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1. In tro duction

Research on Carrier, a dialectally diverseAthabaskan languageof the central interior
of British Columbia, has resulted in a fairly large amount of information stored on-
line. The material I have includes lexical databasesfor seven dialects containing
over 36,000Carrier entries. Carrier is dialectally diverse,with di®erencesnot only
in details of pronounciation, e.g. Stuart Lake teÃl \basket" versusLheidli T'enneh
tiÃl, and in lexical items, e.g. Stuart Lake Ãl ztih \knife" versus Lheidli T'enneh
tes, but in morphophonemics,morphology, and syntax. The dialect di®erencesare,
moreover, considered important by the communities. Although the dialects are
mutually comprehensible,peopleconsider it important to record and passon their
own dialect. There are therefore actually seven separateCarrier lexical databases,
for di®erent dialects, varying considerably in size.

The databasesin which this material is kept are used both for research and
to generate printed dictionaries. The database system is home-brew, developed
incrementally over a decade.A similar system, though di®erent in detail, underlies
the Montana Salish (Flathead) dictionary (Thomason 1994)1 and the dictionaries

1 The database ¯les are in a similar format, and similar software is used to generate TEX ¯les
from the database. These TEX ¯les are then further processedusing TEX macros and format
¯les written by Richmond Thomason. The database itself is maintained by the linguists, Sarah
Thomason and Lucy Thomason, using Epsilon, a programmable text editor similar to Emacs
that runs under DOS. (Epsilon is a product of Lugaru Software. http://www.lugaru.com .)
When a prin ted dictionary is to be generated, the database ¯les are transferred to a UNIX
system and the software run there.
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of Oapan and AmeyaltepecNahuatl (Amith 2002ab).2 The purposeof this paper is
to describe this system and explore its virtues and vices.

2. The Structure and Con ten t of the Database

The database ¯les are all pure ASCII text ¯les. Records are delimited by extra
newlines. Records are divided into ¯elds by the ¯eld delimiter \%". Each ¯eld
consistsof a tag, which identi¯es the ¯eld, and the contents of the ¯eld, separated
from the tag by a colon.3

A typical record is displayed in (1):

(1) A Typical Record

%P:tsa
%G:beaver
%IH:beaver
%C:N
%SN:Castor canadensis
%SF:animals-water
%S:JOPA/BRBI/STJA/EDFR/VESE/JEKO/MAGO
%UID:000044
%MD:2001/04/18

The ¯rst ¯eld, with the \P" tag for \pronounciation" is the Carrier form. The \G"
¯eld is the glossand the \IH" ¯eld, in this caseidentical, is the \in verseheader",
used as the headword when going from English to Carrier. The \C" ¯eld contains
the syntactic category, in this case\noun". The \SN" ¯eld contains the scienti¯c
name. The \SF" ¯eld contains a speci¯cation of the semantic ¯eld. This is used in
generatingtopical indices; it is alsousefulwhen extracting words of particular types,
such as kinship terms or biological terms. The \S" ¯eld identi¯es the sourcesof the
data; entries are separatedby slashes. In this case,the sourcesare all individual
speakers, identi¯ed by abbreviations, but written sourcesmay also be referred to.
The last two ¯elds are used for bookkeeping. The \UID" ¯eld contains an integer
that uniquely identi¯es the record. This is used for integrit y checks and for cross

2 These dictionaries are generated from a single database, in SIL Shoebox format, edited using
Microsoft Word under Windows. The databaseis copied to a GNU/Lin ux system for processing
into a prin ted dictionary .

3 This format is isomorphic to the widely used Summer Institute of Linguistics Shoebox format,
in which the ¯eld delimiter is the backslash (n) and tags are separated from ¯eld contents by
spaces. The reason for preferring the percent sign to backslash is that backslash has special
meaning to numerous UNIX programs and requires quoting and other special treatment. The
percent sign is much lesstrouble to deal with. I prefer the colon to spacefor two reasons. First,
when ¯elds are parsed during processing,since many ¯elds will contain spaces,extra work will
be done breaking the ¯eld into unnecessarypieces. More important than this rather minor
e±ciency consideration is the fact that what appears visually to be a spacemay in fact be a
space,a tab, or another invisible character, while a colon is unambiguous.
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referencing. Finally, the \MD" ¯eld contains the date on which the record was last
modi¯ed.

Recordsfor verbstend to be more complex. In (2) we seemost of the same¯elds
as in (1), along with a number of new ¯elds. The \VF" ¯eld indicates that this form
is Imperfective A±rmativ e. The \ASP" ¯eld indicates that this is a customary
aspect form. The \X" ¯eld gives the verb stem as gok. The \V A" ¯eld gives the
valencepre¯x as l. The \STEMLISTED" ¯eld is usedfor book-keeping;it indicates
that the stem of this form has been identi¯ed and that this form is listed in the
entry for the stem as one of the forms containing it.

(2) A Typical Verb Record

%P:tanalgok
%G:hewalks on all limbs back into the water
%IH:walks on all limbs back into the water, he
%VF:IA
%ASP:customary
%C:V
%X:gok
%VA:l
%S:STJA
%STEMLISTED:Y
%ES:000148
%UID:001377
%MD:1998/12/09

The \ES" ¯eld contains a pointer to an examplesentence,which is stored in another
¯le. Here is the entry for that examplesentence:

(3) A Typical Example SentenceRecord

%E:Dzentotsuk duni tanalgok.
%T:Every day the moose goes into the water.
%S:MAGO/STJA
%SID:000148

Numerous other ¯elds are available. These include: grammatical information
about verb forms, including tense/mode/negation, aspect, noun classi¯cation, stem,
and valencepre¯x, lattitude, longitude, and map sheet(for places),pointers to im-
agesalong with captions and picture credits, queriesof several di®erent types, re-
marks, indications of stylistic level, indications that the record contains information
that is private or questionable and should therefore not be printed, grammatical
notes, cultural notes, extended discussionsof meanings,possessedforms of nouns,
etymologies,and notes on phonetic detail. All in all, more than sixty distinct ¯elds
are in use.

So far we have only seena need for two components to the databse: the ¯le
containing the examplesentencesand their translations, and the main ¯le containing
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the records for individual forms like those shown above. There are two additional
components to each database,a stem list and a root list, whosepresenceis motivated
by the nature of the Carrier verb.

Carrier verbs consist of a stem, approximately the last syllable, and a set of
pre¯xes. In general, the stem carries the main meaning of the verb. In (4) we have
forms representing the tense/mode/negation paradigm of the verb \to go around
in a boat". For each form, the last syllable, which is the stem, is shown separated
from the remainder, which consists of pre¯xes. In this casethe pre¯xes convery
information about the subject, tense/mode, and negation, except for the initial /n/,
which denotesmotion in a loop. We seethat the stem varies considerably in form
with tense,mode, and negation.

(4) Stemsof \I goaround in a boat" (Stuart Lakedialect)

TMA/Neg Pre¯xes Stem
Imperfective A±rmativ e n � s ke
Imperfective Negative n � Ãl � z� s koh
Perfective A±rmativ e n � s� s ki
Perfective Negative n � Ãl � s kel
Future A±rmativ e n � tis keÃl
Future Negative n � Ãlt � zis kel
Optativ e A±rmativ e nos ke

�

Optativ e Negative n � Ãl � zus ke
�

Thesevarious stemsare all associated with an abstract root, in this caseke, meaning
\go by boat", from which they are consideredto be derived. Although there is a
pattern to the changes in stems, it is complex if not irregular, and so someone
learning the languagemust to a considerableextent simply memorize the stem set
for each verb.

The databasethereforecontains, in addition to the individual verb forms, a table
of verb stems and a table of verb roots. Each verb stem record contains pointers
to all of the actual verb forms in which it has been found as well as to the root
with which it is associated. At the level of individual forms, we may represent this
relationship as in (5). For example, the root ke2 \go by boat" has an Imperfective
A±rmativ e stem /k e/ which is attested in three verb forms.
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(5) Relationshipsof Verbsin a Carrier Dictionary

Root List
.....

ke2 (boat)
ket1 (buy)
ket2 (slip)

.....

Stem List
.....

ke (IA))
keÃl (FA)
kel (FN)
kel (PN)

k � ih (Cust)
ket (PA)
ket (OA)

.....

Verbs
.....

n � ske
n � ts' � ke

ninke
n � tiskeÃl

n � Ãlt � ziskel
n � hikel

n � ts' � kih
osket
tolket
.....

The samerelationship is ilustrated in (6) now at the level of the components of the
database. This diagram shows that the collection of forms contains pointers, in the
form of S(entenc)e IDs, to example sentences. The stem list contains pointers, in
the form of U(nique) IDs, to individual verb forms, and it also contains pointers, in
the form of R(oot) IDs, to verb roots.

(6) The Relational Structure of a Carrier Database

Forms

Stems Roots

Sentences

UID RID

SID

3. Mo difying the Database

Since the database consists of ordinary text ¯les, it can be modi¯ed by any text
editor. In practice, this is almost always Emacs (Stallman 1984), an interpreter
for a dialect of Lisp with special primitiv es for text editing. Since Emacs really is
a programming language interpreter, it is fully programmable. It is also possible
to bind any function to a combination of keystrokes. Functions written in Emacs
Lisp facilitate working with the databaseby providing such capabilities as insertion
of templates for new records of particular types with certain information already
¯lled in, a variety of specializedsearches,and shortcuts for modi¯cation of selected
properties of the current record. For example, typing \Con trol-x t" updates the
time stamp in the modi¯cation time ¯eld of the current record.
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Another useful facilit y of Emacs is its abilit y recursively to split the screen
both vertically and horizontally , allowing for the simultaneous display of multiple
windows. In (7) we have a screenshot of Emacsin useediting a database. There are
three Emacs-internal windows open. The lower left window displays a portion of the
verb database.4 The lower right window displays the portion of the stem database
containing the entry for the stem of the verb in the lower left window. The top
window is opento the sentencedatabaseand displays an examplesentenceassociated
with the verb in the lower left window. This con¯guration would be useful in adding
verbs to the database. If the new verb form comeswith an example sentence, the
examplesentence would simultaneously be added to the sentence databaseand the
sentence ID entered in the verb form's record. If the stem of the verb form can be
identi¯ed, the verb form's ID can be addedto the record for the stem, if it is already
in the database. If not, the new stem can be added.

(7) EMA CSwith Three WindowsOpen

4 In somecasesit has proved to be convenient to keepverbs and non-verbs in separate ¯les. For
simplicit y's sake, this is not re°ected in our discussion of the organization of the database.
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Emacs is normally not invoked directly. Instead, a databaseis edited by executing
a shell script, which in turn invokesEmacs. The shell script backs up the database
beforeinvoking Emacsand computescertain information usedby Emacs. At the end
of a session,when Emacs returns, the shell script performs someintegrit y checks,
makesa record of the di®erencesbetweenthe previous version of the databaseand
the current one, and performs someclean up.

4. Prin ted Dictionaries

A variety of printed dictionaries are generatedfrom the databases. From time to
time specializeddictionaries, such aslists of biological terms, have beenprinted, but
most of the time what is desired is a comprehensive dictionary. A few sectionsare
¯xed, that is, consistof information not generatedautomatically from the database:
(8) Fixed Sectionsof Printed Dictionaries

² Explanation of the Writing System
² Grammatical Information
² Alphabetical Order
² Abbreviations for Grammatical Categories
² Appendices(Numbers, Months, Days)
² References

The appendiceson numbers,months, and days are provided becauselanguageteach-
ers and parents of small children like them.5 The inclusion of the appendix on
numbers also provides the opportunit y to explain the rules for generation of num-
bers from their basic components as well as the classi¯catory system, according to
which numbersand somequanti¯ers take di®erent forms depending on which of ¯v e
categoriesthe thing counted belongsto.

The bulk of the material, however, is derived from the database.

5 A common belief of both parents and language teachers is that the language material appro-
priate for young children is the sameas what they concentrate on in English in preschool and
kindergarten, namely numbers, dates, and colors.
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(9) Sectionsof Printed Dictionaries Generatedfrom Database

² Carrier to English
² English to Carrier
² Topical Index
² Root List (By English Gloss)
² Root List (Alphab etical)
² Stem List
² StemsSorted By Root
² Notes on Stems
² A±x List
² Index of A±xes by Gloss
² Index of Scienti¯c Names
² Index of Place Names
² Index of English Place Names
² Index of Loanwords
² Credits for Illustrations

In addition to the usual main sections,there are also quite a few indices, which
group together words of certain types and simplify ¯nding them. The index of
scienti¯c names,for example, is useful to biologists.

Typical pagesfrom the Carrier-to-English and English-to-Carrier sectionsof a
dictionary are illustrated in (10) and (11). A topical index page is illustrated in
(12). The various indices are exempli¯ed by (13), which contains a page from an
index of scienti¯c names. There are also lists of roots and lists of stems,organized
alphabetically and by root. Theseprovide a meansof looking up a verb form that
is not in the dictionary. If the user is su±ciently knowledgable,he may be able to
determine what stem of what root he is dealing with and on this basisanalyze the
form. Typical pagesfrom the root and stem lists are illustrated in (14)-(17).
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The provision of a topical index is one of the more unusual features of these
dictionaries. Referencedictionaries are almost always organized orthographically
or phonologically, but it is not uncommon for dictionaries produce by communities
whose language is endangeredto be topically organized. This is probably due to
the fact that communit y members regard the languageas a repository of culture
and so seea topical organization as a sensiblere°ection of their culture. From their
perspective, an alphabetically arrangeddictionary is in an essentially random order.

Where the topical organization is the only oneprovided, this is problematic, for
it is very di±cult to use a topical dictionary to look up an unknown word. Fur-
thermore, topical dictionaries are usually limited to nouns, since it is nouns that
are most easily organized into topical categories. Even where other syntactic cate-
gories are included, a topical organization tends to limit the comprehensivenessof
the dictionary becauseof the di±cult y of ¯tting many words into topical categories.

In most circumstances,therefore, a purely topical organization is not desirable.
However, a topical index to a dictionary whoseprincipal component is organizedor-
thographically, is a usefuladdition. In addition to providing a facet of the dictionary
that makes senseto the elders, a topical index is very useful for languageteachers
and curriculum developers who wish to create lessonsdealing with particular top-
ics. For similar reasons,it is useful to languagelearners, who can bone up on the
vocabulary for a particular area. A topical index is also useful for lexicographers.
If well done, it provides a good record of what has beendone and shows up gapsin
the coverageof the existing dictionary.

It is not terribly di±cult to generatea topical index from a computer database.
Indeed, I am surprised that it has not been done more often. The key is to tag
each record with a semantic ¯eld speci¯cation. The records are then sorted by
the semantic ¯eld speci¯cation and index entries generatedin that order. Section
headings are generated from the semantic ¯eld speci¯cations by keeping track of
changesand emitting a new sectionor subsectionheaderwhenever there is a change.
Once the categorieshave been chosenand records tagged, the arrangement of the
topical index can easily be changed by changing the ordering of the categoriesin
the sort order speci¯cation.

For those such as myself with a propensity to classi¯cation, it is tempting to
create a deep classi¯cation, one with many levels. This is unwise. It is di±cult
to format more than two levels of headings attractiv ely, and a classi¯cation that
is too highly rami¯ed produces many sections with very few entries. This is not
merely an aesthetic consideration | not only does the user not need an elaborate
classi¯cation, but I believe that one actually makes it more di±cult to ¯nd things.

We have only begun generating topical indices fairly recently , so due to our
own lack of experienceand, apparently , that of other lexicographers,someproblems
remain. One is that of redundant entries. The entries wemakecomefrom the inverse
header ¯eld, which was originally intended for generating the English to Carrier
headers. This ¯eld often contains multiple entries, since it is often convenient to
provide more than one way to look up a word. The various inverseheaderstend to
be distributed through the dictionary by alphabetical sorting, but in a topical index
they of course are clustered together. This looks odd and in general is probably
unncessary. For example, in the page illustrated in (12), we have both \Sockeye
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Salmon" and \Salmon, Sockeye", which seemsunnecessaryand a little bit ugly. One
solution would be to createa separatetopical index header¯eld for each record and
enter it manually. Another would be to useonly oneof the inverseheaders,perhaps
the ¯rst. Still another would be to generate topical index headersautomatically
from the gloss¯eld, as Nathan and Austin (1992) suggestfor inverseheaders. I do
not know whether there is a good algorithm for this.

Another problem is what classi¯cation to use. It is not too hard to devise a
reasonableclassi¯cation for nouns. Indeed, there are a number of models that can
be used. However, it is rare for topical dictionaries to include verbs. Where they do,
they tend to list those verbs that are obviously and speci¯cally associated with the
categoriesusedfor nounsand to makeno attempt at listing verbsin a comprehensive
fashion. If, as seemsdesirable, one wants to include verbs comprehensively in a
topical index, it is necessaryto ¯nd a good classi¯catory schemefor verbs.

The classi¯cation used in the most recent Carrier dictionaries represents a ¯rst
attempt at this. There being little precedent known to me, it was arrived at larger
by brainstorming. I found the classi¯cation of English verbs by Levin (1993) useful
asa stimulus, but it wasnot possibleto follow it closelysinceit is basedto a consid-
erableextent on syntactic properties that are not relevant to a topical classi¯cation.
Devising a really good classi¯cation system for verbs remains a topic for research.

One thing made possibleby generating dictionaries from a databaseis printing
them in a variety of writing systems. Our system is set up to allow for printing
in four di®erent writing systems. Theseare exempli¯ed in (18), which presents the
words \old man" and \frequently" in all four writing systems.

(18) Examplesof the Four Available Writing Systems

Carrier Linguistic Committee duneti lhghun
Morice Roman den¶ethi Ãlren
Carrier Syllabics

����� ���	�

International Phonetic Alphabet d � neti Ãl 


� n

The writing systemin generalusefor Carrier is the Carrier Linguistic Committee
writing system,a Roman-basedsystemdeveloped in the 1960s.The Carrier material
in the dictionary databasesis represented in this sytem, with the slight modi¯cation
that underscores,used to distinguish lamino-dental fricativ es and a®ricates from
apico-alveolars, are written as separatecharacters preceding the consonant in the
database. A typical pageis shown in (19).

Someelders prefer the writing system that they learned from the 1938 edition
of the Roman Catholic Prayerbook, which is the phonetic writing system used by
Father Adrien-Gabriel Morice in his scholarly publications. Rather than attempting
to implement allophonic rules, we generatea phonemicizedversion of this writing
system. This is illustrated in (20).

The ¯rst writing system used for Carrier was the so-calledCarrier syllabics, a
derivative of the Cree syllabics intro duced in 1885. It is no longer widely used,but
somepeoplestrongly favor it. A pagein syllabics is illustrated in (21). Finally, for
the useof linguists and occasionalothers it is possibleto producedictionaries in the
International Phonetic Alphabet as illustrated in (22).
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5. Generating Prin ted Dictionaries

Printed dictionaries are generatedfrom the databasesby executing programs that
extract information from the database,sort it, and generatea set of ¯les suitable
for input to the TEX formatter. The TEX program is then executed on a master
format ¯le, which incorporates the various ¯les generatedfrom the databasealong
with various ¯xed ¯les, such as the explanation of the writing system. The overall
processis illustrated in (24).

Since each dictionary has so many pieces,and there are so many intermediate
stages,the production of a dictionary is quite complex. Not only would it bedi±cult
to keeptrack of by hand, but if an error occurs at somepoint, it is desirablenot to
have to regenerateeverything from scratch, but only what is necessary. The gener-
ation of a dictionary is therefore controlled by the make program, a standard UNIX
utilit y originally designed for controlling the compilation of computer programs.
Where there are no errors, generation of a dictionary requires ¯v e commands,ex-
empli¯ed in (23):6

(23) Commandsfor Generatinga Dictionary

01 make CLCDict
02 cd Forms
03 make
04 make
05 dvips -o Main.ps Main.dvi

The ¯rst line tells the make program to do whatever is necessaryto generatethe
target CLCDict . It will look for instructions asto how to do this asexplainedbelow.
Assuming that there are no errors, the result of this step will be the generation of
the various ¯les that go into the dictionary. The secondline changesthe directory
to a subdirectory called Forms in which the master format ¯le is kept. The third
line executesthe make program again. Since it is called with no argument, it will
attempt to createthe ¯rst target speci¯ed in the make¯le. If there are no errors, the
result of this step is the executionof TEX and the generationof a device-independent
printer language¯le. The secondmake command, on line 04, is not an error. It is
executedtwice in order to make sure that the pagenumbers in the table of contents
and ¯gure credits are correct. Sincepagenumbers are determined anew each time
TEX is run, information containing page numbers must be written out during one
run of TEX, then read back in and used during a subsequent run. The dvi ¯le is
then converted by the dvips program into the Postscript printer language. It is at
this stage that imagesare actually incorporated. The Postscript ¯le may then be
viewed on the computer or sent to a printer.7

6 Here as in subsequent examples, the line numbers have been added to facilitate exposition.
They are not part of the make¯le or program.

7 In practice, when preparing to prin t rather than to examine the outout on a computer monitor,
dvips will generally be run more than once, each time generating a Postscript ¯le containing a
speci¯ed section of the dictionary . Sending a large document to the prin ter in chunks of, say,
¯ft y pageseach, is better than sending it all in one piece. It allows other usersto get their jobs
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Dark boxes indicate underiv ed ¯les. Ligh t boxes indicate deriv ed ¯les. Dotted lines indicate inclusion. Solid lines indicate deriv ation.

(24) Generating a Prin ted Dictionary

in, provides opportunities to let the prin ter rest and make adjustments, and permits minor
changesto be made in sections that have not yet been prin ted.
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The make program reads a ¯le called a make¯le that contains speci¯cations of
dependenciesamong ¯les and of how ¯les may be created. Here is an extract from
the make¯le for a Carrier dictionary.

(25) Part of a MakeFile

01 CLCDict: CLCCeWL.texCLCEcWordlist.tex CLCScientificNames.tex
CLCLoanWords.tex CLCPlaceNames.tex CLCRootList.tex
CLCEnglishRootList.tex CLCStemList.tex CLCStemsByRoot.tex
NotesOnStems.tex CLCAffixList.tex CLCAffixesByGloss.tex
CLCEnglishPlaceNames.tex CLCEcTopicalIndex.tex

02
03 CLCCeWL.tex: Ce.srt StemList.sp
04 gawk -f $CAR/Scripts/PrepDict.awk -v Orth=clc -v Version=scholars

Ce.srt > tmp
05 cat GenInfo.tex tmp > CLCCeWL.tex
06 echo " northo=1" > Forms/ortho
07 rm tmp
08
09 Ce.srt: NoComments.txt
10 msort -t "^P:" -c l -s $f CARg/orders/carriernc.ord -x exclusions

-t "^P:" -c l -s $f CARg/orders/carrier2.ord
-t "^C:" -c l -s $f CARg/orders/cats.ord
-t "^G:" -o -s $f CARg/orders/english.ord
-d % NoComments.txt > Ce.srt

The ¯rst line indicates that the target CLCDict depends on the ¯les CLC-
CEWL.tex, CLCEcWordlist.tex, etc. This target is not actually a ¯le but is usedto
tell the make program what kind of dictionary we want to generate. We would do
this by giving the command make CLCDict. If the ¯les on which CLCDict depends
do not exist or are out of date, the program will attempt to create them.

Line 03 says that one of the ¯les needed,CLCCeWL.tex, dependson two other
¯les, Ce.srt and Stemlist.sp. Lines 04 through 07 give the commands that must
be executedin order to create CLCCeWL.tex from thesetwo ¯les. Line 04 runs an
AWK program, whosemain output goesinto the ¯le called tmp. The ¯le GenInfo.tex
is also created as a side e®ect. Line 05 combines the two ¯les. Line 06 createsa
little ¯le that transmits information to TEXabout the writing system in use, and
line 07 deletesthe temporary ¯le tmp.

Line 09 tells us that the ¯le Ce.srt depends on NoComments.txt. Line 10 says
that it may be created by running the msort program. The rather elaborate tell
msort to sort ¯rst on the pronounciation ¯eld, using a sort order speci¯ed in a ¯le
and exlucing from consideration characters speci¯ed in another ¯le, then to subsort
(breaking ties) on the same¯eld using a di®erent sort order and with no exclusions,
then if necessaryto subsort on the glossand ¯nally if necessaryto subsort on the
category ¯eld.

The bulk of the work of extracting information from the databaseand formatting
it is done by small programs written in AWK (Aho, Kernighan, and Weinberger
1988). Several features of AWK make it particularly suitable for this kind of text
processing:

1. automatic storageallocation;
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2. associative arrays, that is, arrays whoseindices can be strings rather than
integers;

3. regular expressionmatching and substitution;

4. automatic parsing of input into records,and of records into ¯elds;

A small AWK program is illustrated in (26). This is a slightly simpli¯ed version
of the program that extracts records containing semantic ¯eld speci¯cations for
further processingthat ultimately generatesa topical index.

(26) An AWK Program

01 #Extract records for topical index, that is, records
02 #containing an SF field, an IH field, and a G field.
03 BEGINf
04 RS = "";
05 FS = " nn?%";
06 g
07 f
08 #Create an associative array with tags as indices.
09 for(i = 2; i < = NF; i++) f
10 split($i, f, ":");
11 rec[f[1]]=substr($i,index($i,":")+1);
12 g
13 if(("SF" in rec) && ("G" in rec) && ("IH" in rec)) f
14 printf("%s nnnn",$0);
15 g
16 CleanUp();
17 g

The program beginswith a BEGIN pattern, which is automatically executedat
the beginning of the program, no matter what the input. Two actions are taken.
The record separatorRS is set to a value that makesit treat blocks of text separated
by blank lines asrecords. The ¯eld separatorFS is set to a percent sign precededby
at least one newline character. (Using the percent sign as the basic ¯eld separator
allows ¯elds to spanmore than oneline. However, sincea percent sign might be part
of the value of a ¯eld, we treat as ¯eld separatorsonly those percent signspreceded
by newlines.

The remainder of the program consistsof a single pattern-action pair in which
the pattern is empty, so the action is taken for each new record. Line 09 loops
through the ¯elds that AWK automatically parsesout of the current record. It
starts with ¯eld number two becauseall of our ¯elds start with a percent-sign ¯eld
separator, so each record in e®ectbegins with an empty ¯eld. AWK numbers the
¯elds $1, $2, etc. The number of ¯elds parsedout is put into the variable NF.

In line 10 the ¯eld is split into piecesseparatedby colons and these piecesare
put into the array \f ". f[1] therefore contains the tag of the ¯rst ¯eld. In line 11 the
contents of the ¯eld are put into the array \rec". The index is the tag, which in line
10wasstored in f[1]. The part of the line following the equalsign removeseverything
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precedingthe ¯rst colon.8 As of line 13, therefore, the array \rec" contains the ¯elds
of the record, now indexed by their tags.9

Line 13 tests whether the record contains a semantic ¯eld speci¯cation, a gloss,
and an inverseheader. If so, line 14 prints the entire record ($0), followed by two
blank lines to separateit from the next record. Line 16 calls a function not shown
here that cleans up in preparation for the next record. For example, it needsto
delete the current contents of the array \rec". If it did not, ¯elds left over from
previous recordswould be mixed with those for the current record.

As can be seenfrom the diagram in (24), there are numerous points at which
information must be sorted into the proper order. These sorts are carried out by
a program called msort, described in detail in Poser (2000). This is a program for
sorting text ¯les in sophisticated ways, intended especially for linguistic databases.
It allows arbitrary sort orders to be speci¯ed, with ranks de¯ned for large numbers
of multigraphs of e®ectively unlimited length. Recordsneed not be single lines of
text but may be delimited in a number of ways. The entire record may usedas the
sort key, or a particular ¯eld may be used. Key ¯elds may be selectedeither by
position in the record or by matching a regular expressionto a tag. msort is capable
of sorting on several keys, so that when two records tie on one key, the tie may be
broken on another. Each key may have its own sort order. Any or all keys may be
optional. In addition to lexicographic sorting, sorting by numerical value, date or
time is supported. For each key a distinct set of characters may be excluded from
consideration when sorting in any combination of initial, ¯nal, and medial position
in the key ¯eld.

8 If we knew that the colon separating the tag from the contents of the ¯eld were the only one,
we could just use f[2], but it is quite possible that there will be colons within the content of
the ¯eld, so we can't assumethat f[2] will contain all of the content.

9 Notice that if two ¯elds have the same tag, the last one in the record will be the only one in
\rec". For most purp osesthis is alright, but a di®erent and more complex parsing technique
must be used when we want to extract repeated ¯elds.
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(27) The Sort Process

read con¯guration

read data
to be sorted

parse into records

parserecords into ¯elds

identify key ¯elds

assigndefault for
missing optional key

convert dates and times
to numeric

transform multigraphs

excludeexclusions

sort

generateoutput

Key Transformations

A good example of the utilit y of a sorting program with capabilities like those
of msort is provided by the sorting neededto generatethe table of stemssorted by
roots. The relevant portion of the make ¯le, slightly edited for presentation, is given
in (28).

(28) The Make¯le Entry for Sorting Stemsby Roots

01 StemsByRoot.srt: StemList.ldb
02 -msort -d % -t "^ROOT"-c l -s $f CARg/orders/carrier1.ord
03 -t "^RID:" -c n
04 -t "^TM:" -c l -s $f CARg/orders/TM.ord
05 -t "^ASP" -c l -s $f CARg/orders/ASP.ord
06 -t "^STEM:" -c l -s $f CARg/orders/carrier1.ord
07 < StemList.ldb > CLCStemsByRoot.srt
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(29) The Sort Order File for Aspect Categories

stat stative
mom momantaneous
cont continuous
dist distributiv e
prog progressive
sem semelfactive
rep repetitiv e
cust customary

This makesuseof the abilit y to specify arbitrary sort orders that have nothing
to do with any language'salphabetical order as well as the abilit y to handle long
multigraphs. Here both abbreviated and full aspect namesare provided for. The
longest is 13 characters long.

A similar useof this abilit y is in putting the topical index into order. Here, the
records must ¯rst be sorted by semantic ¯eld, then, within their category, alpha-
betically. Semantic ¯eld speci¯cations may be quite long; the longest, at present, is
gathering-plants-scrapingcambium, which is 32 characters.

The output of the programs that extract information from the database and
format it consits of piecesof text formatted in TEX. The ¯nal step in printing the
dictionary is to executeTEX on a ¯le that contains the layout for the dictionary and,
at appropriate places,instructions to insert the contents of other ¯les, containing the
actual dictionary information, which have been generatedfrom the database. The
bit of TEX-formatted text underlying the ¯rst entry on in the Carrier-English page
in (10) is shown in (30). The macro nhipu sets up a hanging-indented paragraph
whose¯rst line is unindented with respect to the left margin. Lines 02, 04, and 05
print the headword, category abbreviation, and gloss,which in this caseis a cross-
referenceto the singular. The macros npft, ncft, and ngft select the appropriate
fonts. Line 03 does not directly print anything, but records the information that
TEX usesto keeptrack of the ¯rst and last entries on the pageso as to generatethe
left and right pageheaders.

(30) An Entry from CLCCeWL.tex

01 nhipu
02 fn pft -chaike g
03 fn mark -chaike g
04 fn cft Ng
05 fn gft Plural of fn qc -chai g, q.v. g.

6. Direct Use of the Database

Generating printed dictionaries is not the only usefor the Carrier lexical databases.
Another use is as on-line dictionaries. They are easily searched, by meansof the
search functions in Emacsand by meansof other programs, such as AWK. In most
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respects, such an on-line lexicon is faster and more convenient to usethan a printed
version. I myself almost never use the printed dictionaries that I create | it is
usually more convenient for me to look up anything I do not know in the computer
¯les.

Another important useof the databaseis for linguistic research. An on-line lexi-
con can be searched in many di®erent ways, for various combinations of information.
I frequently usethe regular-expressionmatching facilities of Emacsand of AWK to
look for examplesof various types.

For example,here is the EMA CS Lisp code that createsa function that searches
the database for Carrier words good for inclusion in critical regions of sentences
elicited for the instrumental study of tone and intonation. It de¯nes a function that
usesthe existing incremental regular expressionsearch facilit y to ¯nd recordswhose
headword contains only sonorants and voicedstops, soundsthat do not signi¯cantly
perturb the fundamental frequencycontour.

(31) EMA CSLisp CodeDe¯ning a Search Function

01 (defun find-goodf0 ()
02 "Find the next word good for F0."
03 (interactive)
04 (re-search-forward goodf0-regexp)
05 )
06 (defconst goodf0-regexp "%P:[aiueomnylbdg]+$"
07 "Regular expression for recognizing words good for F0")

7. Ho w and Wh y it Got to be That W ay

This databasesystemcameabout for a number of reasons.It origiinally ran on what
by current standards were very slow machines, under DOS. I had no funding with
which to buy specialized software or to hire other people to do part of the work
or provide technical support. The better, faster machines to which I had access,
though initially not at home or in the ¯eld, ran UNIX, so compatibilit y with UNIX
systemswas desirable. Since I was thoroughly familiar with awk, make, and other
UNIX utilities and had extensive programming experience, and versions of these
were available for DOS at little or no cost, it made senseto usethem.

A secondfactor was the limitations of available software. Most databaseswere
not designedfor linguistic work and were not very °exible. They often required
¯elds to be of ¯xed length, could not generateoutput in appropriate formats, and
lacked the abilit y to sort in su±ciently sophisticated ways. I wrote msort because
there was no truly comparable program. The standard UNIX sorting utilit y lacks
many of the capabilities of msort, as do most if not all other stand-alone sorting
programs of which I am aware. Sorting of comparable sophistication was and is
available only within somedatabases,and even then, to my knowledge not all of
msort 's capabilities are available.

At the time, the only turnk ey lexical databasesystemof which I was aware was
the Summer Institute of Linguistics' Shoebox program. Shoebox is in someways
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not unlike my own system but provides a more structured interface and a higher
degreeof integrit y checking. However, Shoebox did not have the sorting capability
I neededand could not easily be made to generateoutput in the format I desired.

The remaining approach was to useRobert Hsu's Lexware system, a collection
of programs together with a ¯le format that has beenused to produce quite a few
dictionaries. Hsu hasmadegreat contributions both to the production of individual
dictionaries and to thinking about the automated production of dictionaries,10 but
his system was not quite what I wanted. For one thing, it is not a turnk ey system,
but requires the user to rely on Hsu to adapt his programs to their needs. Using
the UNIX utilities I could just as easily have complete control and °exibilit y.

Yet another factor was that I did not set out, at the outset, to generatedictio-
naries. I initially created the databaseas a way of recording data I had collected
and being able to search it more e±ciently than I could by reading through my
handwritten notes. Beyond this I had no speci¯c plans for the database.

Finally, at the outset I did not know very much about the language,and therefore
did not know exactly what sorts of information would needto beseparatedand what
structure the databaseought to have. It was important to avoid committments to
details of databasestructure that I might later regret.

8. Discussion

All in all, this system has served my needswell. It cost nothing, was not di±cult
to set up, and has proved to be easyto modify and extend. The work necessaryto
create it may have beengreater than it would have beenwith an existing database,
but that is not clear, since few databaseswere well adapted to the samepurposes.
Now that the systemis setup, though, this disadvantage is not sogreat. I have found
it to be generally quite easyto modify and extend the existing system. Numerous
changeshave beenmade in the format of printed dictionaries without di±cult y and
various indices and new displays of information added. Adapting this dictionary
system to Flathead and Kootenai was a simple matter. Similarly, adapting the
software that generatesTEX to generateHTML instead was quite simple. Once the
framework is in place, many changesare easyto make.11

A more signi¯cant disadvantage is that it does not provide the samedegreeof
integrit y control as do most standard databases. That is, it is relatively easy for
a record to becomeill-formed or for records to be deleted accidentally . As I am a
skilled user of the system, the integrit y checks and backups provided are probably
su±cient.

10 Hsu (1994) is a valuable discussion derived from his extensive experience in this area.

11 AWK has somelimitations as a programming language. Were I to set up such a system again
from scratch, I might choosea di®erent programming language. Many people now use PERL
(Wall & Randal 1991) for similar purp oses. I have considered this, but to my taste PERL is
not cleanly structured and su®ersfrom kitc hen sinkism. Should I decide to use a language
other than AWK, it will probably be Python (Lutz 1996).
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For a single expert user such as myself, probably the greatest limitation at
present is the need to create and maintain relations, such as that between records
for forms and examplesentences,manually.

Generally speaking, this system is quite adequate for my own use and for use
by similarly skilled users working one at a time. The system is not well adapted
to useby more than one personor by inexpert users. Inexpert userswould bene¯t
from a systemthat provides more elaborate integrit y checks, with an interface that
carefully controlls the ways in which they can modify the database. A forms-based
interface would also make it easier for inexpert users to enter information. The
system is not well adapted to useby multiple usersbecauseit doesnot provide ¯le
or record locking, di®erent levelsof accessby di®erent users,or automatic recording
of what modi¯cations are made by whom.
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