Finderlists, Computer-Generated,

Abstract
This paper discusses keyword finderlists for bilingual dictionaries, focussing on their
structure and a system for computer-generating them. We examine the concept of
finderlist and discuss techniques for specifying finderlist headwords. We develop a
typology of finderlist format and argue for the merits of a particular type. A description
is presented of an automated system which transforms dictionary glosses according to
a set of associated rules to produce a keyword finderlist. Finally we address a number
of computer-related lexicographical issues, including data representation and strategies
for computer-aided lexicography.

1. Introduction1
Compilers of bilingual dictionaries (L1-L2) often take on the task of producing
a target language part of the dictionaries they compile, i.e., a L2-L1 index or
finderlist. Since a dictionary has many layers of structure, making a finderlist
is not as simple as reversing "the left-hand ... and the righthand sides" of
dictionary items (T. Crowley 1986: 249). Consider an example from the Payungu dictionary (Austin and Nathan 1989):
(1) nyina

a. to live, to stay in a place, to camp
b. to exist (of animates)

On the left-hand side is the headword nyina; on the right is its entry, consisting
of four English glossing expressions which have been grouped into a structure
according to the semantics of Payungu. There is no simple way to flip this
entire item about. Each English gloss (e.g. "to stay in a place") is syntactically
independent, having structure according to the grammar of English. The glosses
may consist of several words, only some of which will serve as headwords in a
finderlist (thus "live" or "place", but not "to", "in" or "a" in our example).
The problem is: how to decide which parts of a gloss can serve as finderlist
headwords (and which can't); and, how should the original glosses be represented in the finderlist?
In this paper we describe an automated system which produces permutations
of glosses, choosing and fronting finderlist headwords. Thus, given a gloss such
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as "to stay in a place", the system generates the following two finderlist
headword expressions:
place, to stay in
stay in a place, to

Taking a slightly more complex example, from the gloss "to make a repetitive
clicking noise" the system generates (see Appendix 2 for more examples):
(3) clicking noise, repetitive, to make
noise, repetitive clicking, to make
repetitive clicking noise, to make
In the first part of the paper we discuss dictionary reversing and then survey
some bilingual dictionaries in an attempt to draw up a typology of finderlists.
We give a classification of finderlist types and mention the methods which have
been employed to generate them.
From the second part of Section 3 the emphasis is on the use of computers
in lexicography. Over the past twenty years lexicographers have increasingly
turned to computers to assist them in their dictionary compilation, including
the preparation of finderlists. Authors have called for a system which can
automatically generate finderlists from L1-L2 dictionary data (e.g. Hsu 1985:
185, T. Crowley 1986: 562). We surveyed a number of computer systems
designed for producing finderlists, including the Lexware tools prepared at the
University of Hawaii (Hsu and Peters 1984, Hsu 1985), and the system in use
by the Summer Institute of Linguistics, Australian Aborigines and Islanders
Branch. Such systems typically require the lexicographer to mark up glosses
in various ways so that reorganisation of dictionary data can be partially
automated. We show that the marking up approach violates principles of data
analysis and in any case is unnecessary.
We present in Section 4 of this paper an account of a general computational
strategy, the CGFL (computer-generated finderlist) system we have developed
for English finderlist generation which involves no marking up of the glosses.
The development of a 'computer-generated' finderlist system is enabled by a
formal definition of finderlist: a finderlist is a complex mapping from a L1-L2
dictionary, and serves as an adjunct to that dictionary. Our finderlists are not
in fact wholly 'computer-generated', but the CGFL exploits the following to
maximise the automation of finderlist production:
a. finderlists are not true reverse dictionaries;
b. finderlists are companions to bilingual dictionaries;
c. the system uses database storage of lexicographic data; and
d. computer programs can parse the structure of dictionary glosses.
The CGFL system includes an algorithm of the transition network type
which parses glosses. Parsing results in the assignment of permutation rules to
glosses according to their structure. The result is an instance of a virtual data
type, the finderlist headword, which is represented by the pair [gloss, rule].
Finderlists are then written by applying rules to glosses. In other words, a
finderlist is a function of gloss and rule data.
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2. Finderlists and dictionaries
2.1 Reverse bilingual dictionaries
A reverse dictionary is the L2-L1 part of a bidirectional, bilingual dictionary.
Reverse dictionaries are often smaller than a standard monolingual dictionary:
there is limited coverage of the source lexicon (Hartmann 1983: 49), and entries
often include less information (Landau 1984: 8).
Zgusta has urged that bilingual dictionary entries should give translation
equivalents where possible. This is made difficult by the difference in lexical
domains which can occur when dealing with languages of communities with
even small cultural differences (Zgusta 1971: 294, 312). So where glosses are
not translation equivalents, for example where explanations or phrases of genus
plus differentia are provided, the resultant set of glosses may contain words
(and structure) quite unlike 'ordinary' usage of the target language. For
example, a gloss might be "concave hemispherical dish for winnowing seeds";
this complex English phrase fails to express the simple naming of what is
perhaps an everyday object for the LI community. In this way, the words used
in the glosses of the L1-L2 section of a bilingual dictionary may not even
appear in the lexicon listed for L2.
Differences between syntactic systems of languages LI and L2 may cause
some glosses to be grammatical ('metalinguistic') in style and thus not representative of a general usage lexicon of L2.
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In the final section we discuss some principles of computing, showing that
while lexicographers need not be excessively diverted by the particulars of
computer sofware etc., those of us who take seriously the use of computers in
lexicography can learn valuable strategies for the analysis and approach to
data from computing theorists.
The dictionary finderlist system discussed in this paper is part of the Gascoyne-Ashburton Languages Project (henceforth GALP), a research project
begun by Peter Austin at La Trobe University in 1981. The aim of the project
is to document the Aboriginal languages spoken between the Gascoyne and
Ashburton Rivers in the north-west of Western Australia (see Austin 1988,
1989). It aims to produce comprehensive grammatical descriptions of the
phonology, morphology and syntax of the languages, together with text collections and bilingual dictionaries of various types.
From the beginning, GALP has utilised computer resources for the storage,
manipulation and retrieval of linguistic data. Over time, increasingly sophisticated data models have been developed (see Austin 1983 for a report on the
implementation of an early model), stabilising in 1987 on a network database
design (Austin 1989, Linger 1989). This is implemented on La Trobe University's VAX computer cluster using DEC DBMS and Datatrieve software
(together with some programs written in Pascal). Programs for data entry,
manipulation, query, and reporting have been written and the system has been
successfully employed for bilingual and multilingual dictionary production (see
Austin and Nathan 1989 for an example), including dictionary reversal.
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2.2 Finderlists
(4) is an excerpt from a GALP finderlist for the northwestern-Australian
language Payungu (Austin 1988, Austin & Nathan 1989). Finderlists of this
type, like those often provided with bilingual dictionaries (and sometimes called
indexes) are not true L2-L1 dictionaries, but provide entry points, or 'keys'
(T. Crowley 1986: 253), to an accompanying L1-L2 dictionary (they also have
other uses; see Section 3.2.2).
(4)

keep quiet, to
kerosene
kick
to kick
kidney
kidney fat
kill, to
killer
kin, pair of
kin, pair of (father and son)
kin, pair of (mother and son)
kiss, to
kiss one another, to
kite, black
kite, grey
knead, to
knee
knee, sore

karlaru-rri-ma
wilukurud
kikama
kikama-rni-nma, wirinyi-nma"
kapurtutiny
manartu
pilarn-ma-nma, thinka-ma-nma
thinka-ma-lpaja"
kurntal-karra
papu-yarra
pipi-yarra
punyja-nma*1, wuparni-nmayi
wuparni-lpanri-ma
kirrkinyja
pujurra
thanuwa-rni-nma*
murtinykaji", nyama, purtupuriny
nyama-wartu
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Semantic texture, for example homonymy (where there are two separate
words which coincidentally share the same shape) and polysemy (a single word
with two or more related meanings), may not be represented so fully in bilingual
dictionaries as in monolingual dictionaries. This may be due to lack of space,
or to difference in the lexical semantics of the two languages (and possibly a
lexicographer's unequal mastery of them).
Another reason for reduced semantic representation is that bilingual dictionaries often have practical rather than descriptive uses - especially, translation
(Zgusta 1971: 213). The L2 user is able to discriminate amongst multiple senses
given in an entry because, probably, the word being looked up arises from a
meaning context which allows disambiguation (cf. Hartmann 1983: 42). On
the other hand, LI speakers are in a more difficult position. For them, the
choice of the appropriate target-language gloss depends on their knowledge of
language L2 itself since they are more likely seeking a word form in a less
familiar language, not for a meaning expressed in their own first language.
Bidirectional bilingual dictionaries are often less than an ideal mutual exposition of lexicons. To make our finderlists, we have formally defined their content
by capitalising on the differences between monolingual dictionaries and the L2Ll sections of bilingual dictionaries. We define a finderlist to be a derivative
of a L1-L2 dictionary, serving the purposes of L2 speakers.
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(5)

puni-ma vi
a. to go
puni-marri-ma vi to go together
b. to come
punthu n
la. locked up
punthu-rla-nma vt
a. to close
b. to lock up
lb. confined
lc. jail
2. blunt, see jurirri (opp), yiri (opp)
puntirrpa n
type of tree
punyja-nma vt
a. to lick
b. to kiss, see wuparni-nmayi (syn)

purtiwarra adv
a. soon
b. later
purtiya adv
a. almost
b. nearly
•this particle requires irrealis inflection on the verb of its clause
purtulya n
brown bird *possibly stubble quail Coturnix novaezeelandiae (Cp511,
SWpl80)
purtupuriny n
knee
The principal use of the finderlist is to enable bilingual dictionary headwords
to be located. The finderlist headword derives from a dictionary gloss in
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The finderlist is not a self-contained lexicographical resource because its
headwords (on the left side in (4)), are not based on a source language lexicon
but on the subset of language L2 used in the glossing expressions of a L1-L2
dictionary (English, in this case). For example, the finderlist headwords "to
kiss", "knee" in (4) above derive from entries in the accompanying PayunguEnglish dictionary (Austin and Nathan 1989). See (5) below.
Alphabetised on the left in (5) are Payungu headwords and sub-headwords,
followed by their grammatical category and gloss. To prevent ambiguity we
refer to the headword of the finderlist as a 'finderlist headword', and the word
found by looking up the finderlist headword as a 'lookup target' (which
corresponds to a L1-L2 dictionary headword). Thus, in (4), "knee" is a finderlist
headword, and "purtupuriny" is one of its (three) lookup targets. 2
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nnderlist production; and in use, the finderlist headword lists its lookup target,
which can then be found as a headword in the L1-L2 dictionary - see (6).
L1 — L2 dictionary:

headword

finderlist:

headword

^T

5*

gloss... etc

O
lookup target
b
A lookup target, then, is a word found in a finderlist and also listed as a
headword in an accompanying bilingual dictionary. Use of the term "lookup
target" emphasises that it refers not to a meaning, but to the result of a lookup
process which is only fully completed by a consultation of the lookup target's
full dictionary entry.
A finderlist headword can derive from a gloss for a single sense within a
complex dictionary entry. Any one gloss (e.g. "confined" from (5)) exists in
relation to all the dictionary entry's senses, which together give the meaning
of the headword. Thus the role of a finderlist headword is found by looking
up its lookup target's dictionary entry showing the senses in their appropriate
relation.
In our survey of finderlists we found that the relationships we have specified
in (6) are in general not explicitly recognised by dictionary makers. Instructions
are rarely given to readers of the finderlist on how to use finderlist headword
and lookup target information to navigate the relationships.
In the simplest systems a lookup target is simply the dictionary headword
whose entry is the finderlist headword. In our example (4) above, a lookup
target for "knee" ("purtupuriny") is of this type. For the user then, relationship
c in (6) is an instruction to go to the L1-L2 dictionary and search for a
headword of that form.
A finderlist can do more than index a headword in the bilingual dictionary it can also 'navigate' the user through the structure of the dictionary entry. A
system incorporating d in (6) above allows the lookup target to refer to the
structure of its bilingual dictionary entry, for example by including an index
to the entry body. Consider the lookup target "punyja-nma b " from (4) (it is
to the right of "to kiss"). This gives a reader the information that there is a
dictionary headword "punyja-nma", and it also tells the reader to look at the
subsection of that entry labelled "(b)". See (5) above. A finderlist lookup is
not completed until a reader has traced a path from finderlist to dictionary,
from finderlist headword to dictionary gloss, or, as shown in (6), b-c-d.
GALP finderlists make no explicit attempt to show semantic relations such
as polysemy, homonymy, or synonymy among their headwords. Finderlist
headwords, being derived from the set of glosses in the main dictionary, are
really semantic labels, used metalinguistically but corresponding in form to
ordinary expressions of the dictionary target language (see Section 3.2.3 for
further discussion). And since the set of finderlist headwords is not a true
language lexicon, we do not provide other 'normal' lexicographic information
such as usage notes, paradigms and suppletion, and so on.
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3. Producing finderlists
3.1 Introduction

a. Dismantling the glosses. In the example above, this means extracting from
gloss expressions the semantically relevant words - "live", "stay", "camp",
"exist". These are called keywords.3
b. Regrouping involves ordering all the dictionary items so that those sharing
a keyword (from the dismantled glosses) come together. Thus all the lookup
targets which have "live" in (one of) their glosses will be found adjacent in
the finderlist.
c. Finally in the third, reorganising, phase the full semantic specifications of
each gloss are restored, and each lookup target is placed under a complete
expression (a finderlist headword).
The lexicographer dismantles glosses by selecting constituent words which have
key semantic significance. The selections must be recorded in some way. The
process may involve 'adjusting' the glosses to introduce more useful keywords
(Kari 1989: 10; see also Sections 4.3-4.4). Regrouping is essentially an ordering
and formatting operation. The third phase, reorganising the new finderlist
headwords, usually involves some kind of copying, perhaps copying the entire
original gloss expression next to each occurrence of its keywords.
We carried out a survey of a representative set of bilingual dictionaries with
finderlists. We found that it is only in the implementation of the third or
reorganising phase that finderlists differ significantly. In the following section
we examine the commonest methods used - pre-keyword suppression, keyword
fronting, and keyword classification.
3.2 Finderlist strategies: listing the finderlist headwords
In the following sections we survey some methods used to present finderlists,
especially their headwords. Note that a finderlist's presentation may not display
the way it was produced, including the extent to which production was aided
by computing techniques.
3.2.1 Pre-keyword suppression. In this common system, full glosses are written out as finderlist headwords, but special characters (usually parentheses) are
inserted to 'suppress' the part of the gloss occurring before the selected keyword. In this way, the sorting program gathers together finderlist headwords
on the basis of the unsuppressed material outside the parentheses. An example
of this strategy is shown in (7) below, adapted from the Fore Dictionary (Scott
1980: 151):
(7)

yakune
fire
ikuwe
(create) fire
kigi'na aeyuwe
(light) fire by friction
(edging on step or around) fireplace tuke yawe
tane
fireplace
light fire by friction

kigi'na aeyuwe
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There are three steps in constructing finderlists (adapted from T. Crowley 1986:
247ff) - dismantling, regrouping, and reorganisation:
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(8)
DREAM
GIVE CHARGETOMORPHEUS THAT HE MAY DREAM
A GOLDEN DREAM, AND OF THE SUDDEN WALK
FATHER
THEN, FATHER, HERE RECEIVE THY HAPPINESS
FATHER, IT DRAWETH TOWARDS MIDNIGHT NOW
HAPPY
AS BUT TO BE ABOUT THIS HAPPY PLACE
TIS NOT SO HAPPY YET, WHEN WE PARTED LAST

This system has also been used for finderlists (cf. Hsu and Peters 1984: 24f).
With vertical alignment, access and readability is improved, although the length
of suppressed material will need to be fixed in advance to prevent words spilling
off the left of the page or leaving too much blank space in the case of short
headword expressions.
Another variant of pre-keyword suppression involves a change of type style
to mark the keyword(s). This is used in a dictionary of proverbs by Tilley
(1966), who explains the system:
Each proverb has a catchword, which is the word (or words) appearing in boldface ...
small capitals in the entry form. The first substantive (excluding pronouns) in the entry
form is chosen as the catchword. If no substantive occurs in the entry form, the first
finite verb is the catchword ... Phrases of two or more words are treated as compound
catchwords ... all important elements of the compounds are entered in the Index of
Significant Words.
(Tilley 1966: xi).
Thus we find headword expressions such as (9) (cf. also (14)):
(9)

When a DOG is drowning everyone offers him a drink.

We found one example of an attempt to 'suppress' pre-keyword material by
placing it above, and indented relative to, the keyword. This formatting solution
makes the finderlist virtually unreadable:
(10)

digging
stick
wanna
little
stick
kadi(r)i

(from Hall 1971: 66)

Generally, it is difficult to read and locate items where the keyword occurs
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The advantages of pre-keyword suppression are that any word within the gloss
may be chosen as a keyword. There is no constraint on the form of the finderlist
headword - it may be of any length, and of any syntactic construction, although
in practice length limits will be imposed for typesetting. Once located, finderlist
headwords are read by ignoring the suppression characters.
The keyword-in-context (KWIC) format, used, for example, by the Oxford
Concordance Program to produce concordances, marks its keywords by
aligning them down the page, placing the context, or 'suppressed' words to the
left and right of the keyword column. Following is a sample adapted from
Butler (1985: 54):
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3.2.2 Keyword fronting. Most pre-keyword suppression systems which are
computer implemented insert parentheses into finderlist headwords in order to
mark keyword positions for the user. Parentheses are computer-inserted on the
basis of flags written into the source data. However, the main function of
keyword flagging is to provide a 'handle' for the computer sorting of finderlist
entries during finderlist production. Thus a suppression system conflates user
keyword access and the computer sorting method. This conflation is a necessary
part of any indexing system, but both user access and sorting can be optimised
by placing keywords in initial positions. This is keyword fronting.
Keyword fronting involves moving parts of the input gloss to the beginning
of finderlist headwords before alphabetisation of the finderlist. A benefit of
using keyword fronting is that semantic and (in comparative finderlists) historical data becomes explicit as a result of placing together, via alphabetisation,
items with shared keywords. This is because keywords are chosen on the basis
of their contribution to the meaning of their gloss. So gathering together in
the finderlist the like keywords, by initial selection and subsequent alphabetic
sorting, assembles sets of entries which share a degree of semantic composition
(ignoring here the possibility of homonymy among keywords; see Section 3.2.3).
(11) is an example from the Payungu Finderlist (Austin & Nathan 1989):
(11)

tree
tree,
tree,
tree,
tree,
tree,
tree,
tree,
tree,
tree,
tree,
tree,
tree,

banksia
bark of
blackheart
bloodwood
bluebell
branch of
cork
fork in
ghost gum
paperbark
river gum
type of

tree, wattle

juris6, ngampu"
thakanhungu
thantha"
wirlukamparra
kulijikuliji
pikurrka
munhulac
pujalangu
milka
ngapuwarra
mirli
kurrurtu
jarliri, jirtirti6, karntuwa, kunyjarra, kurlurn,
marntarru, martaru, minturnkura, minyjiliny,
pinyjakunti, pujapirti, puntirrpa, thalpany, thamparli,
wilharri, wurlany
pamimpa
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following suppressed material. Access and readability are compromised by
having an arbitrary number of words appearing before the alphabetised keyword. Although the keyword is the word being sought by the user, it may be
found anywhere within the headword expression, either following the closing
suppression character or in first position on the left-hand margin. Increased
length of headwords increases these problems, while in principle there is no
upper limit to headword length. In these systems, keywords - the points of
entry to the finderlist - are embedded in the finderlist headword rather than
systematically 'fronted' for easy location.
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There are several types of keyword fronting systems used by lexicographers.
The simplest type copies the keyword to the beginning of the headword, as in
the following extract from the index in Ross and Walker 1983:
rock ( = exposed rock)
Rock Lobster ( = Tropical Rock Lobster) . . .
rock made smooth by water
rock which is smooth, hard and not easy to break
rocky area ( = flat rocky area)
rocky ground

40
53
40
40
40
40

This type is discussed more fully in Section 3.2.3. In practice we usually find
the embedded keyword omitted and replaced by a holder symbol such as a
dash. This is shown in the following examples adapted from the Yagaria
Dictionary (Renck 1977: 306-7):
(13)

stockade
stockade, build a stomach
stomach, full - , have string game
string game, play string, hook - on bow

lavi
lavi ao
agupa
amupa ao
hitakota gaveda
hitakota gaveda hu
havu ao gi

Keyword fronting reduces the accessibility problem associated with prekeyword suppression. However it is essential that users be made aware of how
a particular system works so that they know how to interpret the finderlist
headwords they are reading. Unfortunately, finderlist headwords with complex
structure and special characters (here, the hyphen 'holder') can be difficult to
read. Our readers are invited to try to reconstitute the headword for "amupa
ao" in the example above, and to work out the 'rules' underlying it without
relying on their native speaker expectations about the form.
In some cases, it is necessary to be able to reconstitute exactly an original
source expression. Such cases include dictionaries of proverbs and quotations,
where a headword can consist of a complete expression because it is an
'inventorized unit' like a word or idiom (Norrick 1985: 2). Notice, in the
following example from The Oxford Dictionary of English Proverbs (Wilson
1970), the use of the comma and the bar ("|") in indicating how the proverbs
are to be reconstructed by the user (cf. also (9)):
(14)

Dog is drowning, When a | every one offers him a drink

The examples above show that a flagging system can become complex or
sacrifice readability if it allows for keyword fronting. In particular, consider
the problem of keeping words together. Usually only one keyword is fronted;
but in some cases certain words are best kept together. This situation can occur
where the gloss which is the source of the finderlist headword contains one of
certain verb types which prevent a user from finding the disambiguating context
for the keyword(s) without venturing an arbitrary distance into the expression.
Consider the following example from a hypothetical finderlist:
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(15)

make. To make bread
make. To make off with
make. To make someone happy

word-1
word-2
word-3

(16)

make bread. To make bread
make happy. To make someone happy
make off. To make off with

word-1
word-3
word-2

In Section 4 we show how these questions are handled by computed parsing
in our CGFL system.
3.2.3 Keyword classification. A third finderlist type involves explicit
regrouping of finderlist headwords under keywords (for 'regrouping' see
Section 3.1 and T. Crowley 1986: 248). We found two versions of regrouping,
one acceptable and effective, the other unacceptable.
Valid regrouping techniques extend 'fronting by repetition' shown above in
(12). Keyword classification is like keyword fronting except that the finderlist
headwords are classified by keywords and listed under them. A good example
is Rehg and Sohl's Ponapean-English Dictionary, where the finderlist has both
nouns and verbs listed under a single keyword (cf. also Hansen and Hansen's
Pintupi Dictionary):
(17)

cross
cross or
cross or
to cross
to cross

crucifix:
tough, of a person:
one's arms:
over an obstacle:

lohpwu
pwisinger
epidipe
kote
(from Rehg and Sohl 1979: 150)

The purest example we found of this type is the finderlist in Fox's Arosi
Dictionary, which simply lists lookup targets following their keywords, without
any 'reorganisation' at all of finderlist headwords (cf. Section 3.1). In the
following excerpt (from Fox 1978: 503), the lookup targets (after the user
locates them in the main dictionary) display a range of meanings similar to
the lookup targets of (17); for example, we find in the main dictionary the
word "horo (4)" with the gloss "to cross over, lie across ...".
(18)

cross aharaul, ahoro 2, atohoro, bo'u 2, dadahoro 3, dadaro 1, ha'ahoro, hagu 7, haiharo, hauriogo, horo 4 ...
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The fronted keyword for word-2 is semantically an unsatisfactory point of
entry to the finderlist. To solve the problem a flagging system could be expanded
to allow the indication of the number of words to be fronted with the keyword
(cf. Hsu and Peters' system (1984: 26) and the SIL-AAIB system discussed in
Section 3.2.4). This invites further problems in deciding which words to include.
For example, in the (made up) example above, should the alphabetised keyword
for "to make off with" be "make", "make off", or "make off with"? Similarly,
should the alphabetised keyword for "to make someone happy" be "make
happy"? Should the grammatical object of "to make bread" be a part of the
keyword? Should (15) be reorganised as:
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More commonly, systems of classification are wildly inconsistent. In this
excerpt from the finderlist of S. Crowley's Tolo Dictionary (1986: 91, 98), we
find the finderlist headwords grouped and structured:
shoot vanasia
shoot with gun suda
shoot with spear baloa
shoot out in steady stream (as urine) rarasa
new shoot of taro, banana kabona
wave
wave (to beckon someone) kalopia
wave hand (to say hello or goodbye) titutivua
wave (ocean) lualua
Similarly, in Kilham et al (1986), listed under the headword "wet" are both
adjectives and transitive and intransitive verbs. But there are separate headwords for "spear" (to spear) (VERB) and "spear" (NOUN).
Finderlists such as shown in (19) try to deal with 'homographous' keywords
(Hsu 1985: 164f). These are keywords which are ambiguous because identical
spellings mask the distinction between the case of a single word with related
senses (polysemy), and the case of separate words which have independent
meanings or different grammatical categories but which have the same form
(homonymy).
But a format like (19) shows relationships which may not exist. It suggests
a hierarchical relationship where "vanasia" is superordinate to "suda",
"baloa", "rarasa" etc. In fact, this format (see also Hsu 1985: 171, Hsu and
Peters 1984: 26) seems to conflate keyword classification (a way of presenting
finderlist headwords) with the number of words in a source gloss. "Vanasia"
is so placed in (19) because it has a single word English gloss, viz. "shoot",
whereas "suda" etc. are glossed by English phrases. These facts are irrelevant
to finderlist format.
In any case, the problem of homonymy and polysemy amongst keywords in
a finderlist is really a non-problem. In (19) S. Crowley has tried to display,
through grouping and format, some semantic relations among the finderlist
headword keywords (viz. "suda", "baloa", "rarasa" and "kabona" are claimed
to be mutually related in a manner not shared by "kalopia" and "lualua".
Similarly, "suda" and "kabona" are claimed to be related in the same way as
"kalopia" and "titutivua"). This is not correct. As Ianucci (1985: 62f) shows,
speaking about bilingual dictionaries, multiple meanings of the words within
target language glosses are "irrelevant to the entry". In fact, it is the dictionary
headword itself which "serves as a kind of sense discrimination for the polysemous target word[s]".
When dealing with finderlists, whose headwords are derived from dictionary
target language expressions, there is no justification for grouping senses because
such information is simply not derivable from the primary lexicographic data.
It may even be spurious, as seems to be the case in (19). Keywords capture a
semantic component of the gloss. Bilingual dictionary glosses from which

Downloaded from https://academic.oup.com/ijl/article/5/1/32/950450 by School of Oriental and African Studies user on 03 January 2021

(19)

44 David Nathan and Peter Austin

3.2.4 Computer implementation. Suppression and embedded keyword systems
are usually computer implemented by explicitly marking or flagging elements
of the source gloss data of a bilingual dictionary (usually stored in a sequential
file on magnetic tape or disk) with a special character to enable the correct
finderlist extractions, for example (cf. (7) above):
(20)

+ light +fire by friction

Computer programs using this system will be sensitive to a flag character (here
" + "), and operate as follows. For each gloss, flag characters are iteratively
searched for, and for each flag character found:
a. the part of the gloss prior to the 'found' flag - if not zero length - is placed
within suppression characters; and
b. the resultant string is output, with all flags stripped out.
Details of sorting, addition of other information, and printing are ignored in
this discussion.
This type of source gloss flagging is in widespread use by practising lexicographers (see for example Hsu 1985, Hsu and Peters 1984). The simplest system
requires a single flag to be embedded in the glosses (such as + in the example
above, or * in the Lexware system in use at the University of Hawaii (Hsu
1985)). A more complex system has been developed by the Summer Institute
of Linguistics - Australian Aborigines and Islanders Branch.4 It involves four
types of keyword flags, both beginning and ending flags, as well as the possibility of coding for multi-word keywords and 'invisible keywords' (where the
finderlist headword string is sorted for a keyword which is not part of the
source gloss itself). The system uses the following flags:
Flag
*
%
=
{...}

Function
start of keyword
terminate keyword before end of word
extend keyword to include next word
invisible keyword

(21) sets out examples of the SIL-AAIB flagging system:
(21)

SIL-AAIB Gloss Flags
definition
field
*unintelligible *speech
printed definition
unintelligible speech
keywords in index
unintelligible, speech
sub-entry in index
unintelligible speech

Downloaded from https://academic.oup.com/ijl/article/5/1/32/950450 by School of Oriental and African Studies user on 03 January 2021

finderlist headwords derive (see Section 2.2) are essentially metalinguistic (Singh
1982: 130); they are semantic symbols which share form with a subset of
English expressions. While such semantic symbols could be grouped, it would
need to be on an explicit and principled basis, not in an ad hoc manner.
However, if it is semantic structure to be displayed, it is that of the source
language of the main bilingual dictionary. The main bilingual dictionary itself
is, of course, exactly such a semantic description. The finderlist, by contrast,
is a key to the main dictionary.
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*grateful%ly
gratefully
grateful
gratefully

definition field
printed definition
keyword in index
sub-entry in index

un*grateful
ungrateful
grateful
ungrateful

definition field
printed definition
keywords in index
sub-entry in index

*un*grateful%ly
ungratefully
ungrateful, grateful
ungratefully

definition field
printed definition
keywords in index
sub-entry in index

to *hold *tight%ly
to hold tightly
hold, tight
to hold tightly

definition field
printed definition
keyword in index
sub-entry in index

to *fall = down hard
to fall down hard
fall down
to fall down hard

definition field
printed definition
keyword in index
sub-entry in index

{*tooth} baby teeth
baby teeth
tooth
baby teeth

Some of the flag types in (21) - especially the braces which delimit the
'invisible' keyword in the last example - are implementations of a kind of
lemmatisation strategy. We do not hold to this strategy for finderlists. It is
incompatible with the nature of finderlists (at least with the way we conceive
them - see Section 2.2), where there is no licence to show a relationship between
target language words. Nevertheless, we probably do want to show a relationship between words (i.e. lookup targets) which have meanings including a
shared component, for example, "tooth [ +plural]". In general, our system will
place items with only inflectional difference adjacent in the finderlist by alphabetic sorting, exploiting the fact that English, the glossing language, has final
grammatical inflection. Alphabetising words from their beginnings tends to
neutralise inflectional effects on order, just as a reverse-spelling dictionary or
a concordance is used to highlight it. Exceptions like "teeth" can be treated
as exceptions: their finderlist headwords can be manually written to an externally indexed file (see Section 4.1.2 and footnote 7) and used in finderlist production.
The suppression systems of Section 3.2.1 could perhaps be improved by
computer flagging and/or selection of keywords, although we find no example
of this in the literature we have examined. In our own research we have found
that it is possible to write programs which distinguish candidate finderlist
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a. separation of primary lexicographic data from keyword specification;
b. labour savings; and
c. improved finderlist headword readability through constant keyword
fronting.
(c) is due to the fact that computer generation also enables grammatical
transformation of gloss expressions with fronting of relevant keywords.
Despite the implementational simplicity of all flagging systems for the computer extraction of finderlist headwords, they are problematic because they
involve corrupting primary lexicographic data - the set of glosses for a lexicon by the insertion of special characters which have a completely different function
(viz. the output format of a finderlist). This issue is amplified in Section 5.
4. The Computer-Generated Finderlist (CGFL) system
4.1 Design
4.1.1 Design strategy. The CGFL system is the component of the reporting
implementations of the GALP project which produces a finderlist for a language or languages whose lexicon(s) are stored in the GALP database. Algorithmic methods are exploited as much as possible. The following sections
outline the strategy for creating sets of finderlist headwords which are alternate
versions of dictionary glosses. These sets are used by programs to produce
finderlists. Each set of finderlist headwords consists of expressions which alphabetise the lookup target under all of the desirable keywords by keyword
fronting (Section 3.2.2). Each member of the set retains the meaning and
readability of its source gloss. The design strategy is schematised in (22).
Deliberately unspecified in (22) are two major issues whose resolution is the
main innovation of the CGFL system. The first is: which of the gloss constituents "W", "X" etc. are candidate keywords? For example, it would not be
useful to have a LI word (in (22), "F") which has a gloss "type of river gum"
alphabetised under "of". "Of" is not sufficiently semantically specified to be
a point of entry to a finderlist headword, and clearly this kind of gloss (with
fronted "of") would proliferate, making the final product cluttered.5
(22)

I
| Dictionary item

form
••F"

1
|

gloss
•WXYZ"

I
;
1
| Finderlist items

gloss
"WXYZ"
"X . . ."

forn

"Z '. '. '."

-F"

iipn
"

F

"

»rii
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keywords by parsing and so enable a (semi-)automated insertion of control
characters. And in the following sections of this paper we show not only that
it is possible to computer-generate sets of finderlist headwords from source
dictionary glosses, but also that other advantages flow from automating
finderlist production. The main advantages are:
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4.1.2 Creating data for finderlists. The algorithm which produces sets of
finderlist headwords is part of a data creation strategy. As described above,
we create for each L1-L2 dictionary gloss a set of corresponding finderlist
headwords. Since the keyword requirements, and the forms of the various
finderlist headwords, are not explicitly part of the primary lexicographic data,
they are new, or created data, the result of decision making.
The creation of finderlist data is a separate matter from its representation.
How the created data is represented is a relatively arbitrary matter. In
Section 3.2 we surveyed some finderlists and noted how the keywording requirements could be stored within dictionary glosses as system-specific flagging
symbols. Another method would be to determine the keywording, and store
fully specified finderlist headwords separately in an independent finderlist
source file, external to the dictionary files, and indexed to the appropriate
dictionary headword. 7
Alternatively, keywording requirements could be stored as the knowledge
encoded in a finderlist-producing program including a set of 'smart' parsing
rules. This program would use a stoplist (see Section 4.1.1) and a set of parsing
rules to create headwords on-line as the finderlist is generated.
Finally, there is the GALP data creation strategy which combines the use
of a parsing program with the storage of codes to identify the parser's selection
of rules. This is done prior to finderlist production: for each gloss, the parsing
program selects, and stores codes for, a set of rules. Each gloss plus its assigned
rules is the data used subsequently to generate a finderlist, and maps to a set
of finderlist headwords in the finderlist.
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The second issue is the configuration of the 'new' expressions (the finderlist
headwords); that is, the problem left open by the use of ellipses in (22). "X...",
" Y . . " etc. should be easily readable, while retaining the semantic content of
the original gloss (in (22), "WXYZ").
Fortunately these two issues find common ground. Glosses written in English
share the grammar of English, and various structures recur. 6 As noted by Hsu
and Peters (1984: 24), "some of the phrases that most commonly precede ...
keywords, [are] 'to', 'to be', and 'a kind of". Although treated as a formatting
problem by Hsu and Peters, this observation, appropriately extended, suggests
that the identification of keywords and non-keywords, and parsing of gloss
expressions, can be performed algorithmically (cf. Nagao et al 1982: 63).
The GALP finderlist system includes a list of common English function
words, which is used by the programs which produce the finderlist headwords.
A word's presence in the list indicates that it is not a possible finderlist keyword;
the list thus blocks potential finderlist headwords. This kind of blocking list is
called, in information retrieval, a 'stoplist' (see Salton 1982). However here the
elements in the list have a double function as both 'blockers' and as signallers
of phrase structure. Not only does our stoplist inform the programs which
words not to place at the front of finderlist headwords, but it also signals the
location of potential keywords because its listed words "commonly precede
keywords". In other words, the stoplist contains various function words, and
drives an algorithm which identifies both the keywords and the grammatical
structure of the glosses in which they occur.
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(23)
GLOSSES

Algorithm generates and stores
rule assignments for glosses

GLOSSES WITH RULE SETS
CORRESPONDING TO
FDNDERLIST KEYWORDING

Lexicographer modifies &/or validates
keywording results

GLOSSES WITH RULE SETS
WHICH SATISFY FINDERLIST
KEYWORD REQUIREMENTS

4.1.3 Glosses in the GALP Project. The strategy outlined in (23) exploits the
nature of the L1-L2 dictionary glosses stored in the GALP database. Glosses
are almost always simple phrases or single words; that is, they do not consist
of lists of words or phrases in explanations. 10 Each gloss expresses one kernel
meaning; where the semantic range of a headword is wider than can be handled
in this way, a number of independent glosses are stored and then gathered
together in dictionary production. 11 See Austin (1989) for details of gloss
storage. (24) illustrates the semantic texture, or levels of semantic description,
allowed for:
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We rejected the strategy of automatic generation, even though the current
GALP system produces correct output in well over 90% of cases.8 Although
we can further tune the gloss-transforming algorithm, we have adopted the
principle that the lexicographer must validate the programs' output (the precise
way in which this is done is outlined in Section 4.4).9 If computer programs
create data, the lexicographer must audit and authorise the results.
Schematically the strategy we have adopted is set out in (23).

Finderlists, Computer-Generated, for Bilingual Dictionaries 49
(24)

1. Gloss-1
2. Gloss-2 etc.

b. Form-2

a. Gloss-3
b. Gloss-4 etc.

c. Form-3 Gloss-5, Gloss-6 etc.
Here (24a) is the representation of homonymy, (24b) represents polysemy, and
(24c) shows a case of gloss synonymy or gloss equivalence (the latter is used
where there is no difference in denotational meaning, but rather a difference
between the gloss expressions themselves in style or usage). Any combination
of relations is possible, e.g.:
(25)

Form-1

1. Gloss-1
2. a. Gloss-2, Gloss-3
b. Gloss-4
3. Gloss-5, Gloss-6 etc.

For a real example see (5) above.
4.2 Description of the core CGFL algorithm
4.2.1 Parsing the gloss expressions. At the core of the CGFL system is a
recogniser/parser algorithm which has as its input GALP database glosses. The
algorithm selects a set of rules for each gloss by computing from the structure
and lexical content of the gloss. Each rule selection corresponds to a successful
matching of the gloss structure to a template and states a predefined transformation which can apply to the 'recognised' structure and permute its words.
Each rule and its resultant permutation is called in our project a rotation.
When a rule is applied to a gloss (by the reconstituter algorithm, see
Section 4.2.2), its words are permuted, producing a new expression which is a
variant of the original gloss but with a fronted keyword. We use two basic
types of rotation:
a. plain rotation, where a keyword is fronted by splitting the gloss in two, without
regard to the structure of the gloss, and putting the second part first; and
b. contextual rotation, where complex permutations front keywords which are
part of constituent phrases of the gloss, by fronting the entire phrase, and then
fronting the keyword by permuting the phrase 'locally'.
The algorithm reads the input gloss word by word. It does no backtracking,
but it may do any or none of the following four operations:
a.
b.
c.
d.

place the algorithm into a phrase parsing mode;
if in phrase parsing mode, label the currently read word with a symbol;
send the gloss and a rule type to the reconstituter;
append the register of rules for this gloss.

Note that (a) and (b) are only applicable to contextual rotations.
The operation of the algorithm is based around a stoplist lexicon of approximately 50 English function words, consisting mostly of prepositions, (possess-
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a. the number of words occurring before and after a potential keyword
('current' in (26));
b. the presence in a gloss of words which are listed in the stoplist ('pivot'
words);
c. the number of words occurring before and after a pivot word;
d. the special value(s) marked on words in the stoplist, which license internal
permutation of 'pivot phrases' (i.e., contextual rules 6, 7, 8 and 9);
e. whether another pivot word appears within the scope of an assigned pivot
word;
f. whether the gloss is a gloss for a noun or a verb in the GALP database; and
g. the presence in a verb gloss of one of a set of intransitive verbs (see
Section 4.3.1).
As each gloss is processed, its set of rules is assigned. On completing the
processing of a gloss, its set of rules (indicated by integer codes in the range
1-9) is stored in the GALP database, output to a report file, or used by other
programs (for example the interactive Comparator described in Section 4.4).
In order to show the effect of the rule assignments, the rule-induced finderlist
headwords are also computed and output to a terminal or file.
It is this strategy of having a parsing phase to perform template matching
and rule assignment which enables the lexicographer to subsequently audit the
finderlist headword forms before finderlist production. The parsing programs
run in three modes:
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ive) pronouns and articles (see Section 4.1.1 and Appendix 1). Such words are
not candidate keywords, so that a currently read stoplist word causes no action.
On the other hand, words to be fronted as keywords are generally nouns
occurring at the end of noun phrases and verbs at the beginning of verb
phrases. Since the English function words are good indicators of the boundaries
of phrases, the presence of stoplist words sets off a parsing sequence.
We call the stoplist words 'pivot' words, and we think of them as linguistic
operators which have scope over leftwards- and rightwards-adjacent groups of
content words. These content words are, in general, phrases which need to be
kept together in the reorganisation of the gloss. Such phrases are internally
permuted if necessary to satisfy the keyword fronting requirements. Internal
permutation is subject to checking against the stoplist lexicon so that the
presence of embedded function words will readjust the structural labelling.
If the current word being read is present in the stoplist, it is a pivot word
for its gloss. In this case, there are two consequences: firstly, the plain, or
context-less rotation which fronts the current word by splitting the gloss in
two without regard to the internal structure of the gloss (see (26) below) is
suppressed; and secondly, 'top-down' parsing ensues, where the words following or preceding the pivot word are parsed as potential phrases ('pivot phrases')
and the resultant structure is matched to a rule template.
Each successful matching of an input structure to a predefined template
results in assignment of a rule to a gloss. The templates and their corresponding
rules are shown in (26). The full set of factors influencing rule assignment is
the following (where f is information external to the gloss and is looked up):
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4.2.2 Reconstituting rotation strings. Complementing the parsing rules is a
set of inverse rules which comprise what we call the 'reconstituter' algorithm.
This algorithm is used:
a. to produce a report showing the results of parsing rule selection, for use by
the lexicographer in auditing; and
b. in writing finderlists, to apply rules to glosses to produce the finderlist
headwords.
(26) is a listing of the CGFL rules. The first line of each rule corresponds
to the parsing template; it is the success of the recogniser/parser in matching
a template to an input gloss which licenses assignment of the rule. The next
lines show the reconstituter's permutation of the input constituents. (26) does
not exactly represent the workings of the algorithm in either method or completeness. Parsing is interleaved with reconstitution in the rule-assigning program, supplying labelled segmentations direct to the reconstituter. Permuted
expressions are needed in the parsing phase to write its report showing assigned
rule codes together with the permutations they would produce in the output
phase (see Appendix 2 for samples).
"Pivot" in (26) identifies the first instance of a stoplist word in a gloss. For
example, some word sequences (written in (26) as "word*") may also include
a non-initial 'pivot' word.
In some cases there are extra restrictions on rule applications. For example,
the '9' rotation rule, listed in (26) below, cannot apply if:
a. wordj is in the pre-defined set of intransitive verbs (see Section 4.3.1); and
b. the gloss is nominal and word*2 is null.
We use a surface filter to strip initial and trailing articles, and initial "of"s,
from output expressions.
Reconstitution is sensitive to the syntactic category of the input gloss (which
is supplied to the programs by a lookup of the category of the gloss's headword
in the GALP database). Material inserted by the reconstituter appears within
quotation marks in (26) - only commas and the infinitive "to" are allowed,
and nothing may be deleted (except initial and final function words, in the
surface filter). The asterisk12 is like the Kleene-star operator in syntactic
literature; it denotes a contiguous sequence of any number greater than zero
of the category to which it is attached. Parentheses indicate material which is
optionally present and does not affect the operation of the algorithm. The
numbers found at the ends of constituents have no status, and are used for
clarity to index the identity of constituents on either side of the 'rotational
arrow'.
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a. in batch mode, assigning rules over the entire set of glosses, and producing
a report;
b. in batch mode, ranging over the entire set of glosses, performing matching
but not storing rule assignments, to produce a report comparing existing
database rules (if any) with the rule sets which matching produces; and
c. in an interactive mode, using the Comparator, see Section 4.4.
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'PLAIN' ROTATION (CODE = POSITION OF CURRENT - I) 1 3
word*, current (word*2)
-•current (word*2) "," word*!
[NOUNS]
-•current (word*2) ", to" word*x [VERBS]
Examples: wedge-tailed eagle-*eagle, wedge-tailed [N]
paint in coloured stripes —coloured stripes, to paint in [V]
(26)

'6' ROTATION
word*! pivot*! word 2 current pivot*2 (word*3)
-•current"," word 2 "," pivot*2 (word*3) "," word* t pivot*! [NOUNS]
-•current"," word2 "," pivot*2 (word* 3 )", to" word*i pivot*! [VERBS]
Examples: song of ancient heroes and villains-*heroes, ancient, and villains,
song of [N]
paint in coloured stripes and circles -> stripes, coloured, and circles,
to paint in [V]
'7' ROTATION
word*i pivot* word 2 current (word*3)
-•current (word*3) "," word2 "," word*i pivot* [NOUNS]
-•current (word*3) "," word 2 ", to" word*! pivot* [VERBS]
Examples: pathway to initiation ground-*ground, initiation, pathway to [N]
make a repetitive clicking noise—clicking noise, repetitive, to make

m
'8' ROTATION
word*, pivot* word 2 word* 3 current (word*4)
-•current (word*4) "," word 2 word*3 "," word*j pivot* [NOUNS]
-•current (word*4) "," word 2 word* 3 ", to" word* t pivot* [VERBS]
Examples: small bone in leg of kangaroo — kangaroo, leg of, small bone in [N]
paint in different coloured stripes—stripes, different coloured, to
paint in [V]
'9' ROTATION
wordj current pivot (word*2)
-current "," wordi "," pivot (word*2)
[NOUNS]
-•current ", to" wordi pivot (word*2)
[VERBS]
Examples: lower colours of rainbow—colours, lower, of rainbow [N]
put fat on body—fat, to put on body [V]
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The rule codes (except those for 'plain' rotation rules) also have no numerical
or mnemonic significance, and are written here as they are used by a numbering
system within the programs.
"Current" is always a word which has been selected by the recogniser/parser
to be an eligible keyword. Thus, it does not appear in the stoplist. Note that
the 'plain' rotation splits the gloss in two and inverts the halves. The other
types are contextual: they depend on the presence of a stoplist word in a
structural context. Only a subset of stoplist words are marked to license these
contextual rotations (see the stoplist in Appendix 1).
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(word*2)
coloured stripes
stripes

results of attempted assignments:
1. FAILS
"in" listed in the stoplist, cannot be 'current'
stored code:
none rotation: none
"coloured" not listed in the stoplist
2. SUCCEEDS
stored code:
2 ( = position of current - 1)
current
(word*2) , to word*!
rotation:
coloured stripes
, to paint in
"stripes" not listed in the stoplist
3. SUCCEEDS
stored code:
3 ( = position of current - 1)
rotation:
current (word*2) , to word*!
stripes
, to paint in coloured
CONTEXT ROTATIONS - attempted assignments:
pivot* i word2
TEMPLATE '6': word* i
current pivot*2 (word*3)
in
1. first assign:
paint
coloured stripes
pivot*
TEMPLATE '7': word*,
word 2
current (word*3)
in
coloured stripes
paint
2. first assign:
3. second assign: paint in
coloured stripes
TEMPLATE '8': word*i
current (word*4)
word 3
pivot*
word 2
4. first assign:
paint
in
coloured stripes
TEMPLATE '9': word*!
(word*2)
current pivot
paint
in
coloured stripes
5. first assign:
results of attempted assignments:
1. FAILS
input string must have at least five words to match template
'6'; no match for pivot*2
stored code:
none rotation: none
2. SUCCEEDS
"in" is pivot word listed in stoplist
1
stored code:
, to word*, pivot
rotation:
current
(word* 3 ), word 2
stripes
, coloured , to paint
in
3. FAILS
"coloured" not listed in stoplist and cannot be 'pivot'; no
'current' word
none rotation: none
stored code:
4. FAILS
input string must have at least five words; no match for
'current'
none rotation: none
stored code:
5. FAILS
"in" listed in stoplist and cannot be 'current'; "coloured"
not in stoplist and cannot be 'pivot'
stored code:
none rotation: none

The results of the processes described above are:
STORED CODES ROTATED FINDERLIST ENTRIES
null
paint in coloured stripes, to
plain 2
coloured stripes, to paint in
plain 3
stripes, to paint in coloured
context 7
stripes, coloured, to paint in
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PLAIN ROTATIONS - attempted assignments:
TEMPLATE:
word*,
current
1. first assign:
paint
in
2. second assign: paint in
coloured
3. third assign
paint in coloured stripes
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a. null rotation - this is obligatory and licenses the unchanged gloss to appear
in the finderlist. No change is made to the gloss and the resultant finderlist
entry will be "paint in coloured stripes, to"
b. plain rotations - here we have rotations for the plain template. Rotations
are determined by how the input words are assigned to elements of the template.
These are set out in (27).
c. context rotations - here we have rotations for templates '6' through '9'.
Again, rotations are determined by how the input words are assigned to
elements of the template, as set out in (27).
4.3 Discussion: examples in the development of the CGFL
4.3.1 Complex verb glosses. Several glosses of the GALP database include
complex verbs of the type verb + particle. In simple cases where the particle
follows the verb, rotation conveniently occurs following the particle (a pivot
word), by fronting the succeeding words, according to the descriptions in (26)
above. A following noun phrase is kept together:
(28)

peel off outer skin -> outer skin, to peel off
peel off outer skin -»skin, outer, to peel off

(code: plain2)
(code: context7)

(The latter is a '7' contextual rotation. The infinitive "to"s are inserted by the
reconstituter.) The particle, here "off", appears fortuitously in the correct
position in the output even though it is not really part of a pivot phrase ("off
outer skin") but rather the particle of the complex verb "peel off".
In other cases the source gloss has a verb and particle separated by a noun,
where the noun is the grammatical object of the complex verb. When the noun
is fronted, the verb and its particle become adjacent:
(29)

pull splinter out-+splinter, to pull out

(code: context9)

(29) is an example of the '9' rotation, which inverts the gloss-initial two
words when the third word is a pivot. The algorithm is sensitive to the gloss's
syntactic category, here inserting "to" and also leaving out the comma which
would be inserted into a similarly structured nominal gloss. A different situation
occurs with verb glosses which are intransitive, especially those containing
verbs such as "be", "become", "have" and "go". A gloss such as "be upset
about something" reads poorly in the following plain fronting of "upset":
(30)

upset, to be about something

(a '9' rotation)

This is improved by thinking of the source gloss as a stative verb + adjective
phrase, that is, as "be + upset about something", and rendered as a plain
rotation by suppressing the contextual rotation (see Section 4.4 for method of
suppression):
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As an example of how these rule assignments work, take the input gloss
string to be 'paint in coloured stripes' which has the syntactic category of verb.
There are three types of rotations which can be generated from this string: a
null rotation, plain rotations, and context rotations.
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(31)

upset about something, to be

(a'plain 1'rotation)

4.3.2 Changing the database glosses. Within the finderlist any particular
headword is functionally equivalent to any other derived from the same dictionary gloss. Therefore the database glosses are not restricted to any particular
structure or wording. In fact the lexicographer can construct or modify a
database gloss with the aim of providing the best keyworded set of finderlist
headwords. Of course the meaning of the gloss must be held constant.
Some problems are solved by inserting hyphens into a gloss to block rule
assignment. Note, however, that we do not license 'metafunctional' flags hyphens must be read as a normal orthographic part of the gloss. For example,
the rules described in (26) would provide spurious finderlist headwords for a
gloss "black and white fantail":
(32)

black and white fantail -> black and white fantail
-» white fantail, black and
-» fantail, white, black and

(code: null)
(code: plain2)
(code: context7)

This is solved by recasting the gloss as "black-and-white fantail":
(33)

black-and-white fantail -> black-and-white fantail
-> fantail, black-and-white

(code: null)
(code: plain 1)

While the changing of database glosses to facilitate keywording is catered
for in the CGFL system, it is not systematically required and is of minor
importance in finderlist production. It is only used for the minority (perhaps
1 or 2 per cent) of source glosses which are not well parsed by the system. And
it is not crucial to the success of the system because refractory glosses can be
handled as 'exceptions', and stored with their manually produced set of
finderlist headwords in a separate 'external file'. Refer to Section 4.1.2 and
footnote 7.
4.4 The interactive Comparator
Previous sections have described a system for producing sets of finderlist
headwords. The system is creative: it assigns rules corresponding to new
expressions. And, as pointed out in Sections 4.1.1 and 4.1.2, the lexicographer
must be able to control the created output of the computer programs. We have
mentioned three ways in which finderlist headword creation is controlled:
a. in the planning, writing and testing of the rules producing finderlist headwords. The rules are illustrated in (26), and some of the factors influencing
their derivation have been discussed in Section 4.3.1. This phase of the project
is bounded - the rules may be revised, but are considered to be complete at
any stage;
b. by deleting rule assignments which result in ill-formed finderlist headwords,
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Stative glosses have turned out to be difficult to handle, and it can be better
to change or paraphrase the source gloss. For example, "be in doubt" does
not give a good fronting of "doubt" (viz. "doubt, to be in"); however recasting
it as "be doubtful" gives the rotation "doubtful, to be". We discuss the issue
of modifying gloss data in the following section.
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The final phase in building the CGFL system was the design and implementation of an interactive program, called the Comparator, which the lexicographer
uses to perform b and c above. The Comparator's main function is to provide
the interactive tool for the deletion of inappropriate computer-generated rule
assignments. This is done by indicating the appropriate rule(s) to be deleted.
The Comparator's secondary function allows the lexicographer to interactively
create new glosses (or modify those existing in the database) and observe the
effects of automated rotation. The effects on new or modified glosses can be
checked, and then the glosses can be stored in the GALP database or discarded,
as desired. This is a powerful function which optimises the ability of the
'system' (i.e., software + lexicographer, as shown in (23)) to produce a full,
readable set of keyworded finderlist headwords for each gloss.
The Comparator is run with the GALP database in modify mode. The
lexicographer is prompted for an input expression, which is treated as a
potential database gloss. A message is displayed indicating whether or not the
expression is actually an existing database gloss. If it is, the session involving
that gloss makes available at the terminal both the currently-stored database
rule set for that gloss and also the rules assigned in real time. As well as this,
the Comparator can display a set of finderlist headwords chosen by the user,
selected from either the database or a computer-generated set. In this way, the
lexicographer can delete rules for ill-formed finderlist headwords, check the
revised set, and then store the results permanently in the GALP database. 14
When the user is satisfied, the current database rule set may be overwritten
using the new set. Alternatively, if a new or modified gloss is written to improve
a finderlist headword set, the gloss and its audited rule set can be stored in the
database.

5. Lexicography and computing: data and processing
5.1 Introduction
In the foregoing we have restricted the discussion to practical and linguistic
aspects of automating finderlist production. Parts of the CGFL system, for
example the rotation algorithm, are independent of the specific implementation;
they would work as 'manual' rules for a stage of finderlist production done by
lexicographic assistants. However there are computing principles which ought
to guide and constrain an automated dictionary project. In this final section
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after the lexicographer has audited the special report produced by the recogniser/parser showing each input gloss together with its generated set of headwords and their rule codes (see (23), and Appendix 3 for a sample interactive
dialogue); and
c. by changing glosses to achieve a better finderlist headword set, discussed in
Sections 4.3.1 and 4.3.2. Note that glosses are not changed with respect to the
operation of rules (the lexicographer can ignore the details of rule operation),
but with respect to the relation between an input gloss and the appropriateness
of its set of finderlist headwords (23).
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we mention some of these principles, and their implications for computer-aided
lexicography.

5.2.1 Data and representation. Data consists of symbols. Data is symbolic
because it represents real world entities, such as a person, the name of a
language, or a word in a language. Lexicographic data also consists of symbols,
which can range from conventional written English through some other transcriptional format (e.g., IPA, or a syllabary), to a (picto-)graphic presentation.
A class of data has members which are atomic at their level of representation.
Atomic units cease to represent the relevant unit of information when decomposed. For example, considering an individual's name in terms of the letters
used to write it, or even in terms of firstname etc. loses the notion of identification. The president of France is not someone whose first name is Francois and
someone whose second name is Mitterand, but someone whose name is
Francois Mitterand.
Each class of data should be treated consistently: for example, word forms
represented in an invariant transcription, rules (also a kind of data) in an
agreed notation, makes of car by manufacturer's logo, and so on. The exact
type doesn't matter; what is important is that data classes should have inherent,
invariant representation. A data class should have member instances with
values drawn from a single logical domain of possible values. This ensures the
relationship between type of representation and what is represented.
These ideas can be extended to derive constraints on data representation in
computer-aided lexicography.
5.2.2 Data integrity. In the GALP system we approach data integrity in two
ways: in the protection of the database against inappropriate entry or deletion
of data, and in an emphasis on analytical database design leading to the data
being represented in its most simple and logical - and thus, we claim, its most
robust - form.
The protection of data has high priority in the GALP project. The CGFL
system treats finderlist headword sets as 'virtual data' - they have "no single
stored counterpart; instead ... values [are] materialised by means of... computation performed on a set of stored field occurrences" (Date 1977: 12). In other
words, GALP glosses are stored separately from rule codes, and finderlist
headwords are computed. In the CGFL system we do not systematically change
primary data. By contrast, in the gloss flagging systems discussed in Section 3,
primary data is altered by the interspersion of flag characters, intoducing risks
including mis-typing. The risk is highest where the glosses are manually edited
to insert the flags. Although algorithmic or software-controlled flag insertion
is possible, it carries its own penalty.
We designed the GALP database to reflect the classes and structure of the
lexicographic data to be stored. This is discussed in detail in Austin 1989. In
general, data is optimally stored as atomic units which are instances of predefined classes (see Section 5.2.1 above). This ensures the best logical resolution
of the data by making class instances correspond to entities in the world (Date
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5.3 Data independence
One of the goals of computer systems is data independence. This means that
data is independent of the processes it undergoes. The 'corruption' of glosses
with processing flags mentioned in Sections 3.2 and 5.2 reduces data integrity
and also prevents the achievement of data independence.
Data independence is attained by pre-analysing and structuring data types.
This allows logical separation of data from the way it is physically stored, seen
or used (Deen 1977: 7, 55). Different users and programs within a project can
then 'view' the data in the most appropriate way. Project modification, where
the application algorithms are revised, will not require modification of stored
data. For example, the GALP project has two major sub-systems: (a) a lexicon
system, and (b) a sentence system (discussed in Austin 1989). The sentence
system relates sequences of lexicon items to free (English) glosses of sentences
taken from texts. Each text sentence is stored as a sequence of pointers to
lexical entries (tuples of Aboriginal language word-gloss-syntactic category)
together with a free translation of the whole plus a text reference giving the
source of the sentence. The word-gloss-category data is precisely that stored
for and used in the lexicon system. As a result the dictionaries and text
collections we are able to produce are an integrated whole. The value of this
approach is that the sub-systems are integrated through the sharing of data,
which enhances data storage characteristics and research potential. However
the computer programs which run each system are independent, using the same
data in different ways, using different strategies, and were written by different
people in different programming languages.
Data independence also allows data to be maximally portable between
projects (a benefit to working linguists and lexicographers) without being
dependent on particular programs. What is transportable is structured data
and by ensuring data independence we enhance data sharability.
The use of special-function flags entails interdependence of the lexicographic
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1977: 10, 1986: 145ff). Applying such a constraint to the data relevant to
finderlists - dictionary headwords, glosses, and finderlist headwords - means
isolating the atomic units and representing them appropriately. In the CGFL
project we represent a finderlist headword by the pair [gloss, rule], where gloss
and rule are independent data classes in their respective notations.
On the other hand, project designs which use flags in glosses (cf. Section 3.2.4)
to store finderlist data are storing data which is multiply ambiguous. Firstly,
there is a representational ambiguity. The flag characters must be distinct from
the gloss transcription system, but this must be stated elsewhere as an arbitrary
fact about particular symbols. Secondly, there is an interpretive ambiguity.
Glosses correspond to meanings, which occur in the world, and finderlists are
real objects; but these are entities of different domains and consequently ought
not to be represented by a single data field.15 Thirdly, there is ambiguity of
identification. If data represents real entities, then a given data element should
uniquely identify an entity (cf. Kent 1978). It is difficult, for example, to say
whether a database containing two 'identical' glosses, where one has flags and
the other does not, has instances which identify the same or different entities.
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5.4 Algorithmic implementation
The CGFL system uses computing as far as possible. Since CGFL dictionary
reversal is by indexing out of L1-L2 dictionary data, using 'virtual' finderlist
headwords, it is heavily computational, and dependent on codification of
formal operations for computer implementation. As discussed in Section 5.3,
we have enhanced the computational properties of GALP's data by analysing
its structure. This gives other advantages. The database stores each field with
minimum redundancy, all input and output is via software, and validation
checks are made during input and output. When we produce a dictionary file,
all lexical relations are symmetrically specified and all cross references appear.
Consistency is not just achieved, it is a by-product of the overall project design.
Consider the kind of problems which arise for finderlists within more primitive designs. If a dictionary gloss exists more than once, there is no mechanism
to ensure that its keyword flaggings are consistent. And an unflagged gloss in
a flagging system is ambiguous; it is impossible to tell whether it is specified
as having no finderlist keywords, or if the keywords are not yet flagged (unless
some logging of work takes place). By contrast, in the CGFL system, the
finderlist rule assignment program is run over the entire database, producing
an integrated report of its work. And later, when the researcher uses the
Comparator to deal with the unsatisfactory finderlist headwords, the program
produces a log file of the changes made.
Finally, there is a large saving of time and effort in producing a finderlist
using a CGFL method. In the flagging systems described in Section 3.2, all of
the keywords are manually selected and marked by flags. The output of the
program which transforms flagged data into a finderlist must be checked by
the lexicographer for correct operation. However, in the CGFL system, the
keywordings are computer-generated - in fact, slightly overgenerated. The
lexicographer checks the special system report showing the generated key-
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data and the programs which deal with it. Programmers will have to tailor
programs to 'know about' the special flags, and ensure compatibility between
the flags and the programs which deal with the glosses.16 These programs will
use flags to make finderlists and will need to edit out the flags to produce clean
output. If the flag characters are modified (or extra ones introduced), then
programs will have to be reworked. There may also be other programs using
the gloss data. Typically, there will be at least one to handle the production
of a standard dictionary; for such a program the internal structure of individual
glosses - and the presence of flags - will be irrelevant. This dictionary program
will need to remove parts of the primary data (the flags). By contrast, in a
CGFL system, we can change the type and number of the finderlist headword
generating rules independently of our primary dictionary data, while the
dictionary extraction programs do not need to take into account finderlistrelated data.
The practice of inserting flags into the gloss field violates the principle of
data independence through failure to capture the structure of the finderlist
data. By representing rules separate from glosses in the CGFL, we are able to
attain data independence and its advantages.
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5.5 Cards and needles
Long before computers entered the lexicographer's stock-in-trade, Alan Pence
wrote in his article Punched card filing for linguists:
The equipment needed to get the system into operation consists of: punched cards,
sorting needle, filing boxes, and clipper ... cards may be drilled by hand using a 1/2
inch steel template and an 1/8 inch drill. Clipping may be done with scissors, and a
knitting needle or a piece of straight wire may be used for sorting. (Pence 1962: 77).
In Pence's system, traditional data cards are supplemented by holes and notches
representing analysis of the data written on the card. While his system is
technologically outmoded, it exemplifies points we have made above. Pence's
primary data (written on cards) is kept distinct from drilled and punched data.
The separation of written data from mechanically coded analysis reflects different domains of data, paralleling our distinction in the GALP project between
dictionary glosses and the rules assigned to them for producing finderlist
headwords and thus finderlists.
We hope this example illustrates the importance of defining relationships
between data representation, data creation, and processing. There are improvements to be made to the CGFL system: but it embodies fundamental strategies
and principles. On the other hand, the claim that a typed-in flag system
"enable[s] a usable finderlist to be automatically generated from material
already in the definitions" (Hsu 1985: 185) is clearly false. Such systems exploit
computer storage and processing merely to reduce typing.

Notes
1

Research for this paper was supported by grants from the Australian Research
Grants Committee (1983-86), the Australian Research Council, the Australian Institute
of Aboriginal Studies and the School of Humanities, La Trobe University. For their
assistance with computational aspects of the research we are grateful to Randy Austin,
Henry Linger, Geoff Webb, and Tim Woolford. An earlier version of this paper was
presented at the Lexicography Workshop, Australian Linguistics Society annual conference held at Monash University in August 1989. We are grateful to workshop participants for comments on our presentation. Igor Mel'cuk and Graham Scott provided
valuable feedback on a draft of this paper and picked up some shortcomings. Henry
Linger gave us detailed constructive comments on the final draft which clarified our
understanding of a number of crucial issues, and two anonymous referees picked up
some remaining infelicities. Needless to say, none of these people can be held responsible
for errors in what follows. The final version of this paper was written up while Austin
was a visiting researcher at Xerox Palo Alto Research Centre. He is grateful to Joan
Bresnan and Per-Kristian Halvorsen for making it possible to spend time in the
stimulating environment at PARC.
2
Note that finderlist headwords, being transformations of dictionary glosses, are
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wordings, and then uses the Comparator to fine tune the results. In other
words, in a flagging system, the lexicographer has to do all the work; but in
the CGFL system the lexicographer works subtractively to remove or repair a
small number of ill-formed keywordings.
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Appendix I
SYSTEM STOPLIST

"under": "context'
"towards":
"before":
"against":
"onto": "context'
"through":
"forth":
"it":
"is"
"used":
"along":
"about":
"and":
"around":
"ago":
"another":

"other":
"other's":
"each":
"over":
"your":
"our":
"his":
"their":
"her":
"my":
"down":
"or":
"one":
"oneself"

"from":
"into":
"after":
"by":
"the":
"at":
"to":
"with":
"of":
"a":
"an":
"in":
"on"
"up":
"for":
"off":
"out":

"context"
"context"
"context"
"context"
"context"
"context"
"context"
"context"
"context"
"context"
"context"

Appendix 2
SAMPLE REPORT OF PARSING SOME SELECTED GLOSSES

NOTE: In the following examples we show sample database glosses, their
unaudited rule codes, and their corresponding virtual finderlist headwords. The
rule codes are given in columns to the right of each gloss; the first column
encodes 'plain' rotations, and the second column encodes 'contextual' rotations
(see 4.2 above for these terms). So, for example, "pathway connecting two
rings of initiation ground" has been assigned four 'plain' rotations (coded as
1, 2, 3, 5) and one 'contextual' rotation (coded as 7). The lexicographer uses
a report like this to audit the computer-generated finderlist headwords.

01235
pathway connecting two rings of initiation ground (N)
connecting two rings of initiation ground, pathway (1)
two rings of initiation ground, pathway connecting (2)
rings of initiation ground, pathway connecting two (3)
initiation ground, pathway connecting two rings of (5)
ground, initiation, pathway connecting two rings of (7)

00007

become mixed up (V)
mixed up, to become (1)

00001

00000

wild potato of double gee (N)
potato of double gee, wild (1)
potato,, wild, of
(9)
oi double
oouoxe gee
gee \?i
r
double
double aee.
gee, wild
wild Dotato
potato of
of (3)
(3)
gee, double.
• • "
wild potato of (7)

00013

00097
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00002

00008

00013

00097

00013

00098

small intestine of sheep (N)
Intestine of sheep, small (1)
intestine, small, of sheep (9)
sheep, small intestine of (3)

00013

00009

pair of principal actor and inltiand (N)
principal actor and inltiand, pair of (2)
actor, principal, and initiand, pair of (6)
initland, pair of principal actor and (5)

00025

00006

make a clicking noise (V)
clicking noise, to make (2)
noise, clicking, to make (7)

00002

00007

make a repetitive clicking noise (V)
repetitive clicking noise, to make (2)
clicking noise, repetitive, to make (7)
noise, repetitive clicking, to make (8)

00002

00078

younger brother or sister (N)
brother or sister, younger (1)
brother, younger, or sister (9)
sister," younger brother or (3)

00013

00009

investigate with a stick (V)
stick, to investigate with (3)

00003

00000

edible gum of cassia tree (N)
gum of cassia tree, edible (1)
gum, edible, of cassia tree (9)
cassia tree, edible gum of (3)
tree, cassia, edible gum of (7)

00013

00097

principal actor In man's initiation (N)
actor in man's initiation, principal (1)
actor, principal, in man's initiation (9)
man's initiation, principal actor in (3)
initiation, man's, principal actor in (7)

00013

00097

kill one another by magic (V)
magic, to kill one another by (4)

00004

00000

wedge-tailed eagle (N)
eagle, wedge-tailed (1)

00001

00000

gang up on

00000

00000

(V)

Appendix 3
SAMPLE DIALOGUE WITH THE COMPARATOR

(user responses to prompts are shown in bold caps)
Enter gloss to test ("ex" to exit) :
Enter category:

V

have eye trouble

(V)

00012

HAVE

EYE

TROUBLE

00000

Gloss in database (14168)
have eye trouble (null)
eye trouble, to have (1)
trouble, to have eye (2)
These codes are the same as the current database rule codes.
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sound of chopping with axe (N)
chopping with axe, sound of (2)
axe, chopping with, sound of (8)
% More spec contexts: first only used
edible gum of snakewood tree (N)
gum of snakewood tree, edible (1)
gum, edible, of snakewood tree (9)
snakewood tree, edible gum of (3)
tree, snakewood, edible gum of (7)
small bone in leg of kangaroo (N)
bone In leg of kangaroo, small (1)
bone, small. In leg of kangaroo (9)
leg of kangaroo, small bone in (3)
kangaroo, leg of, small bone in (8)
% More spec contexts: first only used
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Enter your choice:

Q

Enter gloss to test ("ex" to exit) :
Enter category:

HAVE

TROUBLE WITH

V

have trouble with eyes (V)
00013
Gloss not in database
have trouble with eyes (null)
trouble with eyes, to have (1)
trouble, to have with eyes (9)
eyes, to have trouble with (3)

00009

You may now:
Quit this gloss.
Store these rotations.
Delete or Add rotations,
View current database rotations, or
Beconstruct rotations from current rule codes.
Enter your choice:

DEL

Enter digit code to delete rule:

9

Your current rule codes:
13 0
Rotations from your current codes: 13 0
=>

have trouble with eyes (null)

=>

eyes, to have trouble with (3)

=>

trouble with eyes, to have (1)

You may now:
Quit this gloss.
Store these rotations.
Delete or fldd rotations,
yiew current database rotations, or
Beconstruct rotations from current rule codes.
Enter your choice:

Q

EYES
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You may now:
Quit this gloss.
Store these rotations,
Delete or add rotations,
¥iew current database rotations, or
Beconstruct rotations from current rule codes.

