically prop osed b y linguists, D A TR do es not attempt to

em b o dy in its design an y substan tiv e and restrictiv e univ ersal claims ab out the lexicons

of natural language. That do es not distinguish it from most NLP formalisms, of course.

Ho w ev er, w e ha v e also sough t to ensure that its design do es not em b o dy features that

w ould restrict its use to a single language (English, sa y) or to a particular class of closely

related languages (the Romance class, sa y). The a v ailable evidence suggests that w e

ha v e succeeded in the latter aim since, at the time of writing, non trivial D A TR fragmen ts

of the lexicons of Arabic, Arap esh, Czec h, English, F renc h, German, Gikuyu, Italian,

Latin, P olish, P ortuguese, Russian and Spanish ha v e b een dev elop ed. There are also

smaller indicativ e fragmen ts for Baoule, Dak ota, Dan, Dutc h, Japanese, Ny anja, Sanskrit,

Serb o-Croat, Sw ahili and T em.

Unlik e most other languages prop osed for lexical kno wledge represen tation, D A TR

is not in tended to b e restricted in the lev els of linguistic description to whic h it can

sensibly b e applied. It is designed to b e equally applicable at phonological, orthographic,

morphological, syn tactic and seman tic lev els of description. But it is not in tended to

replace existing approac hes to those lev els. Rather, w e en visage descriptions of differen t

lev els according to differen t theoretical framew orks b eing implemen table in D A TR : th us

an NLP group migh t decide, for example, to build a lexicon with DR T-st yle seman tic

represen tations, HPSG -st yle syn tactic represen tations, “item & arrangemen t” st yle mor-

phological represen tations and a KIMMO-st yle orthographic comp onen t, implemen ting

all of these, including the HPSG lexical rules, in D A TR . D A TR itself do es not mandate

an y of the c hoices in this example, but equally nor do es it allo w suc h c hoices to b e

a v oided

49

. D A TR cannot b e (sensibly) used without a prior decision as to the theoretical

framew orks in whic h the description is to b e conducted; there is no “default” framew ork

for describing morphological facts in D A TR , sa y . Th us, for example, Gibb on (1992) and

Langer & Gibb on (1992) use D A TR to implemen t their ILEX theory of lexical organisa-

tion, Corb ett & F raser (1993) and F raser & Corb ett (in press) use D A TR to implemen t

their Net w ork Morphology framew ork, and Gazdar (1992) sho ws ho w P aradigm F unction

Morphology analyses (Stump 1992) can b e mapp ed in to D A TR . Indeed, it w ould not b e

en tirely misleading to think of D A TR as a kind of assem bly language for constructing (or

reconstructing) higher lev el theories of lexical represen tation.

Ac kno wledgmen ts

W e are grateful to the four CL referees for their criticisms and suggestions; to Lynne Cahill,

Dafydd Gibb on, Jim Kilbury and Da vid W eir for their commen ts on an earlier draft of the

pap er; and to W alter Daelemans and John Nerb onne for their commen ts on the first draft of

the app endix. W e thank P etra Barg, Lynne Cahill, Norman F raser, Dafydd Gibb on, Elizab eth

Jenkins, Jim Kilbury , Lionel Moser, and Ingrid Renz for their role(s) in the dev elopmen t of the

D A TR language and the co ding tec hniques discussed ab o v e; F ernando P ereira for early critical

commen ts that led directly to the in tro duction of ev aluable paths in to the language; and Bill

Keller and Da vid W eir for m uc h relev an t recen t in teraction. This researc h w as supp orted b y

v arious gran ts to the authors from ESR C (UK) and SER C/EPSR C (UK).

49 Ho w ev er, D A TR ’s framew ork-agnosticism ma y mak e it a plausible candidate for the construction of

p olytheoretic lexicons. F or example, one that w ould allo w either categorial or HPSG -st yle

sub categorisation sp ecifications to b e deriv ed, dep ending on the setting of a parameter.

D A TR cogs csrp 382 , No v em b er 1995

References

F rancois Andry , Norman F raser, Scott

McGlashan, Simon Thorn ton, & Nic k

Y oud (1992) Making D A TR w ork for

sp eec h: lexicon compilation in SUNDIAL .

Computational Linguistics 18, 245-267.

P etra Barg (1994) Automatic acquisition of

D A TR theories from observ ations.

Theories des Lexicons: Arb eiten des

Sonderforsc h ungsb ereic hs 282,

Heinric h-Heine Univ ersit y of Duesseldorf.

Doris Bleic hing (1992) Proso disc hes Wissen

in Lexicon. In G. Go erz, ed., Pr o c e e dings

of K ONVENS-92, Berlin: Springer-V erlag,

59-68.

Doris Bleic hing (1994) In tegration v on

Morphophonologie und Proso die in ein

hierarc hisc hes Lexicon. In Harald T rost,

ed., Pr o c e e dings of K ONVENS-94,

Vienna: Oesterreic hisc he Gesellsc haft fuer

Artificial In telligence, 32-41

Gosse Bouma (1993) Nonmonotonicity and

c ate gorial unific ation gr ammar.

Pro efsc hrift, Rijksuniv ersiteit Groningen.

Gosse Bouma & John Nerb onne (1994)

Lexicons for feature-based systems. In

Harald T rost, ed., Pr o c e e dings of

K ONVENS-94, Vienna: Oesterreic hisc he

Gesellsc haft fuer Artificial In telligence,

42-51.

T ed Brisco e & Ann Cop estak e (1991) Sense

extensions as lexical rules. In D. F ass, E.

Hink elman & J. Martin, eds.

Computational appr o aches to Non-Liter al

L anguage, Pr o c e e dings of the IJCAI

Workshop, Sydney , 12-20.

T ed Brisco e, Ann Cop estak e & Alex

Lascarides (1995) Blo c king. In P atric k

Sain t-Dizier & Ev elyne Viegas, eds.

Computational L exic al Semantics.

Cam bridge: Cam bridge: Cam bridge

Univ ersit y Press, 272-302.

T ed Brisco e, V aleria de P aiv a & Ann

Cop estak e, eds. (1993) Inheritanc e,

Defaults, and the L exic on, Cam bridge:

Cam bridge Univ ersit y Press.

Dunstan Bro wn & Andrew Hippisley (1994)

Conflict in Russian genitiv e plural

assignmen t: A solution represen ted in

D A TR . Journal of Slavic Linguistics,

2(1), 48-76.

Lynne Cahill (1993a) Some reflections on

the con v ersion of the TIC lexicon in to

D A TR . In T ed Brisco e, V aleria de P aiv a

and Ann Cop estak e, eds. Inheritanc e,

defaults, and the lexic on. Cam bridge,

Cam bridge Univ ersit y Press, 47-57.

Lynne Cahill (1993b) Morphonology in the lexicon. Sixth Confer enc e of the Eur op e an

Chapter of the Asso ciation for

Computational Linguistics, 87-96.

Lynne Cahill (1994) An inheritance-based

lexicon for message understanding

systems. F ourth A CL Confer enc e on

Applie d Natur al L anguage Pr o c essing,

211-212

Lynne Cahill & Roger Ev ans (1990) An

application of D A TR : the TIC lexicon, in

Pr o c e e dings of the 9th Eur op e an

Confer enc e on A rtificial Intel ligenc e,

Sto c kholm, 120-125.

Jo Calder (1994) F eature-v alue logics: some

limits on the role of defaults. In C.J.

Rupp, M.A. Rosner & R.L. Johnson, eds.

Constr aints, L anguage and Computation.

London: Academic Press, 205-222.

Bob Carp en ter (1991) The generativ e p o w er

of categorial grammars and head-driv en

phrase structure grammars with lexical

rules. Computational Linguistics 17,

301-313.

Bob Carp en ter (1992) Categorial grammars,

lexical rules, and the English predicativ e.

In Rob ert Levine, ed. F ormal Gr ammar:

The ory and Implementation. New Y ork:

Oxford Univ ersit y Press, 168-242.

Ann Cop estak e (1992) The represen tation of

lexical seman tic information. PhD

dissertation, Univ ersit y of Sussex,

Co gnitive Scienc e R ese ar ch Pap er CSRP

280.

Ann Cop estak e & T ed Brisco e (1992)

Lexical op erations in a unification based

framew ork. In James Pustejo vsky &

Sabine Bergler, eds. L exic al Semantics

and Know le dge R epr esentation. Berlin:

Springer-V erlag, 101-119.

Ann Cop estak e & T ed Brisco e (1995)

Regular p olysem y and semi-pro ductiv e

sense extension. Journal of Semantics 12,

15-67.

Greville Corb ett & Norman F raser (1993)

Net w ork Morphology: a D A TR accoun t of

Russian nominal inflection. Journal of

Linguistics 29, 113-142.

W alter Daelemans (1994) Review of T ed

Brisco e, V aleria de P aiv a & Ann

Cop estak e, eds. (1993) Inheritanc e,

Defaults, and the L exic on, Cam bridge:

Cam bridge Univ ersit y Press.

Computational Linguistics 20.4, 661-664.

W alter Daelemans & Ko enraad De Smedt

(1994) Inheritance in an ob ject-orien ted

represen tation of linguistic categories.

International Journal of

Human-Computer Studies 41.1/2,

149-177.

W alter Daelemans, Ko enraad De Smedt &

Gerald Gazdar (1992) Inheritance in

natural language pro cessing .

Computational Linguistics 18.2, 205-218.

W alter Daelemans & Gerald Gazdar, eds.

(1992) Computational Linguistics 18.2 &

18.3 , sp ecial issues on inheritance.

W alter Daelemans & Erik-Jan v an der

Linden (1992) Ev aluation of lexical

represen tation formalisms. In Jan v an

Eijc k & Wilfried Mey er, eds.

Computational Linguistics in the

Netherlands: Pap ers fr om the Se c ond

CLIN Me eting. Utrec h t: OTS, 54-67.

Marc Domenig & Pius ten Hac k en (1992)

Wor d Manager: A System for

Morpholo gic al Dictionaries. Hidesheim:

Georg Olms V erlag.

Markus Duda & Gun ter Gebhardi (1994)

DUTR – A D A TR-P A TR in terface

formalism. In Harald T rost, ed.,

Pr o c e e dings of K ONVENS-94, Vienna:

Oesterreic hisc he Gesellsc haft fuer

Artificial In telligence, 411-414.

Roger Ev ans & Gerald Gazdar (1989a)

Inference in D A TR . F ourth Confer enc e of

the Eur op e an Chapter of the Asso ciation

for Computational Linguistics, 66-71.

Roger Ev ans & Gerald Gazdar (1989b) The

seman tics of D A TR . In An thon y G. Cohn,

ed. Pr o c e e dings of the Seventh Confer enc e

of the So ciety for the Study of A rtificial

Intel ligenc e and Simulation of Behaviour.

London: Pitman/Morgan Kaufmann,

79-87.

Roger Ev ans, Gerald Gazdar & Lionel Moser

(1993) Prioritised m ultiple inheritance in

D A TR . In T ed Brisco e, V aleria de P aiv a

and Ann Cop estak e, eds. Inheritanc e,

defaults, and the lexic on. Cam bridge,

Cam bridge Univ ersit y Press, 38-46.

Roger Ev ans, Gerald Gazdar & Da vid W eir

(1995) Enco ding lexicalized tree adjoining

grammars with a nonmonotonic

inheritance hierarc h y . 33r d A nnual

Me eting of the Asso ciation for

Computational Linguistics, 77-84.

Daniel P . Flic kinger (1987) L exic al R ules in

the Hier ar chic al L exic on , do ctoral

dissertation, Stanford Univ ersit y .

Norman F raser & Greville Corb ett (1995)

Gender, animacy , and declensional class

assignmen t: a unified accoun t for Russian.

In Geert Bo oij & Jaap v an Marle, eds.

Y e ar Bo ok of Morpholo gy 1994.

Dordrec h t: Klu w er, 123-150.

Norman F raser & Greville Corb ett (in press)

Gender assignmen t in Arap esh: a Net w ork

Morphology analysis. Lingua 00 , 00-00.

Norman F raser & Ric hard Hudson (1990)

W ord Grammar: an inheritance-based

theory of language. In W alter Daelemans

& Gerald Gazdar, eds. Pr o c e e dings of the

Workshop on Inheritanc e in Natur al

L anguage Pr o c essing. Tilburg: Institute

for Language T ec hnology , 58-64.

Gerald Gazdar (1992) P aradigm function

morphology in D A TR . In Lynne Cahill &

Ric hard Coates, eds. Sussex Pap ers in

Gener al and Computational Linguistics.

Brigh ton, Univ ersit y of Sussex, Cognitiv e

Science Researc h P ap er CSRP 239,

43-53.

Dafydd Gibb on (1990) Proso dic asso ciation

b y template inheritance. In W alter

Daelemans & Gerald Gazdar, eds.

Pr o c e e dings of the Workshop on

Inheritanc e in Natur al L anguage

Pr o c essing. Tilburg: Institute for

Language T ec hnology , 65-81.

Dafydd Gibb on (1992) ILEX : a linguistic

approac h to computational lexica. In

Ursula Klenk, ed. Computatio Linguae:

A ufsaze zur algorithmischen und

quantitativen A nalyse der Spr ache

(Zeitschrift fur Dialektolo gie und

Linguistik, Beiheft 73), Stuttgart: F ranz

Steiner V erlag, 32-53.

Dafydd Gibb on (1993) Generalized D A TR

for flexible lexical access: PR OLOG

sp ecification. Bielefeld: V erbmobil R ep ort

2 .

Dafydd Gibb on & Doris Bleic hing (1991)

An ILEX mo del for German comp ound

stress in D A TR . Pr o c e e dings of the

F OR WISS-ASL Workshop on Pr oso dy in

Man-Machine Communic ation, 1-6.

Nancy Ide, Jacques Le Maitre & Jean

V éronis (1994) Outline of a mo del for

lexical databases. In An tonio Zamp olli,

Nicoletta Calzolari & Martha P almer,

eds. Curr ent Issues in Computational

Linguistics: In Honour of Don Walker.

Pisa: Klu w er, 283-320.

Ronald M. Kaplan & Martin Ka y (1994)

Regular mo dels of phonological rule

systems. Computational Linguistics 20.3,

331-378.

William Keller (1995) D A TR theories and

D A TR mo dels. 33r d A nnual Me eting of

the Asso ciation for Computational

Linguistics, 55-62.

James Kilbury (1993) Strict inheritance and

the taxonom y of lexical t yp es in D A TR .

Unpublished man uscript, Univ ersit y of

Duesseldorf.

James Kilbury , P etra [Barg] Naerger &

Ingrid Renz (1991) D A TR as a lexical

comp onen t for P A TR . Fifth Confer enc e of

the Eur op e an Chapter of the Asso ciation

D A TR cogs csrp 382 , No v em b er 1995

for Computational Linguistics, 137-142.

James Kilbury , P etra [Barg] Naerger &

Ingrid Renz (1994) Sim ulation

lexicalisc hen Erw erbs In Sasc ha W. F elix,

Christopher Hab el & Gert Ric kheit

Ko gnitive Linguistik: R epr aesentation und

Pr ozesse. Opladen: W estdeutsc her V erlag,

251-271.

Adam Kilgarriff (1993) Inheriting v erb

alternations. Sixth Confer enc e of the

Eur op e an Chapter of the Asso ciation for

Computational Linguistics, 213-221.

Adam Kilgarriff (1995) Inheriting p olysem y .

In P atric k Sain t-Dizier & Ev elyne Viegas,

eds. Computational L exic al Semantics.

Cam bridge: Cam bridge: Cam bridge

Univ ersit y Press, 00-00.

Adam Kilgarriff & Gerald Gazdar (1995)

P olysemous relations. In F.R. P almer, ed.

Gr ammar and Me aning: Essays in

Honour of Sir John Lyons. Cam bridge:

Cam bridge Univ ersit y Press, 1-25.

Hans-Ulric h Krieger (1994) Deriv ation

without lexical rules. In C.J. Rupp, M.A.

Rosner & R.L. Johnson, eds. Constr aints,

L anguage and Computation. London:

Academic Press, 277-313.

Hans-Ulric h Krieger & John Nerb onne

(1993) F eature-based inheritance

net w orks for computational lexicons. In

T ed Brisco e, V aleria de P aiv a and Ann

Cop estak e, eds. Inheritanc e, defaults, and

the lexic on. Cam bridge, Cam bridge

Univ ersit y Press, 90-136.

Hans-Ulric h Krieger, Hannes Pirk er & John

Nerb onne (1993) F eature-based

allomorph y . 31st A nnual Me eting of the

Asso ciation for Computational

Linguistics, 140-147.

Hagen Langer (1994) Rev erse queries in

D A TR . COLING-94, 1089-1095.

Hagen Langer & Dafydd Gibb on (1992)

D A TR as a graph represen tation language

for ILEX sp eec h orien ted lexica. T ec hnical

Rep ort ASL-TR-43-92/UBI,

Univ ersit y of Bielefeld.

Alex Lascarides, Nic holas Asher, T ed

Brisco e & Ann Cop estak e (forthcoming)

Order indep enden t and p ersisten t t yp ed

default unification. T o app ear in

Linguistics & Philosophy.

Marc Ligh t (1994) Classification in

feature-based default inheritance

hierarc hies. In Harald T rost, ed.,

Pr o c e e dings of K ONVENS-94, Vienna:

Oesterreic hisc he Gesellsc haft fuer

Artificial In telligence, 220-229.

Marc Ligh t, Sabine Reinhard & Marie

Bo yle-Hinric hs (1993) INSYST : an

automatic inserter system for hierarc hical

lexica. Sixth Confer enc e of the Eur op e an

Chapter of the Asso ciation for

Computational Linguistics, 471.

P aul McF etridge & Aline Villa vicencio

(1995) A hierarc hical description of the

P ortuguese v erb. Pr o c e e dings of the XIIth

Br azilian Symp osium on A rtificial

Intel ligenc e, 00-00.

Chris Mellish & Eh ud Reiter (1993) Using

classification as a programming language.

IJCAI-93, 696-701.

T eruk o Mitam ura & Eric H. Nyb erg I I I

(1992) Hierarc hical lexical structure and

in terpretiv e mapping in mac hine

translation. COLING-92 V ol. IV,

1254-1258.

John Nerb onne (1992) F eature-based

lexicons – an example and a comparison

to D A TR . In Dorothee Reimann, ed.

Beitr age des ASL-L exic on-Workshops.

W andtlitz, 36-49.

Nic holas Ostler & B.T.S. A tkins (1992)

Predictable meaning shift: some linguistic

prop erties of lexical implication rules. In

James Pustejo vsky & Sabine Bergler, eds.

L exic al Semantics and Know le dge

R epr esentation. Berlin: Springer-V erlag,

87-100.

Gerald P enn & Ric hmond Thomason (1994)

Default finite state mac hines and finite

state phonology . Computational

Phonolo gy: Pr o c e e dings of the 1st Me eting

of the A CL Sp e cial Inter est Gr oup in

Computational Phonolo gy, 33-42.

Stephen G. Pulman (forthcoming)

Unification enco dings of ric h grammatical

formalisms. T o app ear in Computational

Linguistics.

James Pustejo vsky (1991) The generativ e

lexicon. Computational Linguistics 17.4,

409-441.

James Pustejo vsky & Branimir Boguraev

(1993) Lexical kno wledge represen tation

and natural language pro cessing.

A rtificial Intel ligenc e 63.1-2, 193-223.

Sabine Reinhard (1990)

V erarb eitungsprobleme nic h tlinearer

Morphologien: Umlautb esc hreibung in

einem hierarc hisc hen Lexik on. In

Burghard Rieger & Burkhard Sc haeder

L exikon und L exiko gr aphie. Hildesheim:

Olms V erlag, 45-61.

Sabine Reinhard & Dafydd Gibb on (1991)

Proso dic inheritance and morphological

generalisations. Fifth Confer enc e of the

Eur op e an Chapter of the Asso ciation for

Computational Linguistics, 131-136.

Eh ud Reiter & Chris Mellish (1992) Using

classification to generate text. 30th

A nnual Me eting of the Asso ciation for

Computational Linguistics, 265-272.

Graeme D. Ritc hie, Graham J. Russell,

Alan W. Blac k and Stephen G. Pulman

(1992) Computational Morpholo gy.

Cam bridge, Ma.: MIT Press.

Graham Russell (1993) Review of Marc

Domenig & Pius ten Hac k en (1992) Wor d

Manager: A System for Morpholo gic al

Dictionaries. Hidesheim: Georg Olms

V erlag. Computational Linguistics 19.4,

699-700.

Graham Russell, Afzal Ballim, John Carroll

& Susan W arwic k-Armstrong (1992) A

practical approac h to m ultiple default

inheritance for unification-based lexicons.

Computational Linguistics 183, 311-337.

Harv ey Sac ks (1973) On some puns with

some in timations. In Roger W. Sh uy . ed.

R ep ort of the 23r d A nnual R oundtable

Me eting on Linguistics and L anguage

Studies. W ashington D.C.: Georgeto wn

Univ ersit y Press, 135-144.

Stuart M. Shieb er (1986) A n Intr o duction to

Unific ation Appr o aches to Gr ammar.

Stanford: CSLI/Chicago Univ ersit y Press.

Greg Stump (1992) On the theoretical

status of p osition class restrictions on

inflectional affixes. In Geert Bo oij & Jaap

v an Marle, eds. Y e ar Bo ok of Morpholo gy

1991. Dordrec h t: Klu w er, 211-241.

Da vid S. T ouretzky (1986) The Mathematics

of Inheritanc e Systems. London/Los

Altos: Pitman/Morgan Kaufmann.

Mark A. Y oung (1992) Nonmonotonic sorts

for feature structures. AAAI-92, 596-601.

Mark A. Y oung & Bill Rounds (1993) A

logical seman tics for nonmonotonic sorts.

Pr o c e e dings of the 31st A nnual Me eting of

the A CL, 209-215.

D A TR cogs csrp 382 , No v em b er 1995

APPENDIX: The critical literature on D A TR review ed

Since D A TR has b een in the public domain for the last half dozen y ears and b een widely

used in Europ e during that p erio d (b y the standards of lexical kno wledge represen tation

languages), it is not surprising that it has attracted some critical atten tion from others

w orking in the field. In this app endix, w e consider and resp ond to the critical material that

has b een published: Domenig & ten Hac k en (1992), Bouma & Nerb onne (1994), Nerb onne

(1992), Krieger & Nerb onne (1993), and Daelemans & v an der Linden (1992). Langer &

Gibb on (1992) also resp ond to the last three pap ers in the con text of a thorough general

review of appropriate ev aluation criteria for lexical kno wledge represen tation formalisms.

W e are indebted to their discussion.

Domenig & ten Hac k en (1992) base part of their critique of D A TR on an idiosyncratic

analysis of the English -s/-es suffix c hoice as a matter of pure morphology . This ma y b e

b ecause they are considering D A TR as a candidate “FMP” – formalism for morphological

pro cessing – ev en though, as they note “ D A TR is strictly sp eaking not an FMP” (p8)

and “is not sp ecifically geared to morphological pro cessing” (p15). As they p oin t out,

dealing with the c hoice morphologically leads to undermotiv ated inflectional sub classes,

obscures the role of phonology in the c hoice of form, and misses the morphophonological

generalisation that unites nouns and v erbs in resp ect of the c hoice. But their critique

is based on the assumption that they ha v e iden tified “the most natural w a y to express

[the c hoice] in D A TR ” (p17). Giv en the w ell-kno wn facts of this phenomenon

50

, their

analysis seems to us to b e ab out as unnatural as it could b e. Dep ending on the nature

and purp ose of one’s lexicon, it w ould b e m uc h more natural to deal with the c hoice

orthographically with a D A TR -co ded FST of the kind discussed in Section 4.3, ab o v e, or

morphophonologically using the kind of phonological represen tation adopted b y Reinhard

& Gibb on (1991), sa y .

Domenig & ten Hac k en actually cite this latter pap er in connection with German

umlaut and suggest that the -s/-es alternation migh t b e handled in the same w a y . Ho w-

ev er, they go on to claim, quite incorrectly , that “morphophonological generalisations

can actually not b e expressed as suc h” in D A TR b ecause “they are represen ted as prop-

erties of the individual lexemes” (pp23-24). This claim app ears to b e based on a false

assumption that D A TR no des are someho w restricted to the description of lexemes. This

is an o dd assumption to mak e giv en that the Reinhard & Gibb on pap er p ostulates no des

for v o w els, syllables, stems, stem t yp es, prefixes, plural inflection, and syn tactic cate-

gories, as w ell as lexemes. But then they dismiss the analysis giv en in that pap er as

“incomprehensible” (p24).

A related stra w man app ears in their discussion of ho w alternation within a mor-

phological paradigm migh t b e represen ted in D A TR (p22). They once again p ostulate an

analysis that proliferates no des b ey ond necessit y and fail to sp ot the p ossibilit y of path

domain or v alue domain analyses suc h as those sk etc hed in Section 4.6, ab o v e. They go

on to offer a “sligh tly sp eculativ e” ev aluation of w a ys in whic h D A TR migh t b e able to

represen t w ord formation, concluding that they “do not see an y p ossibilit y of represen t-

ing the rules in v olv ed in w ord formation” (p22). This conclusion again app ears to b e

based on their assumption that D A TR no des are someho w restricted to the description

of lexemes. But D A TR , of course, kno ws nothing ab out lexemes, affixes, v o w els, w ords,

lexical rules, or whatev er. These are higher lev el notions that the analyst ma y c ho ose to

represen t in a wide v ariet y of w a ys.

50 The orthographic alternation applies to the third p erson singular presen t tense forms of v erbs and

the plural forms of nouns. The c hoice b et w een the alternan ts is wholly go v erned b y the phonology

of the v erb or noun stem.

Finally , Domenig & ten Hac k en con tend that lexical inheritance formalisms (and

th us D A TR ) are un usable for the purp ose for whic h they w ere designed b ecause the

h umans who ha v e to w ork with them for lexicon dev elopmen t cannot k eep trac k of all

the in teractions. They pro vide no evidence for this assertion and the widespread adoption,

dev elopmen t and use of a v ariet y of large inheritance lexicons in w orking NLP systems

o v er the last few y ears mak e the assertion seem somewhat implausible. They conclude

that their ev aluation of D A TR has b een “unfair” (p29) b ecause they failed to consider the

language in its natural en vironmen t. W e agree that their ev aluation is unfair but ascrib e

the cause to the w a ys in whic h they attempted to apply D A TR to their c hosen tasks

51

.

Daelemans & v an der Linden (1992) review a n um b er of approac hes to lexical kno wl-

edge represen tation, including D A TR , with resp ect to their notational adequacy and ex-

pressivit y . They argue that adequate approac hes will allo w (i) recursiv e path formation;

(ii) m ultiple inheritance, preferably orthogonal m ultiple inheritance; (iii) non-monotonic

inheritance; and require (iv) that irregular items tak e precedence o v er regular ones with-

out explicit co ding (p61). Since, as w e ha v e seen, and as Langer & Gibb on (1992) note,

D A TR has all four of these prop erties, one migh t exp ect it to emerge from their review

with at least a lo w alpha grade. But in fact they find fault with it on a n um b er of grounds.

The first of these is the use of double quotes to mark global inheritance in the

concrete syn tax of D A TR . They claim that global inheritance is the normal kind of in-

heritance in D A TR and should th us not b e mark ed in an y sp ecial w a y , whilst (unquoted)

lo cal inheritance is exceptional and should therefore ha v e a sp ecial notation (lik e quotes)

asso ciated with it (p63)

52

. The small example they giv e lends some plausibilit y to their

claim. Ho w ev er, the claim is nonetheless misleading. Quoted paths (the only instances of

global inheritance to b e found in their example fragmen t) are indeed ubiquitous at the

highest no des of existing D A TR fragmen ts. But unquoted no des, unquoted paths and un-

quoted no de/path pairs all also o ccur v ery frequen tly in existing D A TR fragmen ts, whilst

quoted no des and quoted no de/path pairs are hardly found at all. And, in some common

applications of D A TR , suc h as FSTs, no use at all ma y b e made of global inheritance.

Their second ob jection is to the w a y path extension in D A TR p ermits the deriv ation

of theorems that ha v e no in terpretation in the domain b eing mo delled (p63). Th us, for

example, a description that had (a) as a (sensible) theorem migh t also ha v e (b) as one

of an infinit y of (silly) theorems:

(a) Parrot:<mor plur> = parrot s.

(b) Parrot:<mor plur past perfect> = parrot s.

The issue here is that while D A TR encourages abstraction a w a y from the most sp ecific

lev el of detail wherev er p ossible, it do es not itself pro vide a built-in mec hanism for stating

what that most sp ecific lev el is. Our p osition is that this is part of the lexical metatheory ,

rather than the lexical description itself. It needs to b e kno wn b y an y one (or an y system)

wishing to access the lexicon prop erly , and it ma y b e practically useful to constrain

access b y c hec king for the w ell-formedness of queries according to suc h a metatheory –

this could b e done quite straigh tforw ardly in D A TR as an adjunct to the main lexicon if

desired. But this notion is external to, and indep enden t of, the lexical description itself:

the range of sensible queries only w eakly constrains the manner in whic h their v alues are

defined.

Their third ob jection concerns m ultiple inheritance. They dra w atten tion to the fact

that D A TR ’s normal mo de of m ultiple inheritance is orthogonal and complain that priori-

tised m ultiple inheritance can only b e expressed with additional D A TR co de (p63). Ho w-

51 F or another critical discussion of the same Domenig & ten Hac k en material, see Russell (1993).

52 One of our referees commen ts that “the issue .. app ears to b e rather sc holastic”. W e agree.

D A TR cogs csrp 382 , No v em b er 1995

ev er, w e agree with their earlier commen t “that orthogonal m ultiple default inheritance is

at this stage the b est solution for conflicts” (p61) and can see no computational linguistic

motiv ation for equipping D A TR with a further primitiv e inheritance mec hanism

53

.

Their fourth ob jection consists of the claim that “it is not p ossible in D A TR to ha v e

complex structured ob jects as v alues” (p64). In one sense this is true since D A TR v alues

are simply sequences of atoms. But although true, it do es not pro vide supp ort for a

sound ob jection. D A TR can construct those sequences of atoms on the basis of a com-

plex recursiv e description, and the atom sequences themselv es can represen t complex

recursiv e ob jects so far as NLP system comp onen ts outside the lexicon are concerned.

The sequences of atoms that D A TR pro vides as v alues simply constitute an in terface for

the lexicon that is en tirely neutral with resp ect to the represen tational requiremen ts of

external comp onen ts. F or what is in tended to b e a general purp ose lexical kno wledge

represen tation language, not tied to an y particular conceptions of linguistic structure or

NLP formalism, this neutralit y seems to us to b e a feature, not a bug.

In a fifth ob jection, they note correctly that the seman tics of paths in D A TR and

P A TR is differen t but then go on to claim that D A TR paths “could b e b etter describ ed

as atomic attributes” that “do not corresp ond with a recursiv e structure” and whose

“only function is to supp ort prefix matc hing” (p64). None of these latter claims are

true. If D A TR paths w ere atomic attributes then our Section 4.3, ab o v e, on finite state

transducers could not ha v e b een written; D A TR paths are the same as P A TR paths as far

as recursiv e structure is concerned; and, as w e ha v e seen throughout this pap er, D A TR

paths ha v e man y functions in addition to prefix matc hing.

In a final set of commen ts, they briefly raise v arious issues connected with the in-

tegration of D A TR lexicons with unification based grammar (p64). W e ha v e dealt with

these issues in earlier parts of the presen t pap er and will not rehearse them here

54

.

Krieger & Nerb onne (1993) claim that “the basic insigh t of D A TR ” lies in its use

in c haracterising “the inflectional v arian ts of a lexeme as alternativ e (disjunctiv e) reali-

sations” (p135). This claim confuses the basic insigh t of a v ery traditional approac h to

inflectional morphology with the application of D A TR in implemen ting that approac h.

Elsewhere they note that “the fundamen tal idea in our c haracterisation is due to the

w ork in D A TR , in whic h paradigms are treated as alternativ e further sp ecifications of

abstract lexemes” (p104). Unfortunately , their o wn implemen tation of this fundamen-

tal idea turns out to b e significan tly less satisfactory than that pro vided in the D A TR

analysis to whic h they refer. In order to reconstruct paradigms in their feature language,

they in v ok e distributed disjunctions (fixed length term expressions)

55

. The descriptiv e

problem with this approac h, as they admit, is that “there is no w a y to note that a single

form in a paradigm is exceptional without resp ecifying the en tire paradigm – the disjunc-

tion m ust b e resp ecified as a whole .. there is no w a y to iden tify a particular alternation

within the distributed disjunction” (p107). An y one familiar with the w a y inflection w orks

in Romance languages will immediately see that this is a v ery serious w eakness. In Latin,

for example, there are man y individual w ords and small sub classes of w ords that devi-

ate from a ma jor declension or conjugation in just one or t w o parts of the paradigm.

Under Krieger & Nerb onne’s approac h ev ery suc h case will require one to “resp ecify the

en tire paradigmatic disjunction” (p107). This is exactly the kind of redundancy that the

53 But see Daelemans & De Smedt (1994) for articulation of the metho dological principle that

underlies the third ob jection.

54 The issues are also discussed in detail b y Langer & Gibb on (1992).

55 Langer & Gibb on (1992) argue, at some length, that it is formally inappropriate to add distributed

disjunction to a t yp ed feature structure language of the kind otherwise assumed b y Krieger &

Nerb onne.

in tro duction of defaults is mean t to eliminate

56

.

A t the ro ot of Krieger & Nerb onne’s (1993) critique of D A TR is a complain t that

it fails to pro vide all the resources of a mo dern fully equipp ed unification grammar

formalism (p90-91). F rom our p ersp ectiv e, this is a bit lik e criticising st and ard ml on

the grounds that it lac ks the functionalit y pro vided in ad a . Th us, for example, they

complain that disjunction is missing from D A TR and that nob o dy seems to b e trying to

add it to the language (p110). They cite their o wn “extensiv e emplo ymen t of [distributed]

disjunction” (p110) as evidence for its utilit y in lexical description, apparen tly forgetting

that their use of distributed disjunction to describ e inflection w as motiv ated b y a desire

to reconstruct a treatmen t of inflection that they had seen implemen ted in D A TR . They

pro vide no motiv ation for adding distributed disjunction to D A TR ’s (rather small) list of

a v ailable descriptiv e resources b ecause that list of resources already allo ws b etter analyses

of the phenomena they discuss than do es their v ersion of distributed disjunction, as noted

ab o v e.

They also ob ject to the fact that use of a D A TR lexicon will require an “in terface”

(p110) b et w een the lexicon and a feature-based parser. But, as w e ha v e seen in Section 4.7

ab o v e, suc h an in terface will normally b e trivial and required in an y case (since Krieger

& Nerb onne’s parser m ust b e able to access and read files that con tain text descriptions

of feature structures). As it is, they seem happ y to coun tenance an in terface to a separate

t w o-lev el morphophonemic pro cessor (p103, n9) whereas, in D A TR , the morphophonemics

can b e done en tirely in the lexicon if one wishes.

F rom remarks they mak e on pages 109 and 111 of their pap er, Krieger & Nerb onne

app ear to b eliev e that it is imp ossible to implemen t a particular inflectional analysis

of the passiv e in Latin in D A TR . They do not pro vide m uc h of an argumen t but what

they do sa y suggests that the simple treatmen t of passiv e giv en in Section 4.5, ab o v e, is

lik ewise imp ossible. This ma y b e b ecause they regard their o wn in ternal in terpretation

of lexical rules as “no v el” (p113) although examples of that in terpretation of lexical rules

app ear in earlier D A TR w ork that they cite.

Man y of the p oin ts made in Nerb onne (1992) are rep eated from the more accessible

Krieger & Nerb onne (1993)

57

and w e ha v e considered them in our discussion of the latter.

Some of the p oin ts from the 1992 and 1993 pap ers resurface again in Bouma & Nerb onne

(1994). Nerb onne app ears to misconstrue Ev ans et al. (1993) as an attempt to augmen t

D A TR with reen trancy and go es on to suggest that D A TR is someho w forced to main tain

that “all linguistic generalisations tend to follo w the lines of morphological form” (p47)

when, in fact, the attribute ordering used in a D A TR treatmen t of morphology is en tirely

indep enden t of the use and ordering of those same attributes elsewhere in the lexicon

(see the discussion at the end of Section 4.1, ab o v e). Lik e Daelemans & v an der Linden

(1992), he mak es some p essimistic commen ts ab out the in tegration of a D A TR lexicon

with feature-based grammars. Some of these are effectiv ely dealt with elsewhere in this

pap er, but t w o of them need to b e noted here. He asserts that if a ric h feature formalism

is enco ded in D A TR then “distinctions m ust b e lost”. It is not clear from the con text

exactly whic h distinctions he has in mind or what the basis for the claim is. But the

expressions of all existing feature formalisms can b e represen ted b y sequences of atoms

(and th us b y D A TR v alues) and all existing lexicons for feature-based NLP systems use

suc h represen tations. W e therefore find the claim deeply implausible. He also asserts that

56 Krieger & Nerb onne are not forced to use distributed disjunction to describ e inflectional

paradigms. Their v ery w ell-equipp ed feature description language pro vides alternativ e analytical

resources. What puzzles us is wh y they c hose to use distributed disjunction for this purp ose.

Bouma & Nerb onne (1994) prop ose using lists of sp ecified phonological forms instead.

57 Although the join t 1993 pap er has a later publication date, it app ears to ha v e b een written first.

D A TR cogs csrp 382 , No v em b er 1995

the fact that an atom ma y mean one thing in the seman tics of D A TR and something quite

differen t in the seman tics of a feature formalism will lead to “massiv e redundancy” (p47)

in lexical sp ecifications (the phrase gets rep eated in Bouma & Nerb onne 1994). Again,

no argumen t in supp ort of this conclusion is offered. And w e cannot see ho w seman tic

o v erloading of atoms giv es rise, of itself, to an y kind of redundancy

58

. Indeed, those

who design programming languages normally in tro duce seman tic o v erloading in order to

ac hiev e econom y of expression.

Finally , Bouma & Nerb onne (1994) commen t that “in spite of Kilgarriff ’s (1993) in-

teresting w ork on mo delling some deriv ational relations in the pure inheritance mac hinery

of D A TR , w e kno w of no w ork attempting to mo del p oten tially recursiv e deriv ational re-

lations, and w e remain sceptical ab out relying on inheritance alone for this”. W e are not

sure what they mean b y “the pure inheritance mac hinery of D A TR ” or wh y they think

that someone attempting an analysis of recursiv e deriv ation in D A TR w ould w an t to do

so using “pure inheritance” alone. Here is a trivial (and linguistically rather p oin tless)

D A TR analysis of the more complex of their t w o examples:

Word:

<v> == "<>"

<a from n> == <n> + al

<v from a> == <a> + ize

<n from v> == <v> + tion.

Institute:

<> == Word

<root> == institute.

F rom this description w e can deriv e theorems lik e these:

Institute:

<root> = institute

<n from v root> = institute + tion

<a from n from v root> =

institute + tion + al

<v from a from n from v root> =

institute + tion + al + ize

<n from v from a from n from v root> =

institute + tion + al + ize + tion.

Note the recursiv e rein tro duction of the tion suffix in the last theorem sho wn.

58 Sac ks (1973) mak es in teresting reading in this connection.