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ABSTRACT

This thesis describes the design and implementation of 2 machine-translation system
based on Fillmore and others’ case grammar model whose purpose is to generate 2
representation of the deep syntactic and semantic structure of 2 sentence through the use of
labelled relations. The system described here contains a Prolog implementation of a
prototype machine-translation system which generates English translations of French
sentences. The passage from French text to English text passes through morphological and
syntactic analyses, case grammar (semantic) analysis, transfer of morphological, syntactic
and semantic information to English-language equivalents, and, finally, syntactic and
morphological generation governed by case frames. The system runs on a Macintosh Plus
(2MB RAM) using Advanced A.L Systems Prolog Version M1.15.

Key words: machine translation, case grammar, Prolog, Macintosh, French,
English,

La présente these décrit la conception et la réalisation d’un systéme de traduction
automatique reposant sur différents modzles de grammaire casuelle, dont celui de Fillmore.
Ces modgles visent A €tablir une représentation de la structure syntaxique et sémantique
profonde d’une phrase par le biais de relations portant des €tiquettes. Le systéme déerit ici
est un prototype réalisé en Prolog et raduisant des phrases du frangais 3 ’anglais. Le
processus de traduction se décompose comme suit : anatyse morphologique et syntaxique,
analyse s€émantique (selon la grammaire casuelle), transfert de 1’information
morphologique, syntaxique et sémantique vers I’anglais, puis génération syntaxique et
morphologique A partir de cadres sémantiques casuels. Ce systéme fonctionne sur un
Macintosh Plus (muni de 2 méga-octets de mémoire vive) avec AAIS Prolog version
M1.15, un logiciel évolué d’intelligence artificielle.

Mots clés : traduction automatique, grammaire casuelle, Prolog, Macintosh,
francais, anglais
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INTRODUCTION

This thesis discusses the rationale for using the case grammar approach in 2
machine-translation system, describes the system and its machine implementadon, and
presents some actual results. Its main purpose is twofold: to confirm the feasibility of
implementing case grammar principles and, therefore, semantics in a machine translation
system which also relies heavily on syntax; and to demonstrate the feasibility of running a
complete but small-scale MT system on a micro-computer. The name of the system is
Ordinotrad.

Chapter 1 contains a general description of the design, implementation (how
linguistic data is represented and moved about within the system) and results of Ordinotrad.
This chapter is intended for both linguistics- and computer-oriented readers. Chapters 2
and 3 describe case grammar, the linguistic “heart” of the system, and present the case
=bels used in it. These chapters were prepared before programming was begun and have
been revised subsequently in light of programming. Chapter 4 is primarily technical and is
meant for Macintosh users, providing a practical description of how a user can run the
system (as it currently exists), how the data is manipulated (i.e., how data structures are
built), and the interdependencies of the various program components. Chapter 5 evaluates
what has been accomplished, what is promising, what can be handled, what cannot be
handled, and what can be added easily or with difficulty where the system has room for
development.

The appendices contain (1) a2 summary description of the case list used in this
system, (2) the taxonomy used in the system, i.c., the way “something”™ is viewed in
Ordinotrad, (3) sample results including interim data structures, (4) the program itself
(material intended primarily for Prolog programmers), and (5) a glossary of key terms.

Hardware requirements to run the system as it is described herein are a Macintosh
Plus with two megabytes of RAM and two 800K drives.

Arrangements may be made with the author to obtain the program in electronic form
for research purposes only. This offer does not include a copy of AAIS Prolog M1.15
which is needed to run Ordinotrad. A user licence for this software may be obtained for a
fee from AAIS, P.O. Box 39-0360, Mountain View, California 94039-0360; (415)
961-1121.



Chapter 1

Ordinotrad

GOALS

Two complementary goals underlie the work reported in this thesis: (1) 1o create 2
complete, small-scale machine-translation system on 2 micro-computer capable of
generating French-to-English translations of typical administrative correspondence, and (2)
to emphasize the use of case grammar principles in controlling the analysis and generation
of text within a natural-language processing system.

It should be noted at the outset that the machine-translation system described herein
is neither a first for micro-computers nor entirely original. For example, it would seem that
natural language parsers for French abound, in view of the number of large-scale MT
systems in use. Even so, obtaining an existing parser is virtually impossible, given the
evident reluctance of system developers to publish program code. As a result, the parser
contained herein should not be construed as a re-invention but rather as a re-creation based
on what researchers and developers generally agree a parser should do.

1 2lso do not claim that case grammar provides the only or even the best linguistic
framework 10 be used in a machine-translation system. To do so would require
comparative analyses of other systems using other or no semantic procedures. As a
translator, however, 1 felt that case grammar with its labelled relations was intuitively
applicable to understanding the translation process and also that it lent itself particularly
well to computer programming. Some existing machine-translation systems show that
machine translation in certain contexts need not incorporate semantic considerations.
However, I felt that case grammar could be useful in that it could provide a simple, easily
manipulated structure for representing linguistic data. Even so, the current version of
Ordinotrad does rely greatly on syntactic analysis.

With the above-mentioned twofold aim then, the work was done on a micro-
computer and hence within its limitations.! More importantly, however, it focussed on
both semantic and syntactic controls for the purposes of analyzing French sentences (in
order to construct meaning-based syntactic representations of them) and gencrating English

1 The work was begun using 2 512K Macintosh computer, then moved 1o a Macintosh Plus, which was
subsequently upgraded to 2 megabytes of RAM.

Chapter 1 — page 1
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sentences. The acceptability of the translations produced as output (i.e., whether a
ranslator would consider them worth revising) is assumed to be the test of whether or not
the analysis and generation together have succeeded.

The relationships between syntax and semantics in automatic text analysis are not
examined, although material is provided for such studies as a by-product of the analysis
procedures. It is assumed, in this work, that neither a strictly semantic nor a strictly
syntactic approach to text analysis is worth pursuing when the goal is translaton. This
assumption has been made not so much on the basis of researched material, although it is
mentioned by Boguraev,2 as on personal translation experience® where 1 find that both
types of information are generally required and that 2 translation is seldom produced strictly
from semantic information and never from syntactic information alone. Moreover, a
reading of wranslation theory textbooks* seems to indicate that translation is meaning-based,
since it is zextual meaning or the message that is the transferred element in a translation. In
Ordinotrad, then, semantic analysis is emphasized, as it is used on the one hand to venfy
that conventional syntactic labels have been correctly applied to sentence components, and
on the other hand to establish the relationships between a predicate (lexicalized as a verb)
and its arguments (lexicalized as noun phrases or other sentence components).

The relative sizes of the parser and case analyzer in Ordinotrad seem to contradict
the emphasis I am placing on semantics, as the former is much larger than the latter in terms
of the number of rules. Nonetheless, it is the positién and not the size of the different
modules which reflects their importance, for the semantic judgements are made concerning
the results of syntactic parsing. Moreover, the relative size of the two modules could
indicate that syntax is a complex network of functional reladons between sentence
components, and that semantics is a simple but powerful network of the meaningful
relations between them. In this case the bonus is that what is more powerful is also easier
to organize and implement in an automated system.

LIMITS

The machine-translation system described in this work is complete in itself,
although quite small-scale. All the elements customarily found in a translation system are
there: in terms of procedure, there are input and output interfaces, and modules for

2 Branimir Konstantinov Boguracv, Automatic Resolution of Linguistic Ambiguities, Technical Report
No. 11 (University of Cambridge, Computer Laboratory, August 1979), 0.18-0.19.

3 Since April 1983, when I began 10 keep records, I have translated over 610 000 words.

4 CL Larson, Newmark, Nida, Pergnier, etc.
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analysis and generation; in terms of databases, there are monolingual dictionaries and a
bilingual mansfer dictionary.

Even so, Ordinotrad is very limited. The dictionaries cover only a small fragment
of the French and English lexicons. Two points need to be made in this regard. First,
there is a module that allows Ordinotrad to acquire new French and English words and their
corresponding equivalents. This module is quite cumbersome to use, as the user must be
familiar with the taxonomy used by the system in order to formulate the intensional
meanings of words. As the module for acquiring new words is not directly related to the
twofold purpose of this work and as it was used in developing the system only to ensure
uniformity in dictionary entries, it is not as optimal as it could be.> Second, with regard to
the French and English words that are currently defincd in the dictionaries, I created the
entries as a system developer and not as a lexicographer.® A cursory reading of the
monolingual dictionaries will reveal shortcomings in the definitions for all words and in the
case frames for events. The implication of this for meaning-based translation systems is
that lexicography is an integral part of system development, though distinguishable from
analysis and generation,” and any weakness on the part of the developer in this area would
have to be overcome with input from professional lexicographers.

Another limitation of Ordinotrad is the sentence structures the parser is capable of
recognizing. The system as it is handles only basic French structures (see the examples in
Appendix 3), yet since it is modular, further development of the parser will not require re-
programming the system as a2 whole. For a complete description of the syntactic
limitations, see the printout of the “Parser” file in Appendix 4.

The generation module requires more attention, as some word forms are incorrectly
constructed. Resolving generation problems would quite likely require a larger system, for
a database of verb forms would have to be created for the irregular verbs along with the
appropriate rules.

In general then, Ordinotrad’s limitations are in terms of “breadth of language™ and
“complexity of sentence structures.” If it is to increase in utility, the dictionaries and parser

5 mmmpﬁmhackmmewod-wqﬁﬁﬁmmddcshouﬁbepmoﬁmpIunmwydiaim
management system, and not the traslation system itself. Therefore, proper development of the module is, in
tmsofpncﬁce.pmofadiﬁmdomﬁnofmmd.inmofm.nﬁnnonalinguislicﬁeldnonouched
on in this work, namely lexicography.

These two areas of activity are not necessarily mutually exclusive. It is just that ] created definitions
o mect my needs.

This distinction is based on the fact that the system dictionaries can be expanded without making any
changes o analysis or generation routines.
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will have to be expanded, and if it is to improve in quality, the generator will have to be
augmented.

RESULTS

The system was designed to translate typical administrative letters, for example, the
one provided by Clas-Horguelin in their secretarial handbook on using French in
business.8 A typical letter which the system can translate will include names, dates and
other such mentions? in addition to the sentences in the body of a letter. With regard to
sentences, the system was designed to ranslate a wide range of sentence structures in
addition to those contained in the above letter: for example, sentences containing pre-verbal
particles (¢.g., il me la donne; il m'en a adressé trois), or others containing ellipsed
sentences (¢.g., nous vous remercions €t sommes heureux).

Appendix 3 contains a copy of the above-mentioned letter and a list of these
sentences (reflecting basic sentence structures) along with the translations provided by the
system. Interim results, that is, the products of parsing and case analysis, are also
provided for some sentences in this letter that reflect different sentence structures.

The goal at first was to achieve an 80 percent rate of successful translations.
However, given the relatively few sentences used to test the system!0 and the difficulty of
establishing objective yardsticks for evaluating translations, I opted for a simpler, more
subjective “success point.” Would I as a human translator consider the output worth
revising?

8 André Clas & Paul A. Horguelin, Le Frangais, langue des affaires, 2nd cdition (Montreal: McGraw-
Hill, 1979), 244.

9 A mention is distinguished from a sentence by its lack of central event and modalities. Thesc
clements are discussed further in Chapter 2.

10 Reliable assessment of output would probably require a larger sampling of sentences, Eighty percent
suceess is interpreted to mean fewer than 20 corrections required per 100 words.
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SYSTEM OVERVIEW

The diagrams on the following pages offer an overview of Ordinotrad. The
rectangles represent the various procedures (their program cquivalents use roughly the
same wording). The meaning of the icons used in these diagrams is as follows:

@ User
Disk
&  Dictionary and/or Grammar
—%  Information flow
. Data Stucture

This procedure elaborated on a subsequent
page (dog-cared rectangles only).

ORDINOTRAD

The overall translation process is comprised of five procedures, as shown in the
following diagram.11

11 For 5 technical description of how to run Ordinotrad, se¢ Chapter 4,
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ORDINOTRAD
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Get French Sentence

There are two possible sources for the original French sentence to be translated: the
user whe types in a sentence, or files on disk prepared in advance. It should be noted that
there are no restrictions on input, which can range from a postal code to a complex
sentence, and may or may not conclude with some sort of punctuation. However, input
still has to make sense to the parser and case processor if it is to be processable.

The first column on the following page reflects the interactive process where the
user provides the input. The other two columns show the procedures if input is taken from
a prepared file. The difference between the latter two approaches is that the first one will
display results for each sentence and query the user if it should continue with the next
sentence, while the second one will display results for the user, record the results in a file
on a disk, and continue non-stop with subsequent sentences.

The words at the top of each column are the comresponding Prolog commands the
user would enter 10 have the translation process begun.12

12 'I‘hroughounhcpmgrmlhavcuiedtouseprediansh?mlogthnmcasilymogxﬁublc. In the
case of *r2d”, which should be read as “transiaie to disk™, I have opted for an acronym to facilitale entering that
command.
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1. Get French Sentence

translate. translate(File). t2d(File).
1.2 1.3
Get sentence Open file
from user @_. B_’
|
i 1.2.1 b3y 1.3.1 K
e >
Read line |\ Read line
%::E from file § a—’ from file §
W 8 5
% &% 3
. T
string of characters . string of characters

Verify
sentence is
correct

. string of characters
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Analyze French Sentence

Once Ordinotrad has a sentence string to work with, it immediately proceeds to
analyze it. If the word-acquisition module has been invoked by the user, the user may be
asked to define new words. Otherwise, the user is not involved until the process is
complete. It is possible to interrupt the process momentarily, but the user cannot force
Ordinotrad to backtrack to previous procedures once they are completed.

The analysis procedure is subdivided into preprocessing, morphological analysis,
parsing, and case analysis. Preprocessing takes the string of characters (including spaces
and punctuation) and breaks it up into words, numbers and symbols. Details on the
definition of “word,” “number,” and “symbol” are provided in the “Preprocessor™ file in
Appendix 4. These lexical units are annotated as to their type and are arranged into a list.

Morphological analysis, described in more detail below, takes the list of given
words and replaces each word with a small packet of information about the word: its
dictionary form, morpho-syntactic information about the word and its inflections, and
semantic information about the dictionary form.

The list of syntactically labeled lexical units is then forwarded to the parser, which
identifies propositions!3 and mentions and describes the syntactic relations between their
components in detail.

The case processor takes the results of parsing and establishes case relations
between events and their arguments.

13 As will be discussed in Chapter 2. 2 sentence can be rewritten as “modality plus proposition™ (S -> M
+ansmfmsmmmemisammﬂunﬁmoftdeepsmummepmposiﬁm In this thesis,
therefore, the term “proposition™ is roughly synonymous with “scatence.” A distinction is made, however,
between the two terms, for one proposition can underly two entirely different sentences: the original French onc
and the English translation.
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French
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French
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Morphological Analysis

Checks are made to see if the words in the list (as they are found in the input) are
found in the French monolingual dictionary. If not, they are then analyzed morphologically
to determine probable dictionary forms.14 The dictionary is then checked for these forms.
Successful analyses at this point replace the original word in the list with the dictionary
form and the appropriate morphological-syntactic information discovered about the input
form. If words are unrecognizable, the word-acquisition module is invoked to have the
user inform Ordinotrad about the word, provided the module has been loaded into memory.
If it hasn’t, the user is informed that processing cannot continue due to shortcomings in the
dictionary and the process is unceremoniously aborted. Ordinowrad will not process a
sentence containing a word it cannot recognize.

14 Ordinotrad tests the following assumptions in the order given: the input word is in the dictionary:
lhch:pmwmd'sfwﬁnbe.mdthcmasmlineﬁngﬂufmisinlhcdicﬁowy:thcinpgnwordisplwal.mdme
mmlhcshgﬂufomkh&eﬁcﬁm&chpnwﬂkfmhheplmﬂmdmcmmuﬁm,shguhrfmk
inlhedic:ionuy;theinpmwrdisamjugawdformofavabwhouinfmiﬁvcformisinu:cdicﬁonary;lhe
input word is unknown. For more details, see the “Morphological Analysis™ file in Appendix 4.
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2.2

Morphological Analysis
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—
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Acquire Lexical Unit

The input to the word-acquisition module is the word in its original form. The
output, which is added to the dictionary, is the dictionary form of the lexical unit together
with semantic and syntactic descriptions.

As can be noted in the diagram on the preceding page, morphological analysis
involves a loop back to the beginning of the process once a word has been acquired. The
reason for this is that word acquisition, in this system, does not include morphological
analysis of input. It simply queries the user for the dictionary form and builds the
dictionary entry accordingly.
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2.2.4 Acquire Lexical Unit
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Parsing

In terms of the parser's capabilities, propositions are independent (typically
subject+predicate), subordinate (typically that+subject+predicate) or ellipsed (no surface
subject) propositions, or any number and mixwre of these propositions. Mentions are the
various elements of 2 letter which are not recognized as propositions (¢.g., “encl.”, “A
l'attention de M. X7, phone numbers, postal codes, and so forth). For a list of annotated
lexical units to be considered a proposition, the arrangement of its members must pass tests
for well-formedness: subject-verb agreements, noun-adjective agreements (see the “Parser
- agreements” file in Appendix 4 for an actual example), a maximum of two pre-verbal
particles in the right order, and so forth.

The grammar rules used to parse the French sentences are procedural in nature: the
parser scans a sentence from left to right, building 2 tree using predefined syntactic
structures if the words meet the conditions placed upon the structures.!S The tree therefore
consists in a hierarchy of syntactic labels which are assigned to the various sentence
components, and the elements of the original list become the terminal branches of the tree.

All syntactic types may be comprised of conjoined instances of the same type. For
example, one or more conjoined noun phrases can function as a single noun phrase. A
noun phrase in itself may be comprised of a single pronoun or of zero or more head nouns
with zero or more modifiers.16 It can be noted in the results in Appendix 3 that a noun
phrase is always assumed to consist of at least two noun phrases, of which the second may
be a "zero" noun phrase.l? The use of "zero” instances has also been applied to other

15 Because of the diversity nfpaﬂuthumbcfcﬂowcdbyLhepusa.mdiagmhubecnprovidcd
here. ﬂtrudakmmgedmmﬂlu:“puw“mainAppmdixd.whaclhcgrammarmlcsmgivcn.

16 'Ihcremnstbculenstmmmormodiﬁcr(inpnﬁcuhrmordindadjecﬁvc)toa]lowforinsmncu
such as “il cn a rois.”. See Appendix 3 for more details on this example.

17 The reason for this structure is to facilitate programming. Once a noun phrase, for example, is found,
a check is made to sce if the next sentence component is also a noun phrasc. For example, the sentence
component “toutes les lettres™ would form part of a tree in the following manncr. Note that the “zero™ instance is
added here for the sake of clarity. It is generally not shown by the system.

np
ap
noun
lu(low.notm-(]cme.f.chommon.count.[nonsclfmoving.submulcr]))
modificrs
Tu(low,adj-(tout,indef,{,pl.[quantity]))
Tu(low,art-(les,def.fpl)}
np

[

Forads:xiptionot‘howmﬁmcﬁommdsuiesofeq:ﬁvdcutypsofsynmﬁcmﬁumhzﬂbd.su:
the note on page 3 of the “parser” file in Appendix 4.
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syntactic types (e.g., prepositional phrases, etc.) and its use is always reflected in tree
structures by what may appear to be a redundant syntactic label.

It may be noted that the present grammar-rule definition of “propositon” in the
parser allows for incomplete sentences, for the pa-ser accepts subordinate propositions as
propositions in themselves, even if there is no independent proposition. This situation is
more serendipitous than intentional; yet as a translator, I have not infrequently had to deal
with incomplete sentences.

Examples of syntactic trees showing the relationships between sentence
components are provided in Appendix 3. In addition to the usual labels (noun phrase,
event, adjective, etc.) found in syntactic trees, the parser also determines the modalities of
the independent, subordinate or ellipsed sentences. In this way, the tense (present, future,
etc.), mood (indicative, subjunctive, conditional, infinitive, participle), voice (active,
passive), attitude (affirmative, negative, doubt) and form (declarative, interrogative,
exclamatory/imperative) are separated from the proposition or “meaning” of the sentence
before it undergoes analysis by the case processor. The assumption here is that the
principles of case grammar may be applied without reference to time frames, moods,
voices, attitudes and forms.18

Case Analysis

The case processor takes the syntactic tree produced by the parser and inserts a level
of case grammar labels which reflect the relationships between sentence components and
the appropriate, controlling “event.”19 In cases where there are no events, input is treated
as a “mention” and case processing is skipped entirely. Labels (e.g., Agent, Affected,
Beneficiary, etc.) are attached once checks have been made with respect to the order of
input and 1o the intensional meaning of the sentence components. The way in which labels
are determined is explained in detail in Chapter 2. An assumption underlying the
application of case labels here is that they are common to French and English, and that the
list of labels used for semantic analysis of French input will therefore be useful in the
generation of English output.

Case processing succeeds only if the tree it is given is well-formed in terms of
semantic consistency: i.c., the sentence components playing the roles required by the event

18 This point may be debatuble, as there are undoubtedly instances in which tense or mood affect
meaning. The scparation is made for the ime being, as serumtic analysis scems to sueceed without such
information. This is not to deny the possibility of taking a sentence’s modalities into consideration when
swhlishins the semantic relationships it contains.

19 Sce Chapter 2 for a full discussion on “events™ and “case labels.”



Chapter 1 — page 17

meet the semantic requirements of the roles. Case processing relies on the case frames
associated with each event. If an event is described as requiring a certain case role 10 be
filled and there are no sentence components that can fill it, the sentence is considered ill-
formed and the process is aborted. With regard to optional roles, there may not be sentence
components available to fill them. In such instances, the “fill optional roles™ procedure is
simply skipped. Peripheral roles20 are also not filled if there are no sentence components
available to fili them.

In the case of mentions, which do not have events (e.g., an address), case analysis
is also bypassed and the translation takes into account only the words and their syntactic
relationships.

The final output of analysis is a tree structure containing syntactic and semantic
information on sentence components and on the relationships between them. This tree
representation serves as input for the transfer and generation modules.

20 These roles do not distinguish events and therefore do not form part of a casc frame. They include:
Location, Time, Manner, Cause. See Chapter 2 for a discussion of these roles,




Chapter 1 — page 18
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Transfer & Generation

In this system, semantics and case grammar analysis are also part of sentence
generation. The case frame of the target-language verb controls generation in that it
controls the rearrangement of word groups. The arrangement of words within word
groups during transfer is controlled by the syntactic nature of the words themselves {(e.g.,
use of articles with mass nouns), and the case frames do not enter into play at that point.

In generating word groups (¢.g. a prepositional phrase), the English words are
chosen from lists of possibilities provided in the wansfer dictionary. These choices are
made taking into consideration the syntactic unit (e.g., an adjective may be replaced with an
adjective or a verbal) and the meaning of the French input2! Selections are then capitalized
and pluralized, if necessary, and then re-ordered within smaller word groupings first (e.g.,
a noun phrase), tzking into account the compatibility of their syntactic markers2 to produce
semantically and syntactically well-formed word groupings. Prepositions are added if the
event-case relation combination calls for them. Once individual word groupings have been
established, they t00 are put in order for the output sentence. Surface-syntactic function
markers (e.g., subject, object) are assigned to the word groupings taking into account their
case relations to their respective event.

The “flow™ of the gencration procedures always begins with the smallest units
provided by the transfer dictionary.? From there, noun phrases are built up, taking inio
account the determiners and modifiers of the head noun. It may be that 2 modifier of a head
noun is itself a subordinate proposition (e.g., nous avons requ la lettre que vous nous avez
adressée ). In such cases, the equivalent subordinate proposition in its entirety would be
generated before the noun phrase was constructed. If subordinate propositions themselves
contain other subordinate propositions, the latter too would have to be generated before the
“higher up” proposition. Once all the sentence components have been generated
individually (i.c., noun phrases, prepositional phrases, etc.24), the verb is generated in

2l If, for example, & French word points 1o several English words in the transfer dictionary, only the
EnglishwordwimdmsuncmmingsﬂmlinkedmdwFreachwo:dinmcoriginalconmt(i.c_sclwnddm-ing
case processing) is retained.

22 A fumre development would introduce semantics into the procese of putting adjectives with nouns in
order to avoid nonsensical structures (for example, the system translation of the mention “meubles de burcau™ is
“fumniture of office™). Assumptions could be made to the effect that where the head noun is an antifact, and the
qualifier is a prepositional phrase containing a “physical-space™ type of noun, “physical-space™ becomes an
attribute of the artifact (i.e., put “office™ ahead of “furniture™).

23 Tne sysiem is not currently designed to handle transfers in which French idiomatic expressions point
to standardized equivalents in English, e.g., “en guise de conclusion™ -> “in conclusion™.

24 See the diagram on page 25 for an indication of what senlence components are generated separately
from cach other (sec also the “Generator - sentence components™ file in Appendix 4).
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accordance with the modalities of the sentence. With the “parts™ ready, the generator then
re-orders them based on the case relations existing between the sentence components, the
event, and the sentence modalities.

When all components have been generated and ordering has been completed, the
labels are removed and the tree is reduced to 2 list of words.

The final processing step involves inserting spaces between words, as well as
punctuation and symbols where appropriate, and capitalizing the first word of the sentence.
The final list includes all the characters which are converted 10 a string for output.

As can be seen in the final diagram, the output string is displayed on the screen for
the user if the original command was “wranslate.” or “translate(Filename).” or is recorded in
a pre-specified file on disk for possible post-editing, spell checking and formatting with 2
word-processor, if the original command was “2d(Filename).”. 2

25 See pages6and 7.
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SL AND 7L MONOLINGUAL DICTIONARIES

The monolingual French and English dictionaries provide grammatical and semantic
informatior. for individual words. The information in the dictionaries is in descriptive form
(i.e., not procedural) and is maintained separately from the rules goveming processing. If
a given lexical unit is polysyntactc or polysemantic?6 (e.g., sommes, faits), each
possibility is provided in the dictionary. It is up to the parser and case processor 1o
determine which is being used in the immediate context, in other words, which textual
meaning is to be chosen from the list of structural meanings.

The dictionaries’ entries as they exist at print-time of this document are listed in
Appendix 4. Note that this is a very dynamic part of Ordinotrad, as every use of the
system with the word-acquisition module enabled may lead to the creation of new entries,
depending on the input. There is no database management systcm available for the
dictionaries, though new entries can be created using the above-mentioned module built
into Ordinotrad (which ensures consistency of format and the correct number of
parentheses) or with a word-processor. Existing entries may be edited with a word-pro-
cessor, and any change is likely to affect resulting translations.

Entries may become very complex because verbs with more than one intensional
meaning require separate case frames for each meaning (cf. “servir” in the French
dictionary). Other syntactic types, such as nouns, adjectives, adverbs, and so forth require
much less complexity in their definition.

TRANSFER DICTIONARY

Entries in the transfer dictionary are basically pointers that link individual French
lexical units?? with a list of possible English lexical units. Any change in these entries will
affect output for two reasons. First, order within the transfer dictionary entries is
important, since the first equivalent encountered that meets the semantic requirements is the
one that is retained in the translation. Therefore, changing the order may affect the
translation. Second, the generation module of Ordinotrad does not start from a given
meaning and try to find a word that matches it. To control generation, Ordinotrad depends

26 Cf “structural meaning” in the glossary in Appendix 5.

21 Intbecmm:vusionofthcsyswn.luicnlminue.forallimmtsmdpmposs.mcmmaswrds.
Theclwmhdiaﬁmofwhuisampwdlsnlcxialunitbylhcsystﬂnistbccommsofzhcmfudicﬁmmy.
It is hoped that the transfer dictionary will ultimately coatam pointers from French idiomatic expressions 1o
equivalent English ones. In such cases, these expressions would be dealt with as lexiral units,



Chapter 1 — page 28

on the transfer dictionary to provide leads, i.c., possible SL-TL equivalents suggested by
the user when the dictionary entries were created 28

28 An intcresting prospesct would be 1o enable Ordinotrad to measure equivalence. It would then be less
dependent on the competence of the user teaching it new words. To create such a meta-system would necessarily
entail developing a detailed method for measuring equivalence, or at least setting up & scale of probabilities for
making educated guesses about equivalence.



Chapter 2
Case Grammar

OVERVIEW

Data structures are an integral part of a natural-language processing system,
particularly 2 machine-translation system, since they enable it to represent information
about the structure of a sentence and about its meaning. Several natural-language
processing systems use structures based on the principles of case grammar,! and there are
some instances of their use in existing machine-translation systems.2 As this work
proposes to enable a machine to translate by implementing case grammar principles. itis
appropriate at this point to give a clear description of them.

In this chapter we will briefly describe reasons for developments in case grammar,
taking into consideration historical and present-day linguistic motivations. Underlying all
these developments are two main elements of language: syntax and semantics. Their roles
in a case grammar will also be considered. The main part of the chapter is concerned with a
detailed description of case grammar, its component parts (case, case frame, case system),
relations between component parts, and relations between component parts and surface
SYNIactic structures.

A BRIEF HISTORY OF CASE GRAMMAR

Historically, ‘cases’ were first used in the study of classical languages with
reference to categories of nouns (nominative, genitive, dative, etc.). Itis only recently, in
the last twenty years, that ‘case” has been reconsidered as useful for descriptive generative
linguistics, but this time the meaning of the term has been broadened. Formerly restricted
to marphological surface analysis of categories of words, the term now encompasscs ‘decp
relations’ or relations among sentence components which mediate messages. As the
structure of these deep relations became better understood, there arose a set of principles
which helped to describe natural language in a structured fashion. This set of principles
has been given the name ‘Case Grammar.’

1 Bertram Bruce, “Case sysiems for natural language,” Artificial Intelligence 6 (1975): 345.

2 Harold J. Somers, “The need for MT-oriented versions of Case and Valency in MT.” Proceedings of
COLING 86. Bomn (1986): 118.

Chapter 2 — page 29



Chapter 2 — page 30

The evolution of ‘case’ and ‘case grammar® can perhaps be best traced by
considering the reasons why they first interested linguists. Historical motivations for
developing case grammar, not necessarily in chronological order, seem to include:
understanding the use, system or evolution of affixes; a search for linguistic universals;
and, above all, improvements to ransformational grammar.

HISTORICAL MOTIVATIONS FOR DEVELOPING CASE GRAMMAR

According 1o Filimore, the notion of case is traditionally reduced to studies of
semantic relationships within a sentence, to studies of dependency relations between
specific affixes and lexical-grammatical properties of neighbouring elements, or to
statements concerming morphophonemic realizations of syntactic relations.3 These areas of
interest provide several approaches to studying case as a morphological component of
words. There are those more wraditional studies which focus on the semantic use of
affixes, others focus on a particular system of such affixes for a given language, and 2 third
variety of study considers the evolution of cases or of particular case affixes. Fillmore also
indicated that generative grammarians had more recently introduced a variation on the
semantic uses of affixes, namely to consider affixes (which they called case markers) as a
surface structure reflex of various kinds of deep or surface-syntactic relations.? Itis in the
latter area and in that of the study of “formal and substantive syntactic universals™ that
Fillmore introduced his concept of case as a labeled relation.6

Notably, Fillmore's presentation of “The Case for Case™ was part of a conference
on the role of universals in linguistic theory. He hypothesized that the uses of cases were
comparable across languages, aithough he did note that case labels and case systems
themselves may be different from language to language.” Even so, other linguists have
reacted against the concept of structured language universals. Nida, for example, makes
the point that “constructing an elaborate set of rules for determining various sets and
degrees of correspondence between languages is possible, but such rules are not very

3 Charles J. Fillmore, “The Case for Case.” Universals in Linguistic Theory, Emmon Bach & Robert T.
Harms, eds, (New York: Holt, Rinchart and Winston, 1968) 2, 3.

4 Fillmore 5.
5 Fillmore 2.
6 This notion is discussed in detail 1ater in the chapter. For now, a case can be understood to be the label

given to a specific role played by some thing in & given Event, or, syntactically speaking. a label for the relation
held between the word group and the verb,

7 Fillmore 19.
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useful....”8 We note, however, that his argument is not against the existence of
universals® nor against the possibility of writing rules describing the realization of
universals, but against the usefulness of the rules, especially in translation, where
“success. ..depends ultimately more on zsthetic sensitivity than upon logical deduction.™?

Since the machine-translation system described herein does implement rules, one
general point needs to be made. As a translator, I agree with Nida that translation is a
complex linguistic, cultural and Zsthetic activity and is not strictly mechanical or rule-
govemned!! (when done by humans). Nonetheless, in any attempt 10 imitate the product of
human translation using a machine, the process is mechanical and must therefore be rule-
governed 1o a large extent. In this context we can find justification for researching
universals and case grammar rules, but in no way is it possible to force the results of this
research on human translation. If, in the course of research on machine translation, light is
shed on particular sequences of activities followed by human translators, so much the
better, but it is not necessarily so.

In addition to his search for linguistic universals, Fillmore also developed his “case
for case’ in the context of transformational grammar. Yet according to Anderson, case
grammars can be distinguished from previous transformational grammars in two respects.
in deep structure representations, semantic-relation labels are used instead of part-of-speech
labels; and the terms ‘subject’ and “‘object’ are used only in describing the surface structure
which is derived from deep structure.12 Because of these differences, case grammar
provided a means for introducing semantics into transformational grammar, which was
primarily syntactic up till then.13 It should be noted, however, that case grammar, as
developed by Fillmore, did not require explicit transformational links to a surface structure.
Tt was only later, under descriptive-linguistic motivation, that such links were deemed

8 Eugene A. Nids, “Barricrs and Bridges in Translating.™ Building Bridges. Procecdings of the 27th
Annual Conference of the American Translators Association, October 1986, Karl Kummer, ed. {Mcdlord, N.J.2
Leamed Infonmation, Inc., 1986) 12

9 Nida 10. Nida himself states in the same paper that cestain functions of language and rhetoric,
including formal and conccptual devices, arc universals cven thouzh thcy may not mcan the samc across
languages.

10 Nida12

11 Nida 12,

12 3hn M. Anderson. On Case Grammar: Prolegomena to a Theory of Grammatical Relations, Croom
Helm Linguistic Series (London: Croom Helm Lid; Atlantic Highlands, N.J.: Humanities Press, 1977) 188.

13 Walter Anthony Cook, Case Grammar: Development of the Matrix Model (1970-1978)
(Washington, D.C.: Georgetown University Press, 1979) 36.
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necessary in order to provide a means to explain the acceptability!* of the syntactic or
semantic coherence of a sentence.

LINGUISTIC MOTIVATIONS FOR CASE

Fillmore’s search for language universals was directed to the discovery of
underlying relations which determine syntactic and semantic relations at a surface level.15
Anderson makes the point more forcibly, claiming that a2 grammatical theory of case must at
the very least provide a clear explanation of the relationships between case relations and
case form (his terms for labeled deep-relationships and surface structure forms,
respectively).16 He even goes so far as to say that all discussion must focus on clarifying
the relationships between surface and deep structures.? A primary linguistic motivation
for developing case grammar then is not only to describe a surface structure in terms of 2
deep structure, but also to explain the determining relationships between them.

Two other linguistic reasons for developing case grammar are, according to Bruce,
to find a way 10 account for the relative acceptability of sentences and to explain how an
intelligent computer system might understand language by focussing on Events instead of
syntactic constructions.!® More precisely, the relative acceptability of sentences can be
determined through the use of case structures in conjunction with selection constraints: a
case structure dictates required and optional cases, and selection constraints place semantic
restrictions on the word groups which fit into each particular relationship.19

Another linguistic motivation for case grammar may be to analyze a sentence so as
to produce a structured representation of its syntactic components and the semantic relations
between them. The utility of this is evident in the context of machine translation which, by
the very nature of the computer, requires structured accounts of a sentence for the purposes
of processing it further.

14 15 this work, a sentence is deemed to achicve “acecptability® if it does not deviate from the norms of
acceptability in a particular linguistic system. I have borrowed this concept from Gideon Toury, “Translated
Literature: System, Norm, Performance,™ In Search of a Theory of Translation. Tel Aviv (1980): 48.49. Sccalso
Gideon Toury, “Interlanguage and its Manifestations,” Meta 242 (1979): 227. Whereas Toury applics the
concept of acccptability to texts as a whole within a literary/linguistic system, I apply it to individual sentences
(through analysis of sentence components) within a linguistic system.

15 Emmon Bach & Robert T. Harms, eds., Universals in Linguistic Theory (New York: Holt, Rinchart
and Winston, 1968) vii.

16 Anderson 11.

17 Angerson 11.

13 Bruce 329.

19 Bruce 329.
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That there are also broader linguistic motivations for developing case grammar is
apparent in the fact that case structures are in some way part of many theories of language
and cognition, such as Chomsky's current theory of language.

LEXICOGRAPHICAL MOTIVATIONS FOR CASE

As an extension of ‘measuring’ the acceptability of a sentence, cases by their nature
also provide a way of classifying sentence types and Events. Anderson finds that much of
the interest raised by case grammar is due to the way it classifies certain lexical information
and lexical items,2! i.e. by the way lexical sentence components fit into a certain structure
defined in terms of case combinations. For example, Events (verbs) can be sorted
according to whether or not they require an agent, and things (nouns) can be classified
according to whether or not they could fill the role of an agent. For his part, Fillmore finds
that case grammar provides a means for producing descriptions of “sentence types’ which
may even hold true across languages and that such descriptions, once organized, have the
effect of classifying the verbs of a language according to the sentence type in which they
may be used.22 Cook observes that no such classification of all the verbs of the English
language has been attermnpted, even though it appears to be feasible.2

It is interesting to note that Cook had stated in 1979 that case frames for verbs (a
concept explained in detzil below) could form part of lexical entries for verbs in a
linguistically sophisticated lexicon2 and that seven years later, Hirst emphasized “...the
need for information about case structures, case flags and semantic markers...” in
dictionaries in order for them to be complete and more useful to both human and
mechanical language users.25 It would seem then that by 1986 emphasis had shifted from
justifying case grammar to developing applications for it.

Another lexical motivation for developing case grammar is derived not from case
grammar itself, but from the possibility of doubling its ‘classificatory power’ by

20 Graeme Hirst, “Why dictionaries should list case structures,” Conference on Advances in Lexicology
(Univusiglof Waterloo, November 1986) 3.

24 Cook 48.

25 Hirst 1. Amdhgwmmqmsfmmwmgmmhfomﬁmindkﬁmuies
are: (1) NLP system developers need not duplicate efforts in creating Jexicons of case structures; (2) people,
second-lmguagelemsinpuﬁaﬂu.mlyﬁndtbeinfounnionuscful;md@)itwouldfom:linguis:smmmcnp

ﬁthagenanﬂympwd!hemyofmemdwithacompmhmsivcdscﬁpﬁcnol'uu:cassoragivmhnguagc.
Hirst 7, 8.
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elaborating bare case structures so as to include selection constraints. Using the example
given above as an illustration, Events could then be sorted according to whether or not they
require an agent and according to the type of thing which can play the role of the agent.
Even though the descriptions of Events in the dictionaries implemented in Ordinotrad have
this more elaborate structure, no attempt has been made to classify the Events (there simply
are not enough of them at this point to allow for drawing any tenable conclusions from
sorting them). Within a machine-translation context, such lexicographical developments in
case grammar—particularly case structures which include selection constraints—are of
great utility in sentence analysis, quite apart from the usefulness of classifying the words of
a given language for other purposes.

ARTIFICIAL INTELLIGENCE MOTIVATIONS FOR CASE

In order for artificial intelligence (AI) to begin to be implemented on a computer, the
computer has to know something and, therefore, have a facility for representing knowledge
internally. Representing knowledge requires a language tailored to both the computer and
the knowledge. Such languages, usually called knowledge representation languages, come
in many varieties, depending on the Al-system developers who design them to suit their
immediate purposes. Hirst, who argues for recognition of case structures by
lexicographers, as noted above, makes the generalization that case structures are
incorporated implicitly or explicitly in Al applications whose knowledge representation
language involves ‘frames with slots.’26  Typical Al applications are ‘expert systems’
which contain appropriate portions of the knowledge of human experts and apply them to
problem solving. Less typical Al applications are language-oriented systems, such as
translation, or natural-language querying of information contained in a database; these
systems contain portions of ‘linguistic knowledge’ and apply them to sentence analysis and
generation. In Ordinotrad, for example, ‘linguistic knowledge’ can be found in the
dictionaries, in the short databases contained in the various files (cf. the ‘letter’ database in
the Preprocessor file, or the ‘vb_ending’ database in the Morphological Analysis file in
Appendix 4), and in the dynamic case-based structures generated during processing.

Whereas both language-oriented and problem-solving applications can make use of
case structures, it would appear that such structures would be of more utility in processing
natural languages, i.e., in creating and testing hypotheses about the use and meaning of

26 Hirs 4,
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individual words, sentence components, sentence modalities, sentences as a whole, and so
forth. Hirst claims that “research in the last decade has shown the importance of case
structures in language understanding.... My own research has shown the importance of
case structures in resolving both word ambiguities and syntactic ambiguities.”? A similar
claim may be made for Ordinotrad, as resolution of semantic ambiguities depends on case
information, and resolution of syntactic ambiguities on a mixture of syntactic and case
information (e.g., the string le may be an article as in le bail, pronoun as in il me le donne,

or attribute as in je le suis, where attribute reflects a subjective completion in the surface
structure).

LINGUISTIC THEORY BEHIND CASE GRAMMAR

The processing of natural language by computer assumes that language as a system
provides a means for mediating messages, and that this system can be organized and
described: in other words, natural-language processing relies on a linguistic theory. The
linguistic theory on which case grammar rests has three significant characteristics: two
which Fillmore developed in detzil, and one mentioned by Fillmore but explained by other
linguists.

FILLMORE’S TWO ASSUMPTIONS

Fillmore bases his development of case grammar on two assumptions. His first
assumption is that syntax takes precedence over morphology.® He makes this assumption
not only to distinguish his work from research focussing on affixes and their use in surface
structures, but also because he believes that surface forms of words are derived from
syntactic concepts and not the other way around.2 Even though Fillmore’s assumption
implies that syntax is central to his study, Cook finds that his deep structures “...are
semantic in scope, and acquire syntactic structure through a core set of realization rules
which map deep structures into surface structures.”0

Fillmore's second key assumption is that covert categories are important.3! Covert
categories are, for Fillmore, “...those grammatical propertics lacking obvious *morphemic’

27 HirstS.

28 Filimore 3.
29 Eimore 3.
30 Cook 36.37.
31 Fillmore 3.
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realizations but having a reality that can be observed on the basis of selectional restraints
and transformational possibilities.”2 In other words, there are relationships in sentences
which are comprehended not visually or orally but in terms of the way the meaning of
sentence components affect each other in a sentence. He cites two sentences which, under
comparison, demonstrate a covert grammatical distinction:

1. John ruined the table.

2. John built the table.

In (1), the table receives the action and therefore exists prior to the action; in (2) the
table is the result of the action.?3 It may be inferred from this example that covert
categories34 are more closely related to the semantic properties of an action than to the
syntactic propertics of the individual sentence components. This does not, however,
diminish the importance of covert categories; in fact, Fillmore assumes their importance and
proceeds to characterize them as ‘case relationships.’

I am going to suggest that there are many semantically relevant syntactic relationships involving
nouns and the structures that contain them, that these relationships—Ilike those seen in [sentences]
1 and 2—are in large part covent but are nevertheless empirically discoverable, that they form a
specific finite set, and that obscrvations made about them will turn out 10 have considerable cross-
linguistic validity. I shall refer to these as *case” relationships.35

It can be noted that assumptions similar to those of Filimore have been used in
developing Ordinotrad. On the one hand, syntax is considered central to sentence analysis,
since the application of case labels depends on correct syntactic analysis. Syntactic
analysis, in turn, relies somewhat on morphology. Yet it is the semantic aspect of the case
grammar principles that ultimately provides direction for the generation module.
Furthermore, covert categories—as described above—are assumed essential to the
translation process within Ordinotrad. In fact, the finite (tentative) set of covert categories
(case relation labels) described below is assumed to be valid for both French and
English.36

32 Fillmore 3.
33 Fillmore 4.

34 In terms of the covert categories or casc labels used in this thesis, “the table® in the first scntence
plays the role of *affecied,” and in the second, the role of ‘result’

35 Fillmore 5.

36 This assumption is, of course, tested in every individual wanslation by the system. Testing the
applicability of the case set to other languages is, however, outside the scope of s thesis.
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DEEP STRUCTURE VERSUS SURFACE STRUCTURE

Another aspect of linguistics underlying case grammar, and one mentioned by
Fillmore, is the distinction between surface structure and deep structure and the
corresponding need to distinguish terms used to describe each of these two phenomona. In
the context of transformational grammar—which he was attempting to improve—Fillmore
questions the validity of using the labels ‘subject’ and ‘predicate’, typically used in
describing surface structures, to describe a division in the underlying form of all
sentences.37

Fillmore finds, on the one hand, that the notions ‘subject’ and ‘object’ do not have
a semantically constant value and, on the other, that if one surface sentence component
does evidence some semantically relevant relationship to another component or to the
sentence as a whole, this relationship could be expressed by means of another, more
precise label. As a result, he states that for purposes of case grammar, all semantically
relevant syntactic relationships between noun phrases and the sentences which contain them
must be described in terms of these more precise labels with the result that the concepts of
‘subject’ and ‘object” are relegated to surface structures only.38

The same surface-deep structure distinction is made by other linguists. Bruce, for
example, provides us with the term *surface case’ to describe word groupings in a realized
sentence: a surface case is a syntactic category for noun groups based on such things as
word endings, word order, and accompanying prepositions.3? One notable element of this
definition is the word ‘category,’ since it maintains the traditional notion of case as a
category. In order to describe deep structure, Bruce uses the term ‘deep case’ or simply
‘case’ (in opposition to ‘surface case”). His definition of ‘deep case,’ as we shall note
later, refers to a relation between the underlying roles played by sentence components. A
key word of this definition is ‘relation,” which, when compared with ‘category’ of surface
cases, helps clarify the distinction between deep and surface structures.

37 Filimore 17.

3% Fllmore 17. In terms of ransformational grammar, this choice also had the effect of eliminating the
vab-ph:ucmgorymdohddinganﬂe.orsysmofm!s.fordcmﬁnhgwhichmunwouldbeoomcthcdocp.
structure subject (NP1) in the twansformational grammar sense.

In developing Ordinotrad, I found that the notion “sentence™ 100 docs not have 2 constant value in terms
of an Event and its set of case relations. For example, a sentence may be 8 “compound scntence™ and have two
Events. In this thesis, therefore, I have chosen 1o use the concept of “proposilion”, where a proposition may be
comprised of any number or combination of independent, subordinate or ellipscd propositions, cach of them
having only one Event. Sce note 51.

39 Bruce 338.
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Bruce also finds a dependency relation between surface and deep structures, the
former being ‘epiphenomena of the deep cases,” their number and relationships to each
other being dependent on how they are derived from deep cases.*0 In other words, cases
or underlying relations require the surface forms of language to mediate them, and surface
structures themselves require these underlying relations to give them ‘shape.’

Larson offers another perspective on the difference between surface and deep
structures. She compares them respectively with *form’ and *meaning’, with ‘grammatcal,
lexical, and phonological structures” and ‘semantics,” arguing that analyzing only a surface
structure does not provide all the information that can be extracted from a sentence .4

It can be generally seen therefore that distinguishing between surface and deep
structures provides one way of understanding what constitutes a meaningful sentence and
becomes one of the starting points for developing a case grammar.

SOME PRINCIPLES OF CASE GRAMMAR

Up to this point, we have been following the linguists” usage of the terms ‘case,’
‘case structure,’” ‘case system’ and ‘case grammar’ in reference to deep structures and
relatons. Since the purpose of this thesis is to develop a machine-translation system based
on the principles of case grammar, it is appropriate that we ourselves define our terms,
beginning with the smallest unit, the “case.’

THE NOTION OF ‘CASE’

It is clear from the foregoing that Fillmore abandons the idea of case as an
expression in the form of an affix on a noun. However, Fillmore’s clearest statement on
what he means by the term is borrowed: “I shall adopt the usage first proposed...by Blake
(1930) of using the term case to identify the underlying syntactic-semantic relationship, and
the term case form 10 mean the expression of a case relatonship in a particular language—
whether through affixation, suppletion, use of clitic particles, or constraints on word
order."42

40 Bruce 337.

41 Mildred L. Larson, Meaning-based Translation: A Guide to Cross-Language Equivalence (Lanham,
New York & London: University Press of America, 1984) 26.

42 Fillmore 21. The reference to Blake is: Frank Blake, “A semantic analysis of case,” Curme volume
of linguistic studies, James Taft Hartfield, Wemer Leopold, & A. J. Fricdrich Zicgelschmid, eds. (Baltimore,
1930) 34-49. Idenucal with Language Monograph No. 7.
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As opposed to the traditional notion of case as an affix on nouns, which has been
mentioned above and which is duly mentioned by Bruce43 and Anderson,** present-day
users of cases (mostly in AI) have their own notion of what a case is. Bruce spends some
time describing and discounting several of their definitions, which all begin with “A case is
a property... [assigned, specified, distinguished, etc., in some way].” Bruce’s own notion
is: a case is a relation which is ‘important’ for an Event in the context in which it is
described.4> In the context of Bruce’s discussion, ‘important” should be understood as
‘necessary for the purposes of distinguishing this Event from others.’

Through his notion of case as relation, Bruce supplements the descriptive definition
provided by Fillmore: “by ‘labeled relation’ I mean the relation of an NP to a sentence, or

to a VP, which is mediated by a pseudocategory label such as Manner, Extent, Location,
Agent."#6 Bruce states:

A (deep) case is a binary relation which holds between a predicate (usually, but not necessarily,
realized as a verb) and once of its arguments. The motivation for decp cases is usually to provide a
better account of grammaticality. Thus the links to surface structurc nced to be explicit and
(usually) casily computable.47

From a terminological point of view, it seems unfortunate that the term “case” was chosen since the term
already had z historically grounded notion and reality to which it pointed. As such it is confusing unless the
distinction between surface and deep levels is clearly made and maintained. Fillmore does maisc the issue of
whether he is justified in using the term ‘case” for the kind of underlying syntactic-semantic relations that are
being described (Fillmore 19), yet he chooses to keep it on grounds which could actually support the use of a
different term.  He states:

It seems to me that if there arc recognizable intrascnience relationships of the types discussed in studics

of case systems (whether they are reflected in case affixes or not), that if these relationships can be

shownt 1o be comparable across langusges, and that if there is some prediclive or explanalory use to
which assumptions concerning the universality of these relations can be put, then surely there can be no
meaningful objection to using the word case, in a clearly understood deep-structure sense, o identify
these relationships. The dispute on the lerm case loses its foree in 2 linguistics which accepts the

centrality of syntax (Filimore 20).

43 Bruce 327, 328.

44 Angerson 9, 10.

45 Bruce 333-336

46 Fillmore 16.

47 Bruce 338. Bruce also mentions the notion of “conceptual casc™ which allows for the existence of a
case which need not be realized in a surface structure,

A conceptual case, like 2 decp case, is a binary relation which holds between a predicate and one of its

arguments. However, its existence is entirely independemt of surface structure consideralions. A

concepual case is postulated, not becausc it is apparent in surface language, but because it is a kind of

information about actions which people attempt to communicate (p. 338).

To illustrate, if conceptual cases were implemented in Ordinotrad, they would be used to define
“conceptua] casc frames™ for the primitive Events indicated in the ontology (Appendix 2). For example, a
conceptual casc frame could be defined for the semantic primitive “mental intcraction™ using conceptual case
1abels referring to some “thinker™ and some “subject matter.” With this type of case frame svailable, it would then
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For his part, Anderson takes the best of both worlds in choosing his terms. Like
Fillmore, he uses the term “case-form’ to cover any form at the surface level that serves 10
express or realize a ‘case-relation’ at a deeper level. The term ‘case-relation’ is a composite
of Fillmore’s ‘case’™8 and of Bruce’s ‘relation™#? and is simply a label he applies to the
semantic roles played by particular noun phrases in a sentence.’? Anderson is to be
commended for appending ‘form’ and ‘relation’ to the word ‘case,” since these make
explicit what the terms refer to.

For the purposes of this thesis, the following definition of case combines those of
Bruce and Fillmore:

a case is an underlying semantic-syntactic binary rclation holding between a predicate embodying
the event>! of a proposition®2 and one of its arguments (a sentence component with both a
syntactic and scmantic role).

In other words, ‘case’ is a label for the relation between two sentence components,
with one component always being the Verb and the other being a word group which plays a
role in relation to the verb (in terms of the deep structures used in Ordinotrad, the same
relation would be described as being between two proposition components, with one being
the Event and the other a word group). Despite its terminological shortcoming mentoned
above, the term ‘case’ will be used in this thesis, since it is the standard term, along with
‘case role,” ‘case relation,’ and ‘role.’

With this understanding of case as a relation, a choice has to be made of what labels
to apply. Fillmore determines his choice of labels (described in detail in the next section)
based on the way humans perceive the syntactic-semantic relations found among sentence
components:

The casc notions comprise a sct of universal, presumably innate, concepts which identify certain
types of judgements human beings are capable of making about the events that are going on

be theorctically unnccessary to define case frames for all Events (e.g., think, learn, analyze, eic.) which may have
been labelled with the “mental interaction™ semantic primitive.

50 Anderson 9.

51 Ordinotrad is not yet capable of handling coordinate or disjunctive instances of Events (e.g., John
designed and built the table.) However, cach independent, subordinate or ellipsed proposition is expected to have
only onc Event, although a sentence component (... & noun phrase) may itsel contain & relative proposition
which has its own Event. See the remarks in this regard in the *Parser® files listed in Appendix 4.

52 Scc page 60 for a discussion on the distinction between “proposition™ and “sentence.™
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around them, judgements about such matters as who did it, who it happened to, and what got
changed.53

The terms traditionally used by linguists to label these judgements usuaily refer to
roles, typically terms like ‘Agent’ for ‘who did it,” ‘Object” or *Affected’ or ‘Patient” for
‘who it happened to,” ‘Beneficiary’ or ‘Recipient’ for ‘who it happened for,” and so forth.
Establishing acceptable labels for these roles and finding the limit to their number is the
next problem. The labels prepared by the different case grammarians are grouped together
in lists called case lists, and these are examined below.

CASE LiISTS AND INDIVIDUAL CASES

A considerable number of case lists for English (applicable to other languages if the
cases are considered universal) have been proposed. Three criteria must be kept in mind
when evaluating lists of cases: the ‘acceptability’ of individual labels, the ‘adequacy’ of
individual labels, and the ‘exhaustivity’ of the list as a whole. The {irst criterion measures
the degree to which a label seems intuitively to reflect the human judgement being made,
the second requires that a label be univocal, and the third criterion requires one to ask if all
categories of these human judgements have been taken into account. However, given the
divergent, dynamic nature of language and the characteristic capriciousness of its users, it
would appear difficult to ensure exhaustivity.

Hirst illustrates some of the difficulties encountered in drawing up a case list,

especially if one tries o be too specific:

It has been a matter of some considerable debatc as to exactly what the cases of English are. On
the one hand, we sce many obvious regularitics. Many verbs clearly involve a cognitive AGENT
that performs an act, and a PATIENT on whom or which the act is performed. ... Other frequent
regularitics involve DESTINATION-LOCATION and SOQURCE-LOCATION ... and
EXCHANGE-ELEMENTS. ... But afier 2 while things start to get a lile murky, people’s
intuitions start 1o differ, and one cnds up inventing dubious cascs that scem unique to a particular
problematic verb...54
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As 2 first step in considering the case lists proposed to date, one can identify the
roles—however labeled—common to them all. Any such study should begin with a look at
the first and successive lists drawn up by Fillmore. In 1968 he found the following cases
were acceptable and adequate:

Agentive (A), the case of the typically animate perceived instigator of the action identified by the
verd.

Instrumenial (1), the case of the inanimate force or object causally involved in the action or state
identificd by the verb.

Dative (D), the case of the animate being affected by the state or action identified by the verb.
Factitive (F). the case of the object or being resulting from the action or state identified by the
verb, or understood as part of the meaning of the verb.

Locative (L), the casc which identifies the location or spatial oricntation of the state or action
identificd by the verb.

Objective (0), the scmantically most ncutral casc, the case of anything representable by a noun
whose role in the action or state identificd by the verb is identificd by the scmantic interpretation
of the verd itsell; conccivably the concept should be limited to things which are affected by the
action or statc identificd by the verb. The 1erm is not 10 be confused with the notion of direct
object, nor with the name of the surface case synonymous with accusative.5>

To illustrate these cases, we can take some of the examples provided by Fillmore in
A Case for Case and add a few others in order to cover every instance.

1. John ruined the table.
2. John built the table.
John opened the door.

4

John opened the door with the key.
. John opened the door for Mary.
The wind opened the door.

The door opened.
Open the door, please!

WO 0~ b

John opened a way into the next room.

55 Fillmore 24. 25.
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An Agentive, John, can be recognized in (1), (2). (3). (4). (5). and (9). An
Instrumental can be found in (4) and (6), ‘the key’ and ‘the wind’ respectively. 1n (5),
Mary fills the Dative roie. Sentence (9) illustrates both a Factitive, *a way,’ and a Locative,
‘into the next room.” Finally, an Objective can be noticed in all sentences with “the door.”
The distinction between Objective and Factitive is more evident in sentences (1) and (2)
respectively: ‘the table’ in (1) would be Objective, as it is affected by the action identified
by the verb, whereas ‘the table’ in (2) would be Factitive in that it resulted from the action
described by the verb.

The difficulty of constructing an exhaustive list of acceptable and adequate labels
can be seen in the fact that Fillmore’s successive lists (1970,36 197157) changed both in
labels and in number of labels. The notion of animate instigator remains the same but is
labeled as Agent in his last list. Instrumental is kept in the second list but becomes
Instrument in the third. The Dative of the first list is divided into Experiencer and
Benefactive in the second list, the former affected by the action of the verb and the latter
receiving it. In the third list, Benefactive becomes Counter-Agent, although Experiencer
remains the same. The Factitive of the first list is subsumed by Objective in the second list
and redefined as Resulr in the third (again in opposition to Object, now more broadly
defined as the entity that moves or changes or whose position or experience is in
consideration®8). In the second list, Locative is distinguished from Source and Goal,
allowing Locative to take a more peripheral role (i.c. part of the modality of a sentence). In
the third list, it is dropped altogether.

Furthermore, the number of cases in the lists varies between six, ten, and eight,
respectively. Entirely new additions in the second list are Time (the temporal orientation of
the action described by the verb) and Comitative (the accompaniment role). Notably they
are both dropped in the third, possibly becauss they, like Locative, are peripheral in nature.

Another type of case list, more abstract in its use of less intuitive labels, is offered
by Celce-Murcia: Causal Actant, Theme, Locus, Source, and Goal.5® Her Theme
corresponds with Fillmore’s Objective, her Causal Actant with his Agent and Instrument
together, and her Locus with his Locative.

56 Caok 18.
57 Bruce 339. Scc Table 1, page 47.
58 Bruce 339.
5% Bruce 340.
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A more sophisticated list was developed by Grimes for use as a basis for discourse
analysis. He groups ‘roles’ (deep cases) into sets which describe motion and position or
changes in state. The first set, called orientation roles, includes: Object, Source, Goal,
Range, and Vehicle; the second set, called process roles, includes: Patient, Material,
Result, and Referent. He also has three Agentive type roles—Agent, Instrument, Force—
and a Benefactive role. Despite the fact that he identifies so many cases, Grimes suggests
that the maximum number of role relations realized in any one instance of a surface
structure sentence is eight.80

With such variations in numbers of cases in lists, it may seem a hopeless endeavour
to come up with an exhaustive list. The lists described so far were based on what the
linguists thought a priori would be required to describe a sentence. However, Cook took a
different approach, preferring to start with a corpus from which za list of cases would be
induced.

In a recent analysis of a running text in English which cxamined a story by Emest Hemingway,
the first 300 clauses (simple sentences) yielded 100 verbs but less than a dozen case frames, These
casc frames were made up of the propositional cases such as Agent, Experiencer, Benefactive,
Objcctive, and Locative. A scrics of modal cases also occurred, including Locative, Time, Manner,
Causc, Purposc, and Accompaniment.S1

The interesting part of his analysis is that even though he finds the usual labels
acceptable, he has 10 add a few cases to account for what was in the text. We note, for
example, that a distinction has to be made between Experiencer and Benefactive (as
Fillmore did in his second and third lists), two cases which are usually lumped together
under Dative. He also has two Locatives, one which is central and another which is
peripheral. Cause and Purpose are also new introductions, whereas his Accompaniment
would be the same as Fillmore’s Comitative.

The same approach, i.e., scarching for a more comprehensive case list through a
detailed analysis of a large sample of English sentences, was taken by Sparck Jones and
Boguraev.52 Paralleling the criteria of acoeptability and adequacy, they state:

60 Bruce 341.
61 Cook 48.

62 Karen Sparck Jones & Branimir K. Boguracv, “A Notc on a Study of Cases,” Computational
Linguistics, 13 (1987% 65.
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Our study was inicnded 10 establish both the justification for cach case relation individually, by
reference to a range of sentences, and the plausibility of the set of relations as a whole, by reference
10 a complete set of sentences. 83

The result of their investigative study was a set of 28 cases® which. like Cook’s
list, maintains several of the usual labels, while adding many more—primarily by splitting
up some of the usual labels into more specific ones (¢.g., Time becomes: After, Before,
Time-iocatior, and Time-span). We note with interest that they have not provided a label
for the concept of product or result, a concept which is not really covered by either of their
Mental-object or Object labels as they describe them (see table below).

Sparck Jones and Boguraev also provide labels for relations which may hold
between nominals (Arzribute, Comparison, Possessed-by, Reason, and State) and not
necessarily between a word group and its predicate. Comparison, Possessed-by, and
Reason cannot form part of a case-frame for an Event since they do not assist in
distinguishing Events, but simply account for relationships within 2 word group which,
taken as a whole, has a relationship with the Event embodied by the predicate. In
comparison, the Antribute and State cases account for relations between word groups
(usually adjectival groups which either rename or modify 2 nominal), but may do so with
or without the use of a linking verb.65 In the system described in this thesis, these inter-
nominal case relations are not implemented, though it would be possible to incorporate
them in the analysis, transfer and generation of noun phrases if more semantic control of
these processes proves necessary.

Cook also clearly stated that each case notion must be univocal and not ‘analogous,’
i.e., with complementary underlying notions which can be distinguished from onc another.
He gives the example of the analogous notion of Instrument which, “...in conjunction with
an animate Agent, means ‘a physical cause which comes in contact with an object’, but
with psychological verbs....is ‘the stimulus inducing a psychological event.”% He adds
that it may be possible to keep the same label, but then each variation of itin a particular

63 Sparck Jones & Boguracy 65.

64 Sparck Jones & Boguraev 66-67.

65 ThkmnglymncBLcm‘s‘mFoposiﬁou'whkhhsmmmcmpkmdwmm
Moreuhansﬁvehhuwﬂyﬁsmmsmm&&w.mwsmﬂcmrdﬁmhdm;
naming, ownership, location, classification, substance, partitive, depiction, identification, description, kinship
role, social role, containership, existence, ambience, and time. Larson 194, 215. Al} thesc subiletics are not
mmmhm@mm@mmum&mmgmpmmg”w-m'wam
betwembcblwdzquc“ ¢que xnd its head noun gamme in une gamme compléte de bibliothéques).

Cook 19.
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context would have to be defineds” and kept in mind when the label is being used. So it
would appear less confusing 10 use different Iabels.

The concept behind each label is not always the same from linguist to linguist,
although there is 2 good deal of overlapping. It may be helpful at this point to tabulate the
various case lists mentioned so far, including the lists provided by Larson and Sparck
Jones & Boguraev which will be used as a basis for the case list 1o be used in this thesis.
in the following table, each row contains labels for quasi-synonymous roles. The arrow
(1) indicates that the notion of that row is subsumed by the label above it within that
author’s iist.

67 Cook 27.
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TABLE 1
COMPARISON OF CASE LISTS
Sparck Jones
Fillmore Fillmore Fillmore Celce Grimes Cook Larson & Boguracy
1968 1970 1971 1972 1972 1978 1984 1937%%*
Causal.
Agentive Agenltive Acgent Actant Agent Agent Agent Avent
Instumental | Instrumental | Instrument f Instrument Instrument | Instrument
Dative Benefactive CounuAng Bencfactive | Benefactive | Beneficiary | Recipient
Experiencer | Expenience Patient Experiencer |  Affected Subject
Objective | Objective Object Theme Object Objective L Mental-object
Material Obiject
Factitive Result Resul Resultant
Source Source Source Source Locative*® ] Abstract-
source
Source
Goal Goal Goal Goal L Goal Goal
Activity
Destination
Locative Locative Locus Range Locative* Location Absuract-
location
Location
Time Time Time After
Before
Time-location
Time-span
Comitative Accompani- | Accompani- | Acompani-
ment ment ment
Vehicle
Referent Direction
Force Cause Causer Force
Manner Mam& Manner
Purposc Abstract-
destination
Measure Quantity

another.

'mmmmumsawhoxe.mdbmmpaipbuﬂwuwcxsu'impomm‘to.vub,i.c.

needed to distingnish one Event from
w» This Locative combines the spatial source
wse The list drawn up by Sparck Jomes & Boguraev contains other (inter-

and goal of the Event described by the verb.
nominal) case labels without

‘cquivalents® in the other listss Arribute, Comparison, Possessed-by, Reason, and State.
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One further point needs 1o be inroduced here before we list and define the cases
used in this thesis, namely the distinction between central and peripheral cases. In his
analysis of labels, Cook finds that some cases are central to a description of relations
between sentence components and Events (he uses the terms ‘nuclear’ and ‘diagnostic’ to
describe them). These are: Agent, Event, Instrument, Object, Source, and Goal. He finds
other cases, such as Locative, Time, Comitative, and Benefactive, to be peripheral to the
analysis of a sentence, for they add only “circumstantial detail of the verbal action.”®3 The
latter list, the peripheral cases, could be considered as part of the modality of a sentence,°
in that they add to the meaning of the independent (main) proposition as a whole.70 In
terms of traditonal French syntax, they are essentially circonstancielles: “Les propositions
circonstancielles marquent les circonstances de temps, de lieu, de cause, de but, de
conséquence, d’opposition (ou de concession), de condition, de comparaison.””! These
cases are not ‘important’ in that they do not lend themselves to being used as a means for
classifving sentence types or verbs. In Table 1, all the cases listed from the Locative row
and down could be considered as peripheral cases.

The list of cases used in this thesis is based for the most part on Larson’s (1984)
list,72 which appears to be the most suitable for our purposes for two reasons: (1) her
work being relatively recent, she has been able to make use of all the preceding research on
cases and to weigh the advantages and disadvantages of each notion and term; and (2) as a
translator and linguist working in a multilingual situation, she has found justification for the
quasi-universality of case notions across languages.

In the following definitions for the case labels used in Ordinotrad, each label is
described in termns of something which is capable of playing the role identified by the label.
No effort is made at this point to specify what kind of thing (or nominalized Event) could
fill a role (e.g., to say that an Agent must be a human). Such specificity depends on the
individual frame for particular Events where semantic constraints are placed on each role.

70 In Ordinotrad, the modalities of & sentence are imited to its tense, mood, voice, attitude (aflumative,
negative, doubt), and form (declarative, interrogative, imperative). As such they cannot be considered cases, for
they do not describc any semantic relationships within 2 sentence. Cases are identified as cither cenwal or
peripheral, and central cases may be either required or optional, depending on the particular Event. Peripheral
cascs are always considered optional.

71 Maurice Grevisse, Le Bont Usage, 11th od. (Paris: Duculot, 19803 1332,

72 Larson 199-204.
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TABLE 2
CASE LIST USED IN ORDINOTRAD

Central Roles
The first part of the case list used in Ordinotrad consists of labels for roles
important to the Event in 2 proposidon.

The Agent is something which does an action described by an Event; that s, the
doer.

The Instrument is something used to carry out an action described by an Event.

The Beneficiary is something that is advantaged or disadvantaged by an action or
state described by an Event.

The Affected is something that undergoes, is affected by, or experiences an action
described by an Event.7® It may also be something that is renamed or
modified by the Atribute of a state described by an Event.?

The Resulr is something which is produced by an action described by an Event.

The Source is something considered as the place where an Agent begins an action
described by an Event or something considered as the place from which an
Affected moves or is moved.

The Destination is something considered as the place where an Agent concludes an
action described by an Event or something considered as the place to which
an Affected moves or is moved.

73 When an action described by an Event is a “mental”™ or “emotional™ interaction (sec the taxonomy in
Appendix 2), the “Affected”™ msy be something perceived as the focus or target of such action. Since it is proving
intuitively awkward to apply the “Affected” label where there is no change, future developments in Ordinotrad
should include 2 new case relation called “Concept” which would be something that is perceived as the focus or
target of xn interaction descyibed by an Event (e.g. constater, prier). This would also require reconstructing the
taxcnomical divisions of “Event™ into “stale,” “action.” and “interaction™ and deleting the node “physical
interaction.”

74 For the purposes of programming Ordinotrad, an “Event” is considered 1o be cither a siaic or non-
state, despite the apparent contradiction in terms found in “stative Eveat.” See the taxonomy in Appendix 2.
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The Amribute is something which renames or modifies the Affected of a state
described by an Event.’>

Peripheral Roles

The second part of the list consists of labels for underlying relations between
sentence components and the sentence as a whole. They do not have a specific role in
relation to the Event indicated in a sentence but affect how the overall Event and filled case-
roles are perceived.

Location identifies the spatial placement of an action or state described by an Event.

Time identifies the temporal placement of an action or state described by an Event.
It indicates when an action began or ended, its point in time, or its duraton.

Manner is the qualification of the way an action described by an Event was, is
being, or will be accomplished.

Cause is something which instigates an action described by an Event but does not
do it, an action to be done, or something which is perceived as the end 10
which an action is directed.”®

It may be noticed in the above list that the Subject mentioned by Sparck Jones &
Boguraev has been subsumed by Affected since this role in a “state’ situation (i.e., where
the Event is a linking verb only) adequately covers Subject and since we wish to keep terms
used to describe surface structure categories separate from those used to describe deep
structure relations.

The Source and Destination case replace Larson’s Location, which is considered
peripheral. Even though Larson considers Location as ‘important,’ i.e. useful in a case
frame for distinguishing Events, she does add that Location may be further subdivided into
source location, destination location, and ‘location at which an Event is occurring.”” What
we have done is taken two aspects of her Location which may help describe the meaning of

75 An Atzribute therefore requires the existence of an Affected.
76 =Aim™ or “Purposc™ would also be applicable labels, however 1 prefer “Cause™ as 2 label since it
scems intuitively 10 be on the same lexical level as the space, time, and manner coordinates.
Larson 202.
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an action and given them central roles, calling her ‘source location’ Source and her
‘destination location’ Destination.

For example, the action of the verb move requires the semantic roles ‘from
someplace” and ‘to someplace,” i.e. Source and Destination for its *transfer’ meaning.”® In
comparison, the action of the verb obrain only allows for a Source role. For both verbs,
however, where the action occurs cannot be tied in with the meaning of the verb—the
action as a whole could occur by a house, on a boat, in space, and so forth. The Location
role, therefore, adds to the meaning of the sentence as a whole, and not specifically to the
meaning of the verb.

It can also be noticed from the chart that neither Larson nor I have kept the Object or
Objective notion. I have dropped it for two reasons: first, Beneficiary, Affected, and
Result adequately cover (and disambiguate) the notion of Object as defined in Fillmore
(1968); and second, so that there is again no possibility of confusing Object with the same
term used in describing surface structures.

The following examples taken from the corpus of French seatences used in
developing Ordinotrad illustrate some of the above roles.

1. Nous vous remercions de votre lettre.

Event: remercier
Agent: nous
Beneficiary: vous
Cause: de votre lettre
2. Nous sommes heureux de vous adresser la documentation
demandée.
Event : étre
Affected: nous
Attribute: heureux
Cause: de vous adresser la documentation demandée

3. de vous adresser la documentation demandée’?

Event: adresser
Beneficiary: vous
Affected: la documentation demandée

78 Note that each iniensional meaning of s Event requires its own casc frame, which may or may not be
identical to those of other meanings. See, for example, the case frames provided for “servir™ in the French
dictionary listed in Appendix 4.

79 This example is amalyzed as an embedded subordinate proposition (particularly an “Event
proposiﬁon‘sdcﬁnedinthc‘?m-cvm"ﬁlcinﬁuppmdixﬂ. 1t is clear from this example that the rules for
analyzing the case structures of propositions are recursive.
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En parcourant les dépliants ci-joints, vous constaterez
que nous fabriguons une gamme compléte de bibliothéques
et rayonnages.

Event: constater

Agent: vous

Affected: que nous fabriguons une gamme complete de
bibliothéques et rayonnages®f?

Manner: en parcourant les dépliants ci-joints

Nous fabriquons une gamme compléte de bibliothéques et

rayonnages.

Event: fabriquer

Agent: nous

Result: une gamme compléte de bibliothégues et
rayonnages

en parcourant les dépliants ci-joints
Event: parc¢ourir
Affected: les dépliants ci-joints

Il vous sera donc facile de choisir un modéle en
fonction de vos besoins.

Event: étre

Affected: de cheoisir un modéle en fonction de vos
besoins

Attribute: facile

Beneficiary: vous

de choisir un modéle en fonction de vos besoins

Event: choisir
Affected: un modeéle
Manner: en fonction de vos besoins

Tous les modéles illustrés sont livrables dans un délai
de huit jours.

Event: étre

Affected: tous les modéles

Attribute: livrables

Time: dans un délai de huit jours

Nous assurons nous-mémes le transport et l’installation.
Event: assurer

Agent: nous nous-mémess!

Affected: le transport et l’installation

80 Note that “constater™ is considered to be 2 “mental™ type of action. The “Affected™ in this case is

what is perceived 1o be the target of “constater.™ (See note 73).

81 “Nous-mémes™ is parsed as a right dislocarion of an adjective modifiying the head nou “nous”™ and is

therefore considered as part of the noun phrase filling the “Agent”™ requirement. The rules defining such right
dislocations appesr (o be based more on the expected translation than on the cognitive structures underlying the
French construction. This is one instance of “English™ interference discussed in Chapter 5.
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11. Nous sommes ainsi en mesure de vous garantir une entiere

satisfaction.
Event: étre
Affected: nous
Attribute: en mesure de vous garantir une entiére
satisfaction
Manner: ainsi
12. (en mesure) de vous garantir une entiére satisfaction
Event: garantir
Beneficiary: vous
Affected: une entiére satisfaction

On the assumption that the above case list is both acceptable and adequate in terms
of the number of cases, the next important case grammar principle to consider is the *case
frame,’ which makes direct use of cases and the relations between them. It will then be
possible to see how case grammar provides 2 means for accounting for grammatical and
semantic clements of sentences.

CASE FRAMES

Given a list of cases in which each case is a label for the relation between an Event
and a sentence component, it is possible to describe every proposition (made up of an
Event and the sentence components in relation 1o it) in a sentence in terms of a case frame.
For the moment, however, the formation of a ‘case frame,” its notation and its use need to
be described. It should be noted that some authors use the term ‘case structure’ for the
same notion.

Simply put, a case frame lists all the cases which must or can be used in relation
with a given Event. When applied to a sentence, one finds that the Event is typically
expressed by the main verb of the sentence. The case-roles, in turn, are expressed by noun
phrases, prepositional phrases, embedded sentences, and so forth. The notation used
below to describe a case frame is essentially the same as the notation used in the
dictionaries in Ordinotrad. This notation is adapted from that of Fillmore and Anderson.

Case Frame for Underlying Relations
Event [case,, case,, casej;, .., Case,]
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Corresponding Surface Structure
verb [sentence component., sentence components,

sentence component., .., sentence component,]’?

Comparing the above generic case frame and its corresponding surface structure,
we note that the Event slot is filled with the verb, and that each case slot is filled with the
comresponding sentence component®  In order to discover a case frame for a given Event,
we must analyze sentences whose verbs embody the Event.84 To illustrate, we can
consider various sentences in which the verb ‘open’ is the main verb and try 1o establish an
appropriate case frame:

Surface Structure

John opened the door.
Filled Case Frame

open [John, the door]
Possikle Case Frame for ‘open’

open [agent, affected]

Surface Structure

John opered the door with the key.
Filled Case Frame

open [John, the door, with the keyl
Possible Case Frame for ‘open’

open [agent, affected, instrument]

Surface Structure

John opened the door for Mary.

82 The numbers in this notation do not imply that there is onc-to-one correspondence, even though the
order of the cases in the frame is deemed important.

83 Note that the order of case labels in the frame is important: the arrangement of easc labels will affect
the labeling of scnience components, as the case processor in Ordiontorad secks to salisfy their requirements in 2
left-to-right manner.

8 The word-acquisition module of Ordinotrad docs not use this inductive approach but relies on the
intuition of the user to identify the required and optional case labels for a given Event. It is assumed that the user
carrics out the appropriatc analyses mentally while informing Ordinctrad about case frames. In any event. the
dictionarics are subject © subsequent verification and change.
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Filled Case Frame
open [John, the door, for Maryl
Possible Case Frame for ‘open’

open [agent, affected, beneficiary]

Surface Structure

The wind opened the door.
Filled Case Frame

open [the wind, the door]
Possible Case Frame for ‘open’

open [instrument, affected]

Surface Structure
The door opened.

Filled Case Frame
open [the door]

Possible Case Frame for ‘open’
open [affected]

Since the meaning of ‘open’ is the same in all six sentences, we can ‘add up’ the
case frames to find that the general case frame is:

open [agent-optional, affected-required, beneficiary~-
optional, instrument-optional]?®®

A case role is optional if an undersiandable, grammatical sentence can be found
with that particular case slot filled and if another sensible sentence can also be found with

85 ¢f, Fillmore 27.

It can be argued that the prepositions “with™ and “for™ in the second and third examples used to produce
this case frame do not belong within the slots, as they are only markers. I have left them in simply to streamline
the explanation. The reader will note that case frames in the dictionarics (sce Appendix 4) include recommended
prepositions for each case, although they are there only for the sake of sentence generation. If prepositions were
lobcsepanmdﬁvmw:lexicﬂmamixlmﬁngthcascrolebmsﬁllshownmbcinrclaﬁonmthccascrole.wc
could arrive at the following gener.l case frame for “open™

open [agent-optional-nil, affected-required-nil, beneficiary-optional-for, instrument-optional.with]
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that case slot empty. A case role is required if thar particular slot must be filled for the
sentence to be meaningful. Considering the above example, it would appear that ‘open’
always takes an Affected and untl shown otherwise, we will consider this case to be
‘required.” Where a particular case role is not indicated in the frame as either required or
optional, that role is deemed to be disallowed. In view of this, our case frame for ‘open’
may be incomplete, as the corpus of sentences on which the case frame is based is quite
limited, yet for the given corpus of sentences it is complete.

In light of the foregoing, we could borrow Bruce’s definidon of ‘case frame’ (he
uses the term ‘case structure’): The case structure for a predicate (what we call an Event) is
the set of cases allowed for that predicate. Usually the cases are marked in the frame as
being cither optional or required in the surface structure realization.36

With this definition of case frame in mind, it is possible to describe some
characteristics of case frames, beginning with their classificatory power. If we were to
replace the verb ‘open’ in the above frame with the variable ‘Verb,” we would have a case
frame which may be suitable for many verbs.

Verb [agent-optional, affected-required, beneficiary-
optional, instrument-optional]

It would appear that verbs like ‘break,” “hit,” ‘burn,” ‘turn,” ‘move,” and ‘rotate,’
among others, would fit into this frame (taking into account only one structural meaning for
each), yet for some of them, it would be incomplete. The verb ‘move,” for example,
would call for an optional Source and Destination. Fillmore finds that case frames with
their particular pattern of cases contain abbreviated statermnents called ‘frame features™ which
“indicate the set of case frames into which the given verbs may be inserted. These frame
features have the effect of imposing a classification on the verbs of a language.”87

As mentioned above (pages 33, 34), this classificatory power could be increased
through the addition of specific selection constraints to each case role in a frame. In
Ordinotrad, the choice of constraints is important since they must be consistent with its
understanding of things. This ‘understanding of things’ is contained in the commonsense
inferences it makes about things (see the Taxonomy in Appendix 2 or its implementation in
the Appendix 4). For example, we may stipalate that the thing which may be an agent for

36 Bruce 338,
87 Fillmore 27.
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‘open’ must be sentient (one of the classes of things identified in the taxonomy). This
would allow both humans and animals to be agents, but not winds and bombs, since
Ordinotrad is able to infer that humans and animals hold membership in the class of sentient
things, and that winds and bombs do not. One possibility for the frame for “open” would
then be:

open [ agent - optional - sentient,
affected - required - non_living_thing,
beneficiary - optional - sentient,

instrument - coptional - physical_thing]

This stricter formulation of case frames could also lend itself to identifying
personification, figures of speech, and so forth. Where the sentence components of a
metaphorical sentence do not match the case roles required for the verb in that sentence, the
components that do not ‘fit’ could be assigned to certain roles following 2 predetermined
order of preference. It would have to be assumed. of course, that the sentence is
semantically acceptable. For example, if a case frame could not be directly applied to a
sentence, a rule could be made to the effect that if a sentence is an affirmative statement, the
first word grouping (generally the surface subject) is to be assigned to the first required
case-role, the second group to the second role, and so forth. If there are not enough
sentence components to fill all the case-roles, the slots could be filled with an ‘understood”
label (or inferred from context). Personification would then be inferred where the semantic
requirement was ‘sentient” and the filler is a ‘non_living_thing’; and figures of speech
where an expected Event-Agent-Affected pattern is switched around. Despite this potential
of case grammar, it is not implemented in Ordinotrad, as it goes well beyond the scope of
this work.

A second characteristic of case frames is the dominance of the Event; therefore, it
needs to be made clear what may be considered an ‘Event.” According to the
commonsense understanding of the world used in Ordinotrad (see the taxonomy depicted in
Appendix 2), an Event can be a stative or nonstative Event. In comparison, Bruce treats
‘Event’ only as nonstative, but adds that special types of artificial Events could be
introduced: “...events are of fundamental importance and it is often useful to see both
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objects and state descriptions as special types of events.”S8 Larson, for her part, restricts
‘Event’ to any verb that is not stative, and thus distinguishes between “state propositions’
and ‘Event propositions.” She does not have one term to subsume the notons of both state
and Event.

For the purposes of Ordinotrad, an Event will be understood as a concept which
subdivides into stative Events and nonstative Events, the former being the category of
linking verbs which describe states (to be, to feel (good), etc.) and the latter icing action
oriented. In contrast to Larson, therefore, we have the possibility of Event propositions
which include both state and non-state propositions, and non-Event propositions where
there is no Event (gencrally no verb) and where a nominal is central. Examples of the non-
Event propositions abound in business and administrative correspondence: company
names, addresses, dates, salutations, and so forth. In Ordinotrad, such non-Event
propositions are labelled ‘mentions’ (see the Parser file) and are processed on a syntactic
basis only, since they do not contain an Event for controlling case analysis.

A third characteristic of case frames, described by Hirst, revolves around the
relationships between case frames and reality: “cases reflect the structure of reality in that
the relationship between the verb and its cases depends on the action described by the verb
and the roles that occur in that action.”®® Therefore, cases are proven ‘correct’ only in
reference to reality: “case structures are constrained by reality; a verb cannot take a case
inappropriate to its meaning.”%0

Insofar as case structures reflect reality and are constrained by reality, Hirst also
finds what could be considered a fourth characteristic of case structures, namely that they
are both semantic and syntactic.9! With regard to the above case frame for ‘open,’ the
frame was determined only from consistent uses of a particular sense of the verb and not
from its uses in all its possible senses. In Ordinotrad, this semantic characteristic of case
frames is reflected in the fact that a separate case frame is required for each structural
meaning of a verb (see the comments in the word-acquisition module in Appendix 4 and the
descriptions of data structures in Chapter 4). Furthermore, “case structures interact with
and influence the syntactic form of sentences.”™2 As briefly noted above, if a prepositional
phrase in the surface structure begins with *for,” we could test to see if the following noun

8 Bruce 331.

89 Hirs1 4,

90 Hirst 4. Metaphors, as described above, would be the exception.
9 Hirsta,

92 Hirut 4.
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phrase would satisfy the Beneficiary or Purpose slot. Going in the opposite direction,
from deep to surface structure, i.c. in generating a sentence, the syntactic form of a
Beneficiary may require the preposition ‘for,” depending on the case frame. In addition,
case frames are based on syntax because the Event is generally expressed by a verb and the
roles by word groupings (generally noun phrases, with or without prepositions).

THE SENTENCE IN CASE GRAMMAR

According to the way we have defined it so far, case grammar can be applied only
1o the sentence as linguistic unit and, with limitations, to noun phrases. Noun phrases are
treated in terms of their relationship to the verb; nouns within a noun phrase are treated in
relation to the head noun. Since the maximum scope of 2 case frame is the sentence, it is
appropriate 10 understand how the sentence is treated in case grammar. Fillmore states:

The sentence in its basic structure consists of a verb and one or more noun phrases, cach associated
with the verb in a particular case relationship. The “explanatory” use of this framework resides in
the necessary claim that, although there can be compound instances of a single case (through noun
phrasc conjunction), cach case relationship occurs only once in a simpic sentence.”3

The last point, that each case relationship occurs only once in a sentence, is
reflected in the non-repetition of cases in the same case frame. The parser allows for
compound noun phrases, but the case processor treats them as a unit.

To be more precise or more structured, Fillmore further refines the way a sentence
is viewed within case grammar:

In the basic structure of seniences, then, we find what might be called the “proposition® (P), a
1enseless set of relationships involving verbs and nouns (and cmbedded sentences, if these are any),
separated from what might be called the *modality” (M) constituent. This latter will include such
modalitics on the sentence-as-a-wholc as negation, tense, mood, and aspect. The exact nature of
the modality constituent may be ignored foc our purpascs. It is likely, however, that certain
*cascs” will be directly related 10 the modality constitucat as others are related 1o the proposition
itself, as for example certain temporal adverbs. >

93 Fillmore 21.
94 Fillmore 23.
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The first grammar rule that Fillmore provides therefore is that a sentence is
composed of 2 modality plus a proposition, abbreviated 1o:

S => M+ p¥»

Althcugh case grammar rightly focuses on the propositional part of a sentence, 2
few things need 1o be stated with regard to the importance of 2 senience’s modality,
Fillmore notwithstanding. Cook simply states that modality has to be brought back into the
overall case grammar picture.% For Larson. a proposition achieves referential meaning
only when its ‘illocutionary force® (the ‘form’ modality in Ordinotrad, i.e., whether 2
sentence is declarative, interrogative or imperative) is added: i.e., communicated is
hampered if the receiver of a proposition does not perceive any signal that the proposition is
embodied in a statement, question or command .97 Newmark, another translator, states
*‘philosophers often point out that a communicative act consists of a modality plus a
proposition, and the essence is in the proposition.... To a translator, ...the modality is
more important than the proposition.”™8 It may be pointless to consider whether modality
is more important than the proposition, but if natural language processing, including
machine translation, is 10 succeed, there must be a means for taking into account both the
propositional meaning of a sentence and its modality. In Ordinotrad, the modalities of a
sentence are considered to be: tense, mood, voice, attitude (affirmative, negative, doubt),
and illocutionary form (declarative, interrogative, imperadve). As these modalities do not
reflect relationships within a proposition but characterize the surface sentence as a whole,
they are separated from the propositional components of the sentence before case analysis
is carried out.

Casc grammar therefore focuses on the proposition of a sentence, in particular on
describing its underlying structure. If we consider Larson’s view of the proposition, we
find that she does not ireat the verb as the orly possible central element: “A proposition is
a...semantic unit consisting of concepts, one of which is central and the others directly

95 Fillmore 23, 24. “The arrow notation...should not to be interpreted as meaning that the proposal for
case grammar requires an assumption of a lefi-to-right orientation of the constituent symbols of the rewriting
rules.” (24)

96 Cook 27.

57 Larson 196.

98 Peter Newmark, Approaches to Translation (Oxford: Pergamon Press, 1982) 103.
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related to the central concept.™9 If it happens that an Event is the central ¢lement, she
considers the whole proposition to be an Event proposition; if the focus is on a thing or on
an attribute, it is a state proposition.!®® Her reasoning about propositions is consistent
with that of case grammar, and therefore requires us to account for her distinction. In this
thesis, we treat what she calls state propositions as Event propositions if they contain a
stative Event (i.e., a linking verb) and as mentions (noun phrases) if there is no Event.

Fillmore’s description of a proposition is as follows: “in their deep structure, the
propositional nucleus of sentences in all languages consists of a V [verb] and one or more
NP’s [noun phrases], each having a separate case relationship 1o the P [proposition].”101
The rule for the expansion of the proposition, Fillmore™s second rule,192 then is:

P=V+C +C2+ . . .+ Cph (where each C is a noun

in a case relationship)

Despite Fillmore's statement that the proposition consists of a verb and one or more
noun phrases, he does not equate noun phrases with cases. He notices that some noun
phrases have prepositions to suggest the case, whereas others do not. He therefore adds a
third rule whereby the case consists of a Kasus (K) plus a noun phrase, where the K may
be zero or a preposition,193 or affixes in more inflected languages.

C = K + NP

If a sentence (S) is embedded within a noun phrase, as may happen with a relative
clause, Fillmore provides a fourth rule to allow a noun to be modificd by such an
embedded sentence (itself divisible into modality plus proposition, and so on).104

NP = N(S)

99 Larson 189.

100 | 4rson 191. Larson’s state propositions may contain linking verbs.
101 Eiimore 51, 52

102 Einimore 24.

103 Eifimore 33.

104 Emmore 49.
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The relationship between all four grammar rules can be seen in Diagram 1. The
vertical dotted lines would terminate with the lexical items found in the surface structure,
with the possible exception of that leading from M, since some elements of modality do not
have morphological representation in the surface structure but are inferred from synuactic
arrarigements (¢.g. the imperative mood in English). More concrete examples are provided
in Appendix 3 (see the material following “RESULTS OF CASE PROCESSING™).

DIAGRAM 1
TREE SHOWING RELATIONSHIP
OF FILLMORE’S GRAMMAR RULES

7§
Moda}ities Pr?ition\
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According to Simmons, it is possible to elaborate on the definition of a noun

phrase. He suggests that the last two rules be replaced by the following written in case rule
syntax.105

NP = (PREP) + (DET) + (ADJ | N)* + N + (S | NP)=*106
This rule indicates that 2 noun phrase may consist of an optional preposition

followed by an optional determinant followed by zero to several adjectives and/or noun
modifiers followed by the noun which dominates the noun phrase. The main noun may

105 Robert F. Simmons, “Scmantic Networks: Their Computation and Use for Understanding English
Sentences,” Computer Models of Thought end Language, Roger Schank & Kenneth Kolby, eds. (San Francisco:
Freeman and Company, 1973) 63-113. Cited in Mary Dec Harris, Introduction to Natural Language Processing
(Reston, Yirginia: Reston Publishing Company. 1985) 184.

106 The parentheses indicate optionality, the vertical bar indicates “andfor”. and the asterisk indicates
that a constituent may be repeated.
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also be followed by zero 1o several embedded sentences and/or noun phrases, each in tum
subject to the same grammar rule. This rule is somewhat nonstandard in that the
preposition is handled with the noun phrasz.197 Even so. the rule provides a clear means
for representing a noun phrase which may include embedded sentences.

The following diagram shows how the sentence *John opened the door for Mary.”
could be represented by following these case grammar rules. As the grammar rule for the
modality constituent of a sentence has not been identified, it is left blank. The cases of the
case frame for ‘open’ are indicated, but only if there are corresponding lexical items in the
surface structure.

DIAGRAM 2
REPRESENTATION OF A SENTENCE
USING CASE GRAMMAR RULES

Sentence

/N

Modalities Proposition

i Vvem R A}ec.s Beneficiary
. K NP NP K NP
open o John o the door  for Mary

To conclude this section on the seatence, it can be said that case grammar provides
a very structured method for representing some of the syntactic and semantic information
contained in a sentence. As will be seen in the following chapters, the structure of this
representation lends itself to machine processing of natural language, both in describing

107  In Ordinotrad, prepositions are not considered clements of a noun phrase but are part of a
prepositional phrase. The comresponding grammar rule is:

PP =PREP+NP
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and representing surface structures and in providing possibilities for generating surface

sentences.

CASE GRAMMAR AND GENERATION OF SURFACE STRUCTURES

In a machine-translation setting, the utility of case grammar shows itself not only in
describing or representing surface structure sentences but also in generating acceptable
ones. For example, if the surface structure of a French sentence were represented using the
principles of case grammar, and if the stucture were transferred with the appropriate lexical
and structural transfers, we would have the deep structure of an as yet unrealized English
surface stucture sentence (provided we assume that the same case list is common to both
languages).

The key problems in senience generation are choosing the subject, the object and
their appropriate prepositions, if any.18 Fillmore finds that “every English sentence has a
surface subject, if only formally so. For most combinations of cases there is a ‘preferred’
or ‘unmarked’ subject choice; for some there is no actual choice—the subject is uniquely
determined.”1% Fillmore then proposes a rule for determining subjects for sentences in the
active voice when they are not marked.110 We adapt it here to coincide with the case list
used in this work.

If there is an Agent, it becomes the subject: otherwise,
if there is an Instrument, it becomes the subject:
otherwise, the subject is the Affected or the
Beneficiary or the Result.

Cook too finds an order of preference among the cases for subject selection, but he
finds that it is not the same for object selection. Using abbreviations for his list of labels
(cf. Table 1, page 47), he identifies the subject selection sequenceas A-E-1-0-S-G
and the object selection hierarchy as E - O - G.111 Adapting his hierarchies to the case list

108 See the *GENERATOR - SENTENCE ARRANGEMENT" file in Appendix 4 for how this aspect of

passive coastructions with the appropriate choice of subject. The system currently constructs English passives
only when there is & passive in French. Futore developments would incorporate the possibility of translating
French actives with English passives.

N1 cook 19.
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implemented in this work, our subject selection in active sentences would follow

Agent - Affected - Instrument - (Beneficiary - Result) - Source - Destination
and our object selecton

Affected - (Beneficiary - Result) - Destination.

As can be seen, there are similarities between the subject hierarchies suggested by Fillmore
and Cook.

Another problem—more so for inflected langauges such as German than for
English and French—is the selection of surface cases (affixes) which also signal the
underlying case. The corresponding problem in French would be the selection of pronoun
forms. Since Fillmore was concerned only with English, he did not treat this problem.
Since the generation module of Ordinotrad is designed to produce English sentences, this
aspect of sentence generation is likewise not treated in this work.

The final problem is that of determining prepositions. Fillmore states that
prepositions are more dependent on structural features at the surface level than on clements
of the deep structure. For example, certain prepositions are possible depending on which
lexical unit is to become the subject; some verbs require certain prepositions to follow them;
some nouns accept only certain prepositions; some constructions accept only certain
prepositions, and so forth.112 Nonetheless, Fillmore does come up with a rather long rule
for determining which prepositions are to be used in generating a sentence if they are to be
used at all. In considering it, the reader must keep in mind Fillmore’s (1968) list of cases.

The rules for English prepositions may look something like this: the A preposition is by; the |
proposition is by if there is no A, otherwise it is with; the O and F prepositions are typically
zero; the B preposition is for; the D preposition is typically to: the L and T (for Time)
prepositions arc cither semantically nonempty (in which case they are introduccd as optional
choices from the lexicon), or they are sclected by the particular associated noun [or the street, at
the corner (=inicrscction of two strects), in the corner (of a room); on Morday, at noon, in the
afternoon). Specific verbs may have associated with them certain requirements for preposition
choice that are exceptions to the above generalization.}13

On the whole however, no preposition is exclusively related to only onc case. In
Ordinotrad, therefore, the frames for English Events suggest prepositions (with allowances

112 Fnmore 15.
113 Flimore 32.
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for a zero-preposition) associated with each case role. In this way, there is no need to
produce 2 highly generalized rule such as that proposed by Fillmore, which may be more
prone to error than is immediately apparent.

It can be seen then, that in principle case grammar provides 2 means to control
generation of surface structure sentences. The actual process of producing surface
sentences is dealt with in detail in the generation module, where the grammar rules
implemented for realizing an English sentence are listed and explained.

CONCLUSION

The foregoing discussion on the principles of case grammar has only dealt with the
topics usually considered central in a study of cases and case frames. Bruce raises a series
of other topics which could also be studied 1o further discussion on the principles of case
grammar.

Onc important issuc that has not been covered is the relationship between embcedded sentences and
case swuctures. What coustraints exist on the kinds of embedded sentences? How do these
constraints relate 10 the deep cases of the dominating verb? To the surface case? Do characteristics
of higher level seatences have conscquences on case determination in an embedded sentence? A
related issuc is the role of cases in the gencral infercnce problem. Is a case representation adequate
for the kinds of inferences nceded in natural language understanding? In what way docs it facilitate
inferences? Other issucs include the specification of surface cascs, the relationship of case systems
to discourse analysis, and the sclection of an idcal case system.114

It appears the list could go on, yet the area of extending case grammar 10 textual
levels beyond the sentence to discourse analysis, would seem to be the most fascinatng.
At that level, one could surmise a “discourse Event” (an Episode, perhaps) and *discourse
cases™ 15 which would show the relationship of the various parts of a discourse to the so-
called “Event” or even to each other.

Hirst 100 raises another consequeniial topic, namely that there is a need for
lexicographers to compile dictionaries that incorporate case frames into their enmies for

114 Brce 357.

115 Bnm@dl)indicammncrhnuhsdcvdopedumcsysmwsmcasafomduionfordimm
analysis. Grime's case labels, however, refiect the centrality of the Event and are therefore limited to the level of
proposition.
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verbs.116  With such lexicographical works, system developers making use of case
grammar would not need to create their own abrisged dictionaries to meet programming
needs. Despite the present limitations of case grammar, the application of case grammar
principles to natural-language processing, exemplified in the demanding area of machine
translation, does hold promise, as we shall see in the next chapter.

116 Hirst 9.



Chapter 3

Case Grammar and Machine Translation

OVERVIEW

According to the 1985 Cognos report on the prospects for machine translation and
natural language processing in Canada, new discoveries of basic principles in fields such as
formal linguistics are making successful mechanization of translation processes more
possible.! The same report later identifies one of these Lnguistic principles:

Onc of the most imponant functions that must be carried out by any language understanding
systcm is the analysis of scntences into their constituent pans and the determination of the
“thematic roles” of cach constituent (i.c., 10 determine “who did what to whom™).2 [cmphasis
added]

Although the report does not identify it as such, the linguistic analysis of sentences
into constituent parts and labeling them in terms of ‘thematic roles’ is precisely the type of
scmantic analysis provided through case grammar, where the term ‘case role” is used
instead of ‘thematic role.” Other authors, 100, have indicated that case grammar has made
developments in machine translation possible. Hutchins, a machine-translation historian,
makes it clear that case grammar has clearly established itself in natural language
processing, particularly in Japanese endeavours in the field of machine translation.

The most popular 1ype of scmantic analysis has been the use of ‘case frame” analysis, adopied in
many systems (‘direct” as well as ‘transfer’) during the 1970s and now cstablished as a standard
proven technique. ... Although originally formulated in the context of gencrative grammar, ¢ases
and case frames have been applied in many different contexts; they are particularly popular in

1 Cognos Incorporated, Machine Translation and Natural Language Processing: Opportunities for
artificial intelligence in Canada, Cognos report DOC-CR-84-048, Otawa, 1985, 7. This report was prepared by
Zenon Pylyshyn and John Shepherd.

2 Cognos, A-7.
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Japanese MT projects and in Al approaches, where cases arc frequently basic constituents of
scmantic grammars.>

Indeed, the use of case grammar in natural language processing has helped to
advance another avenue of research apart from machine translation, though no less
interesting or demanding, namely that of processing spoken language. According to
researchers in this specialized field, the semantic analysis allowed by the use of case frames
makes it possible to process “sensible but potentially imperfect or incomplete utterances™
which, as most translators would agree, is often the case in translation as well. The main
advantage speech-processing researchers find in using case grammar is, as will be shown
later, comparable to the one provided to machine-translation system developers, namely the
abstract way of encoding a crucial part of the information contained in a sentence and
information about the sentence which, in turn, is easily interpreted by a machine.> In other
words, “the caseframes tell us what components 1o look for and constrain where we can
look for them. But exactly how we look for them is adaptable so that it can be driven by
the most reliable information we have.”s

Some major machine-translation projects are presently using case grammar in their
ranslation processes. Before considering them individually, it is appropriate to discuss the
general applicability of case grammar to machine translation.

As was indicated in Chapter 2, case grammar and its implementation of deep cases
or case relations are useful in assessing sentences in terms of their semantic acceptability as
well as syntactic correctness.

Deep cascs are useful both in accounting for the relative “acceptability™ of certain seatences and in
explaining how an intelligent system might understand language. This explanatory power is
derived from a focus on (conceptual) cvents rather than on syntactic constructions.’

The evaluative function provided by case grammar has an important role, since in
some systems (¢.g., METEO) the process of translating will not be attempted if the input

3 W. John Huichins, Machine Translation: Past, Present, Future (Chichester: Ellis Horwood Limited,
1986) 187-188.

4 Philip J. Hayes, Alexander G. Hauptmang, Jaime G. Carbonnell, & Masaru Tomila, “Parsing spoken
language: 2 semantic cascframe approach,” Proceedings of COLING 86 (Bonn, 1986): 588.

5 Hayes et al, 583.

6 Hayes et al, 589.

7 Bertram Bruce, “Case systems for natural language.” Artificial Intelligence 6 (1975): 329.
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sentence is not compatible with what is expected by the system or if tne system cannot
completely analyze the sentence. If the parser fails to parse a senteace or if the case
analysis fails to apply appropriate labels to sentence components, the sentence must be
cither (2) reiected outright, (b) forwarded partially analyzed to the remaining procedures of
the translation system as it is, in the hope that the error would be corrected by later
processes acting upon the sentence, {¢) vatched up by the parser based on expected
structures and then passed on 10 the remainder of the procedures, or (d) translated partally,
with the transiation of the rest of the sentence left for a revisor. Case grammar can
theoretically handie some of these problems, as it has a predictive capability by virtue of its
case frames, and since individual case slots can be assigned default values (e.g. assuming
the semantic requirements of that slot are ‘understood,” in the same way the “you’ is
understood in imperative constructions).3

Another way in which case grammar principles may be incorporated into a machine-
transiation system is simply through representing information. According to Bruce, “much
of the research in natural language processing has focussed on the problem of storage
structures, or the question, ‘How is the information or meaning of a sentence to be
represented once a sentence has been parsed?” Several recent systems use structures based
on deep case relations. Some systems which do not explicitly use a case structure have
nevertheless used case-like mechanisins.™ The data structures used in Ordinotrad are
based on case grammar principles and reflect the assumption that the meaning of a sentence
is structured in this way. As was seen in Chapter 2, case grammar affords a mixture of
two types of structures: there is a network of relations among the event and sentence
components and there are hierarchical relations within sentence components (e.g., a noun
dominates a noun phrase).

Another assumption underlying the use of case grammar principles in machine
translation is that structured meaning is ‘underlying’ or ‘deeper’ than the string of words or
*surface structure” of a seatence. What machine-translation system developers require,
then, is a system which readily handles this ‘deep’ aspect of meaning. It is generally
accepted that the ‘deeper’ the system can go in analyzing the sentence, the more likely the
system is to discover the underlying meaning correctly. In the Cognos report mentioned
above, the relative values of ‘deep’ and ‘shallow” systems are compared.

8 For example, in sentences with cllipsed subjects, the parser in Ordinotrad supplies an undefined
pronoun whose person and number are determined by analysis of the verb.
9 Bruce 345.
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A “shallow” system can be considered (o be one which is able 10 achieve some level of performance
in the limited domain by using various ad hoc “tricks,” whercas a *deep’ system is based on a more
complete causal model of the process in which it is an expert. The idea here is that as the task
becomes more and more difTicult, the complexity of shallow programs will go up exponentially,
while that of decp systems will increase more gradually. It is now widely accepted that gencrality
in MT can only be anained by developing *deep” sysiems. 10

Although case grammar is primarily construed as a technique for developing “decp
systems,’ it is also used in shallow systems. Somers finds that case grammar “...exactly
raeets the need in MT for a level of representation that is both deep enough te serve ina
manner relatively independent of surface form, while still being shallow enough to aliow a
fairly straightforward mapping from and onto these other levels of description (i.e.. surface
syntax, canonical form, etc.).”1! The idea behind shallow systems, despite their risk of
exponential growth of complexity, is 10 represent the meaning of a sentence without losing
sight of source-language syntactic structures and information which may constrain the
choice and arrangement of target-language lexical items and sentence structures. In fact,
two system developers, Netter and Wedekind, have found a need for both syntactic and
sermnantic representations.

... purcly scmantic representation, reducing the sealence 1o its truth conditions, is too weak on
the one hand—as one might like to draw on information about the syntactic form of the source
expression (¢.g., passive, relative clauses, topic/focus structure, etc.}—and 100 strong on the other
hand as ambiguities of scope that arc not reflected in the surface string will normally not have to
be taken into consideration. 12

Nonetheless, the value of case grammar goes further than just providing a good
means to represent semantic and syntactic information. If one considers the generally
accepted fact that meaning (i.c., the message) is the constant element shared by both source
and target language texts, one would expect machine-translation system developers to look
for linguistic structures capable of sustaining unchanged meaning even though lexical items
and surface grammatical structures are replaced. In other words, system developers using

10 Cegnos, 12
11 Y L. Somers, "The nced for MT-oriented versions of Case and Valency in MT.” Proceedings of
COLING 86 (Bomn, 1986): 120.

12 Kiays Netter & Jorgen Wedekind, “An LFG-based Approach to Machinc Translation,™ Proceedings of
JA]—MT86. Tom C. Gethardt, ed. (1986): 199.
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casc grammar need not work on an arbitrary ad hoc basis when ransferring meaning, as
transfer is already structurally defined through the use of case labels which provide “...a
non-arbitrary transfer medium which is intuitive in both languages.”!3 The value of case
grammar would, however, be weakened or even nullified to the extent that case roles are
not shared across languages.

Case grammar in fact is used in several machine-translation systems, due to the fact
that it provides this bridge between syntax and semantics.* As mentioned 2bove, the
machine translation development projects in Japan are the ones making the most use of case
grammar. “One of the major influences in MT system design [in Japan] has been the case
grammar model of Fillmore...."15

As we shall see below, there are also non-Japanese systems making use of case
grammar. Although the general reasons why they have adopted case grammar are those
mentioned in the foregoing, each system incorporates the principles in its own way. The
individual implementations in several systems will be considered in the following section.

SYSTEMS USING CASE GRAMMAR PRINCIPLES

ATLAS

The ATLAS project at Fujitsu (Japan) involves the Engiish-Japanese and Japanese-
English language pairs and is restricted to the sublanguage of computer manuals. Its
design applies knowledge representation and inference mechanisms through the use of case
frame analyses of source language text.16 An overview of the procedures followed by the
first of the ATLAS systems (ATLAS/) is provided by Hutchins.

The ATLAS/I is designed as a practical system translating a limited range of materials from
Japancse into English. ... The translation process goes through the following stages.
‘Preprocessing” segments the Japancse text on the basis of punctuation marks; next comes
consultation of the SL-TL dictionarics.... Then follows *Syntactic analysis® (identifying noun
phrases and their relations), *Swrface case analysis™ (involviag nouns and their postpesitions),

13 Somers, 120.

14 Somers, 120.

15 Huichins, 314.

16 Huschins, 316. Cf. Cognos, B-6.
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*‘Decp case analysis” (on the basis of patterns of verb case frames and “surface” cases), *Structural
translation into English® (via a Japancse-English pattern translation table). “Synthesis of English
sentence” {invoked by the sclected panern. and including the insertion of prepositions, articles, and
plural endings). and finally *“Morphological synthesis”.

A distinctive feature of the system is the use of a uniform representation of case [rames, syntactic
conditions, and English synthesis rules. This *frame knowledge representation” (based on Al ideas)
facilitates the expansibility of the sysiem.!7

ATLAS/II, for the Japanese-German language pair is used in conjunction with

another system called SEMSYN which then makes use of case grammar principles to
generate German text

The project SEMSYN (SEMSYN is an acronym for SEMantic SYNthesis) produced a machine
translation system that is unique in some sense.  This uniquencss docs not only originate {rom the
language pair Japancse 1o German that is dealt with, but as well from the approach that was tken
in the project.

If one has a close look, SEMSYN is only 2 subsysiem. Only in conjunction with the ATLAS/I-
System of the Japanese cooperation partner FUIITSU do we get a complcte Japancse to German
translation. Interface of the subsystems is a semantic represeatation that should reflect the content
of the Japanese input

The analysis of Japancse input—currently at most titles of scieatific papers {rom the ficld of
information technology—and its transformation into the scmantic representation is the task of
ATLAS/II. SEMSYN’s par is to produce a correct and understandable German text for these
semantic representations. 18

The developers further indicate that “the main part of the generation starts from the
frame description derived from FUJITSU’s semantic nets,”? i.c., from the scmantic
representation reflecting the content of the Japanese input, as mentioned above. They also
distinguish between frames for verb concepts (or actions), frames for noun concepts, and
frames for relations between noun concepts. By implementing these frames and various

17 Hutchins, 316.

18 Martin Emele, Walter Kehl, & Dietmar Rsner, “Extended Demonstration of SEMSYN,” Proceedings
of IAI—MT86, Tom C. Gerhardt, ed. (1986): 68.

19 Emele, Kehl, & Résner, 70.




Chapter 3 — page 74

case labels (agent, object. method, instrument, goal, ...) they achieve semantic representa-
tions.20

In general, the system developers have found the advantage provided by the use of
case frames to be the fact that “.._translation gets based upon the content of the original

text.”2!

LUTE

The LUTE project (Language Understander, Translator & Editor) at the Musashino
Research Laboratories of the Nippon Telegraph and Telephone Corporation (Japan) is
another machine-translation system incorporating case grammar. Hutchins’ brief cverview
of the system shows that case frames are mapped onto source-language lexical information,
transferred to the corresponding target-language frames, and then *unmapped.’

The linguistic core of the system is an extensive case frame analysis of Japanese and English, and
of contextual “world knowledge.” Text processing of SL input involves the matching of case
frames and knowledge representations against lexical information. The result is @ structure of
scmantic and syntactic dependencics. Transfer from the SL 1o TL representations is by pattern
matching and frame manipulation. The final gencration of TL texis is cnvisaged as simple
lincarisation of TL frame structurcs. The distinctive feature of LUTE are the extension of case

frame structures to tense, aspect, modality, and semantic implicatures... 2

The mapping process involving case frames is hierarchically organized, building the
‘meaning structure of a sentence” by integrating both syntactic and semantic analysis. The
process is really one of identification whereby a known semantic structure or case frame is
found which fits the expression under analysis, and from there the words are analyzed for
word meaning, word meanings are analyzed for word concepts, and the relations between
concepts are identified. 2

20 Emele, Kehl, & Rasner, 70-71.

2! Emele, Kehl, & Rasner, 77.

22 Huichins, 316-317.

23 Hirosato Nomura, Shozo Naito, Yasuhiro Katagiri, & Akira Shimazu, “Translation by Understanding:
A Maxchine Translation System LUTE.™ Proceedings of COLING 86, (Borm, 1986) 623. Scc also Larson’s
treatment of concepls.
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The system developers found that the traditional Fillmorean structure consisting of
relatons between nouns and verbs was insufficient and therefore developed what they call
an ‘Extended Case Structure Model® (ECS) in order to represent structures of “real
sentences which sometimes have complex noun phrases, compound sentences, etc.”™ =4
They also found a need for ways to handle inter-nominal and inter-event relations.

In contrast to the ATLAS/SEMSYN system described earlier, the developers of
LUTE indicate that the verb is central to the entire understanding process: “...verb
selection is thought 10 be the key in determining meaning, and, as such, is a crucial factor

in translating between such languages having a very different structures as English and
Japanese.”26

METAL

The most extensive use of case grammar in a machine translation system is that of
the Siemens Linguistics Research Center’s METAL system, where case frames are used in
both analysis and transfer of meaning.

The system is basically transfer-based, with the results of a context-{ree parse of the source text
passed to the “case frame processor’. Case frames arc also uscd in transfer. The cascs in the
system are divided into two types, ‘central’ and “peripheral’, corresponding roughly to the
traditional Valency distinction between complements and adjuncts respectively.

A key aspect of the METAL conception of central and peripheral cases is that these form two
discrete sets of cases. This means that cach of the cascs that arc recognized is regarded as cither
typically “conditioncd by the particular verb™ or not verb-specific.Z?

It can be noted that the central-peripheral distinction made in the METAL system
corresponds with the division made in the case list drawn up for this project. Furthermore,
the detailed manner in which case frames are used in analyzing meaning closely follows the
Fillmorean methodology of identifying the case frame for the giver verb and then assigning
the noun phrases (here called *arguments’) to case roles. A by-product of this analysis is

24 Nomura, ef ol, 622

25 Nomura, et al, 622.

26 Hirosato Nomura & Hitoshi Iida, “English-Japancse Interactive Translation System: LUTE-AID,”
Proceedings of IAIMT86, Tom C. Gerhardt, ed. (1986): 132

27 Somers, 121.
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the evaluation of the acceptability of the sentence as described in the first part of this
chapter.

The case frame processor allempts 10 ‘use up' the available arguments by matching them to the
specifications given in the lexical entry for the verb, and then applics general “case functions®
associated with the peripheral cases to the remaining arguments.  If all the arguments can be
legally assigned case roles, then the clause is considered vell-formed. 28

In the transfer process, case frames are used primarily in arranging the selected
target language lexical items and assigning them appropriate surface-syntactic function
markers.29 Viewed overall, it appears that case grammar is the linguistic key 1o the
METAL system. In fact, Hutchins states that theoretical linguistics and particularly ‘case-
frame analysis” were considered early in the design of the METAL system.30

MU PROJECT

The national machine-translaton project of the Japanese government, the Mu-
project, was begun in April 1982 and includes the development of a “transfer’ machine-
translation system for Japanese-English and English-Japanese wranslation3! As the system
follows the transfer model (analysis = SL representation = transfer = TL representation
=> generation), the meanirg which is passed through the system is, at one point, carried by
the deep structure of the source-language text, and at another point by that of the target-
language text. Both deep structures are based on case grammar analyses.32

The analysis segment of the model consists of morphological and syntactical
analysis, with a corresponding target-language morphological and syntactical generation.33
The Mu system developers also indicate that case grammar is used because it places
emphasis on underlying relationships, which facilitates the production of good translations,
as opposed to placing emphasis on word order.

28 somers, 121. Cf. Huichins, 251.

29 Somers, 121.

30 Hutchins, 248-249.

31 Huchins, 319.

32 Huichins, 320.

33 Yoshiyuki Sakamoto, Tacko Ariga, & Atsushi Washio, “Unified Operation Control System for Mu
Machine Translation.™ Proceedings of IAF=MT86, Tom C. Gethardt, ed. (1986) 116,
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The Japanese language, unlike English, French, German, cic.. docs not have strict word order. To
analyze the syntax of Japanese sentences, therefore, this system cmploys not the syntactic
grammar that places emphasis on word order but the case grammar that analyzes the syntax ol
scntences based on the cases of verbs and other words (2.g.. agent, object, means). >

Thirty-four case labels are used for case frames in the Mu-project. including a
catch-all, called ETC.35 There is, however, no indication in the documentation that a
distinction is made between central and peripheral cases.

SYSTRAN

The Systran system, whose roots go back to the 1950s, was the first machine-
translation systems to be commercially marketed and is presently used most notably by the
United States Air Force, the Commission of the European Communitics, 3¢ and NATO.3
The translation processes used in Systran do not, according to the literature, make s direct
a use of case grammar principles as do the systems described above, although there are
indirect references 10 it. For example, according to Knowles, the structure of the Systran
master stem dictionary contains a subpart (the Second Grammar Subpart) comprised of
‘Fillmore-type’ case information/*valency,” including case requirements, prepositional
requirems 1ts, and surface syntactic function codes.3® Since the system design was
established in the early sixties, the clements of case grammar could not have been
incorporated at the start. Nevertheless, the fact that case grammar principles were later
inserted in an ad hoc fashion does indicate their utility in text analysis. (Cf. the implication
of linguistic developments for machine translation, as mentioned in the first paragraph of
this chapter.)

A recent report on the design of Systran provides us with an overview and shows at
what points case grammar comes into play. The program flow of Systran begins with
analysis which is comprised mainly of dictionary lookup and actual parsing. Parsing, in

34 Sakamolo, et al. 116,

35 Yoshiyuki Sakamoto, Tetsuya Ishikawa, & Masayuki Satch, “Concept and Structure of Semantic
Markers for Machine Translation in Mu-Project.™ Proceedings of COLING 86, (Bonn, 1986): 14.

36  Hutchins, 209-210.

37 Kyoko Ishizuka & Maszyuki Miyazawa — IP2010. NEWSBYTES-JAPAN. The Source. Weck of
November 25, 1986,

38 F. Knowles, “Error Analysis of Systran Qutput—A Suggested Criterion for the ‘Intcrnal” Evaluation

of Translation Quality and 2 Possible Corrective for System Design,™ Translating and the Computer, B. M. Saell,
ed. (Amsterdam: Nerth Holland Pub. Co., 1979) 117.
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turn, is subdivided into smaller steps: definition of the clause boundzaries, establishment of
basis syntactic relationships between words, establishment of enumerations, search for the
main subject, for a predicate, and establishment of deep relationships and preposition
government. With regard to the last of these substeps, the developers indicate there are
three parts, the first involving case grammar analysis, the second establishing number and
gender of ambiguous words, and the third finding the governing word of prepositions.3?

The procedure for implementing case roles, however, is not the same as in the
systems described above: instead of assigning case roles based on the meaning of words,
the roles in Systran are ‘syntactic relationships’ generalized into ‘logical relationships’ such
as action, agent of action, and object of action.*® In the Systran system then, the principles
of case grammar are not really implemented, even though its use of the term “role’ suggests
analysis based on relations between meaning components.

CONCLUSION

According to Hutchins, there are many small-scale projects under way in Japan and
elsewhere which are investigating the use of case frames in machine translation.#1 A
typical non-Japanese example found in recent machine-translation literature is the
TRANSLATOR machine wranslaiion project at the Colgate University, where use is made
of conceptual case frames (generally for linking verbs) and of process case frames (for
action-oriented events). The cases identified for conceptual case frames are patient and
properties; for the process case frames, mention is made of agent, object, instrument,
source, destination, preconditions, and effects:32 These small-scale projects may not have
highly-developed designs constructed around the principles of case grammar, but they do
reflect the popularity of case grammar in machine-translation research. This popularity is
not unjustified, for although case grammar is not complex in itself—thus making it
adaptable 10 almost any machine-translation design—it has been shown 1 be a tool
bridging syntax and semantics and, therefore, useful in analyzing the meaning of a source

39 Cay.Holger Stoll. “The SYSTRAN System.” Proceedings of IAI—MT86, Tom C. Gerhardt, ed.
(1986): 8-14,

40 s, 14,

41 Huichins, 319,

42 Sergei Nirenburg, Victor Raskin & Allen Tucker, “On knowledge-based machine translation,™
Proceedings of COLING 86, (Bonn, 1986) 628-629,
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language text, sustaining that meaning through transfer, and facilitating generation of a
target language text43

43 The beavy reliance on Hutchins in this chapter is due to the lack of first-hand materials. The
difficulty in assessing existing systems (or systems under development) resides in the lack of published matcrial
describing the systems in detail. COLING papers are generally too brief too give much insight, and the major
survey works (c.g., Hutchins) are t0o broad o provide sufficient detail. However, since the fozus of this thesis is
to build a machine-translation system and not o assess cxisting oncs, I have simply provided this brief synopsis.




Chapter 4

Using Ordinotrad

INTRODUCTION

Chapier 4 is primarily a technical chapter, providing a practical description of data
structures (how they are defined and maninulated), running the system, and the
interdependencies of the various modules. These three topics are discussed and illustrated
concurrently as the reader is led through a session with Ordinotrad which weaves together
running the modules and recognizing the various stages in the process.!

It is expected that the user has some familiarity with the Macintosh working
environment: handling windows, double clicking, dialog boxes, and so forth.
Explanations here deal only with the interface used to n'n Ordinotrad.

USER’S GUIDE TO ORDINOTRAD

HARDWARE REQUIREMENTS

System development began on a 512K Macintosh computer. A Macintosh Plus
with 1 megabyte of memory was later required, as an “out of memory” message appeared
far too often with the 512K computer, and often left the user hanging. The Macintosh Plus
was sufficient for the most of the development. In fact, the entire system was once running
effectively on 2 Macintosh Plus. However, subsequent improvements required the additon
of more rules which seemed to contain the proverbial “straw that broke the camel’s back.”
The system now works best on a Macintosh with at least 2 megabytes of RAM. Two
800K floppy drives are needed, and an Imagewriter printer is optional.

It appears that the Prolog application from AAIS itself requires approximately
385K, and the Macintosh operating system another 300K, approximately. The program in
memory, when dumped to a file on disk, only measures 150K, although its size once
compiled and stored in memory is not known. This leaves little room in a 1-megabyte
memory for Prolog to store its goal stacks.

The dictionaries consume the largest block of memory. Once an efficient means is
found to access dictionaries directly from disk and from within the Prolog environment,

1 The reader is referred to Chapter 1 for an overview of the design and organization of Ordinotrad.
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without loading them into memory, there would be much more room available for
developing the French parser and English generator. Perhaps the highly touted Hypercard
applicarion for the Macintosh could be used as a dictionary management systemn and feed
directly into Ordinotrad when called upon. In any event, a useful, general dictionary of
50 000 entries for French alone could not be stored in memory. Any serious development
of the system would require development of 2 non-memory-resident dictionary.

A SESSION WITH ORDINOTRAD

The following description of working with Ordintrad assumes that the user has the
following disk setup: on a disk with the title “ORDINOTRAD™ are the AAIS Prolog
application and AAIS executive files called “dcg.p” and “libl.p",2 a Macintosh operating
system, and the folder of program code called “Ordino Code™; on a disk with the title
“DATA” are a “corpora” folder containing any text files to be translated and a “Dictionary™
folder containing the dictionaries used by Ordinotrad. Note that the disks must have these
names, as rules involving file input and output will look only on disks with these names.3

With the Macintosh on, insert the disk tided “ORDINOTRAD" in the internal drive
and the disk titled “DATA” in the external drive. When in the Finder, find and double click
on the file called “User Interface” (in the Ordino Code folder on the ORDINOTRAD disk).
Opening this file will cause all the files required by Ordinotrad 10 be loaded into memory.
It should be noted that the whole program has been partitioned into intuitive segments that 1
call modules (e.g., morphological analysis, word-acquisition, ctc.) and which have been
written into separate files. The program is not truly modular, however, for the entire
contents of the program could have been put in a single file. Furthermore, once Ordinotrad
is loaded into memory, all rules can be called directly without specifying any package.*

2 The “deg.p™ file contains Prolog rules that read definite clause grammar rules, re-write them in Prolog
format and assert them. The “1ibl.p™ file contains some rules for Edinburgh compatibility and whal appears to be
afterthoughts in the development of AAIS Prolog that didn't make it into the application on time.

Note that the latter file is automatically read when starting AAIS Prolog, so that putting

+- consul'ORDINOTRAD:Ordino CodesUser Interface’).

1t the end of it effectively starts up Ordinotrad if the AAIS application were opened, If the application is sct to
opcn:nmmﬁanyuponsmﬁngupmcMacimosh.mcfmwimolvmcm {once the disks are inscrted) would
be 1o answer the sessions miroductory questions.

3 The rules can, of course, be changed in the event other names are more desircable or if a hard drive is
used. Changes would be made in the following files: User Interface, Translate2disk, Word-Acquisition.

4 AAISPrologallowsforscpm:hgmodulsot‘npmgnmmhgp.ckagsﬂmmi:ﬂm'itorigmrc
rules defined in other packages.
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You will soon see the Prolog “Query” window and an indication that the files are
being loaded. Wait (a few minutes) until you are asked questions concerning the word-
acquisition module, translate-to-disk feature, and the viewing of interim results.

The following pages contain a verbatim copy of a sample session using Ordinotrad.
This material is printed in a non-serif font. Input provided by the user is shown in boldface
in the non-serif font as well. Explanatory comments that are not part of the session are in
the present font

Starting Ordinotrad

ORDINOTRAD™
© 1987, 1988 Victor Loewen

Loading Ordinotrad, a French-English machine-translation system. Please stand by.

Loading the program took 3 minutes and 33 seconds.

For this session, do you wish to have QOrdinotrad acquire French and English words presently
unknown to it?

[yes.y.no,n| ==y

Word-acquisition module is enabled.

The word-acquisition module has been enabled, even though the user knows that all
the words in the sentence were recognizable by Ordinotrad. If there is a shortage of
memory, it may be better not to enable the word-acquisition module. Otherwise, it is
proper to enable it, for Ordinotrad is always “eager to leam.”

For this session, do you wish to have the translate to disk facility turned on?
[yes.y,no.n] ==>y

t2d predicate enabled.

To have a file translated with the results saved on disk, type “t2d(Filename).”

It is not necessary to enable the translate to disk module (t2d predicate), if a
ranslation is to be displayed on screen only. It has been enabled here for the purpose of
illustrating its use below.

For this session, do you wish t0 view interim results at key points in processing?
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[y.n] ==>y
Tracing is enabled.

With tracing enabled, the results of the various procedures of the process may be
viewed in the Query window. Ordinotrad stops after every display and waits for a signal to
continue. With tracing disabled, only brief messages will appear indicating the status of
processing followed by the translation of the input sentence.

There will eventually be a translate menu. The following are now available.,

To have a sentence translated with the results viewed on the screen, type “translate.”

To have a fiie translated with the results viewed on the screen, type “translate(Filename).”
= Files to be translated must be located in the corpora fokder.
To quit, select QUIT under the FILE menu or simply type “exit.” and a return.

7

All user interaction with Ordinotrad takes place in the Query window which keeps a
transcript of all activity (up to a specified number of lines, which can be changed). A
question mark followed by a hyphen is the prompt supplied by AAIS Prolog. When this is
the last prompt in the window, Ordinotrad is not processing data, and the user has full
control over what happens next in the Prolog environment.

All user interaction controlied by Ordinotrad uses the *“==>" prompt. After you
answer these prompts, it is Ordinotrad which determines what happens next.

Ordinotrad therefore controls loading itself into memory and then returns control 1o
the user. To begin, one of the calls described on the screen must be entered. To begin a
session identical to the one described here, type “translate.” and a carriage retum. Note the
final period, which is required by Prolog.

Get French Sentence
?- translate.

Enter French-language sentence to be translated.

==

When you see the above prompt, type in the sentence as shown below. Do not type
a carriage return until the entire sentence and final punctuation have been typed in. The
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window will shift back and forth automatically 1o accomodate a sentence which is longer
than the window is wide.

Data Structure of Input String

The definition of the get_French_sentence/15 rule in the User Interface file (see
Appendix 4) will return the input sentence as a string, i.¢., the variable will be bound to a
series of characters surrounded by quotation marks.

Enter French-language sentence to be translated.

==> En parcourant les dépllants cl-joints, vous constaterez que nous fabriquons
une gamme compléte de bibliothéques et rayonnages.

You will be asked to verify the sentence given as input. Use the scroll bars to read
parts of the sentence that are not immediately visible. If there are errors, answer “no™ to the
prompt and you will be given another opportunity to enter the sentence. Do not worry if
Ordinotrad has split some word over two lines.5

Original French sentence given:

En parcourant les dépliants ci-joints, vous constaterez que nous fabriquons une gamme
compléte de bibliothénues et rayonnages.

Is this comect?
[ves,y.no,nj ==>y

Analysis

Once the input sentence is provided, Ordinotrad commences the analysis phase of
the translation procedure with preprocessing. The preprocessing procedures are as follows
in the order given: explode the input string into a list of characters; locate and assemble the
characters into words, numbers, punctuation and symbols and label them as such (“w” for
word, “p” for puncwation, “s” for symbol, and “n™ for number) and assemble these
elements into a list; expand elisions (e.g., “m™ in the input will become “me™ at this point);

5 The “atom/#™ notation indicates the predicate name and its arity (number of arguments).
6 Unfortnately, AAIS Prolog docs not allow for word-wrap when inputting data in the Query window,



Chapter 4 — page 85

change three periods to an ellipsis’; abridge ordinals (i.c., reduce “2e” 10 “2” and label it
an ordinal); and expand contractions (e.g., “au” becomes “2, 1e”).

Data Structure - Results of Preprocessing

The definition of the pre_translation_procedures/2 rule takes the input string as its
first argument and returns a list as its second argument. The structure of each element of
the list depends on the nature of the element: words are replaced with “w(X, Y)”, where X
is the word as it was input, reduced to lower case letters,® and Y is the format of the word
(i.e., low: all letters of the word were input in lower case; all_caps: all letters of the word
were input in upper case; cap: the first letter only of the word was input in upper case; Mix:
the letters of the word were input in both upper and lower case and did not meet the above
requirements); numbers are replaced with “n(X, Y)”, where X is the number as it was input
and Y is “cardinal™; punctuation is replaced with p(X), where X is the punctuation
symbol!?; and symbols are replaced with s(X), where X is the symbol. The results of
preprocessing are displayed in the form of a column for the user.

RESULTS OF PREPROCESSING
w(en,cap)
wi{parcourant,low)
wiles,low)
widéplians,low)
w(di, low)

P

wijoints, low)

p(.}

w(vous,low)
w(constaterez,low)
w(que.low)
winous,low)
wi{fabriquons,low)
w{une,low)
w(gamme,low)
w(compléte,low)
w(de,low)
w{bibliothéques,low)

7 The Macintosh interface provides an ellipsis as a single character, but not all input will necessarily
make use of it, especially text files brought in from non-Macintosh sources. The change is made here for the sake
of homogeneity and to facilitate later processing of material containing such cllipses.

8 The use of lower case letters allows for treating words 2s atoms in the Prolog environment. Words
beginning with capitals could be also be considered atoms but would require the insertion of single quotation
marks to distinguish them from variables.

9 Tnere is a subsoquent check to see if the number is actually used as am ordinal, c.g- 2¢. The tag
“cardinal™ is then changed to “ordinal ™
10 Punctuation is standardized, for example *, *, and * all become °,
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w(et,low)
w(rayonnages,low)
p())

Type aniy letter and a raturn to continue.
=>V

Given a list containing elements similar to those shown above, Ordinotrad
commences to analyze the morphology of the words. Since morphological analysis is
carried out in conjunction with lookups in the dictionary, it is appropriate to describe the
structure of dictionary entries here.

Data Structure - Dictionary Entries
All vnilingual dictionary entries adhere to the standard format:

language_letter(Entry_form, Description_of_Entry_form).

where: language letter may be “f” (for French) or “¢” (for English); Entry form may be an
inflected morpho-syntactically ambiguous form, i.e., the one form is used for more than
one part of speech (e.g. “sommes,” which can be a noun or a verb and “faits,” which can
be a noun, verb or adjective) or a morpho-syntactically unambiguous form (e.g. document,
servir); and Description of Entrv form adheres to the following format:

if the Entry_form is ambiguous: [Pt_sp;-Desc, Pi_spz-Descs | Etc.]!!
if the Entry_form is unambiguous: [Pt_sp-Desc]

The following is an example of a morpho-syntactically unambiguous entry form:
f(lettre, [noun - (lewre, £, s, common, count, [nonselfmoving, submatter])]).

The following is the actual entry for the morpho-syntactically ambiguous form,
“faits™

11 pr_sp is the shorthand I use in the program 1o refer to Part_of_speech.
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f(faits, [verb - (faire, (past-part, m, pl), MF),12
adj - (fait, desc, m, pl, [atribute]),
noun - (fait, m, pl, common, count, [submatter])]).

Descriptive information within the entries describes the Entry_form in relation to its
dictionary form. Dictionary form here refers to what can be found in the entry forms of the
Petit Robert or a Websters, for example. The entry form is always the first argument in the
descripton. The dictionary forms vill be different from the entry form if the entry form is
morpho-syntactically ambiguous (see the above example for “faits”). They will be the
same if the entry form is morpho-syntactically unambiguous (see the above example for
“lettre”). In the latter case, the entry form/dictionary form will also be in the singular for
nouns, masculine singular for adjectives, and infinitive for verbs.13

The formats for individual parts of speech are as follows:

1 ARTICLES
art-(Article, Type, Gender, Number)
where
Article is the article in its dictionary form
Type may be definite or indefinite,

Gender may be masculine or feminine, or “nil” in the case of English
Number may be singular or plural.

c.g.
f(le, art-(le, def, m, s), pro - (le, rel, 3, s, m, ))).

2 ADJECTIVES
adj-(ﬁls‘cg:ctive, Type, Gender, Number, Meaning)
W
Adjective is the adjective in its dictionary form
Type may be descriptive, possessive, cardinal, ordinal, multiplicative,
demonstrative, relative, interrogative, indefinite
Gender may be masculine or feminine, or “nil” in the case of English
Number may be singular or plural
Meaning is a list of semantic primitives found in the taxonomy14

c.g.
f(deuxi¢me, [adj - (deuxiéme, ordinal, m, s, [ttrelation])]).

3 PREPOSITIONS
prep-(Preposition)
where

12 MFrcpruuust.hel'stofcasc&amcsfcruchmmhxgof“faire“.an&hacomplcxdausmmin
itsclf. See below.

3 Exccptions will be, of course, dictionary forms that have no masculine, singular or masculine-
singular form.

14 See the description of the taxonomy in Appendix 2.
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Preposition is the preposition in its dictionary form
e.g.
f(a, [prep - (@)]).

4 NOUNS
noun-(Noun, Gender, Number, Proper_common, Count_mass, Meaning)
where
Noun is the noun in its dictionary form
Gender may be masculine or feminine, or “nil” in the case of English
Number may be singular or plural
Proper_common may be proper or common
Count_mass may be count or mass
Meaning is a list of semantic primitives found in the taxonomy
c.g.
f(letre, [noun - (lettre, f, s, common, count, [nonselfmoving,
submatter])]).

5 ADVERBS
adv-(Adverb, Type)
where

Adverb is the adverb in its dictionary form
Type may be manner, quantity, intensity, time, locaton, affirmation,
negation, or doubt
c.g.
f(aprés, [adv - (aprés, location), prep - (aprés)]).

6 VERBS
vcrb-(;f erb, Morphologic_info, Meaning_frames)
where
Verb is the verb in its dictionary (infinitive) form
Morphologic_info is “infinitive” or (Tense, Mood, Person, Number)
or (Participle, Gender, Number)
Meaning_frames is a list of meaning-case frame combinations!®

where a Meaning_frame is of the form:

Meaning-[Case)-(Degree_of_dependency;, Semantic_constraints;,
Preposition; ), Case,-(Degree_of_dependency;, Semantic_constraintsy,
Preposition;) 1 Etc.]16

where
Case is agent, instrument, beneficiary, affected, result, source, destination, or
attribute
Degree_of_dependency is required) or o(ptional), indicating the relationship
between that case role and the event

15 Each meaning of a verb necessarily requires its own case frame. See, for example, the entry for
“servir” i the French Open Dictionary in Appendix 4.

16 This is written in Prolog notation. The “Eic.” can therefore be an emply list or 2 list of one or more
clements. It would therefore be incorrect 1o use “Case,+(Degree_of _dependency;, Semantic Censtraintsy,
Preposition,)™ in its place.
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Semantic_constraints is a list of semantic primitives which set restrictions on
what can fill that case role

Preposition is the preposition usually associated with that verb and that case role
in its comresponding surface structure, or is “nil”

e.g.

f(parcourir,[verb - (parcourir, inf,
{mentinteraction - {agent - (1, [human], nil),affected - {1, [artifact], nil)],
selfdisplacement - [agent - (1, [person,selfmoving], nil),source - (o, [pspace],
nil), destination - (r, [locadon], 2)I1DD.

7 CONJUNCTIONS
conj-(Conjunction, Type)
where
Conjunction is the conjunction in its dictionary form
Type may be coordination or subordination

c.g.
f(donc, [conj - (donc, sub)]).

8 PRONOUNS
pro-(Pronoun, Type, Person, Number, Gender, Meaning)
where

Pronoun is the pronoun in its dictionary form

Type is personal, relative, interrogative, possessive, demonstratve,
indefinite, intensive, or reflexive

Person may be 1st, 2nd, or 3rd, if Type is personal, relative, interrogative,
or possessive; otherwise Person is “nil”

Number may be singular or plural

Meaning is a list of semantic primitives found in the taxonomy

c.g.
f(je, [pro - (je, pers, 1, s, (m,f), [person])]).

Data Structure - Results of Morphological Analysis

The definition of the morphanalyzer/2 rule takes the list of elements provided by the
preprocessing module and replaces each “w(X,Y)” clement!? with “lu(Format,
Description)” where Format is bound to the same value as has been bound to Y, and the
Description contzains morpho-syntactic and semantic information along with the dictionary
form of the word. At this point, “w” (word) becomes “lu™ (lexical unit) primarily for the
sake of avoiding confusion during debugging of the morphological analysis component of
the program. It also allows for any future development in which the lexical unit (for
translation purposes) may of necessity have to be more than one word long.18 The data

17 The number, puncruation and symbol elements are left unchanged.

13 The morphological analysis routines would have 1o be extended 1o inclode forward checks for
lexicalized phrases such =3, for example, “ent guise de.™
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structure of “Description”™ is identical to one of those described above for the dictionary
entries.

The following output may not appear exactly as it does on the screen during a
session. This is because I have formatted the paragraphs here to facilitate reading, and also
removed the carriage returns inserted by AAIS Prolog which had split up some words
(AAIS Prolog has some word-wrap problems).

RESULTS OF MORPHOLOGICAL ANALYSIS BASED ON DICTIONARY LOOKUP

lu(cap,[prep-en,pro-{en,rel,3,(s,pl).(m.f).[mthing,{thing,plant,nthing])])

u(low,[verb-(parcourir,(pres-parn,m,s).[mentimeraction-fagent-{r,[human],nil)  atfected-
(r,[artifact],nil)],selfdisplacement-{agent-{r,[person,selfmoving].nil).source-
(0.[pspace].nil),destination-{r Jlocation],2)I])

lu(low,[art-{les,det.(m.f),pl).pro-(les,rel,3,pl.(m.1),_1485)])

lu(low,[noun-({dépliant,m,pl,common,count [artitact]), verb-(déplier,(pres-part,m,pl) [process-
[agent-(r,[person],nil),instrument-(o [artifact],avec),affected-{r.[artitact].nil D]

lt.|((low.§adv-(d.locaﬁon)])

p p‘Ct-'

lu(low,[noun-{joint,m,pl,common,count [ttrelation]) verb-{joindre, (past-part,m,pl),[contact-[agent-
(r.[posprocess,structure, sentient], nif) instrument-(o [artifact],par), atfected-
(r.[pthing,mthing],nil).destination-(r,fmthing,pthing],3)ID))

plpct..)

lu(low,[pro-{vous,pers,2,(s,pl).(m.f) [person}),pro-{vous,refl,2,(s,pl).(m,f) [person])])

w(low,[verb-{constater,{fut,ind,2,pl), |[mentinteraction-[agent-{r,[person],nil),instrument-
(o,[artitact],nil),aftected-(r,[mthing].nil) 1))

lu(low,[conj-(que,sub),pro-{que,rel,3,(s.pl),(m.f),_1841)])

lu(bW.[pl'O-(l'IOUS,petSJ -p[- (mvf) -[personnopro-(mus-re“o.t vplv(mv‘) omersonl)l)

luflow,[verb-{tabriquer,(pres.ind,1,pl),[posprocess-{agent-(r,[sentient],nil) instrument-
{o.[ntthing],avec),beneficiary-{o,[sentient], pour), result-(r,[artitact, mthing],ni) [HD

luf{low,[adj-(une,cardinal f,s,[auantity]),arnt-(une.indet t.s)])

lu({low,[noun-{gamme {,s,common,mass,[structure])])

lu(low,[adj-(complet,desc.tf,s,[attribute])])

lu{low,[prep-de])

lu(low,[noun-{biblicthéque.t,pl,common,count [artifact,pspace,group])])

lu(low,[conj-{et,coord)])

Iu((low.[noun-(rayonnage.m.pl.common.coum.[anilacl])])

plpct..)

Type any letter and a retum to continue.

2= |

Data Structure - Results of Parsing

The definition of the parser/2 rule takes the list of elements provided by the
morphological analysis module as its first argument and returns a deep-structure of the
input sentence in the form of a tree as its second argument.

In the following display of the results, each indentation is equivalent to a
subordinate generation in the tree, with all entries at one level of indentation being
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siblings.1® In other words, the output is a tree whose root is flush left and whose
successive branches are demarcated by successive indentations. Some formatting has been
done here 1o maintain clarity, since the word-wrap provide by the word-processor used in
preparing this thesis moves lines longer than the width of the screen back to the left margin,
incorrectly implying that such information is root-level generaton.

Once a successful check has been made for agreement between a possible subject
and a verb, this fact is shown on the screen.?0 This information is supplied, as the check is
a crucial point in parsing, indicating that a verb has been selected and verified with regard
to agreement in person and number with the surface subject. In the following example, this
information is given twice since there are two propositions (i.e., two subject-verb
combinations) within the surface sentence.

The abbreviations shown in the following output are for the most part self-
explanatory. One exception may be “p”, which refers to “punctuation.”

Subject-verb agreement succeeded.
Subject-verb agreement succeeded.

RESULTS OF PARSING
proposition
subordinate_prop
evenl_prop
event_prop
modalities

pres
participle
active

affimative
declarative
event
lu{low,verb-{parcourir,(pres,participle, nil,nil), [mentinteraction-[agent-
(r.[humanj,nif),aftected-{r [antifact],nif)] selfidisplacement-
[agent(r.Iperson,sefmoving),nil),source-(0.[pspace],nil) destination-
(r.Jlocation].a)))
prep
lu(cap.prep-en)
np
np
noun
lu({low,noun-{déplant,m,pl,common,count,[artitact]))
modifiers

19 With regard to the zpparent duplication of “event_perop™ and “np”, sce note 17 in Chapter 1.

20 After the subject-verb agreement has been ascertained, the terminology changes. Note in the display
that the torm “event™ is used as opposed to “verb.™ The reason for this is that in the case of composite verbs, only
the main verb is returned (the suxiliaries are reflected in the modality of the sentence), and it is identificd as the
evenl.
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kulow, art-(les,def.m.pl))
v

lu{low.adv-(ci location))
lu(low.adj-(joindre,verbal-desc,m,pl [contact]))
articulation
o]

independent_prop
modalities
fut
ind
active
affirmative
declarative
event
lu(low, verb-(constater, (fut.ind,2,pl).[mentinteraction-
[agent{r,[person],nil) instrument-{o fartitact],nil) atlected-{r.jmthing].m)]]))
np
np
lu{low.pro-(vous.pers.2.pl.(m.f).[person]))
relative_prop
relative_prop
modalities
pres
ind
active
affimative
declarative
event
lu(low.verb-{fabriquer.(pres,ind,1,pl) [posprocess-
[agent(r,[sentient],nil),instrument-(0,[nkthing].avec) beneficiary-
(o.[sentient],pour},result-(r,[artifact, mthing],nil)]]))
np
np
lu(low,pro~(nous,pers,1,pl,(m.f) [person])}
np
np
noun
lu(low,noun-(gamme.f,s,common,mass [structure]))
modifiers
lu{low,art-(une,indet.f,s))
lu(low,adj-{complet.desc.f,s.[attribute]))
qualifying_prep_phrase
qualitying_prep_phrase
prep
lu(low,prep-de)
np
np
noun
lu(low,noun(bibliothéque.t,pl,common,count,
{artitact,pspace.group]))
modifiers
nil
nil
articulation
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_ lu(iow.coniH{et,coord))
np
noun _ _ :
luf{iow,noun- ' :
{ravonnage,m,pl,commeon,count fartifact]))
moditiers o
nil :
nit
np ,
. ap -
s(low,pro-(que,rel,3,(s.pl).(m.f),_1841))

Type any letterand a return'to continue.

=n> O

Data Structure - Results of Case Processing

The case_processor/2 rule takes the ree produced by the parser as its first argument
and returns another tree as its second argument. The trees are substantdally the same;
however, the case processing module attaches semantic labels onto noun phrases and other
sentence components identified by the parser. These semantic labels always appear as
stblings to the event that govems themn.

Another change in the tree is that case frames are dropped from the descriptons of
cvents. This is possible, because the case frame is now reflected in the use of the labels
within the tree and their relationship to an event.

It can also be noted that formatting information (i.e., low, cap, etc.) has been kept
with the other information provided on lexical units. There are two reasons for keeping it,
cven though it is not used in Ordinotrad at the present. First, this information may prove
useful for a possible generation module for another language. Second, future
developments may require transferring other formatting information from the source text to
the target text (e.g., boldface, underlining, etc.), and this “format™ slot would allow for
representing this information through the transfer and generation processes.

RESULTS OF CASE PROCESSING
propaosition
subordinate_prop
event_prop
event_prop
modalities

pres
cinle
active
affimative
declarative
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event
lu(low,verb-{parcourir,(pres,participie. nil, nil), mentinteraction))
prep
lu(cap,prep-en)
ected

np
np
noun
lu(low,.noun-{déplant,m,pl,common,count, [artitact]))
ers
lu(low.ant-{les.def.m.ph)
lu

kulow,adv-(ci lecation))
ki({low,adj-{joindre,verbal-desc,m.pl jcontact))
articulation
p

independent_prop
ies
fut
ind
active
affivimative
declarative
event
lu{low,verb-(constater, (fut,ind,2,pl),mentinteraction))
agent
np
np
lu{low,pro-(vous,pers,2,pl,(m,f),[person]))
affected
relative_prop
relative_prop
modalities
pres
ind
active
affirnative
declarative
event
lu(low,verb-(fabriquer,(pres,ind,1,pl),posprocess))
agent
np
np
lu{low,pro-(nous,pers,1,pl.(m.f),[person]))
result
np
np
noun
lu(low,noun-(gamme.f,s.common,mass,[structure]))
modifiers
luflow,art-{une.indef f.5))
lu({low,adj-(complet,desc.f,s.[attribute]))
qualitying_prep_phrase
qualifying_prep_phrase
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prep
lu({low,prep-de)
np
np
noun
lu(iow,noun-
(bibliothéque.f,pl,common,count,
[artifact, pspace.group]))
modifiers
nil
nil
articulation
lu(low,conj-{et,coord))
np
noun
lu(low,noun-(rayonnage,m,pl,
common,count, [artifact]))
modifiers
nil
nil
beneficiary
np
np
lu(low,pro-(que,rel,3,(s,pl),(m,f) [sentient]))

Type any letier and a return to continue.

==>1

Transfer and Generation

Data Structure - Results of Lexical Transfer

The transfer/2 rule takes the tree produced by the case processor module as its first
argument and returns another tree as its second argument. The trees are substantially the
same; however, the transfer module replaces the French words and their descriptions with
English words and their descriptions.2!

RESULTS OF LEXICAL TRANSFER

proposition
subordinate_prop
event_prop
event_prop

21 It would be feasible at this point 1o have a tree whose “French™ terminals were not replaced with
“English“onesbmwmwmpaniedbythem. The result would be a type of “bitext™ data structure available for
use in “bitcxtual™ applications, in addition to the obvious use here of translation. The reader is encouraged 1o read
Brian Hamis, “Are You Bitextual?” Language Technology #7 (May-Junc 1988): 41 and his two unpublished
monographs, “A Working Paper on Bitext, January 1988 and “Bitext and [T, July, 1988." The difference here is
lha:lhcm:hﬁon‘ssommdtrgcucxsmnmjuxuposedonlhcmemorpagc.butonlhesamcdccp-
structure represeniation. Also, the units here would not necessarily be the “translation units™ translated “at one
spurt.”
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mociclities
pres
participle
active
affirmative
declarative
frame
beneficiary
022
person
for
atfected

r
artifact
through
event
lu{low, verb-{go.(pres,participle, ril,nil), mentinteraction))
prep
lu{cap,.prep-{in,by.while them])
atfected
ap
np
noun
lu{low,noun-(folder,pl,common,count))
modifiers
lu(low,art-(the det,nil,pl}))
u

lu{low,adv-(here,location))
lu(low,adj-{attached,desc))
articulation
p

inuependent_prop

modalities

fut

ind

active

atfimative

declarative
frame

agent

r

human
nil
affected

r
mthing
event
nil

' source

o
artifact

22 The “o™ here and the “r™ four lines further are abbreviations used in case frames: optional and
required,
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from
event
lu(low,verb-(note,(fut.ind,2,pl),mentinteraction))

agent
np
np
lu{low,pro-(you,pers.2,pl))
aftected
relative_prop
relative_prop
modalties
pres
ind
aclive
affimative
declarative
frame
agent
r

person
ml
instrument
0
artitact
with
beneficiary
0
event
Ithing
for
resutt

r

artifact

nil
source

o
nithing
from

event
lu(low,verb-(manufacture,(pres,ind, 1,pl),posprocess))

agent
np
np
lu{low,pro-(we,pers,1,pl})
result
np
np
noun
lu(low,noun-{range,s,common,count))
modifiers
lu{low, art-{a,indef,nil,s))
hiflow,adj-(complete,desc))
qualifying_prep_phrase
qualitying_prep_phrase
prep
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lu(low, prep-{functional_prep])
np
np
noun
lu(low,noun-{library,pl,common,count)}
modifiers
nil
nil
articulation
lu(low,conj-(and,coord))
np
noun
lu(low,noun-
(shelving,pl.common, mass))
modifiers
nil
nil
beneficiary
np
np
lu(low pro-(that,rel,3.pD)

Type any letter and a retumn to continue.
==>0

Data Structure - Qutput String

The generation/2 rule takes the tree produced by the transfer module as its first
argument and returns a string as its second argument. The main elements of the generation
procedure are described in Chapter 1. There are, however. three data structures involved in
generation: the input tree as described above, a “flat” list containing what will become the
words of the surface structure sentence, the same list with appropriate punctuation, spacing

and capitalization added, and finally a string that is returned as the English equivalent of the
French input.

TRANSLATION
Going through the enclosed folders, you will note that we manufacture a complete range of

libraries and of shelving.
Translation operations took 2 minutes and 44 seconds.

Do you have any more sentences to be translated?
[yes.y.non] ==>n
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Note that the time given for translating also includes any time required to display
information on the screen and the time taken by the user in responding to the prompts or in
viewing interim results. The amount of time varies, therefore, with the user.

ORDINOTRAD™
@ 1987, 1988 Victor Loewen

There will eventually be a translate memy. The following are now available.
To have a semtence translated with the results viewed on the screen, type “translate.”
To have a file transiated with the results viewed on the screen, type “translate(Filename}.”
- Files to be translated must be locateZ it the coipora folder,
To quit, select QUIT under the FILE menu or simply type “exit.” and a retum.
yes

K2

At this point, the user may choose to quit or to enter one of the three “commands™
so as to continue translating. The following represents the screen display without the
interim structures being shown.

Since tracing was enabled at startup? (by responding “yes™ to the third question
asked when the session was begun), it is now necessary to use the “trace_off.” call to turn
off the display of interim output. Note that the same French sentence is given as input.
(See the section “Conrolling screen output” below.)

?- trace_ofi.

yes
?- translate.

Enter French-language sentence to be translated.
==3> EN parcourant les dépliants ci-joints, vous constaterez que nous fabriquons
une gamme compléte de bibllothéques et rayonnages.

Original French sentence given:
En parcourant les dépliants ci-joints, vous constaterez que nous fabriquons une gamme
compléte de bibliothéques et rayonnages.

Is this comect?
fyes,y.,non] ==>y

23 Sec page 83.
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Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.
Subject-verh agreement succeeded.

Parsing completed.

Case processing completed.

Transter completed

TRANSLATION

Going through the enclosed foiders, you will note that we manufacture a complete range of
libraries and of shelving.

Translation operations took & minutes and 7 seconds.

Do you have any more sentences to be translated?
[yes,y.no,n] a=>n

The ume given for producing a translation here closely reflects the total time
required for processing, as there was no user interaction, and the time required for
displaying information on screen was minimal. The time required is measured from when
the user agrees that the sentence given as input is correct and ends just before the word
“TRANSLATION” is displayed.

INTERRUPTING AND ABORTING A TRANSLATION

In the event things appear to be going wrong (e.g., nothing happens after a long
while), or if you wish to break into the process and see where things are at, the interrupt
sequence 1o be typed is “38-." (hold down the 3 key and type a period). AAIS Prolog
will display the call it is currently trying to answer, display a colon, and halt temporanly.
At this point, control is returned to the user. You may wish to turn on the full-step mode
(type a2 “c” and a return or select the appropriate item on the “Debug” menu) or use some
item on some menu. At the colon prompt, entering a carriage return will cause Ordinotrad
to resume processing where it left off. In order to abort the whole process, enter an “a”
and a carriage return at the colon prompt. It is advisable at this point to reset the
input/output parameters and close any files that may have been opened during processing
(enter “resetio.” at the “?-"" prompt).

Consult the AAIS Prolog manual for other options available at the user-interrupt
prompt.
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CONTROLLING SCREEN OUTPUT

It is not necessary to view all the interim data structures when having a sentence
translated. Upon loading the system, the user is given the option to answer “yes” or “no”
to the question of having these interim structures displayed. Once the program is loaded,
and the user is at the “system level,” it is possible to toggle between displaying and not
displaying these results by typing in the Prolog calls (defined within Ordinotrad)
“trace_on.” or “trace_off.”

Prolog programmers may wish to view the action at a snail’s pace, i.e., one
processing step at a time. This can be done by selecting “Global step™ on the “Debug”
menu when control is returned to the user (i.e.,, when AAIS Prolog recognizes keyboard
and menu activity). This feature can be turned off by selecting “No Global Trace/Step” on
the same menu.

Furthermore, it is possible to “spy on” individual predicates (i.e., viewing them
when called and failed or exited) by selecting “Trace/Step goal...” on the “Debug” menu
and typing in the desired predicate name in the dialog box. This feature can be turned off
by repeating the above process and clicking “Nospy” in the dialog box.

The last two activities are quite low-level in terms of programming and would be
more confusing than enlightening so far as machine translation is concerned.

PREPARING FILES FOR “T2D(FILENAME)” OR
“TRANSLATE(FILENAME)”

Text files?4 can be prepared on the Macintosh with any wordprocessor capable of
producing text files. Text files can also be transferred from other computers via modem or
other means (c.g., exchange of diskette), provided they are in ASCII format. The reason
that files must be in text format is that Ordinotrad is not capable of interpreting formatting
codes inserted by the various wordprocessing packages available. Such interpretation
could, of course, be done by an “envelope™ preprocessor (written, perhaps, in C), which
would remove formatting codes prior to submitting the sentence to Ordinotrad. Once the
sentence is translated, the formatting codes could then be reapplied (or “translated™). For
example, an address or date may be at the right margin in a French letter; this information
could be applied to the English translation, or it could be replaced with 2 typical English
format (at the left margin, for example). Also, translations could be produced in boldface
or italics, reflecting the format of the French input.

24 The samc type of file is called an ASCII file in the [BM environment,
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The ¥/O predicate used to read data from a file on disk is provided by AAIS Prolog
(i.e., readline(X)). With this predicate, 2 sentence is interpreted by Ordinotrad io be all
data up to but not including a carriage return. For this reason, it is important that sentences
and mentions end with carriage retums, so that only one sentence is read at one time, The
fact that a sentence may be word-wrapped by the word-processor when creating the file is
not important. In a sense, the “readline” predicate is a misnomer, since the call is able to
read several physical lines provided they do not contain any carriage returns, i.c., what
some word-processors consider a paragraph.

USING “T2D(FILENAME).”

When having a file on disk ranslated with the “Qd(Filename)” call, user interaction
with Ordinotrad is basically the same as for “mranslate.” and “translate(Filename).”, with the
main difference being the fact that results are also saved in a file on disk.

The restrictions for using this rule are that the Filename must be a Prolog symbol
(put it between single quotation marks to be sure), and the file to be translated must be in
the “corpora” folder on the “DATA” disk.

The following is a verbatim transcript of a session in which a short file was
translated. The file name was “short example” and it contained the followin g data,

J'en suis un.

1 en a fait trois.

1i en a fait trois adresses.

1l en a fait beaucoup.

Je leur en ai adressé€ trois.

J'ai trois des letwres.

Tu as trois letires.

1l a wois.

Is leur avaient adress€ les cinq lettres.
IIs auront adressé, Monsieur, les letres 3
cux.

Nous vous remercions de votre lettre.
Nous sommes heureux de vous adresser la
documentation demandée.

?- trace_off.
yes
?- t2d(’short example”).
Now translating file titied: short example

The transiation will be in the corpora folder with the title: short example.English
Please stand by; you may be needed to answer a few questions.
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NOW TRANSLATING:

J'en suis un.

Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transter completed

TRANSLATION SAVED TO DISK:

1 am one of them.

NOW TRANSLATING:

il en a fait trois.

Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transter completed

TRANSLATION SAVED TO DISK:

He made three of them.

NOW TRANSLATING:

Il en a fait trois adresses.

Preprocessing completed.

Morphological analysis cornpleted.
Subject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transter completed

TRANSLATION SAVED TO DISK:

He made three addresses of them.

NOW TRANSLATING:

Il en a fait beaucoup.

Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transier completed

TRANSLATION SAVED TO DISK:

He made many of them.

NOW TRANSLATING:

Je leur en ai adressé trois.

Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transfer completed

TRANSLATION SAVED TO DISK:

1 sent three of them to them.
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NOW TRANSLATING:

J'ai trois des lettres.

Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.

Parsing completed.

Cace processing completed.

Transfer completed

TRANSLATION SAVED TO DISK:

I have three cf the lefters.

NOW TRANSLATING:

Tu as trois lettres.

Preprocessing completed.

Mormphological analysis completed.
Subject-verb agreement succeeded.

Persing completed.

Case processing completed.

Transter completed

TRANSLATION SAVED TO DISK:

You have three letters.

NOW TRANSLATING:

Il 2 troks.

Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transter completed

TRANSLATION SAVED TO DISK:

He has three.

NOW TRANSLATING:

lis leur avaient adressé les cinq lettres.

Preprocessing completed.

Morphological analysis compieted.
Subject-verb agreement succeeded.

Parsing completed.

Case processing compieted.

Transfer completed

TRANSLATION SAVED TO DISK:

They had sent the five letters to them.

NOW TRANSLATING:

{ls auront adressé, Monsieur, les lettres a eux.

Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transfer completed

TRANSLATION SAVED TO DISK:

They will have sent the letters to them, Sir.
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NOW TRANSLATING:

Nous vous remercions de volre lettre.

Preprocessing completed.

Morphological analysis completed.
Subject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transfer completed

TRANSLATION SAVED TO DISK:

We thank you for your letter.

NOW TRANSLATING:
Nous sommes heureux de vous adresser la documentation demandée.
Preprocessing completed.
Morphological analysis completed.
Subject-verb agreement succeeded.
Parsing completed.
Case processing completed.
Transter completed
TRANSLATION SAVED TO DISK:
We are happy to send requested documentation to you.

Processing has been completed.
The translation is in the corpora folder with the title: short example.English

yes
2

A file called “short example.English” was created automatically by O:dinotrad and it
contained the following data. This file could, of course, have been viewed and printed
using AAIS Prolog editing and printing resources, or processed with another word-
processor, as is the case here.

I am one of them.

He made three of them.

He made three addresses of them.
He made many of them.

I sent three of them to them.

I have three of the letters.

You have three letters.

He has three.

They had sent the five letters to them.
They will have sent the letters to them, Sir.
We thank you for your letter.

We are happy to send requested
documentation to you.

Work on this file, including I/O and user
interaction, took () minutes and 46 seconds.
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THE MACINTOSH CHARACTER SET

The Macintosh character set recognized by Ordinotrad contains 256 characters,
including most of the French accented characters. During the preprocessing phase of the
analysis procedure, characters are checked on the assumption that a laser font is being
used, as the laser fonts are the ones that provide the accented characters used in French.
When running Prolog (with Ordinotrad in memory), the database of acceptable letters can
be reviewed by typing “list(letter).”. If a series of small rectangles are displayed, change
the font being used to a laser font (Courier, Helvetica, Times, etc.) by selecting the
appropriate name under the “Format” menu (the font size may also have to be changed,
depending on the font). The “Keycaps™ desk accessory shows how the various characters
can be entered through the keyboard.

Ordinotrad input/output need not be in a laser font, as it does not process what is
seen on the screen but the ASCII numbers themselves. For example, a text file may be
prepared using a laser font, to allow the user to verify visually the comrectness of the input,
and Ordinotrad may be run under the Geneva font, which is eminently more readable,
although it may display small rectangles in the place of some accented characters.
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Evaluation and Conclusion

ACCOMPLISHMENTS

The main achievement of the work described in this thesis has been the design and
implementation of a kernel machine-translation system which is capable of translating
simple texts from French to English. The size of the program required to carry out such
translations is a little larger than I had anticipated, and more than one megabyte of RAM is
now needed (as opposed to my original estimate). Apart from the hardware requirements,
the program itself proved to be comprised pretty well of what I expected: preprocessor,
morphological analysis, parsing, case analysis, transfer, and generation; complemented
with some utility files: a word acquisition module which creates entries for dictionary, a
taxonomy, dictionaries, and a user interface.!

Furthermore, it has been shown that case grammar principles may be implemented
in an automated translation process with some success, in three ways in particular. First,
these principles allow for incorporating “meaning” into an otherwise syntactically based
environment, thus bringing this system into the theoretical fold of meaning-based
ranslation. Second, the case grammar principles provide an elegant method for controlling
the development of a deep-structure representation of a sentence by verifying equivalence
between the semantic requirements of a role and the meaning of a sentence component.
Third, the cases and case-grammar concepts used in analysis are also used in transfer and
generation, thus providing for a “smooth” flow of data throughout the process.

In view of the results provided in Appendix 3, it appears that Ordinotrad achieves
the “measurable™ goal described in Chapter 1 (page 3), namely, to produce output that a
human translator would consider worth revising. No statistical analysis has been done to
see if the anslations achieve an 80 percent success rate (i.e., fewer than 1 required
correction per 5 words), though at a first glance it would seem to hover around this level of
accuracy.

1 These utility files may be found at the end of Appendix 4.
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WHAT HAS BEEN HANDLED

The program was designed to handle administrative correspondence, as can be seen
in the various results provided in Appendix 3. Comrespondence was understood to include
both mentons and sentences. With regard to the former type of input, as many possible
correct variations for each type of mention (e.g. how many ways are there to say “Cher
Monsieur,” in French?) were considered in developing the program. Yet the most
interesting and challenging programming is for the sentences (i.c., propositions), which
were allowed to be open-ended. That is, Ordinotrad will deal with only one sentence at a
tme, but this sentence may be comprised of any number of propositions (independent,
subordinate, ellipsed surface subject) which may be connecied, for example, by “, et™.
Each of these propositions in turn are comprised of syntactic sentence-components (noun
phrases, verbs, prepositional phrases, etc.) which themselves are allowed to be
compounded (e.g. “Jean et Marie ont envoyé€ les lettres et la documentation 2 nous et aux
autres.”). The only compound syntactic structures that cannot be currently handled by
Ordinotrad are verbal ones, as this situation presents extensive programming difficulties
whose resolution would take considerably more time than my resources allow. For
example, in the sentence “Jean achéte et vend des voitures,” frame compatibility between
the two Events would have to be established during analysis and again during generation.

The sentence types which Ordinotrad will reject (i.c., for which it will not go
further than morphological analysis and an attempt to parse) include those with compound
verbs, as just mentioned, along with imperative or interrogative statements, and sentences
beginning with “il y a”, “c’est/ce sont ... que”, and “il fait ... que™. This limitation does
not reflect on the utility of case grammar, it only shows that Ordinotrad’s parser is
inadequate and more rules need to be defined.

It should be added that it is possible for incomplete sentences to be translated by
Ordinotrad, provided all of their components can be treated as mentions (e.g. a series of
noun phrases, or some other mixture of mentions). No sentence would be constructed in
English, but each mention would be translated in sequence and apart from the others.
Also, such translations would be quite word-bound (i.e., highly reflect the French surface
structure), as there would be no Event providing a frame to govern their ranslation. This
reflects the centrality of the Event in case grammar. If there is no Event, there is no case
frame, and case grammar is rendered inoperative.
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PROSPECTS FOR DEVELOPMENT

Apart from the obvious advantages that could be gained by augmenting the parser
with more rules 0 handle a greater variety of sentence types, the use of meaning could be
implemented further to apply much more stringent restrictions on choice of words.

For example, the case processor could be amended so that when a march is founé
between a case-relation requirement and a given meaning of a word (from among several),
this meaning alone is retained to control later rransfer and generation.2 For example, given:

f(X, [noun-(X, DescX, [M1, M2, M3, M4])))

f_eX, [A.B,.CD

¢(A, [noun-(A, DescA, [M1])])

(B, [noun-(B, DescB, [M2))))

¢(C, [noun-(C, DescC, [M3])])

and a case frame in which a particular role requires M1

where

f is the predicate of an entry in the French Dictionary

X 1s the French word

DescX is a morpho-syntactic description of X

M1, M2, M3, M4 are semantic primitives found in the taxonomy3
f_e is the predicate of an entry in the Transfer Dictionary

A, B, Care English words suggested as equivalents for X

¢ is the predicate of an entry in the English Dictionary

then in that role only A would be acceptable as an equivalent. At the present, the same
result is achieved from another angle, i.e., through the case frame. The semantic
requirements indicated in 2 case frame must be met by both the French input and the
suggested English equivalent. The weakness of this approach lies in the fact that while
both the French and English words may meet the semantic requirements of the case frame,
they are not necessarily semantic equivalents. For example, the semantic requirement for a
given role may be a2 “mental thing.” Yet the intensional meaning of the French word could
be a measurement in space, whereas that of the English word could be a measurement in
time.

2 Al the present time, no meanings are discarded, even though just onc of them may satisfy the semantic
requirement of a case frame.

3 Sce Appendix 2.
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I have also tried very much to keep out any “English” interference in the analysis
process, that is, not to write rules in the French parser that anticipate what would be
expected in English (e.g., T have kept the format of a French word (the fact that it may be
capitalized) up to the point of generation, even though the English format is based on its
own requirements (sentence position or proper/common nature and not on the French in the
original). Because of this effort, I believe that this system holds promise for working with
a different target language whose case labels are similar to those used in herein. In other
words, the transfer and generation (and related) files could be replaced with others that
would generate a sentence in another language, without having to change the parser and
case analysis modules.

WHAT WOULD NEED IMMEDIATE ATTENTION

The following improvements are basically small tasks pre-requisite to any further
development, requiring some linguistic-translation premise to be made at a theoretical level
and then an appropriate implementation in the program. The reason they are not
implemented at this point is that if I did not set a deadline for stopping any further effort
once the program worked, programming could go on for another year and continually
create small, short-term improvements.

There is a need for better generation of nouns in apposition (e.g. meubles de
bureau), i.¢., a procedure which would distinguish nouns that could be put in front of the
head noun in English (in this example “office™ could precede “furniture™) and those that
really are head nouns within a qualifying prepositional phrase that should be positioned
after the head noun in English (e.g., given “meubles du Canada”, “from Canada” should
follow “furniture”). In other words, there should be a way to distinguish nouns which
function as qualifiers from those that function as head nouns within a qualifying phrase. It
may be necessary to be more precise and say that adjectives function as qualifiers and that
some nouns t0o can function as qualifiers to avoid diluting the long-standing, traditional
distinction of nouns and adjectives. This concept would then have to be incorporated into
the transfer module (see the “swap” rule for adjectives in the Transfer file in Appendix 4,
which now only allows for adjectives and verbs to become adjectives in English).

There is a need for better handling of “the” as a qualifier of mass nouns if the noun
is otherwise qualified. At the present, “the” is dropped before mass nouns. Consider, for
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[y

example, Ordinotrad’s translation of “nous assurons le transport et l'installation™: “‘we
provide transportation and the installation™.

Finally, the two negative forms “ne...ni...ni" and “ne...que” cannot be handled by
the parser. Special rules would need to be created, perhaps to change “ne...que” to
“seulement”™ and position it in the place of the “que™ and change the form (the last element
in the set of modalities) of the sentence from “negative™ to “affirmative.” The “ne...ni...ni"
problem relates directly to the use of compound verbs (which are not handled) and to
compound noun phrases (or any other compound syntactic unit) which can be handled.
The former problem should be dealt with first, as it comprises a far greater restriction on
the adequacy of the parser.

There is an interesting bug in the morphological analysis routines caused in part by
the shortage of entries in the dictionaries. For example, at one point in program
development, the word “cher” had been defined. Then, when inputting a sentence
containing the verb “chanter” (e.g., Je ne le chante plus), the analysis routines determined
that “chante™ was the feminine singular, present participle of a supposed verb “cher”.
However, the dictionary entry for “cher” did not contain 2 verb description, and so the
process failed at that point. I believe that this type of problem would not occur, were the
majority of common words used in French defined in the dictionary.

WHAT WOULD NEED ATTENTION IN THE LONG TERM

Any long-term development would require immediately a dictionary containing the
most common words used in French and definitions of appropriate English equivalents. It
would then be appropriate to build both dictionaries to an adequate size so that the
sublanguage of administrative correspondence would be reflected in it. Full forms are
needed for étre, avoir, faire, aller, voir, devoir, pouvoir, vouloir, falloir, savoir. To
implement such massive dictionaries would require both hardware and software solutions
for looking up words in dictionaries without having to load dictionaries into memory.

At the present no questions or exclamations are handled. The stage is set, however,
for these types of sentences to be dealt with, since the major addition to the sysi.m to
enable it to handle such sentences would be in the existing parser and generation modules.

4 This ix not to say that the parser is umable to handle discontinuous sentence components. Sce the
present rules for handling negative forms in the “Parser - event”™ file in Appendix 4.
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One of Ordinotrad’s major weaknesses is its handling of multi-word fixed
expressions, which, at the present, are generally dealt with component by component.
There are some allowances at the present for fixed expressions in the analysis of

prepositions (see the “Parser - preposition”™ file in Appendix 4), but this needs to be
expanded.

CONCLUSION

In terms of the rwofold purpose considered at the outset, it can be said that it is
feasible to implement case grammar principles and, therefore, limited semantics in a
machine translation system which also uses syntactic analysis, and thus to reflect to that
extent the notion of “meaning-based translation.” It is also feasible to create a reasonable,
kemnel MT system using this approach with roughly 9 000 lines of Prolog code. The
system presently runs smoothly on a Macintosh Plus with 2 Mb of RAM and two floppy
disk drives. It therefore could, with some dictionary expansion, be integrated as a tool into
a translator’s work station. Furthermore, the program could be adapted to run under an
implementation of Prolog designed for the MS-DOS environment.

A dream of any student of Artificial Intelligence—and I consider myself a student of
translation with a strong interest in AI—is to create something useful that incorporates 2
knowledgs base (e.g., the various facts stored in Ordinotrad in its dictionaries, taxonomy,
lists of verb endings, and so forth) and a means for analyzing and judging input through
reasoning based on that knowledge. I believe that Ordinotrad is such a creation and,
therefore, an Al machine. I also realize that what I have achieved in this thesis is not a final
answer in the field of machine translation, but only an exploration into one of the cver-
increasing pessibilities in this field.
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Appendix 1
Case List Used in Ordinotrad

The case labels used in Ordinotrad are listed and defined below. Each label is
described in terms of something which is capable of playing the role identified by the label.

Central Roles
The first part of the case list consists of labels for roles important to the event in a
proposition.

The Agent is something which does an action described by an event; that is, the
doer.

The Instrument is something used to carry out an action described by an event.

The Beneficiary is something that is advantaged or disadvantaged by an action or
state described by an event.

The Affected 1s something that undergoes, is affected by, or experiences an action
described by an event. It may also be something that is renamed or
modified by the Attribute of a state described by an event.

The Result is something which is produced by an action described by an event.

The Source is something considered as the place where an Agent begins an action
described by an event ar something considered as the place from which an
Affected moves or is moved.

The Destination is something considered as the place where an Agent concludes an
action described by an event or something considered as the place to which
an Affected moves or is moved.

The Aaribute is something which renames or modifies the Affected of a state
described by an event.



Appendix 1 - Case List 114

Peripheral Roles
The second part of the list consists of labels for underlying relations between
sentence components and the sentence as a whole. They do not have a specific role in

relation to the event indicated in a sentence but affect how the overall event and filled case-
roles are perceived.

Location identifies the spatial placement of an action or state described by an event.

Time identifies the tempaoral placement of an action or state described by an event.
It indicates when an action began or ended, its point in ime, or its duration.

Manner is the qualification of the way an action described by an event was, is
being, or will be accomplished.

Cause is something which instigates an action described by an event but does not
do it, an action to be done, or something which is perceived as the end to
which an action is directed.
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Appendix 2

Taxonomy

An taxonomy provides a description of the nature of “something” and of its
relations to other “things.” The taxonomy created for Ordinotrad provides it with a
Weltanschauung, whereby it can make the logical inferences required by the semantic
analyses in its case-related methodology.

The words used in this taxonomy are deemed to be the “intensional” meanings of
any number of things, i.c., the set of atwributes which characterize the thing without
referring to any actual object.] Each label in the taxonomy can also be a “class™ in which
other labels may be a member. Labels at the same level are deemed to be mutually
exclusive, yet any reality may be given more than one label. For example, ‘parole * may be
considered to be a member of the class of mental interactions as well as a social
phenomenon.

This component of Ordinotrad is easily susceptible to criticism (I, myself, have
drawn up half a dozen alternatives), but as a programmer with a deadline, I could not hope
to keep changing the taxonomy in the code, as long as the existing one is effective. The
implementation of the following diagram in the program itseif can be found in Appendix 4,

in the *“Taxonomy” file.

1 Martha W. Evens, ct al., Lexical-semantic relations: a comparative survey, (Carbondale, USA,
& Edmonton, Canada: Linguistic Research Inc., 1980), 28. Note that intensional meanings arc
distinguished from extensional oncs, which refer to the things which a term names. “A strict extensional
approxch is limited to forming sets of things and makes lile attempt to posit conceptual underpinnings or
otherwise account for the nature of distribution of the sets of items.” ibid., 28.
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[ Levclo | Levell | Lewvel2 | Level3 | Leveld | Levels | Level6 1
cvent
somcthing — meatal thing (mthing)
thing — physical thing (pthing)

felt thing (fthing)
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| Leveil | Level2 | Level3 | Leveld | LevelS | Level6 | Levei7 |
state
positive process (posprocess)
cvent —» process —
negative process {(DCEProcess)
activity = mental (mentinteraction)
interaction — | cmotional (cmotinteraction)
posscssion
assistance
non-statc — physical »
(nstatc) (physinter- contact
action)
confrontation
transfer
consumc
use
sclfdisplacement
motion —

displaccment
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| Levci2 | Level3 | Leveld | Levels { Level6 | Level? | Level 8
volition
intention
theory
subject science (i.c., a ficld of study, one of the sciences)
matier — knowledge
(submatter) rule declaration
argument — question
thought command
mental thing —
(mithing) relation (sce next page)
SCTiCS
hicrarchy
structure — network
mass
construct —» numcral
mcasurcment—|  unit
standand
location —» point in spacc (pspacc)
distance
time = point in time (ptime)
duration
manner
froquency
intensity
affirmation
attimde - negation
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[ Level2 | LevelS | Level6 | Level 7 [ Level8 | LevelS [ Levello |
agent
instrument
bencficiary
thing/event — | affected
relation result
(tcrelation) source
destination
relation —» cause (1.c., 2 causal relation)
purposc
condition (Lc. contingency)
complcment
accompaniment
thing/thing possessor
relation — comparison
(ttrelation) cquality
inferiority
superiority
manifcstation
none
- part
denivation — clement
organ
abbreviation
state (i.c., condition in the scnse of “&tat™)
quantity
nature
altribute — shape
name

quality



APPENDIX 2 - Taxonomy 120

[ Level2 | Level3 | Leveld | LevelS | Level6 | Level7 [ Level8 |
plant suprahuman (gods, devils, fates, ctc.)
living thing — person = human (man, woman, child, cic.)
(thing) group (of humans, institution)
sentient —
microbe
bug
animal — fish
physical thing bird
(pthing) — larger animal—| reptile
(lanimal) quadnuped
simian
physical phenomenon (physphen)
social phenomenon (socphen)
non-living — | social custom (soccustom)
thing
{(nlthing) social system (socsysiem)
ncrgy
natural object (natobject)
stationary
artifact — selfmoving
nonstationary

nonsclfmoving
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| Level2 | Level3 | Leveld | LevelS | Level6 | Level7 | Level8 }
personal emotion (pemotion)
interpersonal emotion {icmotion)
felt thing —
(fthing) abstract pressure (abspressure)
physical pressure (physpressure)
Relerences

Dahlgren, K. & J. McDowell, “Kind types in knowledge represeatation,” Proceedings of COLING 86
(Bonn, 1986): 216-221.

Nirenburg, Scrgei, Victor Raskin & Allen B. Tucker. “The structure of interlingua in TRANSLATOR.™
Machine Translation: Theoretical and methodological studies. Sergei Nirenburg, ed. Studics in
Natural Language Processing. Cambridge: Cambridge University Press, 1987. pp. 90-113,

Sakamolo, Yoshiyuki, Tetsuya Ishikawa, & Masayuki Satoh, “Concept and Structure of Semantic Markers
for Machine Translation in Mu-Project,” Proceedings of COLING 86 (Bonn, 1986): 13-19.

Schubert, Lenhart K., Mary Angela Papalaskaris, & Jay Taugher, “Determining Type, Part, Colour, and
Time Relationships,” Computer 16.10 (1983): 53-60.
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Appendix 3

Translation Results

Typical results for each segment of analysis, transfer and generation are shown by
the following recorded portions of a session using Ordinotrad. Following this transcript
are a series of French files and their English translation produced by Ordinotrad. Any
comments that I have added here and which are not part of the ranscript are printed in the
present font. The transcript itself is printed here in a non-serif font, with some underlining
added for the sake of presentation. Input provided by the user is shown in boldface. The
contents of files read or written by Ordinotrad are enclosed in shadowed boxes.

In order to demonstrate each segment of the process, I created three short files
which would provide an overall view of what Ordinotrad can do. The first file consists of
affirmative statements, the second of negative ones, and the third some “mentions™ (things
like names, addresses, “Encl.”, “cc.:,” etc. The file names are, respectively, “shorteg. 17,
“short eg. 27, and “short eg. 3”). The reason for these files being so short is not that
Ordinotrad cannot handie longer ones; it is because the interim results are so spacious that
they become too prohibitive to print. In any event, interim results for any sentence can
always be reproduced on screen by Ordinotrad. Note that lines beginning with a “?-" are
Prolog prompts at which the user calls the appropriate rules which make cverything
happen.

The file “short eg. 1” contains the following data.

Monsieur Untel leur a adressé trois letres.

Je suis trés heureux d'avoir regu votre lettre de 15 juin 1988.
Les trois premigres lettres compltes que je regois
deviendront 12 documentation de base.

The call is made to have the above file translated. Interim results are displayed
because of a previous call to turn interim tracing on (cf. Chapter 4).
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2- translate("short eg. 1°).

NOW TRANSLATING:
Monsieur Untel leur a adressé trois lettres.

BESULTS OF PREPROCESSING
w{monsieur,cap)

w(untel,cap)

w(leur,low)

wi(a,low)

w{adressé low)

witrois,low)

w(iettres,low)

p(.)

Type any letter and a retumn to continue.
==> V

BESULTS OF MORPHOLOGICAL ANALYSIS BASED ON DICTIONARY LOOKUP

lu{cap.[noun-{monsieur.m,s,proper,count,[humani)])

lu{cap.Jnoun-{untel,m,s,proper,count, [person,name])])

lu(low,[adj-(leur,poss,(m.f),s [ttrelation]) pro-(leur,refl,3,pl,(m,f) [person])])

lu{low.[verb-(avoir,(pres,ind,3,s),[possession-[agent-(r,fsomething],nil) , affected-
(r.[something],nil) beneficiary-(o,[event,person].for)]]),string-a])

lu(low, [verb-(adresser, (past-pan, m, s), [transfer{agent-(r, [person], nil), beneficiary-(r, [sentient],
a), instrument-(o, [artifact], dans), affected-(r, [artitact], nil), source-(0, [pspace], de),
destination-(o, [pspace], a)], mentinteraction-{agent-(r, [person, artifact], nif), beneficiary-{r,
[person], nil), affected-(o, [mthing. fthing], ni]]))

lu(low [adj-(trois,cardinal, (m.f).pl.[quartityD])

lu{low,[noun-{lettre.1.pl.common,count,[nonselfmoving,submatter]}])

plpct,.)

Type any letter and a retum to continue.

=

Subject-verb agreement succeeded.

For the following results, consider each indentation as a successive generation of a
tree. See Chapter 4 for a complete description of all data structures.

BESULTS OF PARSING
proposition
independent_prop
modalities
past
ind
active
affirmative
declarative
event
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lu(low, verb-(adresser, (past, ind, 3, _979), [transfer-{agent-(r, [person], nil},
beneficiary-(r, [sentient ], &), instrument-(o, [artifact). dans), atfected-{r, [artitact],
nil), source-(0, [pspace), de), destination-{o , [pspace], 4)]. mentinteraction-
[agent-{r, [person, artifact], nil), beneficiary-(r, [person], nil), affected- (o, [mthing,
fthing], nilj}))
np

name
name
lu{cap,noun-{monsieur,m,s,proper,count,[human]))
name
lu(cap,noun-(untel,m,s,proper.count,[person,namel))
np
np
lu(low,pro-{leur,refl,3,pl,(m.f) [person]))
np
np
noun
lu(low,noun-(lettre.t,pl,common,count,[nonselfmoving,submatter]))
modifiers
lu(low,adj-(trois,cardinal f,pl, Jquantity]))
nil

Type any letter and a return to continue.
==>C

BESULTS OF CASE PROCESSING
proposition
independent_prop
modakties
past
ind
active
atfimative
declarative
event
lu(low,verb-(adresser,(past,ind,3,_979),transfer))
agent
np
name
name
lu{cap,noun-{monsieur,m,s,proper,count,[human]))
name
lu(cap,noun-(untel,m,s,proper,count fperson,name)))
beneficiary
np
np
lu{low,pro-(leur,refl,3,pl.(m,f).[person)))
attected
np
np
noun
lu{low,noun-{lettre.f,pl,common,count,[nonselfmoving,submatter]))
modifiers
lu(iow,adj-(trois, cardinal t,pl,[quantity]))
nil
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Type any lefter and a retumn to continue.
==»1

RESULTS OF LEXICAL TRANSFER
proposition
independent_prop
modalities
past
ind
active
affirmative
declarative
frame
agent
r
person
ral
instrument
0
artifact
in
beneficiary
r

sentient
to
affected

r
artifact
nil
source
o]
pspace
from
destination
o]
pspace
to
event
lu{low,verb-(send,(past,ind,3,_979).transfer))
agent
np
name
name
lu{cap,noun-(sir,s,proper,count))
name
lu{cap,noun-(so and so,s,proper,count))
beneficiary
np
np
lu(low,pro-{them,refl,3,pi})
affected
np
np
noun
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lu{low,noun-(letter,pl.common,count))
modifiers

lu{low,adj-(three,cardinal))

ol

Type any letter and a retum to continue.
==>0

TRANSLATION
Mr. S0 and so sent three letters to them.

Translation operations took 1 minute and 11 seconds.

Do you wish to transiate the next sentence from your file?
{yes-y'no-n] ==>Y

NOW TRANSLATING:
Je suis trés heureux d'avoir regu votre lettre de 15 juin 1988.

BESULTS OF PREPROCESSING
w(je.cap)
wi(suis,low)
witrés,low)
w(heureux,low)
wi(de,low)
w{avoir,low)
w(recu,low)
wi{votire,low)
w(lettre low)
w(de,low)
n(15,cardinal)
w(juin,low)
n{1888,cardinal)
p()

Type any letter and a return to continue.

==>r

RESULTS OF MORPHOLOGICAL ANALYSIS BASED ON DICTIONARY LOOKUP

lu{cap,[pro-{je,pers,1,s,(m,f}.[person])])

u(low, [verb-{&tre, (pres, ind, 1, s), [state-[affected-(r, [something], ril), attribute-(r, [something),
nil), beneficiary-{o,[sentient],ni) DD

lu{low,[adv-{irés intensity)])

lu(low Jadj-(heureux,desc,m,{s,pl).[attribute])])

lu(low,[prep-de])

lu{low, [noun-{avoir, m, s, common, count, [phing, comparison]), verb-(avoir, inf, [possession-
[agent-(r, [something], nil), alfected-(r, [something], nil), beneficiary-(0, [event, person],
tor)hD

u(low, [verb-(recevoir, (past-part, m, s), [physinteraction{agent-{r, [person], nil), affected-(r,
[animal, plant, natobject, energy, artifact], nif}, source-(0, [pspace, person), de)],
cr;te)rﬁlt)i;)lteracﬁon-{agem-(r, [event, person}, nif), affected-(r, [mthing], nif), source-(o, [event],

e
lu(low,[adj-(votre,poss,(m.f),s,[ttrelation])])
lu(low,[noun-(lettre f,s.,common,count [nonselfmoving,submatter])])
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lu{low [prep-de])

n{15,cardinal)
lu(low,[noun-(juin,m,s proper,count [time,name])])
n{1988,cardinai)

plpet..)

Type any letter and a relum to continue,
==>L
Subject-verb agreement succeeded.

BESULTS OF PARSING
proposition
independent_prop
modahties
pres
ind
active
affirmative
declarative
event
lu{low, verb-(&tre,(pres.ind, 1,s),[state-[affected-{r,[something],nil),attribute-
{r.Isomething],nil),beneficiary-(o,[sentient],ni)Ii))
np
np
o lu{cap.pro-(je.pers.1.s.(m.f).[person]))
]
lu
luflow,adv-{trés,intensity})
lu{low,adj-(heureux,desc,m,(s,pl).[attribute]))
event_prop
event_prop
modalities
past
participle
active
affirmative
declarative
event
lu(low,verb-(recevoir,(past,participle,nil,nil),[physinteraction-[agent-
(r.[person],nil),affected-(r,[animal,plant, natobject, energy,artifact],nit),
source-{0,[pspace,person].de)},mentinteraction-[agent-
(r.[event,person],nil),affected-(r,[mthing],nil) ,source-(o,[event],de)1D)
prep
lu(low.prep-de)
np
np
noun
lu{low,noun-{lettre t,s.common,count,[nonselfmoving, submatter]))
modifiers
(low,adj-(votre,poss f,s [ttrelahon]))
qualitying_prep_phrase
qualitying_prep_phrase
prep
lu{low, prep-de)
date
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s

nil
weekday
nil

number(15,cardinal)
month

lu{low,noun-{juin,m,s,proper,count,[time, name]))
year

number(1988,cardinal)

Type any letter and a retumn to continue.
=>0

BESULTS OF CASE PROCESSING
proposition
independent_prop
modalities
pres
ind
active
affirmative
declarative
event
lu(low,verb-{étre,(pres,ind,1,s),state))
affected
np
np
lu{cap,pro-(je.pers,1.s,{m.f),[person]))
attribute

adj
Iu
u(low,adv-{trés intensity))
lu(low,adj-(heureux,desc,m,(s,pl),[attribute]))
cause
event_prop
event_prop
modalities
past
par_haple
active
atfirmative
declarative
event
lu(low,verb-(recevoir,(past,participle,nil,nil) physinteraction))
prep
lu{low.prep-de)
affected
np
np
noun
lu(low,noun-{lettre. f,s,common,count, [nonseltmoving,
submatter]))
modifiers
lu(low,adj-(votre,poss.1,s,[ttrelation]))
qualifying_prep_phrase
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qualitying_prep_phrase
prep

lu(iow,prep-de)

date

Type any letter and a return to continue.
==> 0

BESULTS OF LEXICA]L TRANSFER

proposition
independent_prop
modalities
pres
ind
active
affirmative
declarative
frame
beneficiary
0

person
event
for
affected
r
something
nil
attribute
r
something
nil
event
lu(low, verb-(be,(pres,ind,1,s),state))
affected
np
np
lu(cap,pro-{l,pers,1,s))
attribute

adj
lu
u{low,adv-(very,intensity))
lu{low,adj-(happy.desc))
cause
event_prop

nil

weekday

nil
day
number(15,cardinal)
month
luflow,noun-{juin,m,s,proper,count,{time,
name]))
year
number({1988,cardinal)
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event_prop
modalities
past
participle
active
affirmative
declarative
frame
affected
r
animal
plant
natobject
energy
artifact
nil
source
o
pspace
person
de
event
lu{low,verb-(receive,(past,participle,nil, nil},physinteraction))
prep
u{low,prep-{functional_prep))
affected
np
np
noun
lu{low,noun-({letter,s,common,count})
modifiers
lu(low,adj-{your,poss))
qualifying_prep_phrase
qualifying_prep_phrase
prep
u({low,prep-[functional_prep])
date
nil
weekday
nil
day
number(15,cardinal)
month
lu(low,noun-(june,s,proper,count))
year
number{1988,cardinal)

Type any letter and a return to continue.
=x> W

JRANSLATION
[ am very happy having received your letter of June 15, 1988.

Translation oparations took 1 minute and 22 seconds.
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Do you wish 1o translate the next sentence from your file?
[yes.y.no,n] ==>y

NOW TRANSLATING:

Les trois premiéres lettres completes que je regois deviendront la documentation de base.

BESULTS OF PREPROCESSING
w(les,cap)

w(trois,low)
w(premiéres,low)
w(lettres, low)
w{complétes,low)
w(que,low)

wije,low)
w(regois,low)
w(deviendront,low)
wi(la low)
w(documentation,low)
wi{de low)

w(base,low)

p()

Type any lefter and a retumn to continue.
==> @

lu(cap.[ant-(les det,(m.f),pl),pro-(les,rel,3,pl,(m.f),_855)))

lu(low,[adj-(trois,cardinal,{m,f),pl.[quantity])])

lu({low Jadj-(premier,ordinal,t,pl,[ttrelation])])

lu(low,[noun-(lettre t,pl,common,count,[nonselfmoving,submatter])])

lu(low,[adj-(complet,desc.t,pl,[attribute])])

lu(low fconj-(que,sub),pro-(que,rel,3,(s,pl),(m,f),_1648)))

lu(low,[pro-(je,pers,1,s,{m,f),[person])])

lu{low,[verb-(recevoir,(pres,ind,{1.2),s),[physinteraction-[agent-(r,[person],nil),atfected-
(r,[animal,plant,natobject,energy,artifact],nif), source-
(0.Ipspace,person],de)],mentinteraction{agent-{r,[event,person},nil) affected-
(r.[mthing],nil),source-(0,[event],de)]D])

lu{iow,[verb-(devenir,(fut,ind,3,pl) [state-[atfected-(r,[person,event, mthing,artifact], nil)  attribute-
(r.[something],nil)],posprocess-{affected-(r,[person,event,mthing,artitact),nil),result-
(r.[something],nil)})])

lu(low,[art-(la,def t,s),pro-(la,rel,3,s.f,_1847)])

lu{low [noun-{documentation.f,s,comtnon,mass,[artifact])])

lu({low.[prep-de])

Iu((Iow.)[noun-(base.t,s,common.count.[pspaoe.nonselfrnoving])])

p{pct..

Type any letter and a retumn to continue.
==> N
Subject-verb agreement succeeded.
Subject-verb agreement succeeded.

BESULTS OF PARSING
propasition
independent_prop
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2
[ %)

modalities
fut
ind
active
affimative
declarative
event
lu(low, verb-(devenir, {fut, ind, 3, pl), [state-{affected-(r, [person, event, mthing,
artifact], nil), attribute-(r, [sormething], nil)], posprocess-[affected-(r, [person,
event, mthing, artifact], nil), result-{r, [something], nil)]]))
np
np
noun
lu(low,noun-(lettre. f,pl,common,count, [nonselmoving,submatter]))
modifiers
lu(mplan-(leslde'-flpn)
lu(low,adj-(trois,cardinal f,pl.[quantity]))
lu({low,adj-(premier,ordinal{,pl,[tirelation]))
lu{low,adj-(complet,desc,{,pl,[attribute]))
relative_prop
relative_prop
modalities
pres
ind
active
affirmative
declarative
event
lu(low,verb-(recevoir,(pres,ind, 1,s),[physinteraction-[agent-
(r.[person],nil)  affected-(r,Janimal,plant,natobject,
energy,artifact],nil),source-(0,[pspace,person],de)],
mentinteraction- fagent-(r,[event,person),nil) affected-
(r,[mthing],nil),source-(0,[event].de)]]))
np
np
tu(low,pro-(je,pers,1,s.{m,t},[person]))
np
np
lu(low,pro-(que,rel,3,(s,pl),(m.f),_1648))
np
np
noun
lu{low,noun-(documentation,f,s,common,mass,[artifact]))
modifiers
lu(low,ant-(la,det 1.s))
qualifying_prep_phrase
qualifying_prep_phrase
prep
lu(low,prep-de)
np
np
noun
lu{low,noun-(base.f,s,common,count,[pspace,
nonselfmoving]))
modifiers
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nit
nil
Type any letter and a return to continue.
==>V
BESULTS OF CASE PROCESSING
proposition
independent_prop
modalities
fut
ind
active
affirmative
declarative
event
lu(iow,verb-(devenir,(fut,ind,3,pl),posprocess))
aftected
np
np
noun
lu{low,noun-(letire.f,pl,common,count,[nonselfmoving,submatter]))
modifiers
lu(cap,ant-(les,det.f,pl))
lu(low,adj-{trois,cardinal f,pl,[quantity]))
lu(low,adi-(premier,ordinal f,pl,[tirelation]))
lu(low,adj-(complet.desc,t,pl,[attribute]))
relative_prop
relative_prop
modalities
pres
ind
active
affimative
declarative
event
lu(low,verb-{recevoir,(pres,ind,1,s),physinteraction))
agent
np
np
lu(low,pro-(je,pers,1,s.(m.f).[person]))
aftected
np
np
lu(low pro-{que,rel,3,{s,pl),(m,f),[animal,plant,
natobject, energy, artifact]))
result
np
np
noun
lu(low,noun-(documentation,t,s,comimon,mass,[artifact]))
modifiers
(low,art-(1a,def 1,5))
qualifying_prep_phrase

qualilying_prep_phrase
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prep
lu(low,prep-de)
np
np
noun

lu(iow,noun-({base,t,s,common,count,[pspace,

nonselimoving]))
modifiers
nil
nil

Type any letter and a return to continue.
== |

BESULTS OF LEXICAL TRANSFER

proposition
independent_prop
modalities
fut
ind
active
affirmative
declarative
frame
affected
r
person
event
mthing
artifact
nil
result
r
something
nil
event
lu{low,verb-{become,(fut,ind,3,pl),posprocess))
affected
np
np
noun
u(low,noun-(letter,pl,common,count))
modifiers
lufcap,art-(the def,nil,pl))
u(low,adj-(three,cardinal))
lu{low,adi-{first,ordinal))
lu(low,adj-(complete,desc))
relative_prop
relative_prop
modalities
pres
ind
active
affirmative
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declarative
frame
agemn
r

person
nil
affected
r
animal
plant
natobject
energy
artifact
nil
source
o
pspace
person
de
event
lu(low,verb-(receive,(pres,ind,1,s), physinteraction))
agent
np
np
lu(low,pro-(1,pers,1,s))
atfected
np
np
lu(low,pro-(that,rel,3,ph)
result
np
np
noun
lu(low,noun-(documentation,s,common,mass))
moditiers
lu(low,art-(the,def,nil,s))
qualitying_prep_phrase
qualifying_prep_phrase
prep
lu(low,prep-[functional_prep])
np
np
noun
lu(low,noun-{base,s,common,count))
modifiers
nil
nil

Type any letter and a retum to continue.

== C

TRANSLATION
The first three complete letters that | receive will become documentation of base.
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Translation operations took 1 minute and 23 seconds.

Do you wish to translate the next sentence from your file?
[yes,y.no,n} ==>y
There is no more 10 be translated in your file.

ORDINCTRAD™
©1987, 1888 Victor Loewen

There will eventually be a translate menu. The following are now available.
To have a sentence transiated with the results viewed un the screen, type “translate.”
To have a file translated with the results viewed on the screen, type “translate(Filename).”
= Files to be translated must be located in the corpora folder.
To quit, select QUIT under the FILE menu or simply type "exit.” and a retumn.
yes

The following transcript shows how the file “short eg. 1 could be translaed

directly to disk, with only progress reports shown on the screen. A special call is made to
turn interim tracing off.

?- trace_off.
yes

?- t2d('short eg. 1°).

Now translating fite titled: shorteg. 1
The translation will be in the compora folder with the title: short eg. 1.English
Please stand by; you may be needed to answer a few questions.

NOW TRANSLATING:

Monsieur Untel leur a adressé trois letires.

Preprocessing completed.

Morphological analysis completed.
Sutject-verb agreement succeeded.

Parsing completed.

Case processing completed.

Transfer completed

JTRANSLATION SAVED TO DISK:
Mr. So and so sent three letters to them.

NOW TRANSLATING:
Je suis trés heureux d'avoir regu votre lettre de 15 juin 1988.
Preprocessing completed.
Morphological analysis completed.
Subject-verb agreement succeeded.
Parsing completed.
Case processing completed.
Transfer completed
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JBANSLATION SAVED TO DISK:
| am very happy having received your letter of June 15, 1988.

NOW TRANSIATING:
Les trois premiéres lettres complétes que je regois deviendront la documentation de base.
Preprocessing completed.
Maorphological analysis completed.
Subject-verb agreement succeeded.
Subject-verb agreement succeeded.
Parsing compileted.
Case processing completed.
Transter completed

The first three complete letters that | receive will become documentation of base.

Processing has been completed.
The translation is in the corpora folder with the title: short eg. 1.English

yes
2

The file “short eg.1.English” which was created by Ordinotrad contains the
following data,

Mr. So and so sent three letters to them.

I'am very happy having received your letter of June 15,
1988.

The first three complete letters that I receive will become

documentation of base.

Work on this file, including I/O and user interaction, took 0

minntes and 17 seconds.
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o

The file “short eg. 27 contains the following data.

Tu n'as pas les trois letres.

Nous ne vous payerons jamais pour votre travail.

Avyant lu votre letire, ils ne sont plus heureux.

The call is made to have the above file translated.

?- trace_on.
yes
?- transiate({'short eg. 2°).

NOW TRANSLATING:
Tu n'as pas les trois lettres.

BESULTS OF PREPROCESSING
witu,cap)

w(ne,low)

w(as,low)

wi(pas,low)

w(les,low)

wi(trois,low)

w(letires,low)

p(.)

Type any letter and a return to continue.
=m=>V

BESULTS OF MORPHOLOGICAL ANALYSIS BAGED ON DICTIONARY LOOKUP

lu{cap.fpro-(tu,pers,2,s,(m.f),[person])])
lu{low fadv-{ne,negation)])

luflow,[verb-(avoir,(pres,ind,2,s),[possession-[agent-(r,[something],nil) affected-

(r.[something],nil) ,beneficiary-(o,[event,person] for)Il)])
lu{low,[noun-{pas,m,(s,pl).common,count,junit]),adv-(pas,negation)])
lu(low,[art-(les,def,(m.f),pl),pro-(les,rel,3,pl.(m,1),_449)])
u{low fadj-(trois,cardinal,(m.f),pl.[quantity]])
lu((low.)[noun-(lettre.f.pl.oommon.count.[nonselfmoving.submatter])])
p(pct..

Type any letter and a return to continue.

==>]

Subject-verb agreement succeeded.

RESULTS OF PARSING
proposition
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independent_prop
modalities
pres
ind
active
negative

pas
declarative
event
lu(low,verb-(avoir,(pres,ind,2,s},[possession-[agent-(r,[something], nil) affected-
(r.[something],nil), beneficiary-{o,[event,person],for)]]))
n
p np
lu{cap,pro-(tu,pers,2,s,(m,f),[person])
np
np
noun
lu(low.noun-(lettre.f,pl.common,count Inonselfmoving, submatterd))
modifiers
u(low,art-(les.det.f.ph)
lu(low,adj-{trois,cardinal ! pl,[quantity]))
nil

Type any letter and a retum to continue.
==>C

BESULTS OF CASE PROCESSING
proposition

independent_prop
modalities
pres
ind
active
negative
pas.
declarative
event
lu{low,verb-(avoir,(pres,ind,2,s) ..ossession))
agent
np
np
u{cap.pro-{tu,pers,2,s,(mf),[person]))
aftected

np
np

noun
lu(low,noun-(lettre,f,pl,common,count,[nonselfmoving, submatter}]))

modifiers
u(m-an‘('esndet.f-pl))
lu(low,adj-(trois,cardinal f,pt,[quantity]))
nil

Type any letter and a return to continue.

==>1
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RESULTS OF LEXICAL TRANSFER

proposition
independent_prop
modahties
pres
ind
active
negative

pas
deciarative
frame
agent
r

something

nil
affected

r

something

nil
beneficiary

4]

event
person
for
event
lu{low,verb-(have,(pres.ind,2,s),possession))
agent
np
np
tu(cap,pro-(you,pers,2.s))
affected
np
np
noun
u{low,noun-{letter,pl,common,count))
modifiers
u(low,art-(the def,nil,pl)
hi{low,ari-(three,cardinal)
nil

Type any letter and a return to continue.
==> 0

TRANSLATION
You do not have the three letters.

Translation operations took O minutes and 37 seconds.

Do you wish to transtate the next sentence from your file?
[yes,y.no,n] ==>y

NOW TRANSLATING:

Nous ne vous payerons jamais pour votre travail.
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BESULTS OF PREPROCESSING
w(nous,cap)

w(ne low)

w(vous.low)

w(payerons, low)

wijamais,low)

w{pour,low)

w(votre low)

w{lravail iow)

p()

Type any letter and a return to continue.

=u>

! A P
lu{cap.fpro-{nous,pers,1,pl.(m.f).[person]},pro-{nous,refl,1,pl,(m,f).[person])])
lu(low [adv-(ne,negation)])
lu(low,[pro-(vous,pers.2.(s,pl).(m.f).[person]).pro~(vous,refl,2,(s,pl).(m.f).[person])))
lu{low,[verb-(payer,(fut.ind,1,pl},[transfer{agent-(r,[person],nil}.instrument-

{o.[artifact].nil) beneficiary-(0,[person),a) affected-(o.Junit,artifact],ni) 1)
lu(low,[adv-(jamais,.negation)])
lu(low.[prep-pour])
lu(low,[adj-{votre poss,(m,f},s,[ttrelation])])
lu(low [noun-(travail,m,s,common,count,[posprocess,occupation]}])
p(pct..)

Type any letter and a return to continue.

D

Subject-verb agreement succeeded.

BESULTS OF PARSING
proposition
independent_prop
modalities
fut
ind
active
negative
jamais
declarative
event
lu(low,verb-{payer,(fut,ind,1,pl),[transfer-[agent-(r,[person),nil) instrument-
(o.fartifact],nil}, beneficiary-(0,{person],a),atfected-(0,[unit,artifact], nil)]])
np
np
lu{cap,pro-{nous,pers,1,pl,(m.f).[person]))
np

np
lu(low,pro-(vous,reti,2,(s,pl).(m.f).[person]))
prep_phrase
prep_phrase
prep
lu(low,prep-pour)
np
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np
noun
lu(iow,noun-(travail,m,s,common,count,[posprocess. o¢cupationy))
medifiers

lu(low.adj-(votre,poss,m,s,[tirelation]))
nil

Type any letter and a retum to continue.
==> 0

BESULTS OF CASE PROCESSING
proposition
independent_prop
es
fut
ind
active
negative
jamars
declarative
event
u(low,verb-(payer,(fut,ind,1,pl) transfer))
agent
np
np
lu(mplpro-(mus'mrs"‘ |p||{mlf)'[m's°n]))
beneficiary
np
np
u{low,pro-(vous,refi,2,{s,pl),(m.f),[person]))
cause

prep_phrase
prep_phrase
prep
lu(low,prep-pour)
np
np
noun
lu(low,noun-(travail,m,s,common,count,[posprocess,
occupation]))
ers
lu(low,adj-(votre poss,m,s, [ttrelation]))
nil

Type any letter and a return to continue.
uu> £

BESULTS OF LEXICAL TRANSFER

proposition
independent_prop
maodalities
fut
ind
active
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negative
jamais

declarative

frarme

agent
T
person
mil

instrument
o]
artifact
with

beneficiary
o

person
nil
aftected
o]
unit
artifact
nil
event
(low,verb-(pay.{fut.ind,1,pi),transler))
agent
np
np
ki(cap,pro-(we.pers,1,pl))
beneficiary

np
np
lu(low,pro-(you,refl,2,s.pl))
cause
prep_phrase
prep_phrase
prep
lu(low prep-ffor])
np
np
noun
lu(low,noun-(work,s,common,mass))
modifiers
liflow.ad}-{your.poss))
ni

Type any letter and a return to continue.
=mu> W

JBANSLATION
We never will pay you for your work,

Translation operations took 1 minute and 3 seconds.

Do you wish to translate the next sentence from your file?
[yes-Y-no'n] an> Yy
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NOW TRANSLATING:
Ayant lu votre lettre, ils ne sont plus heureux.

RESULTS OF PREPROCESSING
w(ayant,.cap)
w(lu,low)
w(votre,low)
w(lettre,low)
P,

wiils,low)
w{ne,low)
w(sont, low)
w(plus,low)
w{heureux,low)
(-}

Type any letter and a retum to continue.
== @

BESULTS OF MORPHOLOGICAL ANALYSIS BASED ON DICTIONARY LOOKUP

lu{cap,[verb-{avoir, (pres-part,m.s).Jpessession-fagent-(r,[something], nil),atfected-
(r.fsomething],nil) beneficiary-(0.levent,person].for)iD])

(low,[Jverb-{lire,(past-part,m,s),[mentinteraction-{agent-(r,{human],nif) instrument-
(o.[artifact],avec),affected-(o,[submatter,artifact], ) [P])

lu(low,[adj-(votre,poss,(m.f),s,[ttrelation])])

lu((low.)[noun-{lenre.f.s.oomrmn.oount.[nonselimoving.submaner])])

p pdn

lu(low,[pro-{ils,pers,3.pl.m,jperson])])

lu(low [adv-{ne,negation)])

lu{low,[verb-{étre,{pres,ind,3,pl).[state-[affected-(r,[something],nil),attribute-
(r.[something],nil},beneficiary-(o,[sentient],nil)]])])

lu(low,Jadv-(plus,negation}])

lu((low.gadj-(heureux.desc.m.(S.pl).[attribme])l)

pipct..

Type any letter and a retusn to continue.
w3 )

Subject-verb agreement succeeded.

BESULTS OF PARSING
proposition
subordinate_prop
event_prop
event_prop
modalities
past
participle
active
affirmative
declarative
event
lu(low,verb-(lire,(past,participle,use_ing,nil),[mentinteraction-[agent-

{r.[human],nil),instrument-{o,[artitact],avec),affected-
{o,[submatter.artitact].nil)]1))
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np
np

noun
lu{low,noun-(lettre.f,s,common,count.[nonselfmoving,

submatter]))

modifiers
lu(low,adj-(votre,poss. 1,5, [tirelation]))
nil

articulation
p

independent_prop
modalities
pres
ind
active
negative
plus
declarative
event
lu(low,verb-(&tre,(pres,ind,3,pl) [state-[affected-(r.[something].nil)  attribute-
(r.[something],nil) beneficiary-{o,[sentient],nil)]])))
np

n
P lu(low,pro-(ils,pers,3,pl,m,[person]})
adj
lu{low,adj-(heureux,desc,m,(s,pl) [attribute]})

Type any letter and a return to continue.
=u> V

BESULTS OF CASE PROCESSING
proposition
subordinate_prop
event_prop
event_prop
modalities
past
participle
active
affirmative
declarative
event
lu(low,verb-(lire,(past,participle,use_ing,nil),mentinteraction))
affected
np
np
noun
lu(low,noun-({lettre f,s,common,count, [nonselfmoving,
submatter]))
modifiers
hgl(low.adi-(votre.poss.f.s.[ttrelaﬁon]))
nil

articuiation
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independent_prop
modalities
pres
ind
active
negative
plus
declarative
event
lu(low verb-(&tre {pres,ind,3,pl),state))
affected
np
np
lu(low,pro-(ils,pers.3,pl,m,[person]))
attribute
adj
lu(low,adj-(heureux,desec,m,(s,pl) fattribute]))

Type any letter and a return to continue.
==>1

BESULTS OF LEXICAL TRANSFER

proposition
subordinate_prop
event_prop
event_prop
modalities
past
participle
active
affirnative
declarative
frame
instrument
o
artifact
avec
affected
(e}
submatter
artifact
il
event

lu(low,verb-{read,{past.participle,use_ing,nil), mentinteraction))

attected
np
np
noun

lu(low,noun-(letter,s,common,count))

modifiers
hu(low,adj-{your,poss))
ni

articulation
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p

independent_prop
modalities
pres
ind
active
negative

Tg- =
LS

deciarative
frame
beneficiary
o]
person
event
for
aftected
r
something
nil
attribute
r
something
nil
event
u(low,verb-(be,(pres,ind,3,pl).state))
aftected
np
np
lu(low,pro-(they,pers,3,pl))
attribute
adj
lu(low,ad)-(happy.desc))

Type any letter and a retum to continue.

=m O

TRANSLATION
Having read your letter, they no longer are happy.

Translation operations took 1 minute and 8 seconds.
Do you wish 10 translate the next sentence from your file?

[yes.y.no,n] ==>y
There is no more to be translated in your file.

Using the “@2d” predicate, the file “short eg. 2” was translated directly to disk, with
only progress reports shown on the screen.
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7- trace_off.
yes

?- t2d('short eg. 2°).

Now translating file titted: shorteg. 2 '
The translation will be in the corpora folder with the title: short eg. 2.English
Please stand by; you may be needed to answer 2 few questions.

NOW TRANSLATING:
... etc.

Progessing has been completed.
The transiation is in the corpora fokder with the fitie: short eg. 2.English
yes

The file “short eg.2. English” which was created by Ordinotrad contains the
following data.

You do not have the three letiers.
We never will pay you for your work.
Having read your letter, they no longer are happy.

Work on this file, inciuding I/O and user interacton, took 0

minutes and 14 seconds.

The file “short eg. 3” contains the following data.
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M. Victor Locwen
3917, chemnin Milton
Navan (Ont.)

K4B 1H8

Objet: traduction automatique

The call is made to have the above file ranslated.

?- trace_on.
yes

?- translate{"short eg. 3').

M. Viclor Loewen

RESULTS OF PREPROCESSING
w(m,all_caps)

p(.)

w!victor.cap)

w{loewen,cap)

Type any letter and a return to continue.

ax> {

E 1 | N DICTIONARY KUP
lu(all_caps [string-m])

lu{cap,[noun-(victor,m,s,proper,count,[name,person))])
lu{cap,[noun-(loewen,m,s,proper,count fname,person])])

Type any letter and a return to continue.
=u> O

BESULTS OF PARSING
mention
name
initials
u(all_caps,string-m)
name
lu{cap,noun-(victor,m,s,proper,count,fname,person]))
name
lu(cap,noun-(loewen,m,s proper,count,{name,person)))
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Type any letter and a return 1o continue.

==>»7T

BESULTS OF CASE PROCESSING
mention
name
intials
lu(all_caps,string-m)
name
lu{cap, noun-(vicior,m,s,proper,count,[name,person]))
name
lu{cap,noun-(loewen,m,s,proper,count [name,person]})

Type any letter and a return to continue.
==> L

BESULTS OF LEXICAL TRANSFER

mention
name

initials
lu(all_caps,string-m)

name
lu{cap,noun-~{victor.s,proper,count))

name
lu(cap,noun-(loewen,s,proper,count))

Type any letter and a return o continue.
=>0

Mr. Viclor Loewen
Translation operations took 0 minutes and 11 seconds.

Do you wish to translate the next sentence from your file?
[yes,y.non] ==>y

NOW TRANSLATING:
3917, chemin Milton

n891 7,cardinal)
p(,
w{chemin,low)
w(rmitiqn,cap)

Type any letter and a return to continue.
==> @

(391 7.cardinal)
p(pdl l)
lu{iow,[noun-(chemin,m,s,common,count,[pspace,distance])])
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lu{cap.[noun-{milton,(m,f),s,proper.count [name])])

Type any letter and a retumn to continue.
==>W

BESULTS OF PARSING
mention
address
number(3917, cardinal)
lu{low.noun-(chemin,m,s,common,count, [pspace,distance]))
np
np
noun
lu{cap.noun-{milton,(m.f),s.proper,count,[name]))
modifiers
nil
nil

Type any letter and a retum to continue.
u=> @

BESULTS OF CASE PROCESSING
mention
address
number(3817,cardinal)
lu({low,noun-(chemin,m,s,common,count,[pspace,distance]))
np
np
noun
lu(cap,noun-(milton,(m.f),s.proper,count fname]})
moditiers
nil
nil

Type any letter and a retumn to continue.
== 1}

B F ICAL TRANSFER

mention
address
number(3917,cardinai)
lu{low,noun-{road,s,common,count})
np
np
noun
lu(cap,noun-{milton,s,proper,count))
modifiers
nil
nil

Type cany letter and a retum to continue.
M
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TRANSLATION
3917 Milton Road

Translation operations took 0 minutes and 10 seconds.

Do you wish to transiate the next sentence from your file?
[yesyy.no,n] ==>y

NOW TRANSLATING:
Navan (Ont.)

BESULTS OF PREPROCESSING
w(navan,cap)

w(ont,cap)
p{.)
p()

Type any letter and a return 10 continue.
==> 0

lu(cap,[noun-(navan,m,s,proper,count,[pspace,location,name])])

p(pct.)

lu{cap.fverb-(avoir,(pres.ind,3,pl),[possession-[agent-(r,[something),nil),aftected-
(r.[something],nil), beneficiary-(o.jevent,person).for)]]).abbrev,noun-
(ontario,nil,s, proper,mass,[location])l)

pipct.)
Type any letter and a retum to confinue.
== p
BESULTS OF PARSING
mention
address
np
np
noun
lu{cap,noun-{navan,m,s,proper,count,[pspace,location,name]))
maodifiers
nil
nil -
np
np
noun
lu(cap,noun-{ontario,nil,s,proper,mass,[location]))
modifiers
nil
nil

Type any letter and a retumn to continue.
= y
BESULTS OF CASE PROCESSING
mention
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w

)

address
np
np
noun
lu(cap,noun-(navan,m,s,proper.count,[pspace.location,namel})
modifiers
nil
nil
np
np
noun
lu({cap,noun-(ontario,nil,s, proper,mass,[location]))
modifiers
nil
nil

Type any letter and a return {0 continue.

=a> T
BESULTS OF LEXICA]L TRANSFER
mention
address
np
np
noun
lu(cap,noun-(navan,s,proper,mass))
modifiers
nil
nil
np
np
noun
(cap,noun-(ontario,s,proper,mass))
modifiers
nil
nil

Type any letter and a return to continue,
mm> |

TRANSLATION
Navan, Ontario

Translation operations took 0 minutes and 13 seconds.

Do you wish to translate the next sentence from your file?
[yes.y.no.n] ==>y

K4B 1H8

w(k.all_caps)
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n{4.cardinal)
w(b.all_caps)
n{1,cardinal)
w(h.all_caps)
n{8.cardinal)

Type any letter and a return to continue.

=>g

(all_@ps,[stri 1)
n{4,cardinal)
lu(all_caps,[string-b])
n(1 . cardinai)
lu(all_caps [string-h])
n{8,cardinal)

Type any letter and a retumn to continue.
==>Nh

BESULTS OF PARSING
mention
postal_code

l(all_caps,string-k)
number{4,cardinal)
ki(all_caps,string-b)
number(1,cardinal)
lfall_caps,string-h)
number(8, cardinal)

Type any letter and a retum to continue.

==>1

RESULTS OF CASE PROCESSING
mention
postal_code

ki{all_caps,string-k)
rumber{4,cardinal)
lu(all_caps,string-b)
number(1,cardinal)
lu(all_caps,string-h)
number{8,cardinal)

Type any letter and a retum {0 continue.

m=m> 1

BESULTS OF LEXICAL TRANSFER

mention
postal_code
hs{all_caps,string-k)
number(4,cardinal)
lu(all_caps,string-b)
number(1,cardinal)
lutall_caps,string-h)
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N
h

number(8 cardinal)

Type any ietter and a return to continue.
==> 9

JTBANSLATION
K4B 1H8

Translation operations took 0 minutes and 33 seconds.

Do you wish to translate the next sentence from your file?
[yes.y.no.n] == Y

NOW TRANSLATING:
Objet: traduction automatique

BESULTS OF PREPROCESSING
wi{objet.cap)

P

w(traduction,low)
wi{automatique, low)

Type any letter and a retumn 1o continue.

==> 8

tu(cap.[noun-(objet.m.s.oommon.ooum.[pthing)
p(pct.:)
lu{low,[noun-(traduction.t,s.common,count,[posprocess,mentinteraction])])
{low.[adj-(automatique,desc,(m.f),s,[attribute])])

Type any letter and a return to continue.
mz>§

BESULTS OF PARSING
mention
subject
lu(cap,noun-(objet,m.s.common,count,[pthing]))
p

np
np
noun
lu(low,noun-(traduction,!,s,common,count,[posprocess, mentinteraction))
modiiers
nil
lu(low,adj-(automatique,desc.t,s [attribute]))

Type any letter and a retum to continue.

D

BESULTS OF CASE PROCESSING

mention
subject
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lu{cap,noun-{objet,m,s,common,count,[pthing]})
ol

np
np
noun

lu(low,noun-(traduction.f.s.common,count [posprocess, mentinteraction]))
modifiers

nil
lu{low,adj-(automatique, desc 1.s.[attribute]))

Type arty letter and a retumn 10 continue.

==>T
RESULTS OF LEXICAL TRANSFER

mention
subject
lu{cap.noun-{object,s,common,count}))
p

np
np
noun
lu{low,noun-{translation,s,common,count))
modifiers
il
u(low,adj-{automatic,desc))

Type any letter and a return to continue.
=a>d

TRANSLATION

Subject : automatic translation

Translation operations took 0 minutes and 41 seconds.
Do you wish 10 translate the next sentence from your file?

[yes.y.no,n] ==>y
There is no more to be translated in your file.

Using the “12d” predicate, the file “short eg. 3" was translated directly to disk, with
only progress reports shown on the screen.

?- trace_off.
yes

7- t2d('short eg. 3').
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Now translating file titied: shorteg. 3
The translation will be in the corpora folder with the title: short eg. 3.English
Please stand by; you may be needed to answer a few questions.

NOW TRANSIATING:
... Etc.

Processing has been completed.
The translation is in the corpora folder with the title: short eg. 3.English

yes

The file “short eg.3.English™ which was created by Ordinowrad contains the
following data,

Mr. Victer Loewen

3917 Milton Road

Navan, Ontario

K4B 1H8

Subject : automatic translation

Work on this file, including /O and user interaction, 1ok Q

minutes arxl 15 seconds.

The following are actual text files that were translated by Ordinotrad. The French
source text is given on the left and the English target text is on the right.
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ardec inc.

meubles de bureau

1616, av. chnistophe-colomb

montréal A1B 2C3 /555-1234

V/Référence COM1085

V/Letoe du 77-11-10

N/Réiérence COM-28-D

RECOMMANDE

Le 15 septembre 1987

Lavallée et Fils Inc.

25, rue de I’Ecole

Saint-Jérome (Qué.)

J3Y 4F6

A I'anention de Monsieur C. Dupré

Objet Documentation - Bibliothéques
Monsieur,

Nous vous remercions de voire lettre et
sommes heureux de vous adresser la
documentation demandée.

En parcourant les dépliants ci-joints, vous
constaterez que nous fabriquons une gamme
compléte de bibliothéques ¢t rayonnages.

Il vous sera donc facile de choisir un modele
en foncton de vos besoins.

Tous les modeles illustrés sont livrables
dans un dé€lai de huit jours, et nous assurons
nous-memes le transport et I'installation.
Nous sommes ainsi ¢én mesure de vous
garanir une entiére satisfaction.

Dans I’espoir de vous servir prochainement,
nous vous prioas d’agréer, Monsieur,
P’expression de nos sentiments dévouds.

Le Directeur commercial

Jean Lavoie

JL/em

P.J. 3 dépliants

c.c. - Monsieur A. Légaré

Ardec Inc.
Furniture of office
1616 Christophe - Colomb Avenue
Montreal A1B 2C3 /555-1234
Your reference COM1085
Your letter of 77-11-10
Our reference COM-28-D
REGISTERED
September 15, 1987
Lavaliée and Son Inc.
25 School Street
Saint - Jérome, Quebee
J3Y 4F6
Attention of Mr. C. Dupré
gpbject : documentation - libraries

ir:
We thank you for your letter and we are
happy to send requested documentation 1o
you.
Going through the enclosed folders, you
will note that we manufacture a complete
range of libraries and of shelving.
Therefore it will be easy for you to choose
a model according to your needs.
All the illustrated models are deliverable in
a period of eight days, and we provide
ransportation and the installation,
ourselves.
Therefore we are able to assure an entire
satisfaction for you.
In the hope to serve you soon, we invite
you to accept the expression of our devoted
feelings, Sir.
The commercial director
Jean Lavoie
JL/cm
Encl. 3 folders
C.c:Mr. A, Légaré

Work on this file, including /O and user
interaction, took 2 minutes and 25 seconds.
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Je ne le chante pas.

Tu ne chantes point.

Nous ne chantons guére.
Vous ne chantez jamais.

Tu ne le chantes plus.

Tu ne fais rien.

Ils ne voient personne.

11 n'écrit pas de lettres.

Je ne I'ai pas chanté,

Tu ne me I'as point dit.

Il n"a guére chanté.

Nous n'avons jamais chanté.
Vous n'avez plus chanté.

ils n'cat rien fait.

Vous n'avez vu personne.

Il n’a écrit aucun des lettres.
Je lui ai dit de ne pas le faire.
Je lui a1 dit de ne point Ie faire,

Je lui ai dit de ne Jamais le faire.

Je lui a1 dit de ne rien faire.

Je lui ai dit de ne e faire plus.
Il m'a dit de n'inviter personne.
il n'a que des livres chez lui.

Il n'a des livres que chez lui.

Idonot singit

You do not sing.

We scarcely sing.

You never sing.

You no longer sing it.

You make none.

They see no one.

He does not write letters.

I did not sing it.

You did not say it to me.

He scarcely sang.

We never sang.

You no longer sang.

They made none.

You saw no one.

He wrote none of the letters.

I said to him not to make it.

I said to him not to make it.

I said to him never to make it.

I said to him to make none.

I said to him no longer to make it.
He said to me to invite no one.

Il n'a que des livres chez lui.
TRANSLATION UNSUCCESSFUL
Il n'a des livres que chez lui.
TRANSLATION UNSUCCESSFUL

Work on this file, including I/O and user
interaction, took 1 minute and 41 seconds.

1616, av. chnistophe-colomb
25, rue de I'Ecole

3917, chemin St-Milton
Saint-Jérome (Qué.)
Saint-Jérome (Québec)
Saint-Jérome, Québec
mont£al B1C 2D3

montréal, B1C 2D3

J3Y 4F6

1616 Chnistophe - Colomb Avenue
25 School Street

3917 Saint - Milton Road

Saint - Jérome, Quebec

Saint - Jérome, Quebec

Saint - Jérome, Quebec

Montreal B1IC2D3

Montreal B1C 2D3

J3Y 4F6

Work on this file, including I/O and user
interaction, took 0 minutes and 37 seconds.




APPENDIX 3 - Results 160

¢.C. - Monsieur A. Légaré Cc.c Mr. A Légare
CC: M. Ardec C.c.: Mr. Ardec
Copie : Madame Ardec C.c.: Mrs. Ardec

Work on this file, including I/O and user
interaction, ook 0 minutes and 13 seconds.

le lundi 15 septembre 1987 Monday, September 15, 1987
lundi 15 septembre 1987 Monday, September 15, 1987
le 15 septembre 1987 September 15, 1987

15 septembre 1987 September 15, 1987

le 15 septembre September 15

15 septembre September 15

septembre 1987 September 1987

le septembre September

septembre September

le 87-09-15 87-09-15

87-09-15 87-09-15

Work on this file, including I/O and user
interaction, took 0 minutes and 29 seconds.

V/rétérence du 83-12-09 Your reference of 88-12-09
V/référence COM-28-D Your reference COM-28-D
V/Référence COM1085 Your reference COM1085
V/Réf. du 88-12-09 Your reference of 88-12-09
V/Réf, COM-28-D Your reference COM-28-D
V/Réf. COM1085 Your reference COM1085
V/R. du 88-12-09 Your reference of 88-12-09
V/R. COM-28-D Your reference COM-28-D
V/R. COM1085 Your reference COM1085
V/RES. Your reference.

V/R. Your reference.

Work on this file, including 1/O and user
interaction, took 0 minutes and 32 seconds.
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Monsieur J. Ardec
M. 1.-P. Ardec
Jean-Paul Ardec
Ardec et Fils
Ardec et Fils Inc,
Ardec, Fils et Cie
Ardec Liée

Ardec et Cie

Mr. J. Ardec

Mr._J. - P. Ardec

Jean - Paul Ardec

Ardec and Son

Ardec and Son Inc.
Ardec, Son And Company
Ardec Lid.

Ardec and Co.

Work on this file, including I/O and user
interaction, took 0 minutes and 32 seconds.

P_J. trois dépliants

P.J. 3 déplians

PJ.

piéce jointe

3 pidces jointes: 2 lettres, 1 tableau
3 pitces jointes

3 p.j. - lettre, tableau, livre

Encl. three folders

Encl. 3 folders

Encl..

Encl.

Encl. 2 Letters, 1 Table
Encl.

Encl. Lenter, Table, Book

Work on this file, including I/O and user
interaction, took 0 minutes and 28 seconds.

J'en suis un. I am one of them.

11 en a fai: wois. He made three of them.

1 en a fait wois adresses. He made three addresses of them.
1l en a fait beaucoup. He made many of them.

Je leur en at adressé trois. I sent three of them to them.

J'ai trois des lettres. I have three of the letters.

Tu as trois lettres. You have three letters.

Il a wois. He has three.

Ils leur avaient adressé les cing letres.

IIs auront adressé, Monsieur, les letres &
cux.

Nous vous remercions de votre lemre.
Nous sommes heureux de vous adresser la
documentation demandée.

They had sent the five letters to them.
They will have sent the letters 1o them, Sir.
We thank you for your letter.

We are happy to send requested
documentation to you.

Work on this file, including 1/0 and user

interaction, took O minutes and 46 seconds.
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Dear Sir:

Cher Monsieur,

Monsieur, Sir:

Messieurs, Sirs :

Chére Madame, Dear Madam :

Madame, Madam :

Mesdames, Madams :

Chers Monsieur et Madame, Dear Sir and Madam ;

Chers Monsieur, Madame et amis, Dear Sir, Madam and friends :
Chers Monsieur, Madame, et amis, Dear Sir, Madam, and friends :
Chers amis, Dear friends :

Amis, Friends :

Chers Jean et Paul, Dear Jean and Paul :

Jean et Paul, Jean and Paul :

Chéres Marie et Jeanne, Dear Marie and Jeanne :

Work on this file, including /O and user
interaction, took 0 minutes and 52 seconds.
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Appendix 4
Program Code

The following program code is replete with comments and examples illustrating or
explaining the linguistic or translation processes involved in the rules. These comments
and examples are surrounded by slash-asterisk combinations, which means that AAIS
Prolog skips over them when reading the file. What follows is, therefore, entirely readable
by AAIS Prolog.

The order of the files is as follows.

User Interface

Preprocessor
Morphological Analysis

Parser

Parser - Sentence

Parser - Event

Parser - Noun Phrase

Parser - Preposiuon

Parser - Sentence components
Parser - Agreements

Case Processor
Lexical and Structural Transfer
English Morphology

Generator

Generator - Verbs

Generator - Nouns

Generator - Sentence Components
Generator - Arrangement
Generator - Mentions

French Closed Dictionary
French Open Dictionary
English Dictionary

Open Transfer Dictionary

Word-Acquisition Module
Taxonomy
Translate-to-disk Utility
Utlities
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USER INTERFACE

© 1987, 1988 Victor Loewen

i 2 e e 2 ke e e e 3¢ e e A 3¢ 2 3 e 3¢ 350 3k 29 3 b e 3¢ 2he 2 3 e 3 b e ake s i e e age ol ke ke dhe 3 e 3 ke b aje e e 3o ke e e i 3 ke b o 3K a6 ak K K K oK K
************#************t*******#****tt*********************#*****l

!t
This file contains all the rules controlling the user interface.

After loading this file, i.c., double-clicking on the icon in the Finder, the following occur:
AAIS Prolog is started up;
this file is consulted; and
the user is informed how 10 begin.

The call

- translate,
will allow the user to have individual sentences translated, which the user must input through
the keyboard.

When the “translate™ predicate is called as a goal, the following rule becomes

the “exccutive manager” for the entire translation procedure. Subscquent scntenees
are translated only if the “finish’ goal fails. Failing this call clears the stack

of goals and provides a more efficient use of memory.

*/

,l

The following is used only to provide an indication of time required to load the whole program.
*f

i= Start is cputime, assert(start_timc(Start)).

translate :-
repeat,
nl(5},
do_one_sentence,
tinish.

do_one_sentence :-

get_French_sentence(Sentence_string F),

Start is cputime,
analysis(Sentence_string F, Deop_structure_representation_F),
transfer{Deep_structure _representation F, Deep_structire_representation E),
generation{Decp_structure_represcntation_E,Sentence_string E),

Elapsed is cputime - Start,

nl, write('TRANSLATION'},

nl. printstring(Sentence_string_E),

nl, print_time(‘*Translation operations tecok ', Elapsed),

1]

,t
Thecall
7- ranslate(Filename).
will allow the user 1o have seniences previously saved in a datafile on disk 1o be translated
in succession,
Notc: the Filename must be a symbol. For example:
?- translate{corpus).
?- wanslate{Lettre de Tomas'),
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?- rranslate(Connaissances - 17).

NB: the file must be focated in a folder called “corpora™ on a disk called “DATA™.
The program could cventually take advantage of the Maciniosh Toolbox and Iook for
the file, wherever it is.

When the “ranslate”™ predicate (arity 1) is called as a goal, the following rule becomes

the “executive manager” for the entire translation procedure. Subsequent sentences in a file
arc ranslated at the user’s request. The 'process’ call is failed each time to clear the stack
of goals and to provide 2 more cfficient use of memory.

The system halts after every sentence and asks the user whether or not 10 continuc.

The result of translate/1 is that a line is read in from a file instead of from the
uscr at the keyboard.
This code may be modificd later to make use of the Macintosh interface, so that the user
can sclect a file to be translated from a list box (similar to 'Open file...").
E ]
/

translate(Fllename) :-
explode(File, [°*DATA:corpora:*, Filenamel;.
topen(File, "r™, Read_only stream),
process_file(Read_only_stream),
fclose (Read_only_stream) .

process_tile(Strcam) :-
re_readline(Stream, Sentence_string_F),
ttynl, ttywrite{*NOW TRANSLATING:'),ttynl,
:typrlntstring(Sen:ence_st:ing_?).ttynl,
proce=s (Sentence_string_F),
ask_questlon('Do you wish to translate the next sentence from your file?r,
[yes, ¥y, ne, nl,Ans),
(Anz = n ; Ans = no)}, resetlio, show_ordinotrad, nl, start_over, quits.

process_flle( ) :-
ttywrite(‘There is no more to be translated in your file.'),
resctio, show_ordinotrad, nl, start_over, quits.

process {Sentence_string F) :-
Start ls cputime,
analysis(Sentence_string F, Deep_structure_representation_F), !,
transfer {Deep_structure _representation_F, Deep_structure _representation_E),
generation(Deep_structure_representation E, Sentence _string_E),
Elapsed 1s cputime - Start,
nl, write(*TRANSLATION'),
nl, printstring(Sentence_string_E),
nl, print_time{‘'Translation operations took °, Elapsed), .
process(_) :~
ask_gquestion('Do you wish to translate the next sentence from your file?!,
[yes, y., no, nl,Ans},
!, (Ans = n ; Ans = no), resctio, show_ordinotrad. nl, start_over, quits.

/*** ANALYSIS SEGMENT OF ORDINOTRAD ***/

analysis(Sentence_string_F, Cased_trec) :-
interim_trace_on,

Pre_translation_procedurcs (Sentence_string_F, List _of_ lexical units), !,
nl,write (*RESULTS OF PREPROCESSING'), nl,
write_column(List_of_lexical units),
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ask_guestisn('Type any letter and a return to continue.', }, !,

morphanalyzer (List_of_lexical_units, Analyzed_sentence), !

nl ,write{'RESULTS OF MORPHOLOGICAL ANALYSIS BASED ON DICTICONARY LOCKUP'),

write_trec(Analyzed_senteance, ),
ask_guestion('Type any letter and a roturn to contlnue.',_ ), !,

parser (Analyzed_scntence, Syntactic_trtee), !,
nl,write{'RESULTS OF FARSING'Y,nl,

write_tree(Syntactic_tvee, 00,

ask_question("Type any iatter as2 5 Toturn to continue.', ), I,

casc_processor (Syntactie tree, Cased_tree),
nl,write ("RESULTS OF CASE PROCESSING'),nl,
write_trec(Casecd_treec, 0),

ask_guestion (*Type any lester and a return to continue.', ), !.

/* Same analysis procedurcs without the tracing. */

analysis{Sentence_string_F, Cased_tree) -
pre_translation procedures(Sentence_s ring F, List_of_ lexical_units),
write (*Preprocessing completed., '), rl,
morphanalyzer (List_of_lexical_units, Analyzed_sentence). !,
write('Morphological analysis completed.*),nl,
parser (Analyzed_sentence, Syntactic_tree), !.
write('Parsing completed.'),nl,
case_processor (Syntactic_tree, Cased_trec), !
write('Case¢e processing completed.'}, nl.

»

It

TRANSFER SEGMENT OF ORDINCTRAD
The transfer rule is defined in the transfer file,
*f

r

GENERATION SEGMENT OF ORDINOTRAD
The gencration rule is defined in the generation file.
*f

,‘

The readline predicate below is predefined by AAIS Prolog. Iircadsin all
characters typed by the user up to a carriage return. It retamns the input
surrounded by double quotes. In other words, the input need not conclude with

any punctuation in particular, as would be the case, for example, of various mentions in a letter.

The user is also asked to confirm that the input is correct. If it is not, it
must be re-input entirely.
*/

get_French_sentence {Sentence_string) :-
repeat,
tTtynl,
ttywrite (*Enter French-language sentence to be translated.'),
ttynl,
ttywrite(‘ma> *),
ttyreadline (Sentence_string),

Sentence_string \= "™ , % AAIS scems to hang on to a cr and usec it here.

Ttynl,

ttywrite('Original French sentence glven:*),ttynl,
ttyprintstring(Sentence_string),ttynl,

ask_guestion('Is this correct?', [yes, y., no, n], Answer),

ni,
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/*** General-purpose question-askers. ***/

42k questlien{Question, Symbol) -
tywrile(Suersticon), ttynl,
(°

'

yratem{Symbol}), .

atk_question(Question, Allowed_answers, Symbol) :-

repeat,
trynl,

Liywrlie(Question),ttynl,

tiywrite(Allowed answerz), ttywrlte(® ==> *),
ttyratom(Symbol!,

check _answer (Symbol, Allowed_answers),

L3

check _answer (Answer, Poss_Answers) -
merber (Answer, Poss_Answers), !.

check_answer (Answer,Poss _Answers) :-
teynl,
ttywrite{*Plcase respond with one ef'),
ttytab{3),ttywrite (Poss_Answers),ttynl,
trywrite(*followed by the return key.*'), ttyal,
t,tall,

/*** Have all scniences been translated for the user? ***/

tinish :~

ask_question(*Do you have any more sentences to be translated?’,
lyes, y, no, nl,Answer),

(Answer « n : Answer = no),

zhow_ordinctrad,

ttynl,

start_over,

quits,

f-
Tell user how 1o start over in the event there has boen a change of mind after saying there
are nd more scntences 1o be ranslated,

*/

sLart_over ;i-
ttynl(2),
ttywrite('There will eventually be a translate menu. The following are now avallable.'),
ttynl,

ttywrite('To have a sentence translated with the results viewed on the ser n., type
SLranslate.”*},

ttynl,

ttywrite{'To have a file translated with the results viewed on the secrecn, type
“translate(Filename) %),

ttynl,

ttywrite(' =« Files to be translated must be located in the corpora folder.*).

/*** Tell user how 10 return to the Finder, then return user to the AAIS Prolog prompt. ***/
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ot
ﬂ rt

Titet* Te gquit, seleet QUIT under the FILE menu or simply Lyoe "exit,” anae o

/*** This rule, when called as a goal, displays the name of the program, ***/

snow_ordinotrad :-
nl(3),
indentteo(55).,

TiZCe (*ORDINCTRAD') .

rite(™), ttynl,
ndentio(59).,

ite(*® 1987, 1988 Victor Locwen'), ttynl.

‘i‘i"f"‘
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f*** Display length of time required for translation process. ***/

print_time (Message, Elapsed) :-
Total is lnteger{Elapsed),
secs_to_mm_ssiTotal, Min, Sec),
minutes (Min, Minutes),
seconds (Sec, Seconds),
string{Sec, S),
string(Min, M),
cxplode(Info, [Message, M, * *, Minutes, * and *, S5, * *, Seconds, '.'l),
nl, printstring(Info),.nl.

minutes (1, minute).
minutes(_, minutes).
seconds (1, second).
seconds(_, seconds).

/*** Ask the user for status of certain modules. ***/

enable_disable :-

nl,ask_question(*For this session, do you wiszh to have Ordlnotrad acquire French andg
English words
presently unknown to ir?*, [yes, ¥y, no, nl, Answer),

(Answer = yes ; Answer = y),

reconsult (*ORDINOTRAD:Ordino Code:Word Acgquisition®),

write{*Wozrd-acquisitlon module is ecnabled.'),

fail.

cnable_disable :-

nl, ask_question('For this sesslion, do you wiszh to have the transzlate to disk facility
turned on?*,

[yes, y, no, n], Answer),

(Answer = yos ; Answer = y),

reconsult { *ORDINOTRAD:Ordino Code:Translate2Disk*'),

write(*t2d predicate enabled.*), nl,

write{'To have a file zranslated with the results saved on disk, type “t2¢(Filename).”'),

fail.

enable_disable :=
nl, ask_question('For this session, do you wish to view interim results at key points in
processing?*,
[yes, y, no, nj], Answer),
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{Anzwer - yes ;7 Answer = ¥),
aznert(interis Lrace_cn),

writle(['Tracing ls enaslieg. ).
f*** Shomcuts for users. ***/

race on - assertiinterism_Irace_on}.
race _gf! = relractalliinterim_trace_on).

Load all programs required to run Ordinotrad.
Note that the degfile predicate is predefined by AAIS Prolog and rewrites grammar
rules (with -->) as Prolog rules (with :-)*/

:~ show_ordinotrad,
nli2),
write('loading Ordirnotrad, a French=Zaglish machine~transiation syztem. Plcasce stand
by.*).
1= consulil {*CRDINOTRAD:Ordine Code:ltilities®).
:- consult (*ORDINOTRAD:Orcino Code:Taxonomy').

= consult ("ORDINOTRAD:Ordino Code:Preprocessor®).
1= consult {*ORDINOTRAD:Crdino Code:Morpholegy Analyzer®).

- degfile("ORDINOTRAD:Ordino CodeiParser').

- degtlle("ORDINCTRAD:Ordino Code:Parser = sentence®).

- degtile("ORDINOTRAD:Ordino Code:Parser - event').

- degflile (*ORDINOTRAD:Ordino CoderParser — noun phrase').
- degfile(*ORDINOTRAD:Ordino CodeiParser - s components®).
~ deqfile(*ORDINOTRAD:Ordino Code:Parser - preposition®).
- consult (*CRDINOTRAD:Ordino Code:Parser - agreements®).

[ T TR T I T T TS

:- conzult (*ORDINOTRAD:Ordino Code:Case Processor').

t= consult {('DATA:Dictionaries:French Closed Dictionary*).
= consult{'DATA:Dictionaries:French Open Dictionary*).
:= consult{*DATA:Dictionarles:0pen Transfer Dictionary').
1= consult (*DATA:Dictionaries:English Dictiocnary*).

t= consult {*ORDINOTRAD:0rdino Code:Transfer').
t= consult (*ORDINOTRAD:Ordino Code:English Morphology').

t= consull (*ORDINOTRAD:Ordince Code:Generator'),

1= consult (*ORDINOTRAD:Ordine Code:Generator = Arrangement').

1= consult (*ORDINOTRAD:Ordino Code:Generator - Verbs').

1= consult (*ORDINOTRAD:Ordino Code:Generator - Nouns®).

= consult (*ORDINOTRAD:COrdino Code:Generator « Mentinns').

i= consult ("ORDINOTRAD:Ordino Code:Gencrator - Sentence Components').

:= detincrom(beep,16'a9c8, no, [longinz]).
i~ beepil0), beep{ld).

t- start_time(Start), Elapsced is cputime - Start,
nl, print_time('Loading the program took *, Elapsed),
retractall (start_time(_)).

t~ define(interim trace_on,0).
t= deflne(learner_on, 0.
i~ cnable_disable.

i= denyall (enable_disable, ).

:=- start_over, quits.
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PREPROCESSING
© 1987, 1988 Victor Loewen
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The followng rules define what the preprocessor considers 10 be French leners,
digits, symbols, and unacceptable input for the purpose of identifying lexical units.
cf. Grévisse, Le Born Usage, §90-106.

Note: there are many characters available on the Macintosh keyboard and not all of them
arc commonly used in French or are even common to all the fonts available for the Macintosh,
Since the accented letters are represented by high-level ASCIHE codes (which are not standardized).
the laser fonts generally accepted in the Macintosh community are used in this system for the
sake of transferability. The Iaser foats are consistent among themselves in terms of ASCII codes.
]

/

P

Rules defining ketters and the relationship between lower and upper case.

*/

lezterta, 'A*). lettertd . by . letter{d, *A*).

letter (e, 'E*). letter(eé,"SY). letter (&, By, letter (&,8). letter(e,8) .
letter(i,'1'). letter(l, ). letter(1, ).

letterio, *Q') . letter (3,0} .

letteriu,*0). letter (g, ). letter(l, 0.

letter(b,*B') . letter{c,'C*). letteris.'¢") . letter(d,*D'). letter{t,*F) .
letter(g,'G ). letterth, *H'). letter (), *J'}). letterik, *K*) . letter (i, "L").
letter(m, "M*). lezter{n,'N'). letterip.'P'}). letteriq, Q). letter(r.'R').,
letter(s,"S*). lezter(t,*T*). letter{v,*'Vv*). lezter(w, *W*). letter{x, *X"}).,
letterty,'YY) . letteriz,*2).
P

Rules defining digits.

E ]

/

digit(*0'). digit(*1’). digit(*2"). dlgit(*3%1. digit(*4").
digit(*S*). digit('6"). dlgit(*7?*)}. digit(*s8"}. algit(*s".

!t

Rules defining punctuation marks.

cf. Le Bon Usage, § 106.

Note: some punctuation requires standardization (apostrophcs, quotation marks, etc.) 1o
reduce duplication of processing rules.

*/

puncl.,.).
punc(?,?).
punei{!, ).
punc(*,*,. ', ).
punac(*;:*,':").
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pan ‘)

uno i, )

pancit=t, ="}

punec(t (', ") . puncl®)*, "y,
punclt i, 1) punc{*.*', ", ").
punc (e, =}, puncis,») .

puac (TNt Nty
pang(te, 1=y

punct*{*, *{"). =T e~ Sl T T I

cuna(™,*"y ., punc(T,*™") .

punc(*,"\**). puncl®, *\* ).

I.- - -
Rules defining symbols with generally accepted structural meaning.
=/

sym(*3*) .,

symi{€).

sym{*Vv*),

zym{*=*}. % hyphen

zym(*/*).

sym(#4) . ¥ theoretically net part of Freach language
sym(&).

sym(®*=*).,

sym{®+*) .

sym{**").

=ym{* _*). % underlined zpace, shift + hyphen key
sym{*-*). % tiret, optlon key + shift + hyphen key
symi<) ., sym({>) . sym{S). symi{2) .

,I

Sincc preparing the input for machine trarsiznon is a pre-ranstation activity,
arule is defined for the predicale pre_translation_procedures. Overall, it
takes the input string from the user and retumns a list of lexical units 10 be
passed on for morphological analysis. Each lexical unit has a label
indicating what kind of lexical unit it is, as follows:

w =aword:

n  =anumber;

P =apunctuation mark;
s =asymbol

Ordinotrad intcrprets 2 word as a string comprised of one or more letters
(including leuers with diacritical marks).

Ordinotrad interprets numbers as strings comprised of:
onc or more digits,
a comma between two digits, or
a decimal between two digits or after a space and before a digit
A number followed by ‘er’, ‘ere’, or ‘¢’ is labelied an ordinal and the ‘e’ etc. is dropped.

Puncuntion marks and symbols are defined in the rules above. The exceptions are instances in

which a punctuation mark, such as a hyphen or period (decimal), form part of a word or number.
*/

pre_translation procedures (Freach_sentence, Preprocessed sentence) :-
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gor_lexical list(Char_lis:, Lexical_units),!,

expand_ellsions(lLexical units, Result _progess L
pericds_to_ellipsis{Resull_process_l, Resull_process _J)
abridge crdinals(Resclt_process_2, Resuli_process _3),
expand_centractionsiResult_process_3, Preprocessed_sentenced .

Fl--ll

GET LEXICAL LIST

‘-‘...I

]'.

The get_lexical_list goal finds and retumns only words, numbers, punctuation and

SyMmbdGIs.

Blank spaces between lexical units arc dropped.
Punctuation marks and symbols form individual lexical units of a single character.

Al other characters are coasidered 10 be unaceeptable in the French to English translation
cnvironment.
*/

get_lexical list(il, (1) == !.

get_lexical list{{* *!| Rest_o!f_ chars], Word list) :- % Drop the space.
get_lexical_list(Rest_of_chars, Word_list).

f.
Any upper or lower case letter may begin a new lexical unit which is labeled as a word.
*f

get_lexical list([First_char | Rest_of_chars], [w(Word,Format) 1 Lexlical_list]) ;-
letter (First_char,_ ).
get_letters(First_char, Rest_of_chars, Word_chars, Remainder,Formats),
explode (Word, Word_chars),
get_word type((l ! Formats],Format),
get_lexical list(Remainder, Lexical list).

get_lexical_list([First_char | Rest_of chars], [w{Word,Format) | Lexical list]) :-
letter (Low_case,First_char).
get_lectters{Low_case, Rest_of_chars, Word_chars, Remalnder, Formats),
explode {Word, Werd_chars},
get_word type{{u | Formats],Format),
get_lexical_list(Remalinder, Lexical list).

r~
Any digit may begin a new lexical unit which is labeled as 2 number.
*/

get_lexical list([First_char | Rest_of_chars], [n(Number, cardinal) | Lexleal _llistj) :-
dlgit{First_char),
get_digits(First_char, Rest_of_chars, Digits, Remainder),
explode (Number, Digits),
get_lexlcal_list (Remainder, Lexical_list).
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P
All puncluation chamcters are separate lexical units.
*/

get lexical list({Punc_giveniRest_of_chars], [p(Punc_standard) loxical _list)) :-
punc(Punc_given, Punc_standard},
get lexical llist(Rest_o!f _chars, Lexical_list).

P
All symbols arc separate lexical units.
>/

grt _lexical list{[SymiResti_of_charsz], [s(Sym)llexical_list]) :-
sym{Sym) .,
get_lexical list(Rest ol chars, Lexical list).

I‘

All other characicrs are unacceptable.

Notify user of character in question, giving choice to Quit or continue without characicr.

*/

get_lexical listt{RubbishiRest_of_chars]., [(Lexlcal listi) :-

nl,
report {*The following input is unaceceptable: ', [Rubbishl,* '},

ask_question("Co you wish to quit or to coantinue without the unacceptable character?',

[q. '‘quit’®,c, *coentinue’ ], Answer),
{Answer = ¢ ; Answer = ‘continue*),
get_lexical_list(Rest_o! chars, Lexical _list).

get_lexical _list(_, ) -
quit,

I‘

If the first character was found to be a letter, check the next character. If
itis valid for a word, add it to the list of characters making up the word and
continuc checking characters. Hypheas are valid. If the

next character is not valid, end the list of characters forming the word.

*/

get_letters(Char, [Next_char|Rest}, (ChariChars],Remainder, [1 | Formats]) :-
letter (Next_char, ),
get_letters(Next_char,Rest,Chars, Remainder,Formats) .

get _letters(Char, [Next_char|Rest], (ChariChars], Remainder, [u | Formats]) :-
letter(lLow_casc, Next_char),
get_letters (Low_case,Rest,Chars, Remainder, Formats).

P

If the above rules fail, the end of the word has been reached, .., the next character is

not a letter oc hyphen or there is no next character. The last character tested then becomes the
Last character of the word.

*/

get_letters{Char, Rest, [Charl, Rest,[]) - !.

II
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If the first character has already been found 10 be valid for a number, add it to
the list of characters making up the number and check the next characters,

If the next character is a digit, add it 1o the list

if the next two characters involve a space and a digit, add the digit 1o the list
1f the next two characters invelve 2 period and a digit. add both 10 the lise

If the next two characters involve a comma and a digit, add both to the list.
*/

get_diglts(Char, [Next_chariRestl. [ChariChars],Remalinder) :-
¢iglt (Next_char),
get_digits(Next_char, Rest,Chars, Remainder).

get_digits(Char,[* *, Next_char ! Rest|, [Char | Chars),Remainder) :-
diglt (Next_char).
get_digits(Next_char,Rest,.Chars, Remainder).

get_digits(Char,[*.*, Next_char | Rest], [Char, '.* | Chars),Remainder) :-
digit (Nexz_char),
get_cdigits(Next_char,Rest,Chars, Remaindern) .

get_diglcs({Char,[*,*, Next_char | Rest], {Char, *,* | Chars],Remalnder) :-
digit (Next_char),
get_digits(Nex:_char,Rest,Chars,Remainder).

P

1f the above rules fail, the end of the number has been reached, Lc., the next character is

not a digit, or the next two characters are not a space-digit, comma-digit, or period-digit
combination or there is no next character. The [ast digit wested then becomes the kast digit of
the number.

*f

got_diglts(Char, Rest, [Char]l, Rest) := !,

r

Since all dictionary entries are in lower case, part of the get_lexical_list procedure changes
all upper case to lower case. Yet information on the type of word is kept for use in later
processing.

Word_types are:
low = ail letters are in lower case
cap = first letier is capitalized, rest arc lower case
all_caps = all letters are capitalized
mix = mixture of upper and lower that will be uscd to gencrate the same string in the
English if it is not to be translated (¢.g., cMail —> cMail)
L]
/

get_word_type (Formats, low) :=
not member (u. Formats).

get_word type{Formats, all caps) :-
not member (), Formats).

get_word type([u | Rest), cap) :-
not member (u, Rest).

get_word _type (Formats,Mix) :-
explode (Mix, Formats).
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l.

The following sct of rules is called by the expand_clisions goal of the
pre_uanslation_procedures. The set of rules is passed a list of lexical

units and retums the same list, except that any instance of an clision is
rcplaced by the full form of the words. The apostrophes are dropped. Noie that
not all instances of an apostrophe (¢.g.. ke "'marketing’, il est...)

are a case of clision, but only a special use of apostrophe. In these instances
the apostrophe is kept for later processing,

In French, elision involves dropping onc of the final vowels [a, e, i} before
a vowe! or a mute h beginning the following word
Cf. (Le Bon Usage, §133, 134, 135)

This sct of rules replaces clision in the French sentence as follows:

r = le_la (avoids having to check the gender for Ie or 1a)
d = &
o= r
m => me
t = i
s = si before il or ils, sc before all else
n = ne
< = [+
u' = i
*/
cexpand_clisions(f], []) := 1!,
P
Check letter or word 1o the left of apostrophe and word to the right. The word to
the right must begin with a vowcl,
=
/

cxpand_cllsions([u(Lctt.Tl).p('\").w(Right.T2)lRest].["(Full_form.Tl).w(Righ:,TZ)IListI) ]
clidable(Left, Right, Full_form),
expand_clislons(Rest, List).

oxpand_clisiens([H | T), (¥ ) List}) :=-
expand_elisions{T, List).

’ft

The s instances of clision arc taken care of directly by defining the full form in a short database,
provided that the Iexical item 1o the right is 'if’ or "ils’.

*/

clidable(s, ils,s8i).
clidable(s.il,si).

l-

To avoid having 1o figurc out at the preprocessing stage whether a word is

masculine or feminine, instances of clision involving le/la are replaced by

the full ambiguous form le_la, provided that the following word begins with a vowel.
*/

clidable(l, vowel word, le_la) :-
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explede [Vowel _worad, [Veowel | i),
member (Vowel, [a,c,i,0,u.d,a,¢,8,8,¢,1,5,8,8,C.v.00).

l'

Omly the instances of clision listed above are possible. Therefore a special
rule is written to allow only for them. In other words, if the letier preceding
an apostrophe is not 2 mem et of the list given in the rule, it is not treated
as a case of elision but as a special use of an apostrophe.
-

/

clidable(letter,Vowel word,Full_form) :-
member (Letter, [d, i.=m.t.s.n.cl).
explode (Vowel word, ([Vowel | _I),
member (Vowel, [a,e.1.0,u,3,3,6,8,8,¢,1,%,8.0,8,y.h]).,
cxplode (Full_form, [Letter,e]).

P

Any clision with a ‘u’ before the apostrophe involves the dropping of an 'e’,
whatcver the word. Even ‘presquiic’ for purposes of translating.

*/

clidable(End_in_u, Vowel word, Full form) :=-
explode (Vowel _word, [Vowel 1 _1).
member (Vowel, [a,e,i,0,u.4.3,6,8,8.¢,1,1,0,08,0,y.0]),
explode(End_in u, Char_lisz),
lastelem(Char_list, u),
append (Char_list, [e],New_wozd),
cxplode (Full form, New word).

I‘
The periods_to_cllipsis goal of the pre_translation_procedures peedicate replaces three
successive periods with an ellipsis character (option + ;) which has its own structural meaning.
This rule allows users who are unfamiliar with the Macintosh keyboard 1o type in three
successive periods for «points de suspensions instead of the cllipsis.
=

/

periods_to_ellipsis([l, [1} :- !.

pericds_to_ellipsis(ip(.}.p(.),p(.) |Rest], [p(-)IList)) :-
periods_to_ellipsis(Rest, List).

periods_to_ellipsis([(H# | T}, ( H 1| List]) :-
periods_to_ellipsis(T, List).

I'-

The abridge_ordinals goal of the pre_translation_procedures predicate finds and labels numbers

which are used as ordinals. The alphabetic indication of the ordinal in French is dropped.

*/

abridge_ordinals((],[]) :=- !.

abridge_ordinals([n{X, cardinal),w(E,low) | Rest], ([n(X,ordipal) | List]) :-
member({E, [e.,er,érec]),
abridge_ordinals(Rest, List).

abridge_ordinals ([HIT], [HIList]) :-
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abridge ordlinals(T,List).

/‘t
The expand_coatractions goal of the pre_translation_procedures predicate expands contractions
Any instance of a contraction of a defmile or indefinite article is replaced by the full form of the
two words involved. This allows for homogeneity in processing: ¢.g., the similar structure of
«2 lequel» and «& Iaquelle» allows for similar processing techniques. Morcover, the meaning
is made more explicit marphologicall;, .
Cf. (Lc Bon Usage, §601-604)

[ ]

/

expand_contractlions([], [} - ',

expand_contractions([w(Contraction,T1) iPest], [wllLeft,Tl),w(Right,low)Llist])
contraction{Contraction, Lefz, Righ:),
cxpand_contractiens(Resz, Lisz).

expand_contractions([HE I T), [ # | List]) ==
cxpand_contractiens (T, List).

l-
Database of facts concerning contractions,
*/

contraction(au, &, le).

contraction{aux, 3, les).
contractionidu, de, le).
contraction(des, de, les).
contractlion(auquel, 4, legquel).
contraction (duquel, de, lequel).
contraction (auxquels, 4, lesguels).
contraction(desquels, de, lesquels).
contraction (auxquelles, 4, lesquelles).
contractlon{desquelles, de, lesguelles).
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I‘I

The primary goal of morphological analysis is to identify all possible informanon for

a given lexical unit based on its morphology, which is checked against databases for endings
and against the dictionary.

Lexical units labeled as words by the preprocessor undergo morphological analysis in order
10 determine their dictionary form, part of speech, grammatical description, type, and
intcnsional meaning(s).

The dictionary form is the form found in the dictionary database.

The pant of speech is one of the accepied nine parts of speech (cf. Le Bon Usage, §143).
Grammatical description covers: tense, mood, person, number, gender.

Word formats include: all_caps, cap, low, mix (described in preprocessor comments).
Intensional meanings are defined in terms of Ordinotrad’s commensense taxonomy
{(world view).

Casc Frames arc found only with verbs.

Symbols, punctuation and numbers are not processed as they are not subject 1o morphological
analysis.

Periods following abbreviations are dropped, as the corresponding full forms arc used,
unless the period is the final lexical unit in the input. This means, for cxample, that
“AB.C." would be processed as three separate strings, while “boul.”™ would be processed
as a single string.

*f

morphanalyzer({{), (]} :~ !.

morphanalyzer ( [w{lex_unit,Format), p('.*), X | Rest], [lu{Format, Descriptlon) | List])
analyze(Lex_unit, Descriptlon),!,
(member (abbrev, Description) ; member(string-_, Descriptien)),
morphanalyzer(iX | Rest], List).

morphanalyzer{[w(Lex_unit,Format) | Restl, [lu(Format, Description) | List]) :-
analyze(lex_unit, Description),!,
morphanalyzer (Rest, List).

morphanalyzer({[ p(P) | Rest 1, [ ptpct, P} 1| List ]) :-
morphanalyzer (Rest, List).

morphanalyzer(( s(S) | Rest ), [ s(sym, S) | List ]) :-
morphanalyzer (Rest, List).

morphanalyzert! n(N, Type) | Rest ]}, [ n(N, Type) | List ]) :-
morphanalyzer (Rest, List).

Fig
The analyze procedure hinges on looking words up in the dictionary database. The dictionary is
first checked to see if it contains the Iexical unit as given. If the Iexical unit is not found, it is

-
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first assumed to be a noun or adjective. The masculine singular form is determined, if possible,
and then the dictionary is checked again.

Failing that, the second assumption is that the lexical unit is an adverb whose adjectival root

is defined in the dictionary.

Failing that, the third assumption is that the lexical unit is a verb in one of its conjugated forms.

The infinitive form is detcrmined and the dictionary is checked again.

Failing that, the assumption is:

2. that the lexical unit is not to be analyzed, or, if it is to be analyzed,

2. that the word is misspelled (and the correct spelling is requested), or, if comrect,

b. that ORDINOTRAD docs not know the lexical unit in question (the item is passed to the
word acquisiticn module).

Note: the predicatc Tearn” asks the user for information about ihe lexical unit in question.
The information gained is kept in memory for use in the present session. It is also stored

on disk for future scssions.

*/

l'.
Dircet Lookup (i.c., the form given as input is found in the dictionary)
>/

analyze{lex_uniz, Dict_descrip:) :-
t{Lex_unit, Diet_deseripr), !.

i
Treat the woed as a declinable noun oc adjective, an adverb, or a conjugated verb.
*/

analyze({lex_unit, Standard Desc) :-
fem_to_masc(Lex_unit, Diet_form),
f(biet_form, Desc), !,
standardize(Lex_unit, Dese, £, nil, Standard _Dese),
Standard_Desc \= [(].

analyze(Lex_unit, Standard _Dese) :-
pl_to_sing(Lex_unit, Dict_form),
f({Dict_form, Desc), !,
standardize(Lex_unit, Desc, nil, pl, Standard_Desc),
Standard_Desc \= [].

analyze(Lex_unit, Standard Desc) :-
pl_to_sing(Lex_unit, Word_sing),
fem_to_masc(Word_sing, Diect_form),
f(Dict_torm, Dese), !,
standardize(lex_unit, Desc, f, pl, Standard_Desc),
Standard_Pesc \= [].

Il
The adjective form is kept in the place of adverbs, if the adverd can be desived from the
adjective, in order to reduce cntrics in the dictionarics. The assumption here is that if
an adverb can be derived from an adjective in French, the cquivalent can be generated
from the translation of the adjective.

L]

/

analyze(lex_unit, [adv - (Ad3_form, manner)]) :-
adv_to_adj(Lex_unit, Adj_form),

analyze(lex_unit, [(verb-(Diet_form, TMPN, Mcanings_frames))) :-
find vb_root (Lex_unit, Root, TMPN},
get_infinitive(Root, Dict_form),
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f(Diet_form, Dcsel, !,
member (verb-(_, inf, Mecanlags_frames), Desc).

/ﬁ
The next two rules deal with unrecognizable input.
*

analyze (Lex_unit, Standard Desc) :-
cxplode (Question, ['Is «', Lex_unit, *» misspelled?*]),
ask_question(Question, [yes,y,no,nl,.Ans),
(Ans = yos ; Ans = vy},
ask_question('Please give the correet spelling.', Correct),
analyze(Correct, Standard_Desc).

P

The word-acquisition module may be tumed off, depending on how the user answered the querics at
startup.

*/

analyze{lex_unit, Descriptien) :-
learner on,
learn(lex_unit),
analyze(Lex_unit, Description), !.

analyze(Lex_unic, ) -
ttynl,
ttywrite (*SORRY. THE WORD-ACQUISITION MODULE HAS NOT BEEN ENABLED AND THE UNKNOWN
WORD «*), ttywrite{Lox_unit), ttywrite('s IN THE INPUT SENTENCE CANNOT BE PROCESSED.*),
!'. resetio, quit.

r
Nouns, adjectives and some pronouns require standardization of their descriptions if now
grammatical information has beer found through the analysis routines.

In the cases where the lexical unit looked up is syntacticaily ambiguous (c.g., adresse),
the dictionary description contains descriptions of the word for both parts of speech.
c.g.
2 f{adresse, X).

X = [verb - (adresser, (pres, (ind, subj), (1, 3), s), Micanings_and_frames),

noun - (adresse, £, s, common, count, [pspacc,namec])]

2- f(adresses, X).

no

Should the input be “adresses™, for example, the description for the noun would have to
be changed (dynamically only, not in the dictionary) 10 show that the word is plural. And,
since the “analyze™ predicate above succeeds with the “fem_to_masc™ analysis, “analyze™
would not be recalled 10 test “adresses™ as a verb, In this case, the input is a verb, but the
dictionary description given docs rot reflect that it is 2nd person singular. For this reason,
there is a call for verb analysis in the following standardization procedure.
c.g.
2- analyze(adresses, X).

X = [verb - (adresser, (pres, (ind, subj), 2, s), Meanings_{rames),

noun - {adresse, £, pl, common, count, [pspace,name])]

In another example, where the input is “écrites™, the “fem_to_masc™ analysis would have
succeeded. However, since “&crit” is 2 masculine noun, the nominal description would have
to be dropped.  Yet the verbal description would need to be changed to a feminine plural
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partciple.

¢.g.
f(&crit X).
X = [noun - (&czit, m, s, common, count, [artifact]),
verb (&crire, (pres, ind, 3, s), MFs),
verb -{(écrire, (past - part, m, s), MFs})]
2- f{€cTites, X).

no
- analyze(écrites.X).
X = [verb - (&crire, (past - part, f, pl), MFs)]

The variables “Gen{der)_ch(ange)™ and “Num(ber)_ch(ange)”™ carry the informaton
acquired t~ough the analysis routines and to be applicd o the dictionary descriptions.
apmadjeaivcisinﬂwdicﬁonmyasamasaﬂinc.singular.bmmmipﬁon nceds o
be changed to feminine plural, based on the results of the preceding analysis.

*/

standardize(_, [}. _. _, (1}.

standardize{Lex_unit, [adj-(LU, Type. Genl, Numl, Mcaning) | Rest], Gen_ch, Num_ch,
ladj=(LU, Type. Gen2, Num2, Mcaning) | List}l) :-
gender (Gen_ch, Genl, Ger2),
num(Num_ch, Numl, Num2},
standardize(Lex_unit, Rest, Gen_ch, Num_ch, List).

I-
Noun genders cannot change.
*

standardize (Lex_unit, !noun-(LU. Gender, Numl, Info) | Restl, Gen_ch, Num _ch,
(noun - (LU, Gender, Num2, Info) | List]l} :-
(Gen_ch = nll ; Gen_ch = Gender),
num(Num_ch, Numl, Num2),
standardize(Lex_unlt, Rest, Gen_ch, Num_ch, Lisz).

standardize (Lex_unit, [verb=-V_in | Rest], Gen_ch, Num ch, [verb-V_out | List]) :-
change_v(Lex_unit, V_in, Gen_ch, Num_ch, V _out),
standard.ze(Lex_unit, Rest, Gen_ch, Num_ch, Lisz).

standardize (Lex_unit, [_ | Rest], Gender, Number, List) :-
standardize (Lex_unit, Rest, Gender, Number, List).

gender(nil, G, G).
gender{f, _, ).
aum(nil, N, N).
num(pl, _, pl).

r~
Ifadyagendcrchangchasbocndiscovued(c.g,diw).avcxbismaimdaﬂy ifits
description is that of a participle.
Hbmhgmdamdnmhuchangwlnwbmdismvued.(c&écﬁtcs).avubdmcﬁpﬁon
is retained only if it is that of a participle.
If oaly a number change has been discovered, (¢.g.-, adresses), input is analyzed for the
correct tense/mood/person/number.
[

/

change_v(Lex_unit, (LU, (P-part. Genl, Numl), MFs), Gen_ch, Num_ch,
(LU, (P-part, Gen2, Num2), MFs)) :-
aum(Num_ch, Numl, Num2},
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gender (Gen_ch, Genl, Gen2), .

cnange_vi(lex_unit, (LU, _, MFs), _. _, (LU, TMPN, MFs)) :-

find_vb_root{lex_unit, Root, TMPN]).
get_infinizive(Root, L.

l'

The following rulc is passed a word which is check- d for raditional feminine
endings, making usc of the following database. If the word is “feminine”, the
corresponding masculine form is determined and retumed. If the word is already
morphologically masculine, the rule fails.

The rule cheeks the East letters of a given word with the defined endings,
beginning with as many as 6 of the last letters of the word. The database is
therefore used explicitly, i.e.., it provides a check for defining feminine endings.
*/

f{om_to_masc(Fem, Mase) -
cxplode (Fem, Fem_List),
mem(X, [6.5,4,3,2,11).
get_last_X_chars(Fem_List, Last X, X),
fem_to_masc_endings (Last_X.Masc_ending),
app(Root_list, Last_X, Fem_List),
app{Root_l1ist, Masc_cnding, Masc_List),
explode (Mase, Masc_List).

I‘

For cach fact in this short databasc, the first argument refers 10 a feminine ending, and the
second argument 1o the corresponding masculine ending.

Cf. Le Bon Usagc, §39911.

*/

tem_to_masc_endings(lel, [1).
fem_to_masc_endings([é.cl, [el).
fom_to_masc_endings{{e,1,1l,el. [el]).
fem_to_masc_cndings{[e,l.1l,e]. [caul).
fom_to_masc_cndings((n,n.e], [nl}.
fem_to_masc_endings{(t,t.e)l, [ti).
fem_to_masc_cndings({é¢,t,c], [et]).
fem_to_masc_cndings(lé,r,e]l, ferl).
fem_to_masc_endings([v,e], [L]).
fom_to_masc_endings([e,u,s,el, [ecurl]).
fem_to_masc_cndings([e,u,.s.e], [eux]).
fem_to_mase_endings{fe,u.r,e]. [eurll).
fem_to_masc_cndings{le,r.e,s.s.e], feur]).
tem_to_masc_cndings([t,r.l,c.el., [teur]).
tem_to_masc_condings(le,s.s,el. [el).
tom_to_masc_endings(li.s.s.e], (is]).
fem_to_masc_cndingsilc,u,s,s,e], [oux]).
tem to_masc_cndinga(lo,u,.s.el, [oux]).
fem_to_masc_endings(li.e.u.s,e], [leux]).
fem_to_masc_cndings{[o,l,l,¢}, [oul).
fem_to_masc_endings({c.q.u,cl, [e]).
tem_to_masc_cendingsiiq.u.cl, lel).

fem _to_masc_cndings((g,u.e], [gl).
fem_to_masc_ecndingsi(n,n,e,s.s,.¢].[n]).
fem_to_masc_endings(le,u.r,e,s,s5,.¢], [cur]).
% Sce Srévisse $413 for a few irregular, uncommon forms.
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I‘
The following rule takes a given French word, checks it for usual plural endings,
using the following database and retums the singular form. If the word s already
>/

pl_to_sing(Word_nl, Word S} :-
explode (Word_pl, Word _pl List),
mem(X, (2,4,3]1).
get_last_X _chars(Word _pl_List, Last_X. X),
pl_to_sing_endings{Last_X,Sing_ending),
app{Root_List, Last_X, Word_pl List),
app(Root_List, Sing_ending,Word_S_List),
explode (Wozd S, Word _S_List).

r
The following databasc provides definitions for relationships between common cndings.
For cach fact in this short database, the first argument refers to a plural
ending, and the sccond argument o the cormresponding singular cnding.
Cf. Lz Bon Usage, §509(L.
»
/

pl_to_sing_endingsi(s]. [1}.
pl_to_sing_endings((e.a,u.x}. [caul).
pl_to_sing_endings{(e,u,x], [eul).
pl_to_sing_endingst([a,u.x]., [al]).
pl_to_sing_endings((a,u,x]. [aul).
pl_to_sing_endings ([a,u,x], [aill}.
pl_to_sing_endings({o,u,x], loull.

r

“The following rule takes 2 given French word, checks it for usual adverbial endings,
using the following databasc and returns the appropriate adjectival form.

For example:

- amalyze{compRtement,X).

X = [adv - (complct, manner)]
7. analyze(longuement. X).

X = [adv - (long, manncr)]
2. analyze{entidrement,X).

X = [adv - (¢entier, manner))
?- analyze({commercialement X).

X = [adv - (commercial, manner)]
2. analyze(paticmmement,X).

X = [adv - (paticnt, manner)]
7. analyze(facilement X).
l“IJ'C = [adv - (facile, manncr)]

adv_to_adj(Lex_unit, Ad}_form) :-
explode (Lex_unit, Adv_list),
mem{X. [8.5,4])),
get_last_X_chars(Adv_list, Adv_ending, X).
adv_to_adj_endings (Adv_ending, Adj_ending),
app(Root_Llist, Adv_ending, Adv_list),
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apptRooz_Llszt, Adj_ending, Adj_listl,

explode (Interim_form, Adj_listy,
lookup(Interim_form, Adj_Zform).

lockup(Adi_form, Ad)_ferm) :-
f{Adj_form, Desc), !,
member (adj-_, Desc).

lookup(Interim, Adj_form) :-
fem_to_masc{lnterim, Adj_form),
f{Ad]_form, Desc), !,
member {(adj-_, Desc).

adv_to_adj_endings{[c,m m,e,m,e.n,t], {ente]).
adv_to_adj_endingsifa,m,m,e,m e,n,t], lante]).
% regular,

adv_to_adj_endings(lm.e.n.tl. []).

adv_to_adj_endings([g,m,e,n,t], [ue]).
adv_to_adj_endings([é,m,ec.n,t], [€éell).
adv_to_adj_endings(lé.m.e.n.t]l, [ie]).
adv_to_adj_cndings([é,m,e,n.t], [(el).
adv_to_adj_endings([(i,m,e.n,t]. [ille]) .

f‘

% paticmment

% puissamment
grandemcnt, bellement
% assid@ment
% aisément
% inpunément
% énormément

A gentiment

A procedure is required to find the root of a word assumed to be 2 verb.
The procedure checks the last 8 letters of a word with the following database of verb endings,
then 7 letters, 6 leuers, etc., until a root can be determined.

*/

tind_vb_root (Inflected_word, Root, TMEN)
explode (Inflected_word, List),
mem({X, [8,7,6,5.,4,3,2,1D).
get_last_X_chars(Lisz, Last X, X),
oxplode {Ending, Lasti_X),
vb_cnding(Ending, TMPN),
applRoot_list, Last X, List},
explode (Root, Root_llist).

I.

Rules are needed to define all possible endings for verbs. The relations between these
endings and possible tease/mood/person/number are alsodefmed. cven though some of the

cndings are polysyntactic.

The clements of the list comprising the sccond argument are (for personal modes):

Tense, Mood, Person, Number
Otherwisc, they arc:
Present or Past Participle, Gender Number

ARE 2ND PERSON SINGULAR IMPERATIVES OF ER (and some ir) VERBS CORRECTLY PARSED?
c.g. Cherches-cn les raisons. Cherche A en découvrir les raisons. (cf. Grévisse 1465)

*/

vb_ending (e, (pres, (ind, subj). (1.3),35)).
vb_cnding(cs, (pres, (ind,subj).2.s)).
vb_cnding(ons, (pres,ind.1l.pl)).
vb_ending(ez, (pres,ind,2,pl)).
vb_cnding{ent, {(pres, (ind,subi),3,pl)).

vb_cndingtlens, (pres,ind, (1.2),5)).

vb_ending(ient, (pres,ind,3,s)).
vb_ending (enons, (pres,ind,1,pl)).
vb_ending(enez, (pres,ind,2,pl)).
vb_ending{iennent, (pres, (ind, subj),3,pl)).

vb_endingiis, ({pres hist), ind, (1,2).3)).
vb_ending(it, ((pres, hist),ind,3,s5})}.
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vh_eading(issons, (pres,iad,l,pl)).
vb_ending{issez, (pres, ind,2,pl)).
vb_ending(iss nz, {pres, (ind,subi), 3.p)).

vb_ending(s, (pres, ind, (1,2).5)).
vb_ending(t, (pres,ind, 3,.s5)).

vb_endingleols, (pres.ind, (1,2),.5)).
vb_cnding(olt, (pres,ind, (1,2),35)).

vb_ending(enals, tizp,ind, (1,2),5)).
vb_ending{enalt, {imp,ind,3,s)).
vb_endinglenleons, (imp,ind,1,p)).
vb_ending(eniez, (imp,ind,2,2l}).
vb_ending (enalent, (imp,.ind.3.pl)).

vb_ending(ais, (imp,ind, (1,2).5)).
vb_ending{ait, timp,ind,3,5)) .
vb_cnding(ions, timp, ind,1,pl}).
vb_endingticz, (imp.ind,2.p1)).
vb_cnding(aient, (imp, ind, 3,p1)).

vb_ending{issais, (imp.ind, (1.2),35)).
vb_cnding(issait, {imp, ind,3.s5)).
vb_ending(issions, (imp, ind,1l.pl)).
vb_ending(issiez, (imp. ind, 2,p)).
vb_ending{issaient, (imp.ind,3.pl)).

vb_ending(ai, thist.ind, 1,s5)).
vb_ending(as, (thist,ind, 2,s)).
vb_ending(a, (hist,ind,3,s)).
vb_ending{3mes, (hist,ind.l,pl)).
vb_ending(ites, (hist,ind,2,pl)).
vb_ending(érent, (hist, ind, 2.pl)).

vb_ending(imes, (hist.ind,1l.p1l)).
vb_ending(ites, thisc, ind,2,pl)).
vb_ending{irent, (hist, ind,3,pl}}.

vb_ending(ins, thist, ind, {1.2).3)).
vb_ending(int, (hist,ind,3,s)).

vb_ending(lnmes, (hist,ind,1,p1)).
vb_ending(lntes, (hist.ind,2,pl)).
vb_ending{inrent, thist,ind,3,pPl}}.

vb_ending(us, thist,ind, (1,2),.5)).
vb_ending(ut, (hist,ind, 3,s}).
vb_ending(Omes, (hist,ind,1.pl)).
vb_ending(fites, (hist, ind,2,p1}).
vb_ending{urent, (hist,ind,3,pl}}).

vb_ending(eral, (fut,ind,1,3)).
vb_ending(eras, (fut,ind,2,3)).
vb_ending(era, (fut, ind,3,s)).
vb_endinglerons, (fut.ind,1,pli}.
vb_ending(erez, (fut,ind,2,pl}).
vb_ending(eront, (fut,ind,3,p1)).

vb_ending(irai, (fut,ind,1l,5}).
vb_ending(iras, {fut,ind,2,s)).
vb_ending(ira, (fut,ind,3,s5)).
vb_ending(irons, (fut,ind,1,pl)).
vb_endingtirez, (fut.ind,2,pl)).

vb_ending(iront, (ful,ind, 3,10,

vb_ending(iendrali, (fut, ind.1.35)!
vb_ending(iendras, (2ul, ind, 2,51},
vb_cndingliendra, (fug, iad, 3. 2)) .
vb_ending({lendrons, (fuz, ind, 1, pll}

{
Ind,d.plad.

{
vb_endingiliendrez, (fut,
{tut,ind,3.pl)} .,

vb_ending(lendront,

vb_ending(rai, (fut,ind,1,351).
vb_ending(ras, {(fut,ind,2,5)).
vb_ending(ra, (fut,ind,3,s5)).
vb_cnding{rens, {fut,ind,l.pl)).
vb_ending(rez, (fut,ind,2.pl)).
vb_ending(ront, {fut,ind. 3. pl)).

vb_ending({isse, ((pres,imp),.subj, (1,3),.31).
vb_cnding(isses, ((pres, lmp),subj,2.5)).

vb_cnding{issions, ((pres, imp),subl.l.plh).
vb_ending(issie:.((pros.impl.sub].?.pl)).
vb_ending(issent, ((pres, imp),subl, 3.p1 ).

vb_ending (oive, ((pres, imp),subj, {1,3}.2)).
vb_cndingtlolves, ((pres, imp),subi 2,20,
vb_cndlnq(oivent.((pres.lmp).sub}.}.plll.

vb_eadinglasse, (imp,subl.1.5)).
vb_ending(asses, (imp.subl.2,3)).
vb_endingtat, (imp, subj, 3. s)).
vb_endingtassions, timp.subl.l.pl)).
vb_ending(assiez, timp, subj,2,pl)).
vb_endlng(asscnt.(1mp.:ubj.3.pl)l.

vb_cndling{lt, (imp,subj.3,s5}) .,

vb_endinglusse, (imp,subj, 1.5} .
vb_ending(usse:.{1mp.subj.2.s)).
vb_ending{dt, {imp,subj.3,s5)).
vb_pndlnq(usslons.limp.:ubj,l,plll.
vb_endlnq(usslcz.(lmp.subj,?.pl)).
vb_ending(ussent, {imp,subl, 3. pl)).

vb_ending{erals, (pres,cond, (1.2),35)) .
vb_endingleralt, (pres,cond,2,3)) .
vb_endingterlons, (pres,cond,1,.pl)).
vb_endlingieriez, (pres.cond,.2.pl)).
vb_ending(eralent, (pres,cond, 3, pl)) .

vb_endingtirais, (pres.cond, (1,2),3)).
vb_endingtirait, {(pres,.cond, 3,51},
vb_ending(irlons, [pres,cond, 1,pl)) .
vb_cnding(irlez, (pres,cond,2,pliy.
vb_enaingtiralent, (pres,cond, 3,.pl)).

vb_ending(iendrals, (pres,cond, (1,2),2)).
vb_ending(iendralt, (pres,cond,3,3)).
vb_endingtiendrlons.(prc:.cnnd.l.pl)).
vb_ending{iendrlez, (pres,cond,2.pli}.
vb_ending{iendralent, (pres,cond, 2, pll).

vb_endinqlzals.(p:cs.cond.(1,2).:)).
vb_endinglrait, (pres,cond,3,s}).
vb_ending(rions, (pres,cond,l,pli).
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b _ending(riez, (pres.cond,2,pl)). vb_c:dinq(i::.lpa"-aa::...,)).
vo_ending(ralent, (pres,cond,3.p1)). vb_ending(ints, (past-pari,m,pll).
vb_endinglinte, (past-part,f,s)).
¥b_encing(é, (pasi-pari,m, s)). vb_ending{intes, (past-pazr:,,pl)).
vb_ending(és, (past-part,m.pll).
vb_cﬂd'nq(éc.(pe t=part,f,s5)). vb_ending(ant, {(pres=part,n,s5)).
vb_ecndlng(écs, (past-part, f.pll)). vb_ending(ants, (pres-pari.=. pli).
vb endling(i, (past-pari,.m,s)). vb_ending(ante. {(pres-pars, ! .»)).
vb:cnd ngils, (past-pars,m, pl)). vb_endinglantes, (pres-parst, I, p .
vb_cnding(le, (past-part.i,s)}. vh cﬂd'ﬁg(iss a%t, (Pres-part, . 5)) .
vb_endlnglies, (past-pars, I,pl)). vb_endingiissants Ip—cs-pa-.. -1 1 N
vb_endinglu, (past-part,m,s}). vb_ending(i s-aﬁ:e,(p:c--sa--...,)).
vb_endinglus, (past-part,m,pl)). vb_ending(issantes, (pres-part,.i,plll.

vb_cndling(ue, (past-part,f,s)).
vb_endginglues. (past-part.{,pl)).

It
Since verb roots are not provided in the dictionary, two rules arc needed to add an
infinitive ending 10 a verb root.

Note that the second rule handles roots whaose forms differ from that of the infiitive root.
*/

get_inflnitive(Roo~, Intinitive} -
int_ending(Ending),
explode(Intinizive, [Root, Ending]).

get_intinitive(Root, Infinitive) :-
explode (Root, Root_list),
root_changes(Old_cnding, New_ending),
get_variant_root{Root_llist, Old ending, New_cnding, Variant list),
cxplode (Variant, varlant_list),
iInt_ending (Ending).
cxplode(Intinitive, [Varliant, Endingl).

int_endingter) .
int_cnding(ir).
int_ending(re).
inf_eading(ire).
int_ending{dre).
inf_ending(eolr).
in{_ending(evoir).
inf_endinglenir).
inf_ending(aire).
inf_ending(altrel.
inf_cnding(oire).
int_cnding(indre).
inf_ending(endre).

get_variant_root (Given, Old, New, Varlationm) :-
app(List, [0l1d], Given),
(New = nil, Add = [] ; Add = [New]),
appiList, Add, Variation).

get_variant_root (Given, Old, New, Variatien) :-
app{lList, [Old, Conson], Given),
(New = nil, Add = [Conson] ; Add = [New, Consonl]),
app(list, Add, Variation).

get_varlant_root{Given, Old. New, Varlation) :-
app(List, [0ld, C1, C2], Given),
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(Noew = nil, Add = {C1, €21 : Add = [New, Ci, C21).
appi{list, Add, Variationm).

root_changes (¢, <)
root_changes{e, ni
root_changes (¢, e).
root_changes{é¢, ¢).
root_changes (¢, ¢).
root_changes{t, nil).
root_changes(l, ail).
root_changes{g, nil).
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/***“*!‘ttt*t‘ttt*ttt**#*tttt*tttttt*i*tt#‘*l‘*tttttt***********#**
300 2 30 e e o 20 2 200 2 a9 2 e a S ol a0 2 e e o e 20 0 e e e 2l e a2 a0 e e ol ol e e ke v 2 2 2k a2k ke 2 o e e e sk e Ok

PARSER
®© 1987, 1988 Victor Loewen
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t**tttt*tt*ttt**tt*ttttttt****tt**t*&*tt*tit***t*****************t*/

f‘
This call inserted here simply to facilitate reconsulting this file during its development.
SAVE FILE FIRST, SINCE dcgfile READS FROM DISK AND NOT FROM MEMORY.

= dcgfile(*ORDINOTRAD:Ordinc Code:Parser®).
*/

IU

In linc with the discussioa of the limitations of Ordinotrad in Chapter 1, grammar rules
nced 1o be written foe the following sentence structures:

« Input in the form of an inlcrTogative or an imperative, Of containing «misc cn relich»
is not processed at this stage.

Since no verb ending is associated with the imperative mood in the list of verb endings
(in the mocphological analysis fik), the imperative mood will have to be deduced when
processing the event. This may be donc when the parser is augmented to handle imperatives.
- misc cn relicf. ¢.g. Ce sont ccs phrases qui sc disent. Cest cetie phrase qui m'embéte.
» scniences beginning with «il y a»

« seniences like «I1 fail trois ans que jhabite..»

L ]

/

parser{Input, _} -
member (pilpct, ?), Input),
nl,
write{'Sorry. This package has not yet been developed to handle interzogatives.').
', tail, nl.

parser{input, _) :-

momber (p(pct, !)., lnpuz),

nl,

write('Sorry. This package has not yet been developed to handle imperazives
or exclamatory remarks.'),

', tail, nl.
porser ([lu(cap, {verb-(_,(_,ind,P.N}, 310 1 _l. ) :-
(P =1, N=upl ;P a2),
nl,
write(*Sorry. This package has not yet been developed to handle imperatives.'),
', fail, nl.
parsar((lu(_, ladi-(ee, _) 1_1), lu(_, [verb-(étre. )1} | Tail], ) :-
{member (lu(_, {coni ~(que, _11_1), Tall) : member{lu(_. [econi =-tqui, _)I_I1. Tall)),
nl,
write('Sorry. This package has not yet becen developed to handle «mise con relleis.').
', fall, nl,
parser ({lu(_, [pro=(il, _¥1), ludl_,[adv-Qy, _) I_ 1}, du(_, [verb-tavolr, _} 1_J}I_i._} :-
nl,

write('Sorry. This package has not yet been developed to handle sentences beginning with
wil y am."),
. falil, nl.

parscer{llul_, [pro=(il, } P .lu(_, [verb-(faire, ) 1_ 1) ITail], _) :-
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[

{memder(luf{_, [eonld =(gue, _)!_1}, Tail) ; member(luf_, [¢on! -tgqul, Vi ).

-
Das

write{'Sorry. This package has not yel been developed 1o Randlie amise on relicis '),

TR 1
., falli, nl,

f-

The following rule analyzes and determines the well-formedness of declarative sentences,
i.e., that end with 2 period. The “Output™ contains the seatence’s modality and propositional
coatcat.

*!

parser{Inpus, propositlion-Quipul} :-
prop(Qutput, Inpui, (pilpet..)]}.

r*
The following rule parses input which docs not contain a subject and finite verb (called mentions).
>/
parser {Input, mention=Quiput) :-
mentlon(Quzput, Input, [1).

parser(_, failed) :-
nl,

write({'Soxry. The parser requires further development to handle the type of sentence

given as input.*),
nl, fail.

r
The grammar rules used by the parser arc adapted mainly from:
Salkoff, M. Unc grammaire en chaine du frangais. Monographes de linguistique mathématique.
Pariss Dunod, 1973.
Salkoff, M. Analyse syntaxique du Frangais : Grammaire en chaine. Amsterdam:
John Benjamins, B.V., 1979.

The macro_articulation predicalc is defined in the “Parser-s components™ fike.
*/

prop(d) ~-> independent_prop{B)}, more_props(B, A).
prop{A) --> subordinate_prop(B}, more_props(B, A).
prop{A) --> ellipsed prop(B), more_props(B, A}.

more_props(First, {First, Articulation, Prop)) =-->
macro_articulation(Articulation},

prop(Prop) .
more props(Prop, Prep} --> {true}.

I.
WHERE

independent proposition —>
noun_phrase,
(onc ::_élc. Ia, les, leur, lui, y, en}),
'(vaﬁms_an-angunmls_of_nmm_phrm | relative_os_subordinate_clauscs)

Ellipsed propositions are propositions where the surface subject clement is

LI,
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‘not lexicalized but is understood in reference to what has nreceded or is expected 1o follow.
c.g. Nous sommcs heurcux ¢t vous addrrssons le paiement. '

A NOTE ABOUT CONJUNCTIONS AND SERIES

Winograd describes the phenomenon of cenjunction as: “In place of any unit at any place in

the syntax, we can substitute a conjoined structure whose terminal elements are instances of

that unit, There are a number of possible conjoined strctures such as (both) X and Y;

(cither) X or Y: X butnot Y: and X, Y, Z, ... and (or) W. These in turn can be applied recursively
1o gt combinations like X and cither Y or 2. (1983, 525).

As can be seen in the various rules in this parser, conjunctions present a formidabie
programming challenge. Even Winograd says, “Even these simple examples [of conjunctions]
raisc problems, and as we explore conjunction further, the data are extremely complex. There
has been no satisfactory comnrehensive treatment in any grammar.,..” (1983, 523).

*/

I. - - -

The following rule acts as a gencral terminal when some special criteria are to be met

It is used extensively in the parser,

>/

terminal (Criteria, lu{Format, Crizeria)) =-> [lu(Format, Description}],
{member (Criteria, Description)}.

It

A rulc to change a few grammar rules without redoing whole files. Select rules and copy to

clipboard before calling newrules. DO NOT USE IF YOU DONT KNOW WHAT YOU ARE DOING!
{or arc unaware of this anti-Macintosh-interface use of a2 mode).

Nuthin'll get wrecked, but I haven't figured out a way to have the re_read predicale fail.

Existing grammar rulcs with the same predicate/arity will be replaced.

The PROCESS' predicate is defined in the deg.p file provided by AAIS Prolog. Itis not
included in this thesis.

*/

newrules :-
resetlo,
retractall (*ASSERTTIME* (_, _}}.
nl,write(‘'Interrupt with a command-peried to escape.\nPaste rules here.\n'),
re_read{Rule),
*PROCESS* (Rule),
tail,
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I*******t#tt*t*t**at**t*t**tt*tt**tttttttt*ttttttt**t**tt**#*t****t*
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PARSER - SENTENCE

© 1987, 1988 Victor Loewen
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****t**t‘************tt****t********t*‘**#*t*t****t‘*#*t*i*i***$¢‘i/

i
This call inseried here simply to facilitate reconsuiting this file during its development
SAVE FILE FIRST, SINCE dcgfile READS FROM DISK AND NOT FROM MEMORY.

- degfile('ORDINOTRAD:Ordine Code:Parser = sentence’},

>/

I-
Independent propositions are assumed o begin with a noun phrase.
Special rules would be required for:
« propositions beginning with “personnc™ or “ricn”
¢.g. “personne n'cst venue™ vs “unc personnc st venue”
» the special cases listed in the “parser” file as limitations of this system
*/

independent_prop(independent_prop-Prop} —=->
np(NP),
post_np (NP, Prop).

f.

The prep_phrase predicate below is defincd in the “Parser - preposition™ fale,
The event_prop predicate below is defined in the “Parser - event” file.

*f

subo:dlnate_ptop(subo:dlnate_prop—(prcp_phraso-?rop)) -=-> prep_phrasciPropl.
subordinate_prop(subordinate_prop-({cvent_prop-Prop}) =--> event._prop(Prop).

cllipsed prop(ellipsed_prop-Prop) =->
post_npl_, Propl.

l‘

The relative pronoun “que” is dropped as it only confuses the casc processor.

The link in English can be gencrated from the fact of a relative prop itself, and not
necessarily from “que™.

If the “que” needs 10 be kept, simply replace “Prop™ with [Modalitics, Event | Siblings]
and [Modalities, Event, np-Q | Siblings] where appropriate in the farst rule.

*/

relative_prop(A) -->
rel_pro(Q).
independent _prop{(_-{M, E | Siblingsl),
{append(Siblings, [np-{np=(Q))], Sibs)},
more_relative_props{zelative_prop—{M. E | Sibs]. A).
relative_prop(A) =-->
terminal (pro-{qui, ). Qui),
post_np(Qui, Propl.
more_relative_props(relative_prop-Prop. A).

nore_;eiative_p:ops!Fi:st. (First, Articulation, Props}) -->
micro_articulation(Articulatien),
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relatlive_prep{Props).

=ore_relative _propz(First, Flrst) --> ilruel.

It

Check that the present sctup for retative props handles structures like
il aime ce qu'il désire
il aime ce A quoi 1] fait allusion
il aime celle qui 2 fait ..

cc
Cf. Cafe 3 book, p. 166, #76
*/

post_np{NP, Prop) =-=->
clip_neqiXNE),
pre_verbal particles (PVP),
event_right (NE, NP, PVP, Propl).
past_rp(NP, Prop} -->
clip_negiNE),
event_righo (NE, NP, ail, Prop).

cllp_neg(LU) =--=>
terminal {adv- (LU, negation), _}.
clip_neglaffirmative)y =-=-> {truel.

cvent_right (NE, NP, nil, [Modalities. Event | List]) -->
cvent (NE, Verb, Modalities),
{sv_agreement (Verb, Event, NP. Npl ),
post_event (np-Np., nil, List),

cvent_right (NE, NP, PVP, [Medalities, Event | List]) ~->
{PVP \= nil},
eveat {NE, Verb, Modalitics),
{asv_agreement (Verb, Event, NP, Npll,
post_event {np-Np, PVP, List).

f.

The first argument of post_cvent/3 may be a noun phrase or a preposition (see the
definition of cvent_prop in the “Parser - cvent” filc). The second argument is PVP
information which is also forwarded as it is 1o be inserted in the proper order in the list.

~/

post_event (Prep_or_np, PVP, Post_cvent) -->
right_dislocation(RD),
post_right dislocation(RD, List),
fadd to_list(Prep_or_np, PVP, List, Post_ecvent}).
post_event (Prep_or_np, PVP, Post_event) -—>
post_right_dislocatlion(List),
{2dd_to_list (Prep_or_np, PVP, List, Post_cvent)l.
post_event (Prep_or_np, PVP, Post_cvent) —-->
fadd_to_list(Prep_or_np. PVP, []., Post_event)l}.

post_right_dlslocation(RD, [RD | List]) —>
slotSiAd]),
post_slotb(adj-Adj, List).
post_rtight_dislocatien(RD, [RD ! List]) -->
adverbial (Adv),
post_adverbial tadv=Adv, List).
post_tright_dislocation(RD, [RD | List]) -->
post_adverblal(List).
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pest_right_dislocation(List) -->
slotS(Add),
post_slotS{adi-acj, List).
post_right_dislecatioa{List} =-->
adverbial (Adv),
post_adverbial (adv-Adv, List).
post_Tight_dislocatlion(lList) =-->
post_adverbial(List).

’I'l
Cardinal adjectives can occur alone afier the verb.
See “Parser - noun phrase™ file for definition of slot3 (cardinal adjectives).
cg. Jen suis un.
11 en a fait wois.
1l ¢n a fait trois exemplaires.
II en a fait beacoup.
Je lcur en ai donné wois.
If there is no “en™ preceding a verb which is followed by a cardinal adjective,
¢.g.. “Jat trois des letres,” or even “iai trois,”
then the cardinal adjective should actually be a
part of the pre_noun for an understood noun, ic., “jai ois lettres des leures cn question™.
This is provided for in the definition of noun phrascs. All of the above cardinal adjectives
are considered as preceding an understood noun.

Descriptive adjectives can occur alonc immediately afier stative verbs,
c.g.
Je suis heurcux.,
Jc suis trds heurcux d"avoir regu votre lentre de 15 juin 1988.
Sec “Parser - noun phrase™ file for definition of slotS (descriptive adjectives).
They are processed at this point.
*/

post_adverbial (Adv, [(Adv | List]) -->
slot5tAdd).
post_slotS{adi-Adj, List).
post_adverbial thdv, [Adv | List]) -—>
post_slotS{List).

post_adverbial (List) -->
slotS(Adi),
post_slotS(adi-Adj, List).

post_adverbial (List) -->
post_slotS(List).

post_slot5{Adj, [Adj | List]) -->
complements(List).
post_slotS(Adj. [Ad]]) ~-> {true}.

post_slotS(List) =-->
complements (List).
post_slot5([]} --> {true}.

add to_list(nil, nil, List, List) :- !.

add_to_list(nil, [PVP], List, [ap-PVP | List]) := !.

add_te_list(nil, {PVP1, PVP2}, List, [np-PVPl, np-PVP2 | List]) :- !.
add_to_list(NP, nll, List, [NP | List]) :-!.

add_to_list (NP, [PVP], List, [NP, ap-PVP | List]} :- !.
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ade te list (NP, {PVP1,. PVP2], List, [NP, np=PVPl, np-PVP2 | Listil) - !
cemplementstA) -=> np(3), morc_complements(np=3, A).
complements (A) --> cvent _propl(B), more_complemenis(event_preop-3, Al.
cemplements (A) =-> prep_phrasce(3). more_comslements (prep _phrase-3. A).
complements (A) —-> relative_prop(B), more_complements{relative_prep-3. A).

more_complements(First, [First | Compls]) =-->
complements (Compl

more_complements{Firs

b8

i+

. t?i:s:]) -~>» {truetl.

P
Scries of complements are handled with the more_complements ) )
rules. However, it is assumed that no conjunctions, disjunctions or punctuation will come

between them, as such would only be used between complements which are alike. For example,

in “nous sommes heurcux de vous adresser la lettre™ the first complement “heurcux™ is
immediately followed by the cvent proposition “de vous adresser...”. In cases where like
complements are articulated, the definition for that complement allows for a series

joincd by a conjunction. Sce, for example, the definition of prep_phrase and how it would
be applicd 10 “nous vous remercions de voire lettre ct de votre intérét dans...”. This would
be processed as 2 preposiional phmsccompriscdofm'oprcpositionalphmscs.

*/

l‘h
Prc_verbal_particles (particules pré-verbales) occur singly or in a strictly determiined order.

When there arc two pre-verbal particles, not only is the order important, but th: choice
of what comes first and sccond is limited to four different pairs of scts. Only cae particle
in cach sct is permissible with one of the other seL

*/

pre_verbal_particles{A) --> me_te_se_nous_vous(B), allowable_su=_L(B, A).
pre_verbal_particles(A) --> le_ la les(B), allowablc set_2(B, A).
pre_verbal_particles(A) --> lui_lcur(B). allouablc_set_3{3. A).
pro_verbal_particles([A]) --> y_en(A).

allowable_secz_l{First, [First, Second]) =-=>
le_la_les(Second) .

allowable_set 1(First, [First, Sccond]} -->
y_en_lui_leur (Second).

allowable_set_l(First, ([Flirst]) --> {true}.

allowable_set_2(First, [Flrst, Second]) =-=>
y_en_lui_leur (Sccond).
allowable_set_2(First, [First]) --> {trucl.

allowable_set_3(First, [First, Secondj) -->
y_en({Sccond) .
allowable_set_3{First, [First)) --> {truel.

me_te_se_nous_vous{np-A) -->
terminal {pro- (LU, Tefl, ,_._._)., &Y,
{member (LU, [me, te, se,nous,vousl) ).

le_la_les{np-A) =-->
terminal (pro=(LU, _, _,_._.,_). A},

{member (LY, [le, la, les, le_lal) ).
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==> lul_leur{X).

_leur{ap=3A)
_leuz (np=A)

y_cn{ap=A) -=>
y_en(ap=A) -=>
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PARSER - EVENT
© 1987, 1988 Victor Loewen
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Ii
This call inserted here simply to facilitate reconsulting this file during its development.
SAVE FILE FIRST, SINCE dcgfile READS FROM DISK AND NOT FROM MEMORY,

:= deglile (*ORDINCTRAD:Ordine Ceode:Parser - cvent').,

*/

™

EVENTS

The “event™ returned by the call 10 event/6 is always the principal verb, as it provides

thc meaning and frame for the purposes of translation. Modal auxiliarics and scmi-modal
auxiliaries (avoir, or &ure) arc not retumned. They are analyzed only for purposes of
determining Tense, Mood, Person, and Number.

The modalitics retumed with the principal verb arc determined from both the auxiliarics
and the peincipal verb, They are: tensc (x10), mood (indicative, subjunctive, conditional),
vnice (active, passive), attitude (affirmative, negative, doubtful), and form {declarative,
intcrrogative, imperative).

The Form modality is presently defined as declarative, since interrogatives and imperatives
arc not aceepicd by the parser.
*!

/* Composite and simple verbs */

I‘

n'a pas & fait

ne pas avoir &€ fait
a & fait

avoir &€ fait

*/

cvent {ne, cvent=lu(F, verb-(V, (T, M, P, N}, M ),
modalities-{T, M, passive, ncgative-Neg, declarative)) =-=->
terminal (verb-(avoir, (Tense, M, P, N),_ ), ).
terminal (adv-(Neg, negatien), _),
terminal (verb-{&tre, {past-part, _}. _). _).
terminal (verb-{_, (past-part., _)., _}. lulF, vecb-(V, _, M_F))),
{tense(Tense, T ).
cvent (ne, event-lu({F, verb-(V, (past, participle, nil, nil), M_B)),
modalitics-(past, participle, passive, ncgative-Neg, declarative}) -->
terminal (adv- (Neg, negationy, _).
terminal (verb~(avoir,inf, ), ).
terminal (verb-(&tre, (past-part, _), _), _).
terminal {(verb-(_, (past-part, _), _), lulF, verb-{Vv,
{tense{Tcense, T)}.

. MV,

cvent (aftirmative, cvent-lu(F, verb—(V, (T, M, P, W), M_F)),
modalities-(T, M, passive, affirmative, declarative)) -->
terminal {verb-(avoir, {Tense, M, P, N}, _), _).
terminal (verb-{&tre, {past-part, _}. _J). _J).
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cerminal (verb-{_, (past-part, _). _}, lulF, verd=(v, _, ¥ P,
{tense(Tense, T)}.

event (affirmazive, event-lu(F, verb=-(V, (past, participle. =nil, nlll, M F)),

modalizies-(past, participle, passive, aflirmatlive, declarativel) =-=>»

terminal(verb-(avoir, inl, ), _}.
terminal (verb-(dtre, (past-pari, ). _). _).
zerminal(verb-(_, (past-part, _), _). lulF, verb-tv, _. M P11,
{tense(Tense, T) ).

n'a pas fait / n'a vu persoanc
n¢ pas avoir fait

a fait

avoir fait

ayant fait

*/

cvent (ne, cvent-lu(F, verb-(v, (T. M, P, N). M F)).
modalities-(T, M, active, negative-Neg, declarative)) ==>
terminal (verb-(avolr, (Tease, M, P. N), ). ).
terminal {adv=(Neg, negation), ),
zerminal (verb—-{_. {past-par:, _). _). lulf, verb-(v, _, M_F1)).
{tense (Tense, T)}.
event{ne, event-lu(F, verb-(V, (T. M, P, N}, M F)),
modalities—(T. M, active, ncgative-Neg, declarative)) -->
terminal {(verb-{avoir, (Tense, M, P, N}). ). ).
terminal (verb-(_, (past-part, _}, _). lul(F, verb-{V. _., M _F}}},
{tense (Tense, T)).
terminal {adv-(Neg, negation). ).
{member (Neg, [personne, rien, aucun])}.

cvent (ne, event-lu(F, verb-(V, (past, partleiple, nil, nily, M_F)),
modalities-(past, participle, active, negative-Neg, declarative)) =->
terminal {adv-(Neg, negation)., _).
terminal (verb-(avoir,inf, ), _).
terminal (verb-(_, (past-part, _). _), lu(F, verb-(V, _. M_F))).
{tense (Tense, T)).

event (affirmative, event-lu(F, verb-(V, (T. M, P, N}, M F}),
modalities—(T, M, active, affirmative, declarative)) --»
terminal {verb-(avoir, (Tense, M, P, N}, ). ).
terminal (verb-(_, (past-part, _). _). Lu(F, verb=(v., _., M_F))),
{tense (Tense, T) ).
cvent (affirmative, event=lu(F, verb-(V, {past, partlciple, nil., nlil), M F}),
modalities—(past, participle, active, affirmative, declaratlive)) ==>
terminal (verb-(avoir,inf, ), _).
terminal (verb-(_, (past-part, _), _}, lulF, verb=Iv, _. M Fl}).
{tense(Tense, T)}.
event (affirmative, event-lu(F, verb-(V, {(past, participle, use_ing, nil), M_¥h),
modalities- (past, participle, active, affirmative, declarative)) =-=>
terminal (verb-(avoir, (pres-part,_ ), ). _).
terminal (verb-(_, (past=part. _). _), u(F, verdb=iV. _, M Fl)),
{tense(Tense, T)}.

e

n'est pas monté
nc pas étre monté
est monté

&trc monté

émant moaté

*/
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eyent {ne, event-lu(F, verb={(v, (T, M, F, N), M_F}},
modalities-(T, M, passive, negative-Neg, declarative)) -->
terminal (verb—{étre, (Tease, M, P, W), _ )., _).
terminal (adv-{Neg, negatlenl, _),
tezminal (verb—-{_, {past-par:, _}, _), lulF, verb-(V, _. ¥ F1)).,
{rensetTense, T1).
event (ne, event-lu(F, verb=(V, (past, participle, nil, nil}, M_F)),
modalitlies—(past, participle, passive, nregative-Neg, declarative)) -->
terminal (adv—-(Neg, negation), _).,
terminal (verb-{étre,inf, ). _}.
terminal (verb-{_, (past-part, _). _}. lu(F, verb=(V, _, M_F1)}.
{tense{Tense, T)}.

event (affirmative, event=lulF, verb—(V, (T, M, P, N}, M_F)),
modalitics-{(T, M, passive, affirmative, declarative)) -->
terminal (verb={étre, (Tense, M, P, N}, ), _).
terminal (verb-{_, (past-part, _), _}, lulF, verb-(V., _, M_F)})),
{tense (Tense, T},
covent (affirmative, cvent-lu(F, verb-(V, {past, participle, nil, nil), M_F)),
modallities-(past, participle, passive, affirmative, declarative)) -->
terminal (verb-(étre, int, ), _),
terminal{verb-(_, (past-part, _), _), 2uiF, wverb-(V, _, M_F1)),
{rense(Tease, T) 1.
cvent (affirmative, event-lu{F, verb-(V, (past, participle, use_ing, nil), M_FT)),
modalities-(past, participle, passive, affirmative, declarative)) -->
terminal {verb-{&tre, (pres—-part, ), ). _).
terminal {verb-(_, (past-part, _), _), lu(F, verb-(V, _, M_F1)),
{tense(Tense, T ).

f fait */

cvent {ne, event=-A, modalities-(T, M, active, negative-Neg, declarative)) --»>
terminal (verb=(_, (T, M, P, W), )}, A),
terminal {adv-(Neg, negation)., ).

cvent (affirmative, event-A, modalities—(T, M, active, affirmative, declarative)) -->
terminal (verb-{(_, (T, M, P, N}, ), A).

f~ faire */

cvent (ne, cvent=lu{F, verbk-(V, (pres, lnf, nil, nil), M_F)).
modalities-(pres, inf, active, negative-Neg, declarative)) -->
terminal (adv=-(Neg, negation), _).
terminal (verb=(_, int,_}, 1lu(F, verb-{V, _., M_F)}).
event {ne, event-lu(F, wverb-(V, (pres, inf, nil, nil), M_F)),
modalitles-{pres, inf, active, negative-Neg, declarative)) -->
terminal tverb-{_,inf, ), lut(F, verb-(V, _, M_F})),
terminal (adv=(Neg, necgation), ).
cvent (affirmative, event-1u(F, verb=(V, (pres, inf, nil, nil), M_F)),
modalitics-(pres, inf, active, affirmative, doclarative)) --»
terminal {verb=(_.inf,_ ). lu(F, verb=(V, _, M_F))).
cvent {NE, event=lu{F, verb-(V, (pres, inf, nil, nil), M_F)),
modalitles-(pres, inf, active, negative-NE, declarative)) —>
{member (NE, [pas, rien, jamais, plus, personne, point, guére, aucunl)},
terminal {verb-{_,ing, ), 1lu{F, verb-(Vv, _, M _F)}).

/* faisant */

event (ne, event-lul{F, verb-(V, (pres, participle, nil, nil), M_F)),
modalitles-(pres. participle, active, negatlive-Neg, declarative)) -->
terminal (verb-(_, (pres - part, ,_)._ ). lu(F, verb-(Vv, _, M_F))),
terminal (adv-(Neg, negatiom), _).
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cvent (affirmative, cvent=lu(F, verb-(V, {pres, participle, nail, nill, M F)),
modalizies-(pres, participle, active, affirmative, declarative)) -->
terminal (verb-(_, (pres - part, _, ), ), lulF, verb=(V, _, M _PI}}.
event (NE, event-1uiF, verb-(V, (pres, pariiciple, nil, all), M_F)1,
modalities—(pres, pasticiple, active, negative-KE, declarativel)}) -->
{mcrmber (NE, (pas, rien, jamais, plus, rsonnc, point, gudére, aucunl)l},
terminal(verb-(_, {pres = part,_. ), )}, luif, verb-(Vv, _, ¥ F1}}.

It

Note that no provision has been made for scniences containing more than one principal
verb (e.g., «il 2 écrit et remis les lettres demandéess). To do so would require
determining just how verbs can be linked (i.c., «, ct» or «ct»; if the auxiliary is repeated;
etc.), and which verb would then be considered the principle verb for the sake of picking
acase frame.

*/

~

The ensc of the auxiliary determines the tense of a compound verb.
If the auxiliary is present, the compound is past, elc.

*/

tensc{pres, past}.

tense(fut, future_anterior).

tense (hist, past_anterlor).
tense{imp, plupcrfect).

tense (cond, past_future_anterior).

I-

EVENT PROPOSITIONS

Event propositions may or may not begin with a preposition and must contain an infinitive
or preseat participle. These types of propositions are called for by the subordinate_prop
definition and by others (cf. the qualifying event proposition that may modify a noun or the
complements that may follow 2 verb).

Examples of event propositions:

(3ai voulu) pouvoir commencer 2 faire X
In the above example, “pouvoir commencer 3 faire X™ is an cvent prop whose relation
10 the event “vouloir™ is the affected role. “2 faire X™ 100 is another event prop embedded
in an event prop, and it too, in this case, would fill the affecicd slot

(I’ai voulu) pouvoir faire X

(3"ai voulu) faire X

(7'cssaie) de vouloir commencer 2 faire X

(il souhaitc) faire &voluer ...

(il compte) laisser se détériorer ...

(il s'cst vu) demander..

apres avoir &£ commandé de faire coatinuer ...

aprts m'étre fait attacher 3.

Event propositions also follow causative auxiliarics.

fairc + infinitive (direct intervention)
voir + infinitive (simplec presence)
laisser + infinitive (no intervention)
venir + infinitive

compier + infinitive
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In all cascs, the principal verb in an cvent proposition must be ¢ither a participle or

an infinitive. Event propositions are never expected to be independent propositions, as these
always require the principle verb to be in an inflexioned or aux+participle form.

*/

event_prop(d) ==>
prep(Prepl,
¢lip neg(NE), % deflned in “parser - sentence” file
post_prep(NE, Prep, Propl,
more_event_props{cvent_prop-Prop, A).
event _proplA) —->
clip_negqi(NE),
post_prep(NE, nil, Prop).
more_event_props{cvent _prop-Prop, A).

more_cvent_props(First, (First, Articulatien, Props}) =-=>
micro_articulation(Articulation),
event_prop{Props).

more_cvent_props (Prop, Prop) —--> {true}.

qualifying_event prop(QEP) =-=>
terminal {prep-de, A),
clip_neg(NE),
post_prep(NE, prep-A, Prop).
morce_q_ec_props (qualifying _event_prop-Prop, QEP).

more_q_c_props(First, (First, Articulatien, Props)) ——>
micro_articulation(Articulation),
qualifying_event_prop(Prop),
more_q_<_props{Prop, Props).

morc_q_c_props{Prop, Prop) --> {true}.

r

If there is a negative, the second pant of it may be found before the infinitive,

¢.E., hc fien faire

or it may be found after the infinitive

¢.g., ne faire rien.

In the first case, the second part is picked up here and carried into the event analysis

to be inseried into the list of modalities.

In the second case, the second part is picked up with the cvent analysis, and the “ne” is
carricd forward 10 control the choice of event rules 1o apply.

*/

post_prep(ne, Prep, Prop} =-->
clip_neg{affirmative),
pre_verbal_particles (PVP),
post_prec_verbal_particles(ne, Prep, PVP, Prop).
post_prep(ne, Prep, Prop) -=>
clip neg (PAS),
pre_verbal particles(PVP),
post_pre_verbal_particles(PAS, Prep, PVP, Propl.
post_prepine, Prep, Prop) —>
clip_neglattfirmative),
post_preo_verbal_particles{ne, Prep, nil, Prop).
post_prepine, Prep, Prop) -->
clip_neg(PAS),
post_pre_verbal particles({PAS, Prep, nil, Prop).

post_preplaffirmative, Prep, Prop) -->
pre_verbal particles(FVP),
post_pre_verbal particles(affirmative, Prep, BVP, Prop).



12/15/88 Parser - Event 201

post_preplaffirmative, Prep, Prop) -->
post_pre_verbal_particles{affirmative, Pree, nil, Propl.

post_pre_verbal particles{NEG, Prep, ?VP,
[Modalities, event-lu(F,verb =(LU, (T, participle. G, N),Frame)) 1 List]) --»
event (NEG, event-lu(F,verd -(LU, (T, participle, G, N},Frame)}), Modalities),
post_cvent (Prep, PVP, List).

post_pre_verbal_particles (XE, Prep, PVP.
[Modalities, cvent-lu(F,verd =(LU, {pres, inf, G, N),Frame)) | List]} -->
event (NE, cvent=-lu(F,verb -(LU, (pres, inf, G, N),Frame)), Modallitles},
post_event (Prep, PVP, List).

/* post_event is defined in the “Parser - sentence™ file. */
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PARSER - NOUN PHRASE
© 1987, 1988 Victor Loewen
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Iﬁ
This call inscrted here simply to facilitate reconsulting this file during its development,
SAVE FILE FIRST, SINCE dcgfile READS FROM DISK AND NOT FROM MEMORY.

:- degfile(*ORDINOTRAD:Ordino Code:Parser - noun phrase').
>/

l'

Noun phrases (containing what is known as nominals, or nominal groups).

The subject-verb agreement rules still need 10 be designed o handie names, dates, and
coordinate noun phrascs.

Rules need to be defined for nps comprised of celui-ci, etc.

The terminal peedicate is defined in the “Parser™ file.

According 1o the following rules, an np is a noun phrase comprised of one or more noun phrases
or of onc or morce pronouns. A mixture of nouns types is not permitted 1o prevent misicading
scarches, as for example, in “nous vous remercions de votre lettre ¢t pous sommes heurcux™
where “volre lettre ¢t nous™ are not to be scen as a noun phrase.

*/
np{A) -=> one_np(A).
npilAd) ==-> pronouniA}.

np(np- (noun-nlil, modificrs—-(Ad), Post))) =~>
slot3(Adi),
post_noun(_, Post).

ap(name=A) ==> namec(A).

pronoun(f) =-~>
terminal (pro-{(_,pers.,
pronoun{f) =-=>
terminal (pro=-(LU, rel, _), B),
{member (LU, [ce, qui., lequel, laguelle, lesquels, lesquelles])l},
more_pronouns(np-B, A).
vronoun (A} =-=->
terminal (pro-(_, dem., _), B), more_pronouns(np-B, A).

). B}, more_pronouns(np-B, A).

more_pronouns (First, (First, Articulation, Pros)) =--»
micro_articulation(Articulation),
pronoun{(Pres).

more_pronouns (Pro, Pro) --> {true}.

I‘

Annp (onc_np) is comprised of adjectives that precede 2 main noun and adjectives
or qualifying prepositional or relative phrases.

*/

one_npl{A) -=>
pre_noun(Pre),
noun(Pre, PRE, Noun),
post_noun(Noun, POST),
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{join (PRE, POST, Modifliers)t,
more_one_nps (np-{noun-Noun, modifiers-Modifiers), A).

more_one_nps(First, (First, Artliculatlion, NP)) ==>
micro_articulation(Articulation),
one_np(NP).

more_one_nps (NP, NP} --> {truc}.

anoun({Pre, PRE, N) =-=->
terminal (noun—_, Noun),
{ad]_n_agrecment (Pre, PRE, Nourn, N}1}.

noun(PRE, PRE, X} =-=>

composite noun(X).
3 Due te the complexity of checking agreements between adjectives and composite nouns,
% agreement is assumed To be correct.

I:nu- c.g. limbrc-postc ---I
composite_noun((A,p-(=).C)) -->
terminal (noun-_, A},
[P(PCt.*') i,
{terminal (noun~ ,C) ; terminal(adj-(_.,desc, . _._)1.C)).

/*** c.g. saint-picrre ***/
composite_noun((A,p-{-],.C}) -->
terminal (adj-{_,desc, _._._).A),
lptpet. =11,
terminal {noun-_,C).

/*** ¢.g. presse-papicrs ***/
composite_noun({A.p-(=),C)) -=>
terminal (verb-(_, (pres._.Pers,s),_).Al,
[p{pet.=}1.
terminal (noun-_,C},
{Pers = 3 ; Pers = (_,3)}.

l--- c-g_ cn_m ‘--I
composite_noun{(A,p-(-),.C)) -=>
terminal (adv-_, A).
[pipet.-} 1.
terminal (noun-_,C) .

I“- c_g_ m_midi “-l
composite_noun({A,p-(-).C}) -->
terminal (prep=~_,A).
{ptpct.=) 1,
terminal (noun—-_,C}.

”

Pre-noun (words to left of the noun)

The following sequences for pre-noun and post-poun are adapied from:
Warnant, Léca. Structure syniaxique du Frangais. Paris: Société d'Edition «Les Belles
Lettres», 1982,
MO PC 2361.W28

“The following sequence must be followed. For slots 1 10 5, there need not be any adjective at all.
For the 5th slot alone, there may be more than onc adject.ve. The reason is that slots 1 to 4 hold
limiting adjectives, of which only one is feasible, and slct 5 holds descriptive adjectives of which
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there may be any number.

At the present, both 1a aucunc letre” and ez quelques lettres’ are both acceptable. A means
should be determined 10 make sure the meaning components do not clash.

slotl  TOUT

slot2 ARTICLE | POSSESSIVE ADJ | DEMONSTRATIVE AD]

slot3 CARDINAL ADJ or ADJ OF quantity, nothing, approximation, distribution

slot4 ADJ mndicating difference | ORDINAL ADJ

slots QUALIFYING ADJ | PAST PARTICIPLE | PRESENT
NOQUN

*/

pre_noun(Al =--> slotsltoS{A).
pre_noun(A} =-> slots2toS({A).
pre_noun(A) =-> slots3toS(A).
pre_noun{A) ==> slotsdtoS{A).
pre_aountA) --> slotb(A).
pre_noun{nil) =--> {truc}.

slotsltodlA) —=>
slotl{B),
slots2toS(B, A).
510t 52L05(A) ==>
szlot2({B),
slots3toS(B, A).
slots3toS5(A) -—>
slot3(B),
slotsqros(8, A).
slotsq4toS(A) ——>
slot4 (B),
slot5(B, A}.

slots2toS(First, (First, Adis)) =-->
slot2 (Second),
slots3toS5({Sccond, Adis).
slots2toS({Firat, Adjs) -->
slots3toS{First, Adis).

slots3te5(First, (First, Adis)) =-->
slot3{Sccond),
slotsdtoS5(Sccond, Adjs).
slots3toS5(First, Adjs) -—>
slotsqtoS(First, Adis).

slotsdtoS(First, (First, Adjs)) -->
slot4 (Second),
slotS(Second, Adis).
slotsd4toS(First, Adjs) -->
slotS5(First, Adjs).

slot5(First, (First, Adjs)) -—>
slotS(Adis).
slot5(Ad]), Adj) =-=-> (true}.

slotl (A} =-> terminal (adj - (tout, indef, _, _, _). A).
slotl (A} --> terminal{adj - (tous, indef, _, _, ). A).

slot2(A) =-=-> terminal {art
slot2(A) =-> terminal (adj
slot2(A) --> terminal (ad}

. A
(_. POSS, _. _, ), A).
(L. dem, _, _, )., A).
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slot3(A) ==-> terminaliadj - (_, cavdinal, _, _. ). A).

lot3(num(N,cardinal)) ==> [n(N, cardinal}].
slot4(A) ~=> <Terminal{adi - (_, erdinal, _. _. _}. A).
slot4(A) ==> terranal(adi - (_, indel, _, _, ). A).
slotd (num—~(N, ozdinal)l) =-=-> {n(N, ordinal)i.
I-

Provision is made here for adjectives derived from the past participles of verbs.

This avoids duplicating entries in the dictionary for both past participles and infinitives
where the past-participle is regular.

>/

slot5(A) =-=-> terminal(adi - (_. desc,
slotStA) --> [lu(F,Cesc)],

{member (verb- (LU, {past - part, Gender, Number), Meaning frame), Desch,

sift_meanings_from_frame(Meaning_frame, Meanings)},

more_desc_adis {lu(F, adi- (LU, verbal-desc, Gender, Number, Meaningsl), A).
slot5(A) --> composite_adji(B), morc_desc_adis(B, A).

_e _e+ _). B), more_desc_adjs(B, A).

sifr_meanings_from_trame([], []}.
sitr_meanings_from_frame([Meaning-_ | Taill, [Meaning | List]} :-
sift_meanings_from frame{Tail, List).

'l'l

Examples of composite adjectives:
vraiment belles
ci-jointes
trds heurcux

*

composite_adi(A) -->
terminal {adv-_, B),
last_half_of_composite(B, A).

last_half_of_composite(Adv, lu-(Adv, p=(=), Ad})) -->
lp {(pct, =11,
terminal (adj-(_,desc._,_._). Adj).
last_half_of_ composite(Adv, lu-{Adv, Adj}) -->
terminal (adj-(_,dese, _,_,_). Ad]).
last_half_of_composlitec(Adv,
lu-(Adv, lu(F,adj-(LU,verbal-desc,Gender, Number,Meanings}})) -=>
[lu(F,Desc) ],
{member {verb- (LU, (past - part, Gender, Number), Meaning_frame), Desc).
sift_mecanings_from_frame(Meaning_frame, Meanings)}.
last_half_of_composite{Adv, lu=(Adv, p-i=].
lu(F,adj=(LU, verbal-desc, Gender, Number, Meanings)))) —>
{p (PCt- -)1.
[1u(F,Desc) ],
{member {verb-(LU, {(past - part, Gender, Number), Meaning_frame}, Desc),
sift_meanings_from_frame (Mcaning_frame, Meanings)i.

more_desc_adis(First, (First, Articulation, Adi)} -->
micro_articulation(Articulation),
slotS{Ad}) .

more_desc_adis(First, (Fi::t, Adj)) -->
slotS(AdY) .
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mnre_desc_adis(Ac), Adl) -=> (truel.

[-

POST NOUN SEQUENCES

(noun) + adverb + descriptive adjective + cvent propositions or prepositional phrases
Note that a check is made for descriptive adjectives before the adverbial, in the event

that the adjective is composed of an adverb-adjective combination and to avoid misleading
analyses. E.g., les lettres ci-jointes

-

/

post_nouni{N, A) --> slotS_adv_5_6(B), {adj_n_agreement(B, A, N, _)}.
post_noun{N, A) --> adv_5_6(B). {adj_n_agreement(B, A, N, _)}.
post_nouni{N, A) --> slots5to6(B), {adj_n_agreement(B, A, N, _}1}.
post_nouniN, A} -=-> slot6(A}.

post_noun(N, nil) --> {true}.

slotd_adv_5_6(A) =-=>
slot5({R),
adv_5 6(B,A).
adv_5_6{A) -->
adverblal (B), % defined in the “Parser - sentence components™ file
slots5to6(B, A).
slots5to6(A) —-=>
slot5(B),
slot6(B, A).

adv_5_6(First, Adj_list) =-->
adverbial (Second),
slots5to6(Sccond. Adjis),
{join(First, Adis., Adj_lisu)}l.

adv_5_&(First, Adjs) -->
alotsSto6(First, Adis).

slotaSto6(First, Adj_list) -->
slotS(Sccond),
slot6(Second, Adjs),
{join(First, Adjs, Adj_list)}.
slotsSto6(First, Adjs) -->
slot6{First, Adis).

slot6(First, Adj_llst) -->
slet6(Adis),
{join(First, Adjs, Ad)_list)}.
slot6(Adj, AdJ) =--> (truel.

r

Qualifying cvent propositions arc defined in the “Parser - event™ file.
Qualifying prepositional phrascs arc defined in the “Parser - prep” file.
*/

sloté(qualifying prep_phrase~A] =-=-> qualifving prep phrase(A).
slot6(relative_prop-A) --> relative prop(d).
slotéiqualifying_event_prop-A) —-> qualifying_cvent_prop(A).
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I'
This call inserted here simply 1o facilitate reconsulting this file during its development.
SAVE FILE FIRST, SINCE dcgfile READS FROM DISK AND NOT FROM MEMORY.

:= degfile(*ORDINOTRAD:Ozdino Code:Parser - preposition’).
*/

prepllocution_prépositive-(A, B, C)) --=>
terminal (prep-en. A),
terminal {noun=(N,_}, B).
{member (N, [fonetion,dchors, dépit, face, faveur, outre, plus, raison, mesure]) 1.
terminal (prep—-de, C).

preplprep-A) --> torminal (prep-_, A).

prep_phrase(d) -->
prep{P). one_np(NP),
more_prep_phrases (prep_phrase-(P, ap=NP}, A).
prep_phrase(d) —-->
prep(?).,
terminal (pro - (X, refl, _). B).
morc_prep_phrases (prep_phrase-(P, np={np-B)})., A}.

more_prep phrases (First, (First, Articulation, Preps)) =-->
micro_articulation(Articulatien),
prep_phrasc(Preps).

more_prep_phrascs (First, First) --> (truel.

I-

Qualifying prepositional phrases are called for in post-noun sequences of a noun phrase.
An cxample would be «(unc gamme) de rayonnages» or «(votre letire) du 3 janvier 1988»
*f

qualifying_prep phrase{QPP) -—>

terminal (prep—-de, A),

date(Date),

more_q_p_phs (gqualifying_prep_phrase-{prep-A, date-Date). QPP).
qualifying_prep_phrase (QPP) -->

terminal (prep-de, A),

name (Name) ,

more_q_p_phs (qualifying_prep phrase-(prep-A, name-Name), QPP).
qualifying_prep_phrase(QPP) -->

terminal {(prep-de, A).,

one_np(NP),

more_q_p_phs (qualifying prep_phrase-(prep-A., np-NP}, QPP).

more_q_p phs(First, (First, Articulation, Preps}} -->
micre_articulation(Articulation),
qualifying prep phrase(Prep).
more_q_p_phs (Prep, Preps).

more q_p phs(Prep, Prep) =-—> (Ttrue}l.
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l-

Word groups that form prepositions. Sce Grévisse §2247 for many morc.
These ars commented out, but may be added as required. They could also be tightened
up using peck-ahead routines and the 3_ou_de predicate as defined in the stntence components

file.

prep(locution_prépositive-{A,B.C)) —>
terminal(peep-de, A),
terminal(noun-CX, ). B).
{member(X [ fagonmanidre crainie])} .
tenninal(prep-3, C).

prep(locution_peépositive-(A,B.C.D)) —>
tcrminal(peep-de, A),
terminal(ant-(le,_ ). B),
1erminal{noun-{c6té, ), C),
icrminal({peep-de, D).

prepllocution_prépositive-(AB,.C)) —>
terminal(prep-3, A),
terminal{noun-(X, ), B),
{ member(X,[cause.chié force,moins.raison]) ],
terminal(pecp-de. C).

prep(ocution_peépositive-(AB.C.D}) —>
erminal(prep-a, A).
werminal(art-(le, ), B),
terminal(noun-(X, ), C).
(memben(X [égard.cncontre,cndroit.cxception,ins
ubas licu,milicu travers])},
terminal(pecp-de, D).

prep(locution,_prépositive-(A,B.C.D)) —>
terminal(prep-a, A),
terminal(art-(les, ), B),
terminal(noun-(X, ), C),
{member(X [dépens,cavirons]) ),
erminal(peep-de, D).

prep(locution_peépositive~-(A.B,C.D)) —>
lcrminal(prep-3, A),
reminal(an-(ke, ), B),
(p(pet-)l.
terminal(noun~(X, ), C).
(member( X.[dclh.dmns.m dessous])},

prep{locution_prépositive-(A.B)) ~->
terminal{adv-(X,). A).

mmlmnhﬂ(x.[auprés.aum.amt.faummin.p
terminal(prep-d, B).

prep(locution_peépositive-(A,B)) —>

terminal(prep-afin, A),
terminal(prep-de, B).

prep(locution_prépositive-(A,B)) —>
terminal(prep-3, A).
terminal(noun-{travers, ), B).

prep Jocution_prépositive-(AB)) —>
termimal{verb-Eue.(pres-pan.m.s) ), A),
terminal(verb-(donner, (pres-part,_}. ). B).

prep{locution_prépositive-(A,B)) —>
mmiml(nwn—(facc._). A).
tmnn_zal(prcp-h. B).
prep(locution_prépositive-(A,B)) —>
terminal{noun-(grice, ), A).
terminal(prep-2, B).
prep(locution_prépositive-(A,B)) —>
terminal(peep-jusque, A),
terminal{prep-3, B).
prep(locution_prépositive-(A.B.C)) —>
terminal(prep-par, A),
terminal{noun-(rapport, ), B),
terminal(prep-2, C).
prep(locution_prépositive-(A.B)) ~>
terminal(prep-quant, A),
terminal(prep-3, B).
prep(locution_peépositive~(A,B,C.D)) ~>
terminal(noun-(vis, ), A),
[plpct-),
terminal(prep-a, B),
{'P(M') »
terminal(noun-(vis,_). C),
werminal(de,prep,D).
prep(locution_prépasitive-(A.B,.C.D.E F)) ->
terminal(noun-(vis, _), A).
ppet-)l.
terminal(prep-3, C),
(p(pet-)l, .
terminal(noun-(vis, ), E),
] I P).
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This call inseried here simply to facilitate reconsulting this file during its development
SAVE FILE FIRST, SINCE dcgfile READS FROM DISK AND NOT FROM MEMORY.

- degfile(*ORDINCTRAD:Ordinoe Code:Pazser - s componentsz').
>/

I-

VARIOUS SENTENCE COMPONENTS (listed in alphabetical order)

Note that some of the sentence componeats are particularly relevant in the sublanguage
used in administrative correspoadence in that they are mentions and can stand alone,

*f

&_ou_de(X) --> cerminal {prep-d, X).
d_ou_de{X) --> terminal (prep-de, X).

ll

Typical lincs of French addresses:
9999, nic Proper Noun
City (Prov.) or City (Province)

Note that postal codes and place names standing alonc on a line or together on the same line
are treated separately by “postal code™ and “name” respectively.
c.g.
ANA NAN (postal code)
Placc name, ANA NAN
The rules below are for the first two types of addresses given above.
*/

address { {number {N, cardinal), Name)) =-=>
[n(N,cardinal) ],
[pipct.*. ") 1.
terminal (noun-(Way_type. _)., 2.
{momber (Way_type., [rue, avenue, chemin, boulevard])}.,
place_name (A, Name).
address ( {np-N1, np-N2)} ==>
one_np(Nl),
[pipet,*(") ],
one_np(N2},
{pipet,.*)*)].
address{{np-N1, np-N2)) ==>
ene_np(N1l),
iptpet, ', ") 1,
one_np(N2}).

place_name{Way, (Way, qualifying prep_phrase-Rame)) =-=>
qualifying prep phrase(Name).

place_name (Way, (Way, np-Name)) -~>
one_np{Name) .

place_name(Way, Way) --> {true}.
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agverblial (A) ==>
terminaltadv - _, B},
more_adverblals(B, A).

more_adverblals(First, (First, p-(,), Advs)) -->
[plpet,.) 1,
adverblal (Advs).
more_adverblals(Flrse, (Fizst, Advs)} =-=>
adverbial (Advs) .
mozre_adverblals{Adv, Adv) --> {Truel.
/* AdQ «d travers» sometime as an adverb.*/

alpha{A) -=>
terminal (string=X, A},
{letter(X,_)}.

lt

Only the “cc” part of a carbon copy notation necd be analyzed here, as the names
following it should be handled by the name definition. The punctuation between it and
the following namces is dropped, as a colon is produced in gencration,

c.g.
c.c. - Monsicur A. Légaré
CC: M. Ardec
Copic : Madam Ardec

*/

celiA, B)) ==>
terminaltstring=-c, A),
terminal (string-¢c, B),
[pilpct, P)].

cc(({A)) ==>
terminal (string-ce, A),
[pipct, P) 1.

cc(A) =-=>
terminal (noun-({copic,_}, RA).
{p(pct, P}].

character_or_handling{character~h) -->
rerminal {adj=-(X,_),A),
{member (X, {personnel, confidentiell)}.
character_or_handling(character-lu(F,adj- (recommander, verbal-desc, Desc))) -->
slot5(lu(F, adj -(recommander, verbal = desc, Desc)}).

character_or_handling (handling=-(A,B))} -->
terminal (prep-par, A),
post_par{B).

post_par{A} -->
terminal (noun-(8, _)}, A),
{momber(X, lavion, oxprésl]l)l}.

dactylos_lnitials((A, symb-5, B)) -=>
terminal (string-_, A),
[s{sym, S)],
terminal (string-_, B).
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f-

Date will always return five arguments (Ie, Weekday, Day, Month, Year) of which some may
be nil. Date will not succeed if there is no Day or Month.

*/

date(A) ==>
terminal tart~(le, _). B,
post_le(art-B, A).
date({A) —>
post_le(nll, A).

post_le(LE, (LE, weckday-nil, year-aumber{Year, cardinal),
month-number (Month, cardinal).
day-number (Day, cardiral))) =-=> % assuming international notatlion s uszed
{n(Ycar, cardinal)l.
[plpct. =}],
[n(Month, cardinal})l,
[pipect, =),
[n(Day, cardinal}l.
post_le{LE, (LE, Date}) ==>
terminal (noun-(X, _)., Al.
{member (X, [lundi, mardi, mercredi, jeudl, vendredi, samedi, dimanchel) .,
post_weekday (weekday-A, Datel).
post_le(LE, (LE, Date)) -->
post_weekday (weekday-nil, Datel.

post_weckday (Weekday, (Weckday, Date)) —->
{n(N, cardinal)i],
post_day (day-number (N, cardiral), Datel.
post_weckday (Woeckday, (Weekday, Date)) --=>
post_day (day-nil, Date).

post_day(Day, (Day, Date)) -=>
terminal{noun-{X, _), A),
{member (X, ljanvier, févricr, mars, avril, mai, juln, julller, aott,
novembre, décembrel)l},
post_month (month-A, Date).

post_month({Month, (Month, yecar-number (N, cardinal))) =-=>
[n{N, cardinal)], '.
post_month(Month, (Month, year-nil)) =--> {true, !}.

,.

ENCLOSURES

The only part of “enclosure™ mentions that needs 1o be defined here is the “pidee joinic™
part. The remainder is processable under the other definitions for mention.

cg.,

3 pitces jointes: 2 lettres, 1 tableau

3 P'j' - lettre, tablean, Livre

P-J-

pitce jointe (note that this must not be treated as a noun phrase)

There are therefore three “slots™
(number) + p.j. | PJ.1pidce jointe + -1:19

Note that the periods were removed during peeprocessing when p.j. was
determined to be two abbreviations.
*/

scptembre,




12/19/88 Parser - Sentence Components

I~
to

encl {A) —-=>

[n(N, T)1,

more_encl (number (N, T), A).
cncl {A) ==>

more_cnclinll, A).

more_ecncl(Num, (Num, Encl)) =-=->
terminal (string-p., A).
rerminal (string-3, B),
morce_more_cacl{{A, p-(.}, B, p=(.)), Encl).
more_cncl(Num, (Num, Encl}) —=>
terminal tnoun~(pléce, ), A),
slotS{lu(F, adj =-{joindre, wverbal - dese, Descl)),
more_more_cncl({noun=-A, adj-lu(F, adj -(joindre, wverbal - dese, Desc))). EZncll.

more_more_cncl(A, (A, p=('='))) =-—>
[plpet, *='}1.

more_more_encl(A, (A, p=(':"))) =-=>
[pipet, ":")].

more_more_encl (A, A} -=> {truci.

ct_ou{A) =--> terminal{conj-(ect,_), A).
et_ou{A} =-=-> terminaliconj-(ou,_ ), A).

interjecetion(A) ~—> terminaltinterjection—_, A).

lquel (A) =-> terminal(pro-(lequel, _), A).
lquel (A) -=-> terminal(pro-(laquelle, _}, A).
lquel (A) -=-> terminal (pro-(lequels, _j, Al.
lquel (A) =--> terminal {pre-(lesquelles, _), A).

macro_articulation(articulation-lu(Format, conj-{ect,Tvpel))} —-->
{lu(Format, lconj-(et, Type) 1} 1.
macro_articulation{articulation-luiFormat, conj-{ou,Typel))) -->
Ilu(Format, [coni-(ov,Typel D 1.
macro_articulation(articulation-(g-(,). lu{Format, conj-(et,Type)))) -->
I[plpct, .} 1. [lui{Forma=, [coni-lec,Type)id].
macro_articulation(articrlation-(p-(,.), lu{Format, coni-{ou.Typecl))) =-=>
[ptpet,. )], [luiFormat, [coni~(ou,Typel)])].
macro_articulation(articulation~(p-(,))) -=> [pipet,,)].

r

The order of the following is important, as “c.c.” and “p.j.” must not be treated as
names.

*!

mention (A} --> date(B), more_mention(date-B, A).

mention{A) --> subjeoct(B), more_mention(subject-B, A}.

mention(A) -=> encl(B), more_mention(enclosures-B, A).

mention(A) —--> cc(B), morc_mentlon{carbon_copy-B., A). :
mention{A) --> reference_material(B), more_mention{reference-B, A).
mention({A) --> postal_ceode{B), more_mention{postal_code-B, A).
mention{A) «-> phone_number (B), more_mention(phone_number=B, A).
mention{A) =-> character_or_handling(B). more_mentien(B, A).
mention(A) --> dactylos_initials(B), more_mention(dactylos_initials-B, A).
mention (A} --> address(B), morc_mention(address-B, A).

mention(A) =~> name(B), more mention{namc-B, A}.

mentlon(A) --> salutation(B), more_mention(salutation-B, A).
montion{A) ~-> one_np{B), more_mention(np-B, A).

mention(A) =-> prep_phrase(B), more mention(prep phrase-B, A).
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mention(A) ==-> interjection(B), morc_mention(interjection-B, A).
mentlon(d) =-> [s{sym, ('/*))], morc_mentioni{symb-('/*). A}.
mention(A) —=> [pipet ,'.'} ], more_mention(p=('."), A).

more_mention(Firsg, (First, Meatloas)) --»
mentlon (Mentions).
more_mention(First, First) --> {truc}.

~

According to Café I, p. 230, “Ia perudte *& " remplace 1a conjonction “¢t” dans les raisons
sociales.” Maybe this will have to be added here.

*/

micro_articulation{articulation-lu(Format, conj-(et,Type})) ==>
[lu(Format, [con~(et,Typell)].

micro_articulation (articulation-lu(Format, conj-(ou,Type})) —=>
{lu (Format, [conj-(ou.Type) ]} 1.

miero_articulationtarticulation-(p-(,)}) ==> [pipet,.)1-

i
Names may be of several sorts and include “raisons sociaux” and names of places:
Monsicur J. Ardec
M. J.-P. Ardec
Jean-Paul Ardec
Ardec et Fils
Ardec et Fils Inc.
Ardec, Fils ¢t Cie
Ardec Ltfc
Ardec et Cic
Montréal
cic,
Names may not conclude with commas, since this restriction helps distinguish them
from salutations (¢.g., “Marie,”).
*/

name{A) --> terminal(noun -(_, _, _. proper, _), B), rest_of_name{name-B, A}.
name(A) --> alpha(B), rest_of_name(initials-B, A).

rest_of_name (First, (First, p-{'.'), Names)) -->
[ptpce. ', ") 1.
name {Names) .

rest_of_name(First, (First, p-(*.'), Names)) -->
[pipet, *, '],
terminal (noun-(N, _}, B),
{member (N, [fils, compagniel)},
rest_of_name(name=-B, Names).

rest_of_name (First, (Fizst, p-(','), conj-A, Names)) -->
(plpet,*. ') ),
terminal (conj-(et,_), A).,
name (Names) .

rest_of_name(First, (First, symb-(/}, Names)) -—->
(s{sym, /11,
nama (Names) .

rest_of_name(First, (First, p-(-), Names)) -->
IP(PCt-")ln
name (Names) .

rest_of_name (Name, (Name, conj-A, B_plus_inc)) -->
terminal{coni~{et, _), A).,
terminal {(ncun—-(N, _), B},
{member (N, [fils, compagnie]ll},




18]
—
¥ £9

12/19/88 Parser - Seatence Components

rest_of _name(name-B, B plus_inc).
rest_of_name(Name, (Name, conj-A, Names)) -->
terminal {conj-(ex, ), A),
name {Names) .
rest_of_name(Name, (Name, adi-lu(F, adj -{Acj, verbal = desc, Desci)}) -=>
slot5(lu(F, adj -~(Adj, verbal - desc, Descl)),
{member {Add, lincorporer, limiter])}.
rest_o!_name(First, (Flrst , Names)) =-->
name {Names) .
rest_of _name(First, First) --> {Ttruc}.

,’.

The following rules for phone numbers allow for the foliowing formats:
{xXx1) XXX-XXXX
XXX -XXXK-XXXX
XXX~-XXXX

Morc rules will have 1o be added if international numbers are to be handled.

]

!

phone_number { {number (N, cardinal),number (N2, cardinal),number (N3, cardinal))) -->
[pipct,* ("} ],
[n{N, cardinal)l,
[ptpet,*)*) ],
{n(N2, cardinal)],
Iplpet.=) 1.
[n(N3, cardinal)].
phone_number ( (number (N, cardinal),number (N2, cardinal),number (N3, cardinal})) -->
[n{N, cardinal})].
[ptpet,=) ],
[n(N2, cardinal)],
IP(PCC.")]-
[n(N3, cardinal)]).
phone_number { (number {nil, nil),number (N2, cardinal),number(N3, cardinal})) -->
[n{N2, cardinal)],
[plpct.-}1,
In(N3, cardinal)].

"

If a comma was put in the French, between a place name and the postal code, the comma
is dropped, since there is to be no comma cither in French or in English.

>/

postal_code{ (A, number (N, cardinal), A2, number (N2, cardinal) , A3, number (N3, cardinal})) -=>
lptpet, ', ) 1,
alpha{A), [n(N,cardinal)],
alpha({A2), [n(N2,cardinal)}],
alpha{A3), [n(N3,cardinal)].
postal_code { (A, number (N, cardinal), A2, number (N2, cardinal), A3, number (N3, cardinal))) -->
alpha(A}, [niN,cardinal)],
alpha{A2), [n(N2,cardinal)l,
alpha{A3), [n(N3,cardinal)l.

proper_name{ [noun-{LU, Format,Desc}l) -->
terminal(_, noun, noun-(LU,Format,Descl},
{Format = cap ; Format = all_caps}.
proper_name ([A, noun~([LU,Format,Desc]]) -->
terminal (de,prep,A),
terminal (_, noun, noun-[LU, Format,Desc]),
{Format = cap ; Format = all caps}.
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que_guil (A} -=-> terminal{pro-(que. _)}, A).
que_gqui(A) --> terminal (pro-(gui, _). A).

~

References arc complex mentions in that they may be quite unpredictable. For the sake

of this system, and until other formats need to be accounted for, the following arc expecied
to be typical references. (Clas-Horguclin, p. 248)

c.g., V/référence du 88-12-09
Virtférence COM-28-D
V/Ré&férence COM1085
V/RES, ###/du date
V/R. ##H##/du date

In the above examples, “référence™ could be replaced with “lettre”™ or some other form
of comrespondence, and “V™ could be replaced with “N™.

Note that an entry such as “Notre lettre du 88-10-09™ should be handled by the noun phrase
definition (making a call to qualifying_prep_phrase, de + date: se¢ preposition file).

“Ref” will have been morphologically analyzed as an abbreviation of “référence™ and
the full form will be treated here,  Yet the period which follows needs to be dropped.

The slash is dropped, as it is purely functional.
%/

reference _material (A) -->
terminal (string=-X, B),
{member(X, [v,n]}l.
[s(sym, */")]),
post_v_n(abbrev-B, A).

post_v_n{A, (A, C)}) -=>
one_np{B),
post_ref (np-B, C).
post_v_n(A, (A, abbrev-R, qualifying_prep_phrase-QPP}} -->
alpha(R).,
qualifying_prep_phrase (QPF).
post_v_n{A, (A, B)) —>
alpha(R),
post_ref (abbrev-R, B).

post_ref(First, (First, code-A}} —-=>
alpha_numeric_code(A}.
post_ref (First, First) --> {truc}.

alpha_numeric_code(p) -->
terminal (string-_, B},
more_code(B, A).
alpha_numeric_code(A) -->
[n(N, cardinal)],
more_code(number (N, cardinal), A).

more_code(First, (First, p-(-}, Code)) -->
iptpet, (=111,
alpha_numeric_code{Code).

more_code(First, (First, Code)) -—>
alpha_numeric_code (Code) .
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more_code (Flrst, First) =--> {true}.

/* the following needs 10 be standardized */

rel pro{X} --> terminal(pro-i(que, _), X).

el _pro{(X,¥)) -=> 4_ou_de(X), lgquel(Y).

rel _protl(X,¥)) =--»> terminal{prep-é4, X). terminal (pro=(quei, _J), Y¥).
[.

Commas surrounding a right dislocation are dropped as they are functional only

and do not provide mcaning. If commas are required in the English translation, they
are a function of the relationship between the parts of the English sentence and are not
a “translation” of the comma provided in the Freach input.

Conjunctions arc sought at this point since they occur at this point in seatences

as well. They are not called right dislocations, however, since the latter are cffectively
put to the right of sentences in generation. Conjunctions end up at the

beginning of sentences in English.

*/

right_dislocatlioniceonjunction=A) ==>

terminal (conj= (LU, _). Al.

{member (LU, [ainsi, donec, pourtanti)}. N more can be added if necded
right_dislocation{right_dislocation=-(A, B}} =-=->

terminal (pro-(_,pers,_). A,

[ptpet.=11,

terminal (adj- (méme, ), B).
right_disleocation({right_dislocation-A) -->

Iptpet. ', ') ],

name (A),

Ipipet. . ') ].

[t

Salutations are comprised of:
“cherfchere/chers/chéres™ + name/names + noun-phrase (¢t amis) + comma
“cher/chtrefchers/chtres™ + name/names + comma
“cher/chérefchers/fchéres™ + noun-phrase (ami) + comma
name/names + noun-phrase (ct amis) + comma
name/names + comma

[ ]

/

salutation({adj=-A, POST)) =-->
terminal(adj - _, A),
name (B) .
post_name(name-b, POST),
[ptpet, *,*)1.
salutation (SALUTATION) =-->
name (A) .,
post_namec{namc-A, SALUTATION).
ipipect, ',")1.
salutation((adi-A, np=-B})} -->
termlinal{adj - (cher, _}, A},
one_np(B),
[pipet, *. ") 1.
salutation{np=-A) =-->
onc_np(A),
[plpet., *.")1].

post_name (Name, (Name, p-(',*), coni-A, np-B)}} =-=>
IP(PCT-o '- ')10
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terminal {coni-_, A),
one_np(B).

post_name (Name, (Name, conj-A, np-B)) -->
temminaliconi-_, A),
one_np(B) .

post_name({Name, Name) —-=> {truc}.

f.

For “subject lint_:" mentions, the allowance here is for any number of mentions
:-'eccdcd by “objer™

subject ((A, p=(*:*))) -—>
terminal (noun={objet,_ )., A),
[ptpet, *:*)].
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lt

SUBJECT - VERB AGREEMENT

Agreement between subjects and verbs is required to prevent incosrect parsing of
cllipscd propositions. {¢.g. Nous sommes heurcux... ¢t vous remercions de votre...)

The “sv_agreement” predicate changes the information contained in the NP if it is

ambiguous. Information about pronouns is not really changed but only verified. Information
about nouns may be changed if the person and number of the verb disambiguates person and
number information.

Il the verb was composite in the surface structure (¢.g., pass€ compos€), person/nuinber
information was taken from the auxiliary and added by the parser to the verb description.

Quand il y a plusicurs sujets, le¢ verbe se met au pluriel. Si Ies sujets sont de personnes
diflérentes, ic deuxidme I'emporte sur 1a troisidme et 1a premidre sur les deux autres.

Si les sujets énumérés sont repris ou annoncés par un scul mot au singulier, le verbe
s"accorde avee ¢ mot singulicr,

Bernard Dupricz et collaborateurs, Cours autodidactique du frangais &crit - 2, Université
dc Monmréal, 1984, p. 105.
Cf. Grévisse §1959

c.g. ActBsont ...
A ¢t moi sommcs ...
A ¢t moi, nous SOMmCS ...

Il ct vous &tes ...

Ton frére ct 10 &lcs...

A, B, C, tout est ...
Morc rules need to be developed for the agree predicate 1o handle all these cascs.
For the moment, 1 just assume agreement between compound nouns and verbs.
L] I r

sv_agreement {event-lu (Format, verb-(Vb, {T,M, Persl, Numl), Frame)),
cvent~lu {Format,verb~(Vb, (T,M, Person, Num), Frame}),
ap= {noun-1lu(F2, noun=~(Nn,G, Num2, PC,CM, Means) ) ,modifiers-Post),
np-{noun-1u(F2, noun- (Nn, G, Num, PC, CM, Mcans) ) ,modifiers-Post)) :-
match(Persl, 3, Person),
match(Numl, Num2, Num),
succeed, !.

sv_agreement (event-lu{Format, verb —-{Vb, (T,M,Persl, Numl) Fxrame}),
event-lu(Format, verk -{Vb, (T,M,Person, Number), Frame)),
np=lu (F,proe =(LU, Type, Pers2, Num2, Gender, Meaning)),
np=-lu(F,pro -(LU, Type, Person, Number, Gender, Meanlang))) :-
match(Persl, Pers2, Person),
match (Numl, Num2, Number),
succeed, !.

sv_agrecment (cvent-lu(Format, verb -(Vb, (T,M,3, pl}, Frame)),
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cvent-lu(Format, verb =-(Vb, (T,M,3, pl), Framel),
{np-NP, articulation-A, Rest), (nap -NP, artlculation-A, Resij) :-
succeed, .

sv_agreement {cvent-lu (Format, verd -(Vb, (T,M,3, ), Framel),
event-lu(Format, verb -(Vb, (T,M,3, _), Frame)), name-Name, name=-Name) :-
succeed, .

sv_agreement (Verb, Verb, NOUN, NOUN) :-

ask_gquestion ('Subject-verb agreement could not be established. Enter “c¢* to continue
wizh weakened parsing or an “a” to abor:t.', [c.a], Answer),

{Answer = ¢, ! ; resctio, start_over, quits, quit).

suceeed -
write(* Subject=verb agreement succeeded.'), nl.

”

ADIECTIVE - NOUN AGREEMENT

Constructions such as «chers Jean ¢t Marie» and «noun] ¢t noun2 adj_pl» scem fo indicate
that where there are two or more nouns, the adjectives that modify them must be in the plural.
The assumption underlying the agreement checks below is, therefore, that adjectives must
agree in number and gender with simple nouns, and must be plural for two or morc nouns.
The rules vary for gender agreement for two or mare nouns (see Grévisse), Therefore, only
the number is checked, and further agreement is assumed.

The following rules ensure agreement for the following types of information about adjectives
and nouns, For example, given the morphological analysis of
“toutes les 345 premidres heurcuses lettres vraiment compites ...

7. translate.

Enter French-language sentence to be translated.
==> toules les 345 premitres heurcuses lettres vraiment complites sont ici.

Original French sentence given:
toutes les 345 premitres heurcuses lettres vraiment compidtes sont ici.

Is this correct?
[yes,y.non] ==>y

RESULTS OF PREPROCESSING
w(toutes,low)
w(les,Jow)

n(345 cardinal)
w(premitres,low)
wihcureuses low)
w(lcttres,Jow)
w(vraiment,Jow)
w(compRicsJow)
w(sont,low)
w(ici,low)

()

Type any letter and 2 return to continug,
=D»j

RESULTS OF MORPHOLOGICAL ANALYSIS BASED ON DICTIONARY LOOKUP
lu(low,{adj-(tout,indef £,pL,[quantity])])
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lu(low.[an-(les,def,(m.f),ph).pro<(les.rel.3,pL(m.f),_980)])

n(345 cardinal)

lu(low,[adj-{premicr,ordinal £, pl, [urelation])])

lu(low [adj-(hcurcux desc f.pl,[attribute[)])

lu(low [noun-(leutre. £, pi,common,.count fnonsclfmoving submaterf)])
le(low Jadv-(vraiment iniensity)])
lu(low,[adj-{complet.desc.f.pl.(attribute])])

lu(low.[verb-(Rtre {pres.ind,3,pl).[state- [affected<(r,[something] nil) attribute-(r.fsomething ] nil)
Jbeneficiary(o,[sentient] il IDD

lu(low,[adv-(xi Jocation)])

ppct.)

Type any letier and a2 retum o continue.
=D

Sui:jcct-vcrb agreement succeeded.

RESULTS OF PARSING
proposition
modalitics
pres
nd
active
affirmative
declarative
cvent
lu(low, verb-(3tre. (pres.ind 3. pl), [state-[affected(r, [something] nil),atribute-(r.[something) i
) bencficiary-(o,[scaticnt],nil)]]))

np
np
noun
lu(low,noun-(leitre,f,pl.common,count, [nonselimoving submatter]))
modificrs
lu(low adj-(toutindef £ pl.[quantity]))
luQlow art-(kes.def.£p1)
number(345,cardinal)
lu(low adj-(premier,ordinal £.pl, [itrelation]))
ln(low,adj-(hcurcux desc.f.pl,[attribute]))
N ln(lu(low,adv-(vraiment intensity)) Ju(low,adj-(complet.desc.f.pl [atribute])))
Iu(iow adv-(ici Jocation))
G= m
N = number
Mx = meaning associated with x

L ]
/
ad}_n_agreement(nil, nil, NOUN, NOON).

ad}_n_agreement (1u{F, adj -(LO, Type, Gl, N1, Ma)),
lu{F, adj -(LU, Type, Gen, Num, Ma)),
lu(F2, noun-(Noun, G2, N2, PC, CM, Mn})),
1u(F2, noun-(Noun, Gen, Num, PC, CM, Mn))) :-
match (G1, G2, Gen),
match (N1, N2, Num).

/* 2 nules for composite adjectives (adverb-adjective, or adverb adjective)*/



12/19/88 Parser - Agreements

221

adj_n_agreement {lu-(Adverdb, p - (-), lu(F2, adi-(LU, Type, Cl. N1, Ma))),
lu-(Adverh, lu(F2, adj -(LU, Type. Gen, Num, Mall),
lu(F2, noun—{(Noun, G2, N2, PC, CM, Mn}),
lu{F2, noun={Noun, Gen, Num, PC, CM, Mn)))} :-
match(Gl, G2, Genl,
match{Ni, N2, Num).

adj_n_agreement (lu={lu(Fl,adv -Adv), lu{F2, adj-(LU,Type, Gl. N1, Ma)}},
lu(lu{Fl,adv =aAdv), lu(F2, adj - (LU, Type, Gen, Num, Ma))).
Lu({F2, noun-(Noun, G2, N2, PC, CM, Mn)),
Ly ({F2, noun-(Noun, Gen, Num, PC, CM, Mn)}) ==
match(Gl, G2, Gen),
match (N1, N2, Num}.

adj_n_agreement (lu(F, art-(LU, Type, Gl. N1)),
lu(F, arz-(LU, Typec, Gen, Num)),
lu(F2, noun-(Moun, G2, N2, PC, CM, Mn)),
1lu({F2, noun-{Noun, Gen, Num, PC, CM, Mn}}) :-
match(Gl, G2, Gen),
match (N1, N2, Num).

adji_n_agreement (num{N, Type)., number (N, Type}, NOUN, NOUN).
adj_n_agreement {(articulation -A, articulation -A, NOUN, NOUN).

adj_n_agreement (qualifying_prep_phrasc-QP, qualifying_prep_phrase-QP, NOUN, NOUN).

adj_n_agreement (relative_prop-RP, rclative_prop-RP, NOUN, NOUN).

adj_n_agrcement {(A.B}. (AR, BB), N_in, N} :-
adj_n_agreement (A, AR, N_in, N_ocut),
adj_n_agrecment (B, BB, N_out, N}.

match(X, X, X} = !,
matchim, (m, £}, m.
match({f, (m,f), f}.
match{(m,f), m, m).
matchi{{m, £), £, £).
match(s, (s, pl), s).
mateh(pl, (s, pl), pl).
match{(s.pl), s. 3).
matchi(s,pl), pl. pl).

match{l, (1,2), 1).
matcht(l, (1,3), 1).
match((1,2}, 1, 1).
match((1,3)., 1, 1l).
match{2, (1,2), 2).
natch(3, (1,3), 3).
match((1,2), 2, 2}.
match((1,3), 3, 3).
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l-

An input sentence is deemed syntactically well formed if it satisfics the grammar rules of

the parser. A by-product of the parse is a syntactic tree which is submitted here 10 a case

processor which determincs if the input seatence is semantically well formed. A by-product

of the case analysis is a cased tree, where casc tabels are nodes superceding syntactic labels which

in turn, supercede subordinate syntactic labels for word groups, and cventually syntactic labels

for tenminals. Labels for role-relations are not applied across gencrations; e, the event node and
the case-iabel nodes in relation 10 it are all of the same level. This avoids confusing the

rolc players when a sentence contains more than one proposition (subordinate or relative clauses, or
non-{injic ¢vent propositions).

Casc labels are recursively applicd gencration by gencration, going from ecmbedded propositions
to the larper propositions.

The purposc of the case processor is not 1o carry out ransformations (i.c., make radical changes 10} the
tree produced by the parser. It simply checks for semantic well-formedness and adds an extra

layer of semantic labels. The order of complements is, however, changed, as the required

slots are hiled first, then optional oncs, then peripheral roles.

When a terminal is reached during a tree scarch for cvent propositions, the terminal
must be retumed, These terminals do not contain cvents and do not need 10 be scanned.
*/

case_processor (1u(A,B), lufA, B)) := !,
case_processor (number (A, B), number(A, B)) := !.
case_processori{nil, nil) :=- !.

case_processor([l, [1) := !,

case_processor (p-(P), p=(P)) :~ !.

zase_processor (articulation-A, articulation=A) := !.
case_processor (postal _code-PC, vostal code-PC) :~ !.
case_processor (symb = (5), symb - {5)).

r”
There are only five kinds of propositions which contain an event.
indcpendent propositions, cllipsed propositions, cvent propositions (infinitives and participles),
relative propositions, and qualifying cvent propositions (cvent propositions beginning proceded by
a preposition and modifying a noun. Only these are passed
on 10 the scmantic analysis of the case processor. Before passed on to casc analysis, however,
they themsclves are checked 1o make sure that any embedded propositions arc
analyzed first.
Changes in the structure include:
the list of mecaning-frame combinations is dropped, if the siblings of an event satisfy the
semantic requirements of its frame;
the meaning associated with the successful frame is the one that is kept with the verb
10 provide semantic control during transfer;
case-rolc nodes arc added 10 the siblings of an cvent.
*/
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)
3

casc_pro:csso:([modali:ics-ﬁs.cvcn:-lu(?.ve:b-(LU,TH?S.&_::))lSiblinqsI,
[modalities=Ms, event=lu{F,verb-{LU, TMPN,M)) |Cased_siblings]) :-

t
-

casc_processor (Siblings, Checked_siblings),
sem_propiMs, M_fs, M, Checked_siblings, Cased_siblings), !.

I‘

There arc four kinds of word groupings whose clements could include a type of proposition
(scc above) which contains an event. They must be checked through for such sub-trees,
but are not themselves passed on 1o the semantic analysis of the case processor.

*f

case_processor{(A, B), (AA, BB)) :-
case_processor{i, Ad),
case_processor (B, BB).

casc_processor {np - (Noun, Modifiers), np-(Noun, Cased Modifiers)) :-
casc_processor (Modifiers, Cased Modifiers), !. *

casc_processor (Node - Branch, Node-Cased Braach) ==
case_processor (Branch, Cased_Branch), !.

case_processor ([Type—Trec | Taill. [Type-Checked tree | Cased_propsl) :-
casc_processor (Tree, Checked_tree),
case_processor (Tail, Cascd_props).

case_processor{_, failed) :-

nl,

write('Sorry. The relevant dictionary entries need to be checked for valldlity tn terms
of their relation to reality. Check the meanings of nouns, and the semantic restrictlions on
the cases for the verbs.').

nl, fail.

,l.

A genceration (i.c. sibling nodes on the tree) is scanned for the event which contains the frame
governing that generation.

The frame is then applied to the generation. (i.c., slots in the frame arc filled by the appropriate
nodes of the tree which meet the semantic requirements indicated in the case framc).

A special rule is required to make the conncction between “cn” before a verb and a cardinal
adjective following the verb. For example, “Je leur ai adressé trois lettres™ and “Je leur
cn ai adressé trois™ should both fit the same case frame: agent-je, beneficiary-leur,
affected-trois lettres (en + trois).
To make the rule more gencral, to handle seatences of the form “cette lettre nous en adresse
les besoins,” the assumption is made that what the “en” refers to will be immediately
afier it at this point in the processing.
Care must be taken, however, not to link “cn™ with what follows in seatences such as
“j'en parle dans mon discours.”
The controlling factor is therefore sct as “en + adjective™ and “en + np™ will work,
but “en + prepositional phrase™ will not.
-

/
sem_prop(Ms, [Meaning-Frame | _)., Meaning, Siblings, Labelled_siblings) :-

find _en(Siblings, Siblings_with_en).

alter_frame({Ms, Frame, Altered frame),
apply_frame (Altered frame, Siblings_with_en, Labelled _siblings), !.

find_en(Siblings, Siblings_with_en) :-
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member (np - (np-lu{_,pro—(es, rel, 3, _))}, Siblings),
link_en(Sibiings, Siblings _with_en).

link_en(Siblings, Sibllings_with_en) :-

appi{Fore, [np -(ap-lu{low,pro=(en, Desc)l), ap -(np —(noun-N, modifiers=¥))1,
Siblings),
appi{Fore, [np-i{ap-{noun-N, modifiers-{lu{low,pre-{en, Desc))., M)))I,

Siblingz_with_en).

~
A special rule is required for handling impersonal sentences where both the surface subject and
objcct may share the same rol¢; ¢.8., «il vous scra facile de choisir», where «il = de choisir...».
In all cases, though, an impersonal “il” before a state verb is the affected.
The following rule will work for all state verbs.
The procedure used is 10 treat the impersonal «il» as a function word and wempararily drop it,
thus forcing the slot filler to find another filler for the affected slot
After case processing, there may therefore be two affected case roles.
Al this point, the parser has identificd “il” as a personal pronoun. It is at this point
that this information is corrected and “il” is an impersonal (relative) pronoun. This will
foree the generator to peoduce “it” instead of “he.”
Rules will also need to be drawn up for tenir compte and recevoir used in the passive.
see Salkoff, 1973, pp. 1911.
»
/

% GCIVEN A SENTENCE BEGINNING WITH 11 AND A state VERE
sem_propi{Ms, [state-Frame | MF], state, [np-(np-lu(F.pro-{il,pers,3.s,G.M))} | Taill,
[Case-({np~-(np-lu(F,pro=-(il, rel,3,s5,G,M)}), Case-(event_prop-Prop) | Cased_siblings]) :-

% AND IF THERE IS AN EVENT PROPOSITION AS A SIBLING
cut_out {event_prop-P, Tail, Other_siblings).

% THEN REARRANGE AND RUN THE SENTENCE THROUGH THE CASER
sem_prop(Ms, [state-Frame], state, [event_prop-P | Other_siblings],
[Case- (event_prop-Prop) | Cased_siblings]).

l.

A special rule is necded for basic impersonal sentences.

c.g.
Il vous sera facile.

Here the “il™ is changed from personal to relative.

*/

szem_prop(Ms, [state-Frame | MF], state, [np-(np-lu(F,pro«{il,pers,3,s,G.M))) | Tail],
Cased_siblings) :-
sem_prop{Ms, [state-Frame], state, [np-(np-lulF,pro=-(il,rel.3,s.G.M))) 1 Taill],
Cascd_siblings).

sem_prop(Ms, [Meaning-Frame | _]. Mecaning, Siblings, Labelled_siblings) :=
slter_frame(Ms, Frame, Altered_frame),
apply_framc(Altered frame, Slblings, Labelled_siblings), !.

sem_propi{Ms, t_ | Mecaning_frames], Meaning, Siblings, Labelled siblings) :-
sem_prop{Ms, Mcaning_frames, Maaning, Siblings, Labelled_siblings).

sem_prop(_, !l., _) :-
nl,
weite(*Case asalysis failed. Ensure that the frame of the main event reflects reality
and that sentence compenents have meanings that will satisfy a frame. Re-enter sentence.'),
nl, resetio, quit.
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f‘

Required agents must be dropped from Frames where the event is in the surface syntactic
form of an infinitive. They must be made optional where the event is in the surface form of
a passive ([avoir + &£ + past participle] or present participle (gerund).

At this point, there should be no auxiliary verbs other than modal auxiliaries.

‘Where there are auxiliary verbs, the frame is derived from the participle or infinitive

(the auxiliary has already provide the iease, mood, and voice).

Furthermore, the frames of auxiliary verbs are dropped

Required “affecteds™ become optional if the affected siot is filled with a negative which
docs not exist as a sibling (the negative is dealt with as a modality).
8.
Jjc ne vois personne.
je ne fais rien.
*/

alter_frame{(_,ind,active, negative - Riea, _), Frame_in, Frame_out) :-
member {(Rien, [rien, personnel),
substitute{zesult-(r, Desc), result—{o, Desc), Frame_in, Framell,
substitutelaffected-(r, Desc2), affected-(o, Desc2), Framel, Frame_out).
alter_frame((_, (ind, subj),active, negative - Rien, ), Frame_in, Frame_out) :-
member (Rien, [rien, personnel).
substitute{result-(r, Desc), result-{o, Desc¢). Frame_in, Framel),
substitute(affected-(r, Desc2), affected-({o, Desc2), Framel, Frame_out).
2lter_frame((_,inf,active, negative - Rien, _), Frame_in, Frame_out} :=
member (Rien, [rien, personncl),
substitute(result-(r, Des¢), result-(o, Desc), Frame_in, Framel),
substitute{affected=(r, Desc2), affected-(o, Desc2), Framel, Frame2),
cut (agent - {r, _}. Frame2, Frame out).
alter_frame((_.participle,active, ncgative = Rien. ), Frame_in, Frame_out) :-
member (Rien, [rien, perscnnel),
substitute(result-(r, Desc), result-(o, Desc), Frame_ia, Framel),
substitute({affected-({r, Desc2), affected-l{o, Desc2), Framel, Frame?).
¢ut (agent - (r, _), Frame2, Frame_out).
alter_frame((_,_,passive, necqative - Rien, ), Frame_in, Frame_out) :i-
member (Rien, [rien, personael),
substitute(result—(r, Desc), result-{o, Desc), Frame_in, Framel),
substitute(affected-(r, Desc?), affected-(o, Desc2), Framel, Frame2},
substitutelagent - {(r, Meaning_prep), agent-(o, Mcanling_prep), Frame2, Frame_out).
alter_frame((_,participle,passive, negative - Rien, ), Frame_in, Frame_out) :-
member (Rien, {rien, personne]).,
substitute({result-(r, Desc), result-(o, Desc), Frame_in, Framel),
substitute{affected-(r, Desc2), affected-(o, Desc2), Framel, Framo2),
substitutelagent - (r, Meaning_prep), agent-(o, Mcaning_prep). Frame2, Frame _out).

alter_frame((_,ind,active, _}, Frame, Frame).
alter_frame({_, (ind, sub]),active, _), Fzame, Frame}.
alter_frame({_,inf,active, _), lagent - {r. ) | Rest], Rest) .
alter_frame{(_,participle,active, ), [agent - (r, ) | Rest]. Rest}).
alter_frame((_._.passive, .},

lagent - (r, Meaning, Prep) | Rest), [agent = (o, Mcaning, Prep) | Rest]).
alter_trame((_.participle,passive, ),

{agent = (r., Meaning, Prep) ! Restl, lagent - f{o, Meaning, Prep) | Rest]).

I!r
apply_frame :-

use required labels first

use optional labels second, if applicable
*f
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é;nne:-(o.lmannc:].nill. cause—(o, [causel,nil) ], S2, Labelled siblings).

i
Required slots must be filled. If not, the meaning-frame combination called
for by the verb is the wrong combination (where there is more than one combination, ¢.g.,
servir has three meaning-frame combinations) or the frame for the verb has not been
defined o allow for the possible lexicalization of the frame.
The catire list of siblings is scanned for cach slot. If something fills a slot, it is removed
from the list and added 10 a list of labelied siblings.
Once a slot is filled, it is removed from the frame and the remaining slots in the frame
are checked
»

!

till_slots(_, [], Siblings, sSiblings).

till_slots(Type, [Case-(Type, Criteria, Prep) | L1}, S_in, S_out) ;-
£i11 one_slot(Type, Case, Criteria, S_in, S_temporary),
£fill_slots(Type. L1, $_temporary, S_out).

till_slots(Typel, [Case-{Type2, Criteria, Prep) | L1}, $_in, S_ocut) :-
Typel \= Type2,
£111_slots(Typel. L1, S_in, S_out).

till_one_slotio, _, _, [l. [1}.

£il1l_cne_slot {Type, Case, Criteria, [Nede-Desc ! Siblings], [Case-(Node-Desc) | Siblings)} :-
member {Node, [np, adj, adv, prep_phrase, cvent_prop, relative_propll,
acceptable(Case, Criteria, Node-Desc).

t11l onc_slot {Type, Case, Criteria, [H ]| Siblings]l, [H | Rest]} :-
£i11l onec_slot (Type, Case, Criterla, Siblings, Rest).

I-

Checks must be made 10 see if a given word group is acceptable for a given case relation
and if it meets the scmantic constraints placed upon by that case relation by the verb

10 which it is related.

*/

acceptable(agent, Constraint, np-Desc) :=
satisfy(Desc, Constraint) .

,‘

for scntences such as “yai trois™

*/

Acceptablef{atffoctod, Constraint, np-{np-(noun-nil,
moditiers-(lu{_,adj-(_.cardinal,_1)._)}))).

I-

{or scntences such as “yat trois des lettres™

*/

acceptable(atfected,Constraint, np- (np=(noun-nil,
modifiers=-(lu(_,adj-(_,cardinal,_,_,_ )}, qualifying_prep phrase-_)}}).
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P

for scntences such as “Jen ai trois™

*/

acceptable{affected, Constraint, np-{np-(noun - nil,
modifiers—(lu{_,pzo-(cn,_)), lu‘_,adj-(_,cazdinal, )}, _))¥)}.

acceptable(affected, Constraint, np-Deszc) :-
satisfy(Desec, Constralint).

acceptable(affected, Constraint, relative_prop-RP).

acceptable(affected, Constraint, event_prop-Desc).

acceptable{affected, Constraint, prep_phrase-pPP) :-
satisfy (PP,Constraint).

Iﬁ

Subjective completions may be comprised of nouns without any adjectives:

c.g. Je suis émdiant

or “en” + cardinal adjective can fill attribute slots. Sec the definitions of sem_prop
for further comments. ¢.g., j'en suis un.

“Ie” is the only pronoun preceding a verb that can satisfy the attribute slot.

c.g. Nous le sommes.

They may also be adjectives modificd by an adverb.

c.g.

Je suis trds heurcux d’avoir regu votre lettre de 15 juin 1988.

*/

acceptablelattribute, _, adj-lu(_,adj =(_, desc, _))).

acceptable(attribute, Constraint, adj -(lu - (lu(_,adv -_)}, ADJ))) :~-
acceptabletattribute, Constraint, adj-ADJd).

acceptablef{attribute,Constraint, np—-(np- (noun-Noun, modifiers-nil}})) :=
satisfy(Noun, Constraint).

acceptable{attribute, Constralnt,np-{np-(noun - nll,medifliers-{lu(_,pro-t{cn, _)).
lui(_,adi-(_, cardinal, _}), _)))).

acceptable{attribute, Constraint, np-inp~(noun - nil, modiflers-(lui_.pro-{en, _)),
lu(_, (_, cardinal, _}}, _)}}).
acceptablelatiribute, [somethingl, np-{np-lu(_,pro-(le.pers, )1}}.

acceptable({attribute,Constraint, prep_phrase~PP) :-
satisfy(PP,.Constraint).

acceptable {attribute,_,cvent_prop-E).
% restrictions could be put on this event_prop=(M, E, LP = cn mesure de, )

I‘

Subjective completions may also be adverbs.
¢.g.. Toutes Ies lettres sont ici.

*/

acceptable(atsribute, Constraint, adv - Adv) :-
satisfy(Adv, Constraint).

acceptable(beneficiary, Constraint, np-Desc) :-
satisfy({Desc,Constraint).

acceptable (beneficiary, Constraint, prep_phrase—-(prep_phrase-{Prep,np-NP))) :+
satisfy (NP, Constraint).

acceptable(cause, ,event_prop—_).
acceptable (cause, _, prep_rhrase-_).

acceptable(destination, Constraint, np -Desc) :-



12/19/88 Case Processor 228

satisfy(Desc,Constralint).

acceptable (manner, _, prep_phrase-(orep_phrase-(locutlion_prépositive-LP, Nounjl} :-
LP = (lul_,prep = enl],lu(_.noan-(fonction, )),lu{_.prep - deld.
acceptable (manner, Constraint, adv-_}.

acceptable(location, Constraint, prep_phrase-(prep_phrase-(prep-lu{_,prep=X),.np = Descld) -
member (X, [dans,enl),
satlsty(Dese, Constraint).

acceptable(locatioen,Constraint, adv-Desc) :-
satlsfy(Desc, Constraint).

P

c.g. Il cn a fait trois

*/

acceptable(result, Constralnt,np-{np-{noun - nil,modiflers-(lu{_,pro=(ea, _}).
lu(_,adj-(_, <cardinal, _}}. _)))).

acceptable(result,Constraint, np -Desc) :-
satisfy(Desc, Constraint}.

acceptable(result, Constraint, prep phrase-PP) :~
satisf{y (PP, Constraint).

acceptable{time,Constraint, prep _phrase-(prep_phrasc- (prep-lu(_, prep=X),np - Deszc))) -
member (X, [dans,en]),
satisfy(Dese, Constraint).

acceptable(time,Constraint, adv-Dese) :-
satisfy(Dese, Constralint).

”

Either the head noun or the head noun of 2 qualifying prepositional phrase may satisfy a
constraint. For example, in “Nous fabriquons une gamme complte de bibliothdques,” it is
not the “gamme™ but the “bibliothdques™ which are manufactured, yet the noun phrase as

a whole should satisfy “result-r-[physical thing]” in the frame for “fabriquer.”

*

satisfy(lul_,noun-{_,_.,_._._.,Mcaning)), Constraini) :-

intersect (Mcaning, Constraint).

satisfy{lu(_,pro-{_., _. _., _. _. Meaning)), Constralnt} :-

intersecct (Mcaning, Constraint).

satisfy(lu(_,adj - (_, _, _, _. Meaning)), Constraint} :-
intersect (Mecaning, Constraint).

satisfy(lu(_,adv - (_, Meaning)), Constraint) :-
intersect ([Meaning], Constraint).

satisfy((noun-Desc, modifiers-Modifiers), Constraint) -
satisfy(Desc, Constraint).

satisfy(np-Dese, Constralinzg) :-
satisfy(Desc, Constraint).

satisfy(namc-Desc, Constraing) :-
satisfy(Desc, Constraint).

satisf{y(prep_phrase -(prep-lu(_,prep - de), np-Desc), Constraint) :-
satisfy{Desc, Constraint).

satisfy((articulation-_, Tail), Constraint) :-
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satisfy((conj-_, Tall), Constraini) :-
satisfy(Tall,Constraint).

satisfy((Head, Tail), Constraini) :

satizfy (Bead, Constraint),
satisfy(Tall, Coastraint).

"
*/

intersect (X, X) :- !

intersect (Given, Constraints) :-
mem(X, Giwven),
mem({Y, Constraints),
isa(X, Y).

Note use of the isa property inheritance mechanism, It is defined in the taxonomy file.

229
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I-
The first transfer procedure involves replacing textual material.

It would scem from this that translation is (more or less) word-bound. The premise here,

from a computational point of view,

is that every word in the French text must be taken into account. The catch, however, is whether
or not the word is considered alone or along with one or more other words (“cause”™ or

2 cause de™).

Since replacing the French textual material with English material (cf, Catford) would demolish
any direct evidence of possible “phrases lexicalisées™, a check must first be made for such
cxpressions.

After this, it is possible 1o consider all remaining words alone.

Transfer depends, thercfore, o a transfer dictionary where relations between French idioms/words
and English idioms/words arc defincd. It is assumed that semantic equivalence between entrics

in the transfer dictionary has been established in the very process of creating the dictionary. Even
s0, the transfer dictionary only maiches symbols and not meanings. An English word may be given
as an equivalent for a French word, yet that English word may have meanings which should not

be used in the gencration process (the event in an English proposition specifies what kinds of

things are acceptable for certain roles). This transfer module then only selects words which have

an intensional meaning which cquates with that of the French word (or which is a member of

of that class of intensional meaning).

*!

transfer (French_structure, English_structure) :-
Interim_trace_on,
replace_material (French_structure, English_structure), !,
nl,write(*RESULTS OF LEXICAL TRANSFER'},nl(2),
write_trec(English_structure, 0},
nl, ask_gquestion('Type any letter and a return to continue.*, ), !.

transfer (French_structure, English_structure) :-
replace_material (French_structure, English_structure), !,
write(*Transfer completed*), nl.

replace_material (lu(Format, Desc French), lu(Feormat, English_word)} :-
swap (Dezc_Freonch, English word), !.

roeplace_material{[],[]) 2~ !.

replace_material(nil, nil) := !.

replace_material(p - (P}, p-(P)) := !,
replace_material (number (A, B), number(a, B)) = !.
replace_material (postal_code -PC, postal_code -PQ).
replace_material (symb -5, symb =5).
roplace_material(postal_ceode -PC, postal_code ~PC).

r”
An cvent requires a special call to “swap”™ as its siblings must be used in choosing
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3
e

an English equivalent with an appropriate frame and since the prepositions provide in
the frame can be wansferred o the appropriate siblings.
Events are always preceded by modalities and followed by their siblings in the input lists.

TRANSFER IS ONLY REPLACEMENT OF TEXTUAL MATERIAL,

FORMATTING, ADDING OF AUXILIARIES, ADDING OF INFLEXIONS, ETC ALL BELONG TO
THE GENERATION MODULE.

*/

replace_material([modalities-M, cvent -lulF, Verb_f)| Siblings_f],
[modalities-M, frame-Frame, cvent -lu(F, Verb_e) | Sliblings_el) :-
swap(M, Frame, Siblings_f, Verb_f, Verb_¢), !

replace_material {Siblings_£, Siblings_e).

*

replace_material((A,B), (AR, BB)) :-
replase_material (A, AR},
replace_material(B,BB) , !.

replace_material (Node-Branch, Node-Replaced_Branch) :-
replace_material (Branch, Replaced Branch) , !.

replace_material( [Node-Tree[Tail], [Node-Replaced tree | Replaced Talll) :-
replace_material (Tree, Replaced_tree),
replace_material{Tall., Replaced_Tail) , !.

replace_material({(TreelTail], [Replaced_trec | Replaced_Taill) :-
replace_material {Tree, Replaced_tree),
replace_material (Tail, Replaced_Taill, !.

”

French words are replaced by a list of possible English equivalents.

Textual replacement depends on:

a) an entry in the transfer dictionary (where the f_e (French to English) predicate is defined);
b) equivalence between French and English descriptions of words; it may be that there is 2
onc-to-one replacement defined in the transfer dictionary (e.g. remerciement - thanks)

but the onc word may have several possible descriptions in the English dictionary (e.g.,
thanks - verb, noun). Equivalence in this program requires syntactic and semantic similarity.
However, some scmantic similarity is assumed to have been established in the transfer dictionary.
Even so, a semantic check is in order. For example, the entry in the transfer dictionary for
“adresser” is f_e{adresser, [send,address]). Yet the definition of “adresser” provides

for two definitions of “adresser™ (ransfer and mental interaction) each of which has

its own special case frame. The case processor will have selected which frame was 1o be
used for “adresser” in a given sentence and passed oa the comrespoading meaning.

This meaning will be uscd to select from among the possibie English equivalents for
“adresser.” All equivalents that have the same meaning (or are instances of that

class of meaning according to the ontological schema in Appendix 2) will reduce the selection
of possibilities. For verbs, this list will be further reduced by checking that the English
frame is applicable to the case roles provided. Itis not assumed that verbs with the

same intensional meanings will also have the same case frame across languages. For cxample,
both “send” and “address”™ may have an intensional meaning of “transfer™ yet their

frames could differ (¢.g., one may or may not require a destination case role). The appropriale
one is selected based on its match with the case roles found by the case processor.

The meaning(s) of words are dropped in the new tree.

Otherwise, the tree remains the same with its various labels/nodes.

“There will therefore be traces of French syntax (¢.g., pre- and post-noun positioning of
adjectives) and of French wosds (ic., pronouns). In general, though, the output of transfer
is “in English "
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*/

swap(Ms, Frame, Siblings, wverb-(LU_f, TMPN, Meanlng_f), verb-(LU_e, TMPN, Mcaning_c)} :-
{ c(lU_f, LU_e_possibilities),
t

check_meaning_frame(Ms, Frame, Siblings, Meaning_f, LU _e_possibilities, LU_e, Meaning_el,
check (LU ¢, LU_I).

swap{Ms, Frame, Siblings, verb-(LU_f, TMPN, Meaning), wverb-V) :-
learner_on, !,
create_f{ e{LU_f),
swap(Ms, Frame, Siblings, verb-(LU_f, TMPN, Mcaning), verb-V).

”

Sce comments in case processor with regard to altering frames for infinitives and passives,
The first verb equivalent that meets the criteria is the one that is chosen. The order of
cquivalenis given in the transfer dictionary will therefore play a part in verb selection.

When the frame of an English ¢vent is matched with the results of the case analysis of the
French input, a check is made to ensure that all required cases of the English cvent will be
filled.

*/

check_mecaning_frame(Ms, Altered frame, Siblings, Meaning_f, [First | Rest], First, Meaning o)
cng_analysis(First, Desc),
member (verb- (Verb, TMPN, M_frame_combos), Desc).
mem (Mecaning _e~Frame, M_frame combos),
isa(Meaning_e, Mcaning_f),
alter_frame(Ms, Frame, Altered_Irame),
subsat (Altered_frame, Siblings), !.
check_meaning_frame(Ms, Frame, Siblings, Meaning_f, [_ | Rest], First, Meaning) :-
check _meaning_frame(Ms, Frame, Siblings, Meanlng_f, Rest, First, Meaning).

[.

PREPOSITIONS

Equivalenis for French prepositions do not depend on equivalence but are a function of

the cvent, the case role, and the noun phrase filling the case role slot. At this point, therefore,
cquivalents are determined immediately. Note that many

cquivaients for prepositions in the transfer dictionary are simply the “functional_prep™ string.
In these cascs, the English preposition will be a function of the relationship between the cvent
and the role player (2 zero preposition is assumed 10 be an element of the sct of English
prepositions for the sake of homogencity in later sentence gencration).

*/

swap(prep -~ X, prep-Prep) :-
f_o(X, Prep), !.

swap(prep - X, Prep} :-
learner_on,
create_f_co{X), !,
swap(prep ~ X, Prep).

~

PRONOUNS

Future developments may require the type/person/number information

about pronouns if an antecedent is 10 be used in place of 2 pronoun for the sake of style and
clarity. In that way, the correct antecedent could then be selected.
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I

L

)

The first rule handles “pronouns” contained in cilipsed propositions for which person,
number and meaning information alone have been determined through parsing and
case analysis.

*f

swaplipro-(Pro, Type., 1, s, Gender, Meaning), pro-('I', pers, 1, 3)) -
var{Pro).

swap(pro-(Pro, Type, 2, N, Gender, Mecaning), pro-{you, pers, 2, N}} :-
var(Pro).

swap({pro-(Pro, Typec., 3., s, m, Meaning), pro-(he, pers, 3, s)) :-
vax(Pro).

swap(pro-(Pro, Type, 3., s, £, Meaning), pro-(she, pers, 3, 3)) :=-

var {Pro}.

swap(pro-(Pro, Type, 1, pl, Gender, Mcaning), pro-—(we, pers, 1, pl)) :-
var(Preo).

swap(pro~(Pro, Type, 3. pl, Gender, Meaning), pro-(they., pers, 3, pl)) :-
var(Pro) .

swap{pro-{Pro, Type, Person, Number, _), Pronoun) :=
f_c(Pro, Possibilities), !,
pick_one_possibility(pro, Type. Person, Number, Possibillitles, Pronoun),
{Pronoun \= nil ;
nl, write('No equivalent for ™*'), write(Pro), write('” found from ™'},
write_list(Possibilities), write('.”

Check that the meanings provided in the dictionaries arce compatible.®), resctio, nl, quit).

swap(pro-(Pro, Type, Person, Number, Gender, Meaning), Pronoun) :-
learner_on,
create_f_c(Pro), !,
swap(pro-(Pro, Type, Person, Number, Gender, Meaning)}, Pronoun).

pick_one_possibility(pro, Type. Pl, N1, (Onc | Others], pro-(Pro. Typc, Pers, Num)) :-
eng_analysis(One, Desc),
member (pro-{Pro, Type, P2, N2, _, _). Desc},
match{Pl, P2, Pers}.
match (N1, N2, Num),
1

pick_one_possibility({pro. Type. Pl, N1, [_ ! Others], Proncun) :-
pick_one_possibility(pre, Type. Pl, N1, Others, Pronoun}.
pick_one_possibility(pro, _, _. _. (I, nil}.

~

ADIECTIVES

A problem in replacing textual material is that of transpositions (replacing nouns with
adjectives, nouns with verbs, etc.). At this point, I rely heavily on the similarity of
French and English syntax, as adjectives must be replaced with adjectives (and possibly
verbal adjectives).

For the moment I will assume that any noun given as an cquivalent for an adjective in the transfer
dictionary can replace that adjective. There should be some way of controlling this transfer,

but for now I will assume that equivalence cxists by virtue of the f_c entry.

*/

swap{acdj-(X, Type, Gender, Number, Meaning), Adj) :-
f_e(X, Possibilities), !,
pick_one_possibility(adj, Type. Meaning, Possibilities, Adj),
(Adj \= nil ;
nl, write(’'No equivalent for ™'}, write(X), wrlte(*~ found Irom “*),
write_list(Possibilities), write('.”

Check that the meanings provided in the aictionaries are compatible.*), reactio, nl, quit
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swapladj-{X, Type., Gender, Number, Meaning), Adj) :-
learner_on,
create_I (X)), !,
swapladi~-(X, Type. Gender, Number, Meanling), Adi).

"
The conjugale predicate used here 1o create an adjective from a verb is defined in the
“Generation™ file. It is assumced that English verbal adjectives are mcrphologically identical
to past participles, here conjugated as “hist(oric)™. It is expected that the conjugate procedures
will become more complex to take into account doubling of consonants and so forth, Itis
better then to call the conjugate procedure than (o repeat its development here for only
a single instance of conjugating.
L]
/
pick_one possiblility(adj, verbal-desc, M_I, (One | QOthers], adj-{Verb_ed, desc)) :-
éhq_éhalysis(Onc. Desc),
member (verb-(Verb, _}, Desc),
conjugate(Verb, (hist, _), [Verb_cd]),

s

plek_one_possibility(ad), Type. M_f, [One | Others], adj-(Adj, Type)) :-
eng_analysis{One, Descl,
member (ad j-{Adj, Type, G, N_e. M_c}, Desc),
Intersect (M_e, M_1),
¥

pick_onc_possibility(adj, Type, Mecaning, [_ | Othersl, Adj) :-
pick_one_possibility(adj, Type. Meaning, Others, Adj).
pick_one_possibilityfadj, _, _, []l. nil).

[-
NOUNS
On the assumption that an English noun is to replace a French noun,
the gender of the French poun may be irrclevent bere, unless a she/he replaces a name;
the number of the French noun affects the number of the English noun in some cases;
the commeon/proper nature of the French noun is ignored now but may be useful later;
the count/mass nature of the French noun is ignored now but may be useful later;
the meaning of the English noun must be an instance of the meaning of the French
noun according 1o the ontological tree.
'Y
/

swap(noun=(X, _, Number, _, _, Mecaning), Noun) :-
f_co(X, Posslbilities), !,
pick_one_possibility(noun, Number, Meaning., Possibilities, Noun),
(Noun \= nil ;
nl, write(*No equivalent for “*), write(X), write('” found from ™'),
write_list (Possibilities), write{'.”
Check that the meanings provided in the dictionaries are comvatible.'), resetio, nl, quic).

swap{noun—-(X, Info}, Noun) :-
lcarner_on,
create_f_c(X), !,
swapinoun=(X, Info), Nounl.

pick_one_possibillty(noun, N_£f, M _f, [One ]| Others], noun-(Noun, Num, CP, CM)) :-
eng_analysis(One, Desc_e),
member (noun—-(Noun, _, N_e, CP, CM, M_e), Desc e),
intersect({M e, M_f),
change_number (N_f, N_c, Num),
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[ ]
e
A

r
pick_one_possibility{noun, Number, Meaning, [_ | Others], Neun) :-
pick_onc_possibilicy(aoun, dumber, Meaning, Others, Nounld.
pick_one_possibility(noun, _, _. []. nil).

'[t

The first argument of the change_number predicate indicates the number of the

French lexical unil in its surface form, The sccond argument indicates the number

of the equivalent provided in the transfer dictionary (and determined by eng_analysis;

sce the English Morphology filc).

If the French LU is singu'ar and the equivalent is given as singular, there is no change.

c.g
(letze, 5), (letter, $), (letter, s)

If the French LU is singular and the equivalent is given as plural, the equivalent will be plural.
c.g.

(documentation, s), (papers, pl), (paper, pl)

If the French LU is plural and the equivalent of its singular form is singular, then
the equivalent will become plural,

e.g.
(Qcttre, pl), (enter, s), (letter, pl)

If the French LU is plural and has no singular form, and the equivalent of the plural form

is singular, then the cquivalent will be singular. This will not work at the present since

the only way knowing that a French LU has no singular form is by making another lookup in
the French dictionary or by carrying information from the analysis routine to the effect

that a given LU did not require morphological analyis for recogrition (i.c. it was in the
dictionary as is)

c.g.
(arthes, pl), (deposit, s), (depasit,s)

1f the French LU is ploral and has no singular form, and the equivaleat of the plural form
is plural, then the cquivalent will be plural.

e.g.

o (dépens, pl), (costs, pl), (cost, pl)

change_number(s, s, s).
change_number (s, pl, pl).

% change_number{pl. s, $) :- sec above.
change number(pl, s, pl).
change_number(pl, pl. pl).
change_number{s, (s,pl). 3).
change_number (pl, (s.pl). pl).
change_number((s,pl), s, S).
change_numbcr((s.pl). pl, Pl).

l'l
This check put in to facilitate program development.
*/

check (Symbol, _} :-
symbol (Symbol), !.

check (_, X) :-
nl, write('NO EQUIVALENTS FOUND FOR: ‘'), wrlite(X),
resetio, nl, quis.
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f‘

ARTICLES

The dictionary is consulied for articles even though there are only a few of them
[leJales)e_taununc] and they could be directly swapped here. 1am trying to make
the processing “spirit™ here not French-English depeadent.

Also, it is not expected that the f_e call will fail, yet the second swap(article) rule

is provided in the cvent that the zppropriate entrics in the dictionary are deleted and need
1o be recreated.

*/

swaptart={Freach, Type , Gender, Number), Choice) -
t_ci{French, Posszibllitlies), !,
pick_one_possibilitytlart, Type. Number, Possibilities, Choice),
(Choice \= =all ;
nl, write("No equivalent for ™'), write(French), write('™ found Irom ™°},
write_list (Possibilities), wrize('.”

Check that the meanings provided in the dictionaries are compatible.'), resetic, n

swaplart=(Article, Type. Gender, Number), Cholce) :=
learner_on,
create_t_c{Article), !,
swaplari-(Article, Type, Gender, Number), Cheice).

plck_one_possibility(art, Type, N1, {One | Others], art-(Art, Type, nil, Number})
cng_analysis{One, Desc),
member (art—{Art, Type, nil, N2), Desc),
match{Nl, N2, Number),

plek_one_possibillty(art, Type, Number, [_lOthers], Art) :-
plek_onc_possibility(art, Type., Number, Others, Art).
pick_onc_possibilitytart, _, _, []. ail).

r
These rules for conjunctions.
*/

swapiconj - (X, Type). Conjunction) :=-
t_c(X, Possibilities), !,
pick_one_possibility(zen], Type, Possibilities, Conjunct-on),
{Conjunction \= nil ;
nl, write('Neo cquivalent for “'), write(X), wrize('” found from ™'},
write_list(Possiblilities), write('.”

Check that the meanings provided in the dictlonaries are compatible.®), resetio, nl,

swap(conj - (X,Typel, Coni) :-
learner_on,
create_f c(X), !,
swapiconi - (X,Type). Coni).

plick_cone_possibility(conj, Type., [One | Others], coni-(Conjunctiecn, Type)) :-
eng_analysis{One, Desc),
member (con - (Conjunction, Type), Desc),

plck_onec_pessiblility(coni, Type. [_lCthers], Conjunction) :=-
pick_one_possibility(coni, Type, Others, Conjunction).
pick_one_possiblility(ceni, _, []. ail).
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l‘

These rules for adverbs.

English adverbs that are 1o be gencrated from an adjective are marked as such.
~/

swap{adv - (X, Type), Adverb} :~-
f _e(X, Possibilitics), !,
plek_one_possibilityladv, Type, Possibilitles, Adverdr,
(Adverd \= nil ;
al, write('Ne eguivalent for ™*), write(X), write('” Iound irom ™'},
wrizte list{Possibilities), write(*.”

Cheek that the meanings provided in the dictionaries are compatible.'), resetio, nl.

swap (adv - (X,Type), Adv) :=
learner_on,
create_f_c(X), !,
swapfadv - (X,Type), Adv).

pick_onc_possibility(adv, Type. {Cne | Others], adv-{Adverb, Typel) :-
eng_analysis(One, Desc),
member (adv- (Adverb, Typel,. Desc).

T

pick_one_possibilitytadv, Type, [Onc | Others], adv~{Adverb, {(Type, add_lyl)) :-
cng_analysis (One, Desc).
member (adj- (Adverdb, _)., Desc),

pick_one_possibility(adv, Type. [_lOthers], Adverb) :-
plek_one_possibilitytadv, Type, Others, Adverb).

pick_one_possibilityladv, _. []1. nil}.

I.

Strings

*f

swap(string - S, string=S).

I-
Intcrjections
*/

swaptinterjection - X, Interjection) :-
f_e(X, Possibilities), !,
plck_one_possibility(interjection, Possibilities, Interjection),
(Interjection \=» nil ;
al, write{'No equivalent for **), write(X), write(*” found from “°),
write_llist(Possibilities), write('.”

quit).

Check that the meanings provided in the dictionaries are campatible.*), resetio, nl, quit).

swap (interjection - X, Interjection) :-
learnexr_on.
create_ZI_e(X), !,
swap{interjection - X, Interiecction}).

plck_one_possibilitytinterjection, [One | Possibllities], Onc).

pick_one_possibllity(interjection, [_ t Possibilitles], One} :-
pick_one_possibility(interjection, Possibilities, Onej.

pick_one_possibilitytinterjectlion, (], nil).
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I.

In the event a word is unknown and the learner module has not be loaded into memory,
the translation operation is aborted. There is no sense in dropping the unkniown input and
working with the rest of the seatence when the leamer module can be loaded and the
scntence re-entered.

If cquivalents arc suggested in the mansfer dictionary and

if all the suggested equivalents arc defined in the English dictionary and

if none of the suggestions satisfy the constraints

(likely due 1o changes in the dictionary after entrics have been madc),

the operation is aborted through the definitions of the individual “swap™ predicates above.
~/

swap{_=(X,_)., _) :-=

nl,

write(*As cquivalents for “°), write(X), write('” arec unknown, and since the learner
module has not
peen loaded, translation of this sentence is dropped. You may load the learner module, call
translate, and re-cnter the sentence.'),

nl, resectio, quit.

lft
The subsct peedicate requires that the sot of roles associated with the English event be
a subset of the roles in the French sentence.  All cases required by the English event must
be filled by something that may or may not be required by the equivalent French event.
For cxample, an English event may require an affected while the equivalent French cvent
considers it as only optional. Cascs considered optional for an English cvent need not be filled.
Extra role fillers found by the casc analysis, which arc not called for by the English ¢vent,
cither as required or optional cases, are simply transfered.
»

/

subset ({1, _) =~ !.

subset ([Case-(r, _, _) | Frame], Siblings) :-
member (Case-_, Siblings),
subset (Frame, Siblings).

subset ({Case-({o, M, Prep) 1| Framel, Siblings) :-
subsot {Frame, Siblings).
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MORPHOLOGICAL ANALYSIS OF ENGLISH WORDS
T
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P
Sce the “Marphology Analyzer™ file for comments on morphological analysis in general.

Here, English words are analyzed as the transfer procedure needs information about
words given as equivalents for French words. It is not always the case that suggested equivalents
can be found directly in the dictionary, cven though their dictionary form is entered there.
For example, according to the transfer dictionary

- f_e{documentation, X).

X = [documentation,documents,papers)

but the English unilingual dictionary would contain only “documentation,” “document,™ and
“paper” in the singular,
*f

I-
Dircct Lookup
.

ceng_analysis{lex_unit,Dict_descript) :-
e{Lex_unit,Dict_descript), !.

It
Treat the word as 2 plural nou.
*/

eng_analysis(Lex_unit, Standard Desc) 3=
get_singular(bex_unit, bict_form),
c(Dict_form, Desc),
eng_standardize(Lex_unit, Desc, Standard Desci, !.

,I'
Treat the word as a conjugated verb.
./

eng_analysis(Lex_unit, [verb-(Verb, TMPN, M_Fs)]} :-
get_eng_infinitive(Lex_unit, Verb, TMPN},
e{Verb, Desc),
member (verb-(Verb, .M _Fs), Desc), !.

~

A routine will be added to determine adverbs derived from adjectives.
The next rules deal with unrecognizable input.

*f

eng_analysis(lLex_unit, Desc) :-
explode (Question, ['Is “*, Lex_unit, *~ misspelled2?']).
ask_question(Question, [yes,y,no.n], Ans),
(Ans = yes ; Ans = y),
ask_question('Please give the correct spelling.', Correct},
2ng_analysis(Correct, Desc), !.

eng_analysis(Lex_unit, Description) :-
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learner_on,
c¢lzcover(lex_unit),
eng_analysis(lLex_unit, Jescriptien), !.

eng_analysis(Lex_unit, _) ==

nl,

write{*As ™*), wrizetlex uniz), write(*” is unknown, and since the learner =mzdule has neot
been loaded, translatlion of this sentence is dropped. You may load the learner medule, call
translate. and re—enter the T

nl, resetlio, guit.

woeth

,.

Sundardization of descriptions is required if new

grammatical-morphological information has been found through the analysis routines.
*/

eng_standardize{_., [Il. ID).

eng_standardize (LU, [noun-(Noun, G, N, CP, CM, M) | Restl,
Inoun=-{Noun, G. pl, €2, CM, M) ! Listl) :-
eng_standardize (LU, Rest, List).

cng_standardize{lU, {verb-Verd_in | Rest], [verb-Verb_out | List]) :-
change_eng_vi{LU, Verb_in, Verb_out),
eng_standardize(ll, Res:i, List),

eng_standardize(lU, [_ ! Rest], Liszt) :-
eng_standardizetLU, Rest, Lisi).

change_cng_v(Lex_unit, (Dict_form, _, MF).{Dict_form, TMPN, MF}) :-
get_eng_lnfinitive(lLex_unit, Dict_form, TMPN).

'lt

The following rule takes a given English word, checks it for usual plural endings,
using the following dambase and returas the singular form. I the word is already
singular, the rule fails.

>

get _singular (Word_pl, Word_S) :-
cxplode (Word_pl, Word_pl_List),
memiX, [1, 4, 3, 21).
get_last X chars(Word pl List, Last X, X).
eng_pl _to_sing endings(Last_X, Sing_ending),
appi{Root_List, last_X, Word pl_List),
app(Root_List, Slng_ending, Word S_List),
explode (Word_S, Word_S_List).

!‘

The following database provides definitions for relationships between common endings,
For cach fact in this short database, the first argument refers to a plural

cnding, and the sccond argument to the corresponding singular ending.

*/
ena_pl_to_sing endings(is], [1).

eng_pl_to_sing endings(le,s]. !1).
eng_pl_to_sing endings(li,e,s], iy]).
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eng_pl_to_sing_endings([s,e.s], [sis]).
eng_pl_to_sing_endings([n,2], [nenl).
eng_pl_to_sing_endings([al. [uml).
eng_pl_to_sing_endingsili,c,e,s], [ix]}.
eng_pl_zo_sing_endings(li,e,e.s], [ex]}).
cng_pl_to_sing_endings((i], [us]).
eng_pl_te_sing_ecndingstiv.e,s], [f]).

l‘-

A procedure is required to find the root of a word assumed 10 be a verb.
The procedure checks the last § leters of 2 word with the following database of verb endings,
then 4 letters, 3 letiers, etc., until a root can be determined.
The appropeiate infinitive ending is then added.
Note that this procedure is a litle different than that for French verbs since regular verb
cndings in English can be associated immediately with regular infinitive endings (c.g.. *-ons’
in French does not indicate whether a verb ends in -ir or -¢1).
L]

/

get_eng_infinitive(lex_unit, Dict_form, TMPN) :-
cxplode (Lex_uniz, List),
mem(X, (5,4.3,2,1)),
get_last_X_chars{iist, Last_X, X),
eng_vb_ending (Last_X, TMPN, Inf_ending),
app{Root_list, Last_X, List),
app(Root_list, Inf_ending, Inf_list),
explode {Dict_form, Inf_llisz).

It

The following short database refiects the relationships between regular verb endings,
tense/mood/person/number, and infiritive endings.

*/

eng_vb_ending{(s], (pres,ind.3.s), [l}.
eng_vb_cnding(le,s], (pres,ind,3,s), (D).

eng_vb_ending(lo,v,e], (past, ind, Any_p. Aay_n), [i.v.cl).
eng_vb_cnding(la.m.e]l, (past, ind, Any_p. Any_n}, lo.m,el).
eng_vb_ending([a,n], (pasz, ind, Any_p, Any n). li,nl).
eng_vb_ending(io,u,qg.h.tl, (past, ind, Any_p. Any n}. {i.n.gl).
eng_vb_ending([e,u,g,h.t]. (past, ind, Any_p., Any_n). fu.yl).

eng_vb_ending(le,d], (past, ind, Any_p, Any_n). [1).
eng_vb_ending(le,d], (past, ind, Aay_p, Any_n), lel).
eng_vb_ending{{e,n]., (past, ind, Any_p, Any n). th.
M ec. ¥
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lt
Input 10 the generator is a tree with nodes describing proposition types, modality and
proposition componeats (frame, cveat, siblings with case labels), and sibling componcnts
(syntactic labels whose werminals are English words and their descriptions).
Genceration involves considering the frame and choosing Subject, Direct Obiect, etc.
from among the siblings. Inflexions are added if necessary.
It then involves consndcnng the modalitics which affect the insertion of auxiliaries,
negatives, final punctuation and inversion of subject-verb in the case of interrogatives.
Verbs are also checked for correct endings.
»

/

generatlon(proposition-Prop, Sentence_string) -
generate_prop(Word_list, Punc, Propl,
list_to_string(Word_list, Pune, Sentence_string).

generation(mention-M, Sentence_string) :-
gencrate_mention{Word_lisz, M},
l1ist_ro_string(Word_list, nil, Sentcnee_string).

'[‘

Propositions may be comprised of independent, subordinaie or ellipsed propositions, or

a combination of the threg, Only an independen? proposition returns information concerning
the final punctuation.

*/

generate_prop (Words, P, independent _prop~[modalities-M, frame-F, event-E | Siblings]) :-
generate_indcpendent (Words, M, P, F, E, Siblings).

generate_prop(Words, _, subordinate_prop-(event_prop-EP)) -
qenerate_event_prop{_, nil, EP, Words).

goenerate_prop{Words, _, subordinate_prop-{prep_phrasc-PP)) :-
generate_prep_phrase{_., nill, PP, Words).

generate_prop(Words, _, cllipsed prop-[modalities-M, frame-F, cvent-E | Sibklings]) :-
generate_lndeopendent (Words, M, _. F, E, Siblings).

qeonerate_prop(Words, P, (A, articulation-C, B8)) :-
gencrate_prop(A_words, P, A),
generate_articulatloniC, C_words),
generate_prop(B_words, P, B),
append (A_words, C_words, L1).
append (L1, B_words, Words}.

gencrate_prop(Words, P, (A, B)) :-
generate_prop(A_words, P, A),
generate_prop(B_words, P, B),
append (A_words, B_words, Words).
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INDEPENDENT PROPOSITIONS

Note that verb gencration is part of arrangement, as person/number information for the verb
is derived from the final subject

*/

generate_independent (Word_list, (T,M,V.A,F), F, Frame, Event, Siblingz) :-
generate_siblings(Frame, Siblings, Sibling words),
arrangement ({I,M.V,A,F), Event, Sibling_words, Word_list).

”
EVENT PROPOSITIONS
*/

generate_eovent_prop(Case, Prep_suggested, event_prop -[{modalities-M,
frame =F, event =-E, Prep | Siblings], Word_list) :-
generate_prep(_, to. Prep. Prep_words),
generate_siblings(F, Siblings, Sibling_list),
arrange_cvent _prop(M, E, Prep_words, Sibling_list, Word_list).

generate_cvent_prop{Case, Prep suggested, cvent_prop -Imodalities~-M,
frame -F, event -E | Siblings), Word_list) :-
gencrate_siblings(F, Siblings, Sikling list),
arrange_cvent_prop{M, E, [Prep_suggested], Sibling_list, Word_list).

generate_event_propi(Case, Prep, {event_prop-EP, articulation-A, Rest), Words) :-
gencrate_cvent_prop(Case, Prep, EP, EP_words),
generate_articulation(A, A_words),
generate_cvent_prop(Case, Prep, Rest, Rest _words),
append{ IP_words, A_words, Ll),
append{Ll, Rest_words, Words).

/* QUALIFYING EVENT PROPOSITIONS */

generate_qualifying_event_prop(Casc, Prep_suggested, qualifying_event _prop -
[modalities-M, frame -F, event -E, Prep | Siblings], Word_llst) :-
generate_prepl_, %o, Prep, Prep_words),
generate_siblings(F, Siblings, Sibling_list),
arrange_event_prop{M, E, Prep words, Sibling_list, Word_list).

generate_qualifying_event_prop{Case, Prep, (qualifying_event_prop-EP, artlculatlon-a,
Rest), Words) :-
generate_quallfying_event_prop(Case, Prep, EP, EP_words),
generate_articulation{A, A_words},
generate_qguallfying_event_prop(Case, Prep, Rest, Rest_words),
append (EP_words, A _words, Ll1).
append (L1, Rest_words, Words).

,-
RELATIVE PROPOSITIONS
Relative props begin with “qui™ or “que”™ in the French. What the gencrator receives
is “that”™ as agent of an action verb or as affected of a stative verb OR “that™ as whatever
and always put at the end of the list. The “que™ is kept by the parser since the casc processor
needs it for some cases. For example, in “1a lettre que nous avons cst...” the verb “avoir™
requires both an agent and an affected if processing is to succeed.
L d
/
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qrnerate_rel_prop(Case, Prep_suggested, relative_prop -[modalitlies-¥,
frame =-F, event -E | Siblings), Word_list) :-
generate_siblings(F, Sibllngs, Sibling listy,
arrange_rel_prop(M, E, Sibling list, Word_list).

qenerate _rel_prep(Case, Prep. (relative _prop-RP, articulation-A, Rest), Werd

generate_rel _proplCase, Prep, RP, RP),
gencrate_artlculation(A, A words),

generate_rel _propl(Case, Prep, Rest, Rest_words),
append (RP_words, A_words, L1},

append (L1, Rest_words, Words).

I.
A routine for formatting common or proper nouns and for acronyms.
The format of French Iexical units given as input is ignored as
capitalization in English sentences occurs only at the beginning of a sentence and at the
beginning of proper nouns. Exceptions arc acronyms (marked herein as all_caps) and
code formats which may be any mixture of upper and lower case.
»
/

tormat (X, Gender, Number, Comm_prop, Count_mass, X2) :-
plurallze(X, Number, Count_mass, X1),
format {(Comm_prop, X1, X2).

tormat (proper, Word_in, Word_out) :-
capitalize(Word_in, Word_ouz}, !.

tormat (cap, Word_lin, Word_out} :-
capitalize(Word in, Word out), !.

tormat (all_caps, In, Cut) =
explode(In, List),
cap_list(List, Caps).
cvplode (Out, Caps), !.

tormat (low, X, X} := 1!.

tormat {common, X, X) :— !.

format (Mix, In, OQu. -
explode (MIx, Format_list),
oxplede (In, In_list),
cap_mix(Format_list, In_list, Out_list),
cxplode (Out, Out_list).

capitalize(Word_in, Word out) :-
cxplode (Word_in, [First_char | Rest]).
(letter(First_char, Upper)
letter(_, First_char), Upper = First_char ;
digit (First_char), Upper = First_char ;
puncl_, First_char}, Upper = Flrst_char),
cxplede (Word_out, [Upper 1 Rest]}).

cap_list(ll., (D).

cap_list([H | T], (Cap | LI} :~-
letter (H, Cap),
cap_list (T, L.

~ap_lisc({H ! TI, (41 LD :~
cap_list(T, L).

cap_mix(i{l. X, X) := t.
cap_mix(fu | Mix], lletter | Letters], ([Changed | Changes)) :-
letter (Letter, Changed),

5} -
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cap_mix(Mix, Letters, Changes).
cap_mix{{l | Mix], {Letter | Letters], [Letter | Changesl) -
cap_mix(Mix, Letters, Changes).

cap_wozrds([], []) := I.

cap_words ([First_word | Words], [Capped word t L]} :-
capitalize(First_word, Capped_word),
cap_words{Wozds, Ll).

f.
MAKING A READABLE STRING FROM A LIST OF WORDS
Some post editing is also done:

adding spaces )

adding the appropriatc punctuation at the end of the sentence
*/

lizt_to_string(LU_list, Punc, String) :-
post_cdit(LU_lisr, Pune, [' *, First_word | Spaced_lu_listl),
capitalize({First_word, Capped).
explode (String, [Capped | Spaced_lu_list]).

post_cdit (], declarative, [*.']).

post_edit([], interrogative, ['2*]).

post_edic((], imperative, '!']).

post_edit([], nil, (D).

post_edit(['." | Tail), B, ['.* | L1}} z-
post_edit(Tail, P, L1).

post_edit((*,* | Tail}, P, [(*." | L1} :-
post_edit(Tail, P, L1).

post_edit {[Word | Tail], P, [* ', Word | L1]) :-
post_edit(Tail, P, Ll).

F
A routine for changing “a” to “an” before a vowel.
The coerect treatment of “h”, ¢.g., an hour/a house, would require information not
available in the dictionary. It may be best to create a small database of common
aspirated aitches (or non-aspirated oncs, depending on which is shorter), and then leave
all remaining errors 10 a human post-cditor (or to a good style checker which would
work in conjunction with 2 word processor).
]

/

an(an, Word) :-
explode (Word, [First | _J).
merber {First, [a.e.i,o.u.¥yD), .
an(a, _).
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l‘.
VERBS

The tenses produced by the parser arc listed in the left column. Verb gencration follows
the rules given on the right for regular verbs. Irregular verbs arc generated with the
help of a small database.
pres{ent) —> check person and number agreement
imp(crfect) —-> was + verb_ing
hist(oric) --> add d, ed, double consonant, change vowel or check a dictionary for
irrcgular ones
fut(ure) ~> will + verb
past ~> verb + ¢d, or cheek dictionary for ircgular oncs
futere_anterior --> wili have + verb
past anterior —-> would have + verb
pluperfect —~> had had + verb
past_future_antcrior —> would have had + verb
(pres, imp) ~> assume peesent t2kes priority over imperfect, as ambiguity occurs
only with subjunctive mood
(pres, hist) ~> assume present takes priority over historic, on the (weak) assumption
that the historic tense is used less often in administrative correspondence
~/

[‘
Abbreviations:
TMPN = 1cnse, moad, person, number
T=tense
M = mood
P = person
N = number
F = format

The TMPN supplicd with the verb is used only if there is no subject (i.¢., the surface
structure will be imperative).
In all other cases the Tense of the sentence as a whole and the person/number
of the subject govern verb generation. If the proposition as a whole is negative,
the infinitive is kept and the appropriate auxiliary will be generated during
arangement.
»
/

qenerate_verb(T, aftirmative, P, N, lu(F,verb —(Verb,(_, _. use_ing, _).
Mcaning)), Meaning, V1) :-
conjugate(Verb, (T, P, usc_ing), VI1}.

generate_verb(T, affirmative, P, N, lu(F.verb -{Verb, _, Mecaning)), Meaning, V1) :-
conjugate({verb, (1, P, N), V1).

generate_verb(T, negative-pas, inf, _. lu(F,verb -(V, _, Meaning)), Meaning, [neI, teo, V]).
qeacrate_verb(T, negative-pas, P, N, lu(F,verb -(V, _, Meaning)), Meaning, Verb) :-
conjugate{do, (T. P, N), DOV,
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append (DO, [neot, VI, Verb).
generate_verb(T, negative-jamals, P, N, lu(F,verb -(V,
[prever | V1) --

conjugaze{V, (T, P, N).

_. Meaning)), Meaning,
vi).
generaze_verb(T, negative-plus, P, XN, Iu(F.verb -(V,

[no, longer | V11) :-
conjugate(v, (T, P, N}, VI).

_» Meaning)), Meaning,

generate_verb{T, ncgative-guére, P, N, 1u(F,verd = (V,
{scarcely | VII) :-
conjugate(v, (T, P, W),

_. Mecaning)), Meaning,

viy.

generate_verb(T, negative-point, inf, _, lu{F,verb —-{V,
generate_verb(T, ncgative-point, P, N, lulF,verb -(V,
conjugate(do, (T, P, N}, DO},
append (DO, [not, V], Verb).

_e Mcaninal}), Mcaning,
_. Mcaning}), Meaning, Verb)

geaerate_verb(T, negative - rien, P, N, lu(F, verb-(V,
conjugatetv, (T, P, N}, V1),
append (V1, [nonec}l, Verb).

_» Mecaning)), Meaning, Verb}

generate_verb(T, negative - personne, P, N.
conjugate(Vv, (T, P, N), V1),
append(V1, [no, onel, Verb).

1u{F, verb-(V,

generate verb(T, negative - aucun, P, N, lu(F, verb—-(V, _, Mecaning)), Mcaning, Verb)
conijugate(V, (T, P, N), V1),
append (V1, [none, of], Verb).

coni+ jate(V, (pres, inf, _), [to, VI).
conjugate (be,
conjugateibe,
conjugate(be,
conjugate(be,
conjugate (be,
conjugate(be,
conjugate(be,
conjugate(be,
conjugatebe,
conjugate (be,
conjugate (be,
conjugate(be,
conjugate(he,
conjugate(be,
conjugate(be,
conjugate(be,

(pres, 1,
(pres, 2.
{pres, 3,
{pres, _.
timp, 1,
timp, 2,
timp, 3,
{imp, _.
{past. 1,
(past, 2.
(past, 3,
{past, _.

thist, 1.
thisz, 2,

s},
s).

[am]).
{are]) .
s}, [ish).
?l), larel}.
s5), [was]).
s), [were)).
s}, [was]l}).
pl), [werel).
), [(was]).
s}, [were]).
3)0 [H’ﬂsl).
pl). [werej).
s), [was]).
s), [werel).
thist, 3, s), [wasl).
{hist, _, pl), [were]).

_. Meaning)), Meaning, Verb)

conjugate(be,
conjugate (be,
conjugate(be,
conjugate (be,

conjugatethave,
conjugate (have,

({pres,imp), 1,
(({pres,imp), 2,
((pres.imp), 3,
t{pres,imp), _.

{pres, 3, s5),
{{pres,_), 3.

-"’-
3).
s)l
pl).,

[am]).
{are]) .
[is]).
lare]).

{has]).

s)'

[has]).

I-
Most of the following rules are in pairs. The first one succeeds if the verb is irregular and
is listed in the vb_data base below. If the verb is not there, it is treated as a regular verb.

|not,to,V]).
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*/
conjugate(Verb, (pres, pacticiple, ), {Verb_ingj) :-

fng_form(Verb, Verb_ling).

con jugate(Verb, (pres, 3, s}, [Verb_s]} :-
s_form{Verdb, Verb s).

con jugate(Verb, ((pres,_j, 3, s}, [Verb_s]) :-
s_form(Verb, Verb =}.

con jugate({Verb, (pres, ), [Verbll.

conjugate{verb, {imp, 2, _) , [were, Verb ing]) :-
ing_form{Verb, Verb_ing).

con jugate (Verb, (imp, _) , [was, Verdb_ingl) :-
ing_torm(Verk, Verb_ing).

con jugate (Verb, (past, participle, usc_ing), (having, PPl) :-
vb_data{Verb, _, PP).

con jugate(Verb, (past, participle, use_ing), [having., PPI) :-
d_ed_form{Verk, PP).

con jugate(Verb, (past._). [Past_Iform]} :-
vb_dara(Verb, Past _form. ).

con jugate (Verb, (past, ), [Past_form]) :-
d_cd_form(Verb,Past_form).

conjugate(Verb, (hist, _), [Past_form]} :-
vb_data(Verb, Past_form, _}.

con jugate{Verb, (hist, _), [Past_form]) :-
d_ed_torm(Verb,Past_form).

conjugate(verb, (fut, _) , [will, Verb)).

conjugate{Verb, {future_anterior, _), [will, have, Verb_ed]) :-
vb_data(Verb, _, Verb ed).

conlugate(Verb, {future_anterior, _), [will, have, Verb_edi) :-
d_ecd_form(Verb, Verb_ed).

conjugate (Verb, (past_futurce_anterior, _), [will, have., had, Verb_ed]) :-
vb_data(Verb, _, Verb_ed).

conjugate (Verb, (past_future_anterior, _). ([(will, have, had, Verb ed]) :-
d_ecd_form{Verb, Verb_cd).

con jugate (Verb, (pluperfect, _), [had, PPI)
vb_data(Verb, _, PP).

conjugate(Verb, (pluperfect, _}. lhad, PP}
d_ecd_form{Verb,PP).

"
1

/* CATCH ALL */

conjujate(Verb, Infe, Verb) :-

write(*Verb generation needs attention for '), write(Verb), write(' '), write(lafo),

Vi
If a verb is not in this list or otherwisc dealt with (see *be” above), it is assumed regular.
That means it forms both its past tense and its past participle by adding -d or -ed.

The first argument of vb_data is the present infinitive form, the second is the past tense form,

and the third is the past participle form.

nl.
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*/

vbo_cdata({beat, beat, beaten).
vh_daza(become, became, become).
vb_data{begin, began, begun).
vb_data(be:, bet, bet).
vb_cata(blid, bade, bidden).
vb_data(bite, bit, bitten}.
vb_data(blow,blew,blown).
vb_data{break, broke,broken) .
vb_data (bring, brought,brought).
vb_daza(burst,burst,burst).
vb_data {buy,bought, bought) .
vb_data(catch, caught,caught).
vb_data(choose, chose,chosen) .
vb_data (come, came, come) .
vb_data (cut, cut, cut).
vo_data(dive,dived,dived).
vb_data(do,did,done) .
vb_data{draw,drew,drawn) .
vb_data (drink,drank,druak) .
vb_datatdrive,drove,driven).,
vb_data(eat, ate,caten) .
vb_data(fall, fell, fallen).
vb_data{feel, felc, feln).
vb_data(find, found, found).
vb_data(fly,flcw, flown).
vb_data(forget, forgot, forgot) .
vb_data{forgive, forgave, forgiven).
vb_data{frecze, froze, {rozen).
vb_data(get,got,got).
vb_data(give,gave,given) .
vb_data(go,went,gone).
vb_data(grow,grew,grown) .
vb_data(hang, hung,hung) . % meaning ‘suspend’ is more likely than ‘execute’
vb_data (have, had,had).
vb_datathide, hid, hidden).
vb_datathit,hit, hice).
vb_datathurt, hure, hurt) .
vb_data(keep, kept, kept) .
vb_data{know, knew, known) .
vb_data(lead, led, led).
vb_data(leave,left, left).
vb_data(let,let,let).
vb_data(lose,lost, lost).
vb_data (make, made, made) .
vb_data(mecan, meant,meant) .
vb_data{read, read, read) .
vb_data(ride, rode, ridden) .
vb_data(ring, rang, rung).
vb_data(rise,rose,risen).
vb_data(run,ran,run).
vb_data(say, sald, said).
vh_data(see, saw,seen).
vb_data(scnd, sent, sent) .
vb_data (shake, shook, shaken) .
vb_data(shine, shone, shone) .
vb_data(sing, sang,3ung).
vb_data{sink, sank. sunk).
vb_data (speaa, spoke, spoken).
vb_data(spin, spun, spun) .
vb_data(spring, sprang, sprungl .
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wo 2atalstand,stosd, st

¥o dalalstieal,siole,stolen).
¥b datal(stlink,stank, st

vb data{strike,struck,stiruck).
vbh _gata{sWwnar, swore, SWorn) .
vh gdata{swim, swam, swum) .,

vo datalswing, swing, swung) .
vbh_data({take, Lok, Laken) .,

vb datal(teach, taught,taughl) .
vbh_datai{tcar,tore,torn).

vb dataliell,told,told).
vb_data(think, thought,Tthought).
vb data(throw,threw,thrown).
vb_da;a(uca:,wo:e.worn).
vb_data(weave, wove, woven) .
vb_data(weep, wept,wept) .
vb“da:a(uin,won.won).

vb data(wind,wound,wound).

vk data(write,wrote,writtenl.

/* Adding -d or -ed 1o verbs, */

d od_form{Verb, Verb ed) -
cxplode (Verb, Lizt),
app(Silent_c_dropped, [c]. List),

app(Silent_c_dropped, (ed], Ed_added),

cxplode (Verb_ed, Ed_added) .

/* The following rule distinguishes between *stooped” and *stopped”. */

d_cod_form{Verb, Verb ed} :-
cxplode (Verb, List),
app (Vowel_consonant_cnding_dropped,
not member (X, la,e,l,o,ul),
member (Vow, [a,e, looou])c
not member (Con, la,e.i,o,ul).
app{Vowel_consonant_ecnding_dropped,
explode (Verb_ed, Ed_added) .

d ed_torm(Verb, Verb_cd} :=
cxplode (Verb_cd, ([Vero, edl).

/* Adding -ing to verbs. */

ing_form{Verb, Verb_ing) :-
cxplode (Verb, List),
app(Silent_c¢_dropped, [el, List),

[X, Vow, Con), Listl),

X, Vow, Ton, Con, ed], Ed_added),

app(Silent_e_dropped. [ingl, Ing_added),

explode (Verb_ing, Ing_added).

/* The following rulc distinguishes between “stooping” and *stopping”. */

‘Ing_torm(Verb, Verb_ing) :-
cxplode (Verb, List),
appi{Vowel _consonant_cnding_dropped,
not member (X, {a,e.i,o,ul),
member (Vow, [a,e,i,0,ul),
not member (Con, la,e,i,o,uld,
app (Vowel_consonant_cnding_dropped,

{X, Vow, Con], List).

{X, Vow, Cen, Con,ingj, Ing_idded),
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explode (Verd_Iing, Ing_added).

ing_form(Verb, Verd_ing)
explode (Verb_ing,

[Verk, ingi).

/* Rules for adding -s to 3rd person singular verbs are the same 25 those used for adding
-s to nouns. The pluralize rule (in the Gencrator-noun file) is therefore used. */

s_form(Verd, Verb_s) :

pluralize(Verd, pl, count, Verd_s).
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Gqenerate noun_phrase{Case, Prep, np-lul(Formai, pro =-(Wi, _, ?. N1, (W2,P,N)Y) -
add_prep(Case, Prep, [Wl1], W2).

l-

A speeial rule for all instances of headless noun phrases {c.g.. “cn + adj/noun™).

Sce case processor for cxplanation,

The person (3) and number (s) assumption is a bit weak, but it may be needed in

when conjugating a verb. It may be betier to get the number from the French adjective.
~/

qenerate noun_phrasel{Case, Prep, np-(noun - nll, modificrs=Modificrs). (Words, 3,s5)) :-
gencrate_moditiers(Medificrs, M),
arranqc_modi:ie:st[l. M, common, count, Arrangement).,
add_prep(Case, Prep, Arrangement, Words).

qunerate_noun_phrase (Case, Prep, np -{noun -Noun, modiflers -Modliliers), (Words,3d.XNum}) :-
gencrate_noun(Noun, N, Num, Common_proper, Couni_mass),
generate_modiflers(Modifiers, M),
arrange_modifiers(N, M, Common_proper, Count_mass, Arrangement),
aad_prepi{Case, Prep, Arrangemeni, Words).

generate_noun_phrasc(Case, Prep, name -Name, (Words, 3, Num)) :i-
generate_names (Num, Words, Name).

I‘

It is assumed that compound noun phrases becoming a surface subject will require
a verb in the 3 person plural.

~/

gqeacerate_noun_phrase(Case, Prep, (NP1, articulation-A, NPs), {Words, 3, pl)) :-
generate_noun_phrasc (Case, Prep, NP1, (NP1 _words, _})),
generate_articulation(A, A_words},
generate_noun_phrase (Case, Prep, NPs, (NPs_words, _)),
appond (NP1_words, A_words, L1},
append(Ll, NPs_words, Words).

qunerate_noun_phrase(Case, Prep, (NP1, NPs), (Words, 3, pl)) :-
qencrate_noun_phrase (Case, Prep. NP1, (NP1_words, _)).
qenerate_noun_phrase (Case, Prep, NPs, (NPs_words, _}),
append (NP1 _words, NPs_words, Words).

’II

NOUNS

The second rule is for composite nouns.

{sce definition of composile noun in “Parscr - noun phrase™ file).
*/

generate_noun{lu(Formaz, noun-(X, Num, CP, CM)}), [Noun}, Num, CP, CM} :-
tormat (X, _. Num, CP, €M, Noun).
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generate_noun{ (lu{Fl, noun—{NI, Num, L7, CM)). o-if),
lu(F2, noun—(N2, Num2, CP2, CM2))). INounl, P, Nounl], Nu=m, CP, O} :-
format (NI, _, Num, CP, M, Nounl),
format (N2, _, Num2, CP2, CM2, XNounlZ).

/* MODIFIERS */

generate_modifliers(nil, (D).

gencrate_modifiers(lu(_, pro-(zhem, rel, 3, pll}, [iloi.them], alter noun deszd) i),
generate_modiflers(numbez (N, Typel, {(N. Typel ).

gencrate_rodifiers{{lu(format, adi-(Ad3, Type)), nil), [{Adi. Typeil}.
generate_modifiers(lu{Format, adj-(adj, Type)l. [tAd], Typell).
generate_modificrs{lu(Format,art=(Att, Type, _)), [IATL, Typelid.

generate_mocificrs(qualifying_prep phrase-QPP. [ (Words, alter _noun descrl) -
generate_guallifying_prep_phrasc(QPP, Words).

gonezate_modifiers(relative_pros=RP, [(Words, after_pnoun dezc)l) :-
generate_rel_propi_, nil, RP, Words).

generate_modiflers(qualifying_ewveat_prop - QEP, { (Words, atter_noun deschl) -
gencrate_qualifying_event_propl(_. nil, QEP, Words).

generate_modifiers(lu-{lu(_,adv-(Adv,_)).lu{low, adj=(Adi, 1)), Words) :-
idiom{Adv, Adj, Words).

gencrate _modifiers((A, B), Modifiers) :-
gencrate_modiflers(A, Mod_a),
generate_mocifiers (B, Mod_bl,
append (Mod_a, Mod b, Modifiers).

It

Arrangement is based on count/mass, common/proper info for the noun and
and on info for the adjectives (determiner, cardinal, descriptive, cic.; similar 10
French order).

Acceptable sequence of adjectives in English is understood 10 be as follows:
(indefinitc) + (cardinal ! def) + (descriptive)® + noun + (qualifying_phrascs)*

or
G(dcﬁnilclposswsivc)+(adinal)+(wdiml)+(mipﬁvc)'+nom

E.G.

all + three | the + yellow ...

the | my + three + yellow ...
but not

(all + the + three + yellow) ... -
*/

arrange_modifiers(N, Modifiers, CP, mass, Arrangement) :-
collect_pre(Modifiers, Pre, Remalinder),
sift_post{Remalnder, Post),
cut_out (the, Pre, PRE),
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apprnc {PRE, N, LI},
appena{l., Post, 1L2),
posl_eclt np(l?, Arrangemeni).

arrange _modifierz(N, Meclfiers, CP, CM, Arrangement) :-
collect pre(Meocdliiicers, Pre, Remalncer),
sift post(Remainger, Post).,
Jsppend({Pre, N, Li),
append(ll, Post, L2).
post edit_np(l2, Arrangement).

I‘

Some post editing is needed for noun phrases:
removing person and naumber descriptions from nouns
changing “a” to “an™ before a vowel
cleaning up some lists

*/

post _edit_npt(ll, {1 == !.

post_edit_ap([[H | T] 1 Tall], wWore lisz) :-
post_cdit_np(|H | T}, L),
post_edit_np(Tall, L2),
append(ll, L2, Word_list).

poust _edlt np(la, Word | Talill, lan, Word | Taill} :-
oxplode (Word, [First | _1).,
member (First, [a.e,l.o.u.v]).

post_edit_npt[ (Noun. Number) | Tall], [ Noun | Word listl)
post_edit np(Tail, Word_llst).

post_cdit_np{lWord | Tail}, [Word | L1]} :-
post_ecdlt_nmp(Tail., Ll).

/* There arc no modificrs */
coliect_predll. [1. (1) = 1.
/* There is something forslot 1 %/

collect _preiMods, Pre, Remainder) :-
cut_out ({Ad]j, indef), Mods, Modsl),
post _inde! (Adj, Medsi, Pre. Remainder).

collect _pre{Mods, Pre, Remainder) :-

cut_out {(Adj, detf), Mods, Modsl),

post_det poss(Adj, Modsl, Pre, Remainder).
collect_pre(Mods, Pre, Remainder) :=

cut_out ((Ad}, poss), Mods, Modsl),
post_de! _poss(Adj, Modsl, Pre, Remainders.

/™ There is nothing for slot 1 */

collect_pre(Mods, Pre, Remalnder) :-
post_indef (Mods, Pre, Remainder).

colleet_pro{Meds, Pre, Remainder) :-
post_de?_poss(Mods, Pre, Remainder).

f* Somcthing in slot 1 and something for slot 2 */

- -
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post_indei{Incef, Mocs, [Indel | Prel, Resalnder)y ==
cut_out{{Ad], carcdinall, Mods, Modsl}),
collect_desc(Adi, Modsl, Pre, RemalinderT).

post_incdef{Indel, Mods, [Inde! | Pre}, Remaiader) :-
cut_ott ((Adi, del)., Mods, Modsl),
collect_desc(Adi, Modsi, Pre, Remalader).

pest_del _poss(Defl_poss, Mods, [Del_poss § Prel, Rcmainder) -
cut_out ((Ad], ordinal), Mods, Modsl),
post_ordinal (Adj, Modsl, Pre, Remainder).

/* Somecthing in slot 1 but nothing for slot 2 */

post_Lndel (Adj, Mods, Pre, Remainder) :-

cellect_desclAdj, Meds, Pre, Remainder).

post_del_poss(Aaj, Mods, Pre, Remainder) :
post_ordinal (Ad], Mods, Pre, Remainder),

/* Nothing for slot 1 and somcthing for slot 2 */

post_lndef (Mods, Pre, Remainder) :-
cut_out {{Adj, cardinal}, Mods, Modsl),
collect_desc(Ad]j, Modsl, Pre, Remalnder).

post_lndef (Mods, Pre, Remalnder) :-
cut_out ((Adj, def), Mods, Modsl),
collect_desc{Ad], Modsl, Pre, Remainder).
post_def_poss(Mods, Pre, Remalnder) :-

cut_out {(Ad], ordinal), Mods, Modsl),
post_ordinal (Adj, Modsl, Pre, Remalinder).

/* Nothing forslot 1 or 2 */

post_indef (Mods, Pre, Remalnder) :-
collect_desc{Mods, Prec, Remainder).

post_def_poss(Mods, Pre, Remainder) :-
post_ordinal (Mods, Pre, Remainder).

/* Somcthing for slot 1/2 and for slot 3 */

post_ordinal (Def_poss_ord, Mods, [Def_poss_ord | Prel, Remalnder) :-
cut_out { {Ad3, cardinal). Mods, Modsl),
collect_desc{Adi, Modsl. Pre, Remainder).

/* Nothing for slot 1/2 but something for slot 3 */
post_ordinal (Mods, Pre, Remainder) :-

cut_out{{Adj, cardinal), Mods, Modsl),
collec._desc(Ad), Modsl, Pre, Remainder).

/* Something for slot 1/2 but nothing for slot 3 */

post_ordinal (Def_poss_ord, Mods, [Def_poss_ord | Prel, Remalnder) :-
collect_desc(Mods, Pre, Remainder).
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f* Nothing for slot 1/2 or for slot 3 */

ouwt _erdingl (Mocs, Pre, Remainder) -
colicct _desc(Mods, Pre, Remalnder) .

collect_desclAd], Mods, [Ad] | Deses], Remalacer) -
coilect _desc{Mods, Descs, Remainder).

colleet dese{(], [], [1} - ',

collect _desc{[(Ad}, desc) ! Rest], [Acd | L1], L2) :-
collect desc(Rest, L1, L2).

colleet desc{[H | T], Li. [H | L2}) :~-
collect _desze(T, LI, L2).

post (!l. (1) = I.
_post ([ {Ad], after_noun_dese} | T). [Ad] | L]} :-
sifr_post{T. LI, !.

vift post(lH t Tl, L) &=

sity post(T. L).

cut_out (X, IXIT!,T) :=
'

cut _out (X, {HILL], [K1L2]} ==
cut_out{X,L1,L2}.

ll
Reference: Quirk & Greenbaum, University Grammar, §4.2-4

check_count_mass(proper, _, s, Adj, desc, Adj).
check_count_mass(proper, _. 5. _, _.
check_count_mass(proper, _, pl, Adj, _, Adj). % some, a few, the, cic,

check_count_mass(common, count, s, one, cardinal, a).
check_count_mass{common, count, s, Art, def, Art),
check_count_mass{common, count, s, Art, indef, *).
check_count_mass{common, count, pl, Adj, cardinal, Adj).
check_count_mass{(common, count, pl, Art, def, Art).
check_count_mass{common, count, pl, Art, indef, Art).

check_count_mass{(common, mass, s, onc, cardinal, ™).
¢heck_count_mass{common, mass, s, Art, def, Art).
check_count_mass(common, mass, s, Art, indef, Art).
check_count_mass(common, mass, pl, Adj, cardiral, Adj).
check_count_mass{common, mass, pl, A, def, 7).
check_count_mass{common, mass, pl, A, indef, Art).

s?cck_count_mass(commn, — v Adj, _, Adj).

I-
Nouns cnding in y preceded by a consonant form their plurals by changing y to i and adding -cs.
Verbs ending in y preceded by a consonant for their third plural singular in the same way.

The plurad of proper nouns ending in y is formed by adding -s.
Nouns ending in y preceded by a, e, i, 0, or u form their plurals by adding -s only.
Verbs ditto for 3rd person singular.
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]
]
~1

!

Nouns ending in a sound that can be smoothly united with -s form their plurals by adding -s.
3rd pers. sing. verbs dito. Otherwise, add —¢s; 3rd pers. sing. verbs ditio.

Nouns and verbs ending in -consonant + o {(¢.£.. echo, no, go), 1ake an -es. Those ending in
-vowel + 0 tzke an -5,
*f

pluralize(LU, s, _. LO).

pluralize(l0, pl, count. LU_pl) :-
explode (LU, End_In_y).
app{Before_the_y, [X, yi. End_in_y),.
not member (X, la, e, i, o, ul),
app(Before the_y, [X.l,e,s], End_in_ies),
explode (LU_pl, End_in_les).

pluralize(LU, pl, count, LU_pl) :-
explode (LU, End in_o),
app{Before_the_o, (X, ol. Ead_in o),
not member (X, la, ¢, i, o, ul).
app(Before_the_o, [X,o.e¢,s], End_in_es),
explede(LU_pl, End_in_es).

pluralize(lU, pl, count, LU _pl) :-
explode (LU, End_in_sibilant),
app{Before_the_ss. [s.sl. Enrd_in_sibilaat),
explode (LU_pl, [LU, esl).

pluralize (LU, pl, count, LU pl) :-
explode (LU, End_in_sibilant),
app(Before_the_ss, [c,h]. End_in_sibilant),
explede (LU_pl, (LU, es]).

pluralize(LU, pl, count, iU _pl) :-
explode (LU, End_in_sibllant),
appiBefore_the_ss. [s.h]. End_in_sibilant),
explode(LU_pl, (LU, es]).

pluralize(il, pl, count, LU_pl} :-
explode{ly, End in_sibilant),
app (Before_the_ss, (Vow,x], End_In_sibilant),
member (Vow, [a,e,i.o0,ul),
explode (LU_pl, {LU. es]).

pluralize (LU, pl, count, LU _pl) :-
explede (LU_pl, (LU, sl).
pluralize(LU, pl, mass, LU).

I‘

What is 10 be done with idioms?

This is a nasty, short-icomn solution, tilt a better onc is discovered.
*/

idiomthers, attached, [(enclosed, desxec) ).
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/* SIBLINGS OR CASE ROLE FILLERS */
qererate_siblings([), [1, [1).

generate_siblings(iCase-(_. _., Prep) | Slots|, Siblings, [Case-~Phrasc! Phrases]) :-
cut_out {Case-Info, Siblings, 527,
generate_phrase(Case, Prep, Info, Phrase),
generate_siblings(Slots, §2, Phrases).
qenerate_siblings((Case-(o. _, _) ! Slotsi, Siblings, Words) :=
generate _siblings(Slots, Siblings, Words).

I.

allowance for peripheral slots

*/

qenerate_siblings([], [Case-Info | Rest], [Casc-Phrasel Phrases]) -
typleal _prepiCase, Prep).
gencrate_phrase (Case, Prep, Iafo, Phrase),
generate_siblings (1], Rest, Phrases).

typical_prep(location, te).

typical_prep(time, nild.

typical_prep(manner, as).

typical_preplcause, for).

typlcal preplatfected, nil).

v agent, instrument, beneficiary, result, source, destination, attribute?

I‘
allowances for non-sibling material
*/

qunvrate_siblings({], [right_dislocatlion=-(lu{_.pro-i_,_,P.N)),luv(l_,adj=-(samc,_))) | Res

[right_dislocation-[Emphatici| W]) :-
generate_cemphatic(P, N, Emphatic).
generate_siblings([1. Rest, W),
geacrate_siblings([], [right_dislocation-Info | Restl, [right_dislocatlon-words! W]}
generate_phrase(_, nil, Info., Words),
generate_siblings([]l, Rest, W),

qenerate_siblings([], lconjunction-Info | Rest], [conjunction-Werds| Wi} :-
generate_conj{info, Words),
generate_siblings([]. Rest, W).

I‘U
Gender will have 1o be incorporated sometime for the following.
*/

generate_emphatiefl, s, mysel?l).
qunerate omphatlic(2, s, yourself),
generate_emphatic(3, s, himsell).
geacrate_emphatic(3, s, hersel!l).
gencrate_emphatic(3, s, itsel?).
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generate_emphatic(l, pl, cursclves).
generate_emsphatic(2, pl, yoursclves).
generate_emphatic(3d, pl, themselves).

/* PHRASES */

generate_phrase(Case, Prep, prep_phrase-?P, Words) :-
generate_prep_phrase (Case, Prep, PP, Words).

generate_phrasc(Case, Prep, np-Branch, Words) :-
gencrate_noun_pnrase (Case, Prep, Branch, Words).

generate_phrase(Case, Prep. name = Name, Words) :-
generate_names{_, NAME, name-Name),
add_prep (Case, Prep, NAME, Words).

generate_phrasc({Case, Prep, adji-Ad]., Words) :-
generate_ad}_phrase(Case, Prep. Adj, Words).

generate_phrase(Case, Prep, event_prop-EP, Words) :-
generate_cvent_prop(Case, Prep, EP, Words).

generate_phrasc(Case, Prep, relative_prop - RP, Words) ==
generate_rel prop(Case, Prep, RP, Words).

generate_phrase (Case, Prep, adv - Adv, Words) :-
generate_adv (Casze, Prep, Adv, Words).

generate_phrase (Case, Prep, (A, B), Words) :=
generate_phrasc(Case, Prep, A, AA),
gencrate_phrase(Case, Prep, B, BB,
append (AA, BB, Words).

I.
Since prepositions are gencrated for noun phrases within the processing of the noun
phrase itsclf {cven when it is not in a prepositional phrase), the preposition
generated at the beginning of the generation of a prepositional phrase is passed along
10 the generation of the noun phrase. There may therefore be some redundant checking
of the preposition.

]

/

generate_prep phrase{Case, Suggesi_prep,prep_phrase ~(Prep_lnfo, np-NP). WKords)
gencrate_prep(Case, Suggest_prep, Prep_info, Prep_word),
generate_noun_phrase (Case, Preop_word, NP, (Words, _)).

generate_prep_phrase(Case, Prep, (A, articulation-C, B), Word list) :-
generate_prop phrase{Case, Prep. A, A_words),
generate_articulation(C, C_words),
generate_prep_phrase(Case, Prep, B, B_words),
append {A_words, C_words, Ll),
append(Ll, B_words, Word_list).

generate_qualifying prep phrase(quallifying prep_phrase-
{Prep_info, np -NP), Words) :-
generate_prep(_, of, Prep_info, Prep_word),
generate_noun_phrase(Case, Prep_word, NP, (Words, )).
generate_qualifying prep_phrase(qualilying prep_phrasze -
{Prep_info, date - Date), Words) :-
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gquacratle_prepl(_, of, Prep_inlic, Prep_word),

gqenerate_date(Prep word, Date, Werds) .,
generate_gualilying_prep_phrasclgualilying_prep_phrase -

(Prep_into, name=Name), wWords) -

generate _prep( , of, Prep_info, Prep_word}l,

generate _name=(_, NAME, Name),

add _prep(_, Prep_word, NAME, Words).
generate_quallfying prep_phrase ((A, articulation-C, B), Words) -

qencrate_quallilylng _prep_phrase (A, Mod_a),

generate_articulation(C, C_words),

generate qualilfying _prep_phrase{B, Mod_b),

append {Mod_a, C_words, L1).

append (L1, Mod b, Words).

f* WORDS

Until a better way is found, idioms functioning as prepositions will have to
be dealt with individually. This short databasc may become quite long. Sce the
“parser - preposition” file for more possibilitics. It may be better to
“translate™ at that point to avoid duplicating the databasc. Howcever, the results
of anatysis would rot then be unilingual, thus destroying the transferability of
the analysis modulc to a different language pair.
»

/

generate_prepl(_, nil, prep - lu(_.prep - [functional prepl)., nil).
generate_prepl_, Prep, prep - lu(F.prep - [functional zrepl), Prep).
gencrate_prep(_, Prep, prep = lu(F,prep = [P _1), P).

generate_prep(_, _. locutlon_prépoesitive-(lui(_, prep-_}, lu(_, noun-(functien,
lu{_., prep-_)). ‘according to').

generate _prep(_, _, locutlon prépositive-(lu{_, prep-_), lui_, noun-{measure,
lu{_. prep-_)), able).

add_prepiagent, [functional_prepl. X, Xi.
add_preptaffected, [functional_prepl, X, X).
add_prepibeneticlary, [functional_prepl., X, {to | X]}).
aad_prepl(cause, [functional prep]. X. {for | X]).
add_prep(_. nll., X, X).

add prep{_, Prep, X, [Prep | X]).

I‘
ADJECTIVES
~

generate_adj_phrasc{Case, Prep, lu(Format, adji-(Adj, _)). [Adil.
generate_adj_phrase(Case, Prep, lu =(lu(Fl,adv ~{Adv, Desc)),
lu(F2, adj - (Ad). _))), Words) :-
generate_adv(_, nil, lu(Fl,adv -(Adv, Desc}}, ADV),
format (F2, Adj, AbDJ).
add_prepiCasc, Prep, [ADV, ADJ], Words).

I.
ADVERBS

*/

generate_adv(Case, Prep, lu(F,adv = (A, {(_.add ly)}), Words) :-
ly_endling(A, Aly),

RN

.
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format (F, Aly., Adv),

add_prep(Case, Prep, [Advi, Words).
generate_adv(Case, Prep, lu(F,adv - (A, _)), Werds) :-

format (T, A, Adv),

add_prep{Case, Prep, [Adv], Words).

ly_ending(Word, word_ly) :-
explode(word, List),
app(Before_y, lyl. List),
app(Before_y, [ilyl, List2},
explode (Word_ly, List2)

ly_ecnding(Word, Word_ly) :-
cxplode (Word_ly, ([wWord, 1lvl).

pon

I-
ARTICULATIONS
*/

generate_articulatlen(lu(_, con] —(C, )}, (CD).
gencrate_articulation(p = (P), [PD).
generate_arziculatienttp - {.). lu(_, coni ={C, _))}, [*.*, Cl¥.

II
CONJUNCTIONS
*/

generate_coni(lu(Format, cond - (C, _)}, ICh.

Jtl
DATES
The article is simply dropped.
The first rule is for dates in standard international notation.
-
]

gencrate_date(Prep, (_, weckday - nil,
year - number{Year,_}., month -number(Month, ), day -numper (Day, )), Words) :-
cxplode (Date, [Year, *-', Month, *=*, Dayl},
add_prep{_, Prep, [Date], Words).
generate_date(Prep, (_. weckday - lu{_, noun —~ (WEEKDAY, _M,
day - number (Day number, _}, month = lu(_, noun = (MONTH, _)J.
year - number(YEAR, _}), DATE) :-
format (proper, WEEKDAY, Day}.
format {(proper, MONTH, Moathl,
add_prepi(_, Prep, [(Day. '.'. Menth, Day_number, ',*'., YEAR[, DATE}.
gencrate_date(Prep, (_, weekday - nil, day = number (Day_number, _}.
month - lu(_, noun = (MONTH, _})., year - number(YEAR, _)). DATE) :-
format (proper, MONTH, Month),
add_prepl_, Prep, [Month, Day_number, ',', YEAR], DATE).
generate_date(Prep, (_. weckday - nil, day - number{Day_number, _).
month - lu(_, noun = (MONTH, _)), year = ail}, DATE} :-
format (proper, MONTH, Menth).
add_prep(_, Prep, [Month, Day_number], DATE).
gencrate_date(Prep, (_, weckday - nil, day - all, month - lul_,noun={MONKTH, _)),
year - number(YEAR, _}), DAIE) :-
format (proper, MONTH, Month},
add_prep( ., Prep, [Month, YEAR], DATE).
generate_date(Prep, {_, weckday - nil, day - niil, month - lul_.ncun=(MONTH, _)J.
year - nil), DATE} :-
format {proper, MONTH, Month),
add_prep(_, Prep, [Month], DATE).
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l’.
ARRANGING THE MATERIAL

Arrangement of the material provided at this point involves picking the subject
and then gencrating the verb based on the person/number of the subject and on
the tense and attitude of the senlence.

The subject-verb order is then determined based on the form {declarative, imperative,

or interrogative) of the sentence.

If the form s declarative, the subject-verb arrangement remains the same and the final
punctisation is a period.

If the form is interrogative, the subject-verd order is inveried and the final punctuation

is a question mark.

If the form is imperative, the zero subject is dropped and the final punctuation is 2 period.
(Exclamation marks are a bit overzealous in an administrative context.)

The direct object is then picked, if there is to be onc,

If the scntence is passive,
the direct object becomes the subject and the previously sclected subject and verb
arc changed appropriatcly.
Voices: active, passive
Verb gencration follows the following rules.
active --> no change
passive --> be + verd
The alteerative is to make the agent the subject, and the affected the direct object and
Icave the verb in the active form.

Amangement of subject/verb/direct object alse involves considering the mood.
Moods: ind(icative), subj{unctive), cond(itional)
Changes follow the following rulcs.
indicative —> no change
subjunctive --> no change, unicss “if” clause expressing unrcal condition or “that™
clause aficr verb whose meaning is an clement of the mental interaction sct of cvents
(sce ontology). i.c., those verbs expressing requests, recommendations, and demands
c.g.
is —> were (if 1 am —> if [ were; I wish that [ am --> I wish that [ were)
verb > were + verd + ing (i I go —> if [ were going)
is —> be (1 ask that there is --> 1 ask that there be)
verb (3, sing) —> verb (1, sing) (1 ask that he remains --> I ask that he remain)
conditional > no change, as English has no conditioral mood
(cf. Prentice-Hall Handbook for Writers, 8th Edition, pp. 55-56)
These changes are made here, as they are dependent on coatext (the peesence of “if,” “that,”
intensional meaning of verd in principal clause, eic.). Contextual information including
the meaning of the main verb and the presence of “if, etc.” will have
to be garnered and brought to bear on processing at this point. This will require more
changes in the rules,
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attitnde (affirmative or onc of the negatives or doubt)

The remainder of the siblings are then placed in an appropriate order. Adverbials
are placed according to the following:
adverbs of place precede
adverbs of manner precede
adverbs of time

In arranging the siblings, sor¢ assumptions will be made. Combinations of agent-
bencficiary-affected will become the expected subject-indirect object-direct object.
“Jean donne un livre 2 Marie™ will incvitably become “Jean gives a book 1o Mary.™ as
no attempt is made 10 find all possible permutations of surface structures carrying the
same message. Moreover, what is casicst 1o program in this case also produces an adequate
translation.
|
/

arrangement { {Tensc,Mood, Volee, Attitude,Form), Event, Siblings, Word_list) :-
pick_subject_object (Sibliangs, Sibs2, Subject, Dir_obj., Person, Num},
generate_verb(Tense, Attitude, Person, Num, Event, Meaning, Verb),
apply form(Form, Person, Num, Subject, Verb, Interiml),
apply_active_passive(Voice, Interiml, Dir_obj, Interim2),
apply_mood{Mood, Meaning, Iaterime, Interim3),
arrange_other_cases(Sibs2, Sibs3, Interim3d, Interimq),
add_peripherals{Sibs3, Sibs4, Interimd. InterimS).
add_:lght_ﬁisloc{51b34, $ibs5, Interim5, Interimél,
add_conj{5ibs5, Interim6, Word list).

arrange_cveat_prop{(Tense,Mood, _, Att,Form), Event, Prep, Sibllings, Word_llst) :-
gencrate_verb(Tensc, Att, Mood, _, Event, Meaning, Verb),
pick_dir_obj{laffected, result], Siblings, Sibs2, Dir_obi),
append_prep (Mood, Prep, Verb, Dir_obj, Interiml),
arrange_other_cases (Sibs2, Sibs3, Interiml, Interim2),
add_peripherals(Sibs3, Sibsd, Interim2, Interim3),
add_right_disloc(Sibs4, Sibs5, Interim3, Interimd),
add_conj(Sibs5, Interim4, Word list).

append_prep(Mood, to, Verb, Dir_obj, Interiml} :-
member (to, Verb),
append (Verb, Dir_obj. Interiml).
append_p:ep(participle. Prep. Verb, Dir_obj, Interiml) :-
append{Verb, Dir_obj, Interimil).
append_prep (Moed, Prep, Verb, Dir_obj, Interiml) :-
append ([Prep | Verb], Dir_obj, Interiml).

arrange_rel prop({Tense, Mood,_,Att,Form), Event, Siblings, Word_list) :-
find_that(Siblings, Sibs, THAT},
pick_subject_object (Sibs, S5ibs2, Subject, Dir_obj, Person, Numl,
generate_verb{Tense, AtL, Person, Num, Event, Meaning, Verb),
apply_form{Ferm, Person, Num, Subject, Verb, Interiml).,
apply_active_passive(Voice, Interiml, pir_cbj, Interim2).
apply_mood(Mood, Meaning, Interim2, Interiml),
arrange_other_cases(Sibs2, Sibsl, Interim3, Interim4),
add_peripherals(Sibs3, Sibs4, Interimé, Interims),
add_right_disloc(Sibs4, Sibs5, InterimS, Interimé),
add_conj(SibsS, Interimé, Iaterim?),
append {THAT, Interim?, Word list).
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Eithzr the Agent or Affected case may produce a surface symtactic subject.

cf. Fillmore (33)

*f

pick sublect obiect(Siblings, Sibs3, Subjeeil. Dir_ebj, Per, Num) -
ékmtts, é}. [tagent, [affected,result]), talfected, nil) ]},
cut _oul (G- {Sudbject, Per, Numd, Siblings, Sibs2),
pick _dir ob}(0Q, Sibs?, $ibs3, Dir_edj).

pick _dir_objOptions, Sibs2, Sibs2, Cbj) :-
mem{Case, Opticns),
cut out {Case-(Coj, _), Sibs2, Sibs3).
pick_dir obj{_, Sips, Sibs, [1).

apply_torm(declarative, _, _., Subject, Verb, 5V) ==

append (Sub ject, Verb, SV).

apply tormtlnterrogative, Pers, Num, Subjeet, (Verb], Aux_subj_verd) :-
con jugate{be, (pres, ind, Pers, Num), Aux),
cxplede {Verb_ing, [Verb, ingl),
append (Aux, Subject, LI1Y,
append (L1, [Verb_ing], Aux_subj_verb).

apply !orm(interrogative, Pers, Num, Subject, [will, Verb], wWill_subj_be_Verb_ing) :=
explode (Verb_ing, [Verb, ingll.
append ({will]. Subject, L1),
append (L1, [be, Verb_irgl, Will_subj_be Verb_ing), !.

apply_torm(intcrrogative, Pers, Num, Subject, [Aux, Verb], Aux_subj_Vesbhy :-
append { [Aux], Subject, L1),
append {Ll, [Verbj, Aux_subj_Verb).

apply_tform(imperative, 1, pl. _. [Aux, Verbl, [let, us, Verbl).
apply_torm{imnerative, _, . _. V., V).

apply_actlve_passivefactive, Interiml, Dir_okj, Interim2) :-
append(Interiml, Dir_obj}, Interim2).

apply_active_passive(passive, Interiml, Dir_obj, active_passive_error).
% will have to bring in person/number info for both subj and obi and teonse to generate
% c¢.q ‘ou are being thanked by us; you were thanked by us

F i

Application of mood is glossed over at this point, since more information is
required to deal with it peoperly. (sec comments above)

*/

apply_mood{_, _, Interim, Interim).

apply_attitude(affirmative, Verb, Verbl.
apply_attitude (negative-pas, Verb, [Aux, Verb]) :-
negate(V, Neg_v).

”
Tense information will be required 1o correctly negate a verb.
c.g. We sent the ketier. We did not send the lener.
We thank you. We do not thank you / We are not thanking you
This procedure may have 1o be moved up to be part of gencrate_verb.
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>/
~cgate(iSinglel, inegate,errer,Singlel).

arrange_other_cases({i, []. In : Interim) - .
arrange_other_cases {5ibs3, Sib erimé, Interismb5) :-
sort{flatcribute, beneficliary, iastrument, result, source, destination,allesteal
Sibs3, Cuts, Sibss),
append (InTerimg, Cuts, Interimd).

orz([l, Sibs_lefz, [], Sibs_left) :- !.
rz([Case | Cases], Sibs_in, Sorted, Sibs_cul) :-
cut_out (Case-C, Sibs_Iin, Temp),
sort{Cases, Temp, Cuts, Sibs_out),
(1ist{({C), Cut = C ; € = (Cul, _, _}).
apoend (Cut, Cuis, Sorted).
scrz(][_ | Cases], Sibs_in, Cuts, Sibs_out) :-
sort {Cases, Sibs_in, Cuts, Sibs_out).

Iﬁ

The order of peripherals may be changed for stylistic reasons. It is assumed that

more oftcn than not indications of manner, location, time and causc will follow the order
indicated.

When this goal is exccuted, all siblings should be processed (the reason for the empty sct).
*/

add_peripherals((]l, [l, Interim, Iaterim) :- !.

add_peripherals(Sibs4, Sibs5, Interias, Interimé) :-
sort([manner, location, time, cause), Sibs4, Cuts, £ibsh),
append{IntcrimS, Cuts, Interimé).

add_right_dislec([], []. X, X} = !.
add_right_disloc{Sibs5, Sibs6, Interimé, Interim?) :-
sort({right_dislocation], Sibs5, Cuts, S5ibsé6),
(Cuzs \= [], append(Interimé, [*,* | Cuts]. Interim?)
Interim6 = Interim7).

T

When the following is executed, all siblings should be processed (the reason for the empty
set).

*/

add_ceni([]l, X, X == I,

add_con}(Sibs, Interiml, Interim2) :-
sort { [conjunction], Sibs, Cuts, {1),
append(Cuts, Interiml, Interim?).

I‘

The relative pronoun “that™ nceds to be taken out of the list. The casc processor may
or may not have required it, depending on the frame.

*f

find_that(ll, {I, ) = !.

find that({_ - tWords, _) | Sibs], Sibs, [thet]) :-
member (thac, Words), !.

find_thav({H | T]., [® | LI, THAT) :-
find_that(T, L., THATI).
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I.

Generalities

*f

generate mentiont{Cl, conj-lu(_,coeni =(C, ))).
qencrate _mentiont!P], p-(P)}.

qeaerate _mention(IS], symb - (S}).

I‘ -

Noun phrase gencration is defined in the “Generator - Nouns™ file.
*/

quenerate _mentioniWords, np - braangh) -

generate_noun_phrase(nil, nll, Branch, (Words, _, _)}.

"

A rencral rule for gencrating addresses involving strect numbers and strect names
requires slots for the basic clements. Rearrangement is straightforward. The second
tule is for instances of street names where the way type is construed as a head noun of
2 noun phrase (¢.g., 25, rue de I'école)

Capitalization of the way type (L.c., avenuc, street, ctc.) is double checked in the cvent
it is defincd as a common noun in the dictionary.

*/

quenuerate_mentlon(A, address-{number(N, ), lu{_,noun =-(Way, _}), np - Way_namec)) :-
gencrate_noun_phrase(nil, nil, Way_name, {Name_lis:z, _, _)),
capitalize(Way, Typc_of_way),
cnp_words(Name_lis:, Name),
append ([N | Name], [Type_of_wayl, A).
qenerate_menptionid, address -i{number(N, _), lu{_,noun =-iwWay, _)),
qualitying_prep_phrasc - QPP)) :-
generate_quallfying prep_phrase( QPP. QPP_llist),
app(lof,the], Name_list, QPP_list),
cap_words(Name_list, Name),
capitalize(Way, Type_of_way),
append ([N | Name], [Type_of_way]l, A).

quacrate_meont ion(A, adaress - (np - NP1, np -~NP2)) :~
gencrate_noun_phrase(nil, nll, NP1, (Wezdsl, _, _)).
generate_noun_phrase(nil, nil, NP2, (Words2, _. _)),
cap_words (Wordsl, Cityl,
cap_words (Words2, Province),
append{City, 1*,' | Province}, Ad.

!‘
Prepositional phrases
*/

generate_ment ion(Word_list, prep_phrasce -PP) :-
generate_prep_phrase(_, nil, PP, Word_list).
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generate_sentlion(Weore_list, gualilying _prep_ghrase -CPP) -
generate_gualilying_prep_phrase({P?, Word lisi).

P
Postal codes and phone numbers need only be put back in order.
-f ; i
generate_mentlion(ilefz, Righi), pestal_code -
(iut_, string = AL).
number (N1, ). !
lu(_.stTing - BL),
numbeT (N2, ),
lu(_.string - Cl),
aumber(N3, ))) :=-
letter(Al, A), letter(sl,B), letier(Cl, ),
explode(Left, [A, N1, Bl). explode{Right, [N2, C, N3I).

generate_rmention(iEx_rum], phone_number =
{rumberinll, ).
aumber {(Exchange, _).
number (Number, _))) -
explode (Ex_num, [Exchange, '-', Numberl), !.
generate_mentlon{[Arca. Ex _numl, phone_number -
(number (Area_code, ).
number {Exchange, _).
aumber (Number, _J)) 1=
cxplode tArea, ['(*, Azea_code, *)'1),
explode (Ex_num, [Exchange, *=-*, Numberl]), !.

,-

Names nced only be capitalized, including adjectives used in company names.
Adjectives are not to be rearranged. Generation is therefore hiterally based on the
Freach order and words, unless the words have been translated (e.g. fils --> sons).
*/

gencrate_mention (NAME, name -Name) :-
gencrate_names(_. NAME, Rame}.

generate_names (Num, [*Co.'], name -lu(_,noun ={company, _)})}.

generate_names (Numb, [(NAME], name =lu{_.noun =(Name, Num, _, CM)}) :-
format (Name, _, Num, proper, CM. NAME).

generate_names (Num, [INITIAL], initlals -lu(Format, string - STRING))
format (Format, STRING, 1},
explode (INITIAL, {I, *.*]}.

generate_names (Num, [*Inc.'], adj -lu(_, ad} - (ADJ, _})) :-
explode(ADJ, [i{,n,c | _I).

generate_names (Num, [°Ltd.']. adj -lu{_. adj - {ABJ, )} :-
explode (ADJ, [l.i.m, il,t 1 _D.

generate_names {Num, [Pl. p - (P)).

generate_names (Num, [S], symb-(5})).

generate_names (pl, [C}, conj=lu(_,conj -(C, _}}).

generate_names {Kum, [°Sir,* | NAME], (name -lu(_,soun -(sir, _})., p=('.°}, Name))

generate_names (Num, NAME, Name).
generate_names (pl, [*Sir*, € | RAME], {name-lui_, noun-{sir, _)},
conj-lu{_,con} ={(C, _))., Rame)) :-
generate_names(Num, NAME, Name).

generate_names (Num, [*Mr.* | NAME], (name -lu{_,noun -{slr, _)), Name)) :=
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Ggenerate names (Num, NAME, Name) .

guenerate _sases(Num, (Mr.* 0 NAME;], (Iialilals - lul_,siTing = m), Name)) -
generate names (Nom, NAME, Name) .

qﬂncra:c_:aé;stsus, [*Mrs_* | NAMZi, (name =lu(_,neun -(=acam, _}}., Name}) -
GCRCTate names (Num, NAME, Name).

qe:c:a:e_:aﬁés(xuz, [*Mrs.*® | NAME], (initials - lu(_,string = =m¢), Name)) o=

NAME, Name).
Generate_names(Num, [*Miss® | NAMED, (initlals = lu(_,string - =lle), Namel) -

qenerate _names (Num, NAMI, Xazme).

generate names(Nu

geaerate _names (um, Narse, (A, 2} -
generate_names (Num, AA, A),
gencrate_names(Num, 33, 3),

append {Aa, BB, Name).

,-

Reference material

The two ruics are quite specific, as they works only for refercnces whose format in the
French surface structure was quite abbreviated.

i.c. “V/R. du datc/code™ and “V/R™.

*/

generate_mentiont[Worae, reference | Word_list],
reterence =(aborev-lu(_,string - V_N), abbrev - lu(_,string - r}, Rest)) :-
reference (V_N, Word),
generate_mention{Word list, Rest).
generate_mentlion{(Word, reference],
retference -(abbrev-lul_,string - V_N)}, abbrev - lul_.string - r))) =
reference (V_N, Word).

generate _mention{{Word | Werd_list], reference - (abbrev = lu(_, string - V_N), Rest)) :-
reference(V_N, Word),
genceratce_mention(Word_list, Resz).

relerenex{v, your).
relorencei(n, our).

r~
Codes
*/

generate_mention{ [Code), code-Code_contents) -
qunerate_code(Code_list, Code_contents),
explode (Code, Code_list).

generate_code([Formatted_stringl, lu{Format,string - String)) :=-
format (Format, String, Formatted_string).
generate_code ({Number), number(Number, _)).
generate_cede((Pl, p ~ (P)).
qenerate_code{[S], symb=(S5)).
gonerate_code{Code, (A, B)) -
gencerate_code (AR, A),
generate_code(BB, B),
append {AA, BB, Code).

f-
Interjections



12/19/88 Gencator - Mentions

209

>/

gencrate_mention{lWord], interiecticn - luif, Lo -
format (T, WL, wWord).

l"

Delivery {mailing) notation

i.c.. REGISTERED, CONFIDENTIAL, PERSONAL, HAND-DELIVERED

The first rule is required, since context sensitivity has not yet been built into

the rransfer module and the first equivalent suggested for “recommandé™ is the first one used.
=/

gencrate_meation{{*REGISTERED'[, characier-luil_,ad] -{recommcnded, )}}.
gencrate_mention(([wWerd], character=lu{_.adj —(X, _))) :=-
format (all_caps, X, Word).

generate_meatlion(Words, date - Date) :-
generate_date(nll, Date, Words).

l'
SUBJECT LINES
*/

geacrate_mentlont(subject, i | word_listl,
(subject =(lu(_, noun - ({object, )}, P - 1), MENTIONS)) :=-
gencrate_mentlon{Word_list, MENTIONS).

I‘
SALUTATIONS
*f

generate_mention([ADS | NAME], salutation-({adj-luiF, adj-(Adj., _)}. name -Name}) :-

format {F, Adj. ADJ),
gencratc_names {Num, N, Name),
append({N, [*:"], NAME).

generate _mention(s, salutation-(adi-1lutF. adi{-{Adj, _}). name =Name, A)) :-

format (F, Agd), ADJ),
gencrate_names (Num, NAME, Name),
generate_mentiontAA, A),
append([ADS | NAME}, AR, List),
append{List, (':']. S).

generate_mention([ADS | NAME], salutation-(adi-lutF, adj-(Adj, _)), np=KP})

formaz {F, Adj, ADJ),
generate_noun_phrase(nil, nil, NP, (Word list, _, _}).
append (Word_lisz, [*:*], NAME).

gencrate_mentionts, salutation -(namec -Kame)) =
generate_names (Num, NAME, Name),
append (NAME, [*:*], S).

generate_mention(S, salutation -(name -Kame, A)) :-
generate_names {Num, NAME, XName),
generate_mentlon(AA, A),
append {NAME, AA, LIST),
append (LIST, [*:*], 5).

generate_mention(S, salutation-(np-NP}) :-
generate_noun_phrase(nil, nil, NP, (Word lisz. . ).
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appenafmwsra_ iz, U

L

f.

Refcrence mnitials of sender and transcriber.

The transcribers initials are verified as being all lower case.
*/

qenerate meatlion([Reference], cactiylos_initials -
ttu{_, string = 51), symb - (3}, le(low,string - S2))) =
format (all_caps. 51, Sencer),
format (all_caps, S2, Interim),
oxplode (Iaterim, LU).
cap_lisct (L2, LI},
cxplode (Transceriber, L2),
explode (Reference, [Sender, */*, Transcriber|).

I.
Enclosurc and carbon copy notation
=/

generate_mention(|*Encl.*], cenclosures-_).
generate mention{|*c.c.:*], carbon_copy -_).

/‘

Generate composile menlions one componcnt at a time.
Any final period after a name is dropped in English,

*/

generate_ment ion (NAME, {name-Name, p={'."))} :=
generate_mentlon {(NAME, name-XName).

generate_mention{Word_list, (A, B)) :-
generate_mentlon (A _words, A),
geonerate_mentlion(B_words, B),
append (A_words, B_words, Word_list).
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f(le, [ars = (le, def, =, s).pTo = (le, Tel, 3, s,

=, _Yi).
f£(La, [ars - {la, def, f. s),pro = tla, rel, 3, s, I, ).
f{les, {art = (les, def, (=, %), pli,pre = (les, rel, 3. pl, (m2), 31D
f(le_la, larz - {le_la, e, {=. %), s),pro - (le_la, rel., 3, 3, (=2}, 0.

f{ua, [ad} = (un, cardinal, =, s, lquaatityl).art - (un, indel, =, =) ]).
f{une, [add - (une, cardinal, I, s, [guantityl),art - (une, fndes, I, s¥D).
¢ (doux, ladj - (deux, cardizal, (=, %), pl, [quantitylll).
?2(trols, ladj - {zreis, cardinal, (=.2), pl. [gquaantizyll]}.
f(guatre, [add - (quatre, cavdinal, (m,f), pl. [quantityldl}l.
f{cing, lad} = (cinqg, cardinal, (m,2), pl, (quantitybDl).
fzix, [ad) = (six, carcdinal, (m, %), pl., [guantityl)]).
f(scpt, ladi - (sep:, cazdinal, (=, 2}, pl, [quantitylil).
f¢neis, [add - (huit, cardinal, (=, 2, pl, [quantitylli).
f{ncuf, [ad] - (neu?, cardinal, (m.f), pl, [guantityD)l.
£{cix, [adj - (dix, cardinal, (m, 1), pl, [gquantizyl)]}).
? tonze, [ad] - (enze, cardinal, (=, 0), pl, [quantityllll}.
¢! (douze, adi - (douze, cardinal, (=.f), pl. [quantityl)l).
f{zreize, lagd - (zreize, cardinal, (=,f0), pl. [quantityD)]).
f {quatorre, lad} - {gquatorze, cardinal, (m. 2}, pl, {gquantitylil).
fiquinze, ladl - (quinze, cardinal, (m, ), pl. [gquantityl}i).
f({seize, [ad] - (seize, cardinal, (m,f), pl, [guantitylll).
f{vingt, lad] -~ (vingz, cardinal, {(m, £}, pl, [quantityli]).
f(zrente, [agy - (trente, cardinal, (m,2), pl. [quantityD]).
f (quarante, ladj - (quarante. cardinal, (m ), pl, lquantity]l)|).
? (cinquante, [ad] - (cinquante, cardinal, (m.f)., pl. Iquantityl})}.
fisoixantc. "adj -~ (solxante, cardinal, (m,f), pl, lquantityl)]).
f{cent, lad; - (cenz, cardinal, (m, %}, pl, [guantityD)I}.
¢{mille, [ad] - imille, cardinal, (m.f), pl., [quantity]),
noun - (mille, f. s, common, count, [numeral, unitl}]).
f{million, fadi - (million, cardinal., (m,f}, pl. [gQuantityl).
noun - {(million, £, s, common, count, [quantityl}l).
fimilliard, fadj - (milliard, cardinal, (m.f)}, pl. [quantity]},
noun - (milliard, 2, s, common, count, [quantityl)l).
£(billion, [adj - (billion, cardinal, {(m, f), pl, lquantityl),
noun - {billion, f, s, common, count, lquantityl)]}.

f (promier, [ad] - (premicr, ordinal, m, 3, [ttrelatloni}l).

¢ (uniéme, [ady -~ (unléme, ordinal, {(m,f), s, [ttrelatien]}]).

f (sccend, [adi - (second, ordinal, m, s, [ttrelationl)]).

£ (docuxiéme, [ad) - (deuxiéme, ordinal, (m,f), 35, [ttrelation])l).
fizroisiéme, [adj - (troisiéme, ordinal, {(m,f), s, [ttrelatlenl)]).
f (quatriéme, [ad] - (quatriéme, ordinal, (m,f), s. {ttrclatienl)]l.
f (cinquidme, {ad] -~ (cinquiéme, ordinal, (m, %), 5. [ttrelatlionli]).
fi{sixiéme, [ad} - (sixiéme, ordinal, (m.f), s, [tirelatien])]).

¢ {scpriéme, {adj - {septiéme, ordinal, (m,2), s, [ttrelatlion]l)l).
f(huitiéme, [ad) - (hultiéme, ordinal, (m,f), s, [zzrzelationl)D).

£ (ncuviéme, [adj - (neuviéme, ordinal, (m, ), s, [ttrelationll)}.

¢ (dixiéme, [ad] - (dixiéme, ordinal, (=,f}, s, [ttreclatieal)]}.

f (onziéme, [ad} - (onziéme, ordinal, (m.f), s, [ttrclation])]).

£ (douziéme, [adi - (douzliéme, ordinal, (m,f), 2, [ttrelationl})]).
f(zreizitéme, {adj - (treiziéme, ordinal, (m.f). 35, [ttrelatioal)l).

£ (quatorziéme, [ad] - (quatorziéme, ordinal, (m.f), 3. fztrelationl) ).
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H tqguinziese, creinal, (=, %), s, [tirelatien]) ).

H {seiziceme, crd L, (=0}, 5, [ztrelatlieni) ).

! me, [adl = (wingtleme, eordinal, {=.f), 5, [ttreclation])
titrentieme, [add = {trentieme, ordinal, (=, I), 3z, [tirela:z
ftguarantieme, lad ! - (guarantleme, orelinal, (2,25), =5, (ttr
!tcinquantiene, {agl = {cinguantlerme, créinal, (=, %), 3, [T
f{noixanticme, Jagl - (soixantieme, ordinal, (m,.%), 5, [Ttrelazionidil.
fi{centieme, [adi = (centleme, ordinal, (=, 1), 3, [zirelatienjl)]l).
timillieme, lag) - (millieme, ordinal, (m,f}, s, [tirelationi}il.
fimililonieme, (agd! - (millionleme, ordinal, (m,9), s, [ttrelationiil).
timililardieme, (add = (milliardiéme, cordlinal, (=, %), 5. [tirelatien])]).
fioillionieme, [add - (plllionléme, ordlinal, (m,f), s, (ttirelatlieonil ).
titrillionléme, [ad} = (zrillioniéme, ordinal, (=, ), s, [itrelatienil]).

tsimple, [ad] = (simple, desc, (m, 1), 3, [gquantizyliD).
tdouble, ladj - (double, dese, (m.7), =, [guantity]) ).
triple, [ad] = (triple, desc, (m,f), s, [quantityi)i}.
(quadruple, fadj - (quadruple, dese, (=,f), 3, [quantizylll).
{quintuple, fadl - (gquintuple, desec, (m.2), s, lquantizyliD.
f {sextuple, [ad] - (sextuple, dese, (m,f), s, [gquantizylil).

! izepiuple, [ad ) - (septuple, desc, (m, ), s, [quantityll]).
tloctuple, [ad] = (octuple, dese, (m,f), s, [quantiztyl)l).
finonuple, ladi - (noauple, desc, (m, %), s, [quantityl)l).
fiadcuple, [ac) - (acécuple, dese, (m, 2}, =, [quantityl)]).
t{eentuple, [ad) - {centuple, desc, (m, £}, s, l[quantityl)ly.

RTINS W T Y

g, {prep - al).

ttainsi, [adv -~ (alnsi, manner),coni - {ainsi, sub)]l).
! laprés, (prep - aprés]).

! laprés, [adv - {aprés, location),prep - aprés)).

{ lauprés, fadv = {auprés, locatlomd D).

t tavant, [noun = {avant, m, s, common, mass, [locatioen]},adv - (avant, location),prep -

avant ]y,
! {tavec, [adv - (avec, manner),.prep - avec)).
! (bvsucoup, [noun -~ (beaucoup, (m, ¥, pl, common, mass, [quantity])]).

Vv adv - (becaucoup, quantity) is removed as “beaucoup” generally works better as a noun

tici, [adv = (ci, locatleon)]).

!(contre, [noun - (contre, m, s, common, count, [submatter]},adv - (contire, location).prep -

contrel).

t (dans, [prep - dansl).

t (de, [prep = del) .

t (depuls, [adv - (depuis. time),.preop - depuisl).

I(derridre, [noun - (derriére, m, s, common, mass, [location]),adv - (derriére, location),prep

- derriereld.
{ (devant, [(noun - (devant, m, 3, common, mass, [locatien]),

verb - (devolr, (pres - part,m,s), [state - lagent - (r, [semething], nily,

beneticiary - (o, lpersenl, pour)ll).,
adv -~ (devant, location),
prep = devant)).
f (done, [coni - (done, sub)l).

{ien, [prep =~ en,pro - (en, rel, 3, (s, pl), (m,2), [mthing,fthing,plant.nlthingl)}).

f{vntre, [verd - (entrer, (pres, (ind, subd)., (1, 3). s),
lselidisplacement - [agent = (r, [human,animall, nil),
instrument - (o, [artifact], avec),source = (o, [location], de),
destination -~ (r, (location). dans)ll),
adv ~ (entre, location),
prep - entrel).
t (envers, [prep - envers]).
f(et, lconi = (et, coord)]).
t{hors, [adv - (hors, locatlon),prep - horsl).
f(ici, ladv - (ici, locationm)).
{{jusque, [prep - jusque,conj - (Jusque, sub)l).
t{nc, [adv - {nec, negation}l).
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f(cu, (cend = {cu, coceord) ).

f(outre, tadv — {ouLre, locatien),prep - cutreld.

f{oar, [prep = maTi).

f(par=i, [prep = parmil) .

f(pas, [noun - (pas, m, (s, pl). common, count, ifunitil.,adv - (pas, 2eqation) 3,
I(pour, [prep - pourl).

{ {proche, {adv - (proche, lecation) ).

f({zans, [prep = sans]).

f{selen, [prep - seleni).

f{sur, {prep = surl).

f{czés, [adv=(trés, intensity) ).

L {vers, [prep - versl).

f{vraimeas, [adv - (vralmen:, intensity) .

(s, [string-b)).
f{e, [string=-c]}.
£(d, [stiring-d]).
2(e, [string-el).
2(¢. [string=¢]).
(%, [string=fl).
2{g. lstring-gl}.
£{h, [string=hl).
(i, [string=-il).
2¢3j. I[string-3l.
ttk, [striag-kl).
£(1, [scring-1]).
f(m, Istring-m]).
4{n, lstring-nl).
f(o, [string=-o]).
¢(p. [string=-pl}.
£(q, [string-ql).
£{r, [string-z]).
fis, [string-sl).
f(z, [string-tl).
f(u, {string=-uj).
${v, lstring=-v]).
fiw, [string=-w]).
fix, [string-x]}.
f{z, [string=-zl).

f(ie. [pro - (e, pers., 1, s, (m,t;, [persen])l).
f(me, [pro - {(me, refl, 1, s, (mI), [person])]).
fimol, (pro - (moi, refl, 1, s, (m, 1), {personlll).

f(tu, [pro - (tu, pers, 2, s, (m, L), [persen])ll.
f(te, [pro - (te, refl, 2, 5. (m,f), [person])l).
f(tol, [pro - (roi., refl, 2, s, {m, f), [personl)]}.

£{il, [pro - (il, pers, 3, s, m, [person, mthingl)i}).

f(elle, [pro - (elle, pers, 3, s, f, [person, mthingl), pro - (elle, zefl, 3, 5, !
[personlil) .

f£(lul, [pro - (lui, refl, 3, s, (m, L), [person]l)l]).

£(se, [pro - (se, refl, 3, s, (m,f}, [persen]il).

£(sol, [pro ~ (sel, refl, 3, s, (m.f), [personil)i).

f(celul, {pre = (celui. dem, 3, s, m, [person, mthingl)]).

f{celle, [pro - (celul, dem, 3, s, f, [person, mthingll]).

f tnous, [pro - {nous, pers, 1, pl. (m, %), [person]), pre - {nous, refl, 1, pl, (m 1),
[personl)]).

f (vous, [pro ~ {vous, pers, 2, {s,pl), (m.f), [persenl), pro - (vous, refl, 2, (z.pl), (m.1I),
[person]}]).

fiils, [pro - (ils, pers, 3, pl., m, [personl)]).
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tielles, lpro = (elles, pers, 3, oli, I, (perscnl) ).

floesx,ipre = leux, rell, 3, pl, (=,%), [perscn]) ).

f {eoux, lpro - lceux, cem, 3, pl, (m, I}, [perzonllijl.

f{rman, iadl - (mon, poss, &, 3, ittrelationi)ll.

fma, fagi - {ma, poss, . s, [tirelationl) ).

f{mes, (oad = (mes, poss, (=, 1), pl, [tirelation])i).

t{ten, {adj = (ton, poss. =, 5, |
{ta, jad} = (La, poss, I, 5, [Tt
)

{tes, [adj - {tes, poss, (=, 1), pl.

" pe
"
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¢]
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1]
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e ora

tzon, [adi - (son, poss. m, s, [ttrelationmi}]).
{sa, [ad] - (sa, poss, ., s, lttrelationl)l}.
{ses, (ad] - (ses, poss, (m.f}, pl, [tirelatlion]}}).

e ru ore

tnezre, adj - (notre, poss, (m,f), s, [ttrelatlienld]).
(nos, [adi - (nos, poss, (m.f}, pl, !tirelatien])l).

PNy

tvotre, fad) = (votze, poss, (@,2), s, [ttrelazien])l]).
{vos, lad} - (veos, poss, (m.f)., pl, [ttrelation]l]).

re re

t{leur, ladj - {leur, poss, (m,f), 3, [ttrelatien]),
pro = (leur, refl, 3, pl, (m I}, [perseall]).
ftleurs, lad) = {lcurs, poss, (m, ), pl, [ttrelatienl)]).

t(coct, [pro - (ceci, dem, 3, =, m, _}1).
!{ceta, [pro - (eecla, dem, 3, (s, pl}, (m, 0}, _)1).

{ce, jadj ~ (ce, dem, m, 5, (namel),pro = (ce, zel, 3. s, m, _)]).
{cet, lad} - (cet, dem, m. 5, lnameld ).
({ces, lad] - teces, dem, (m, 8, pl, [nameldl).

ve re en

t (lequel, [pro ~ (lequel, rel, 3, s, m, _)]).
t{laquelle, [pre - (legquel, rel, 3, s, £, _11}).
t{lesquels, [pro - (lequel, rel, 3, pl, m, _)1).
ttlesquelles, [pro - (lequel, rel. 3, pl. &, 3.

t{quel, Ipro - (quel, interr, 3, s, m, _J]}.
f{quelle, [pro - {quel, interr, 3, s, £, _}1}.
t{quels, [pro = (quel, interr, 3, pl. m, _)I}.
ttquelles, [pro - (quel, Interr, 3, pl, £, _}J).

t tquelque, [adj - (quelque. indef, (m. £). s, [quantity])i).

t (quelconque, ladj - (quelconque, indef, (m, ), s, [gquantityl)D).

t {chaque, [ad) - (chaque, indef, (m, £), s, [gquantity]l]).

ti{dlivers, [ad] -~ (divers, indef, (m, I), pl, {guantity]}]).

t (malnt, [ad} - (malnt, indef, m, s, lgquantityl)]).

t{nul, ladj - (nul, Indef, m. s, [quantityl)]).

t{plusiecurs, ladj - (plusiecurs, indef, (m, £),pl, [quantityl)l}.

f{tout, ladj - {tout, indef, m, s, [quaantizy])1).

f{tous, [adj - (tous, indef, m, pl., [gquantity])]).

! {méme, [ad] - (méme, Ilndef, (m,f), s, [attribute]), adv-(méme, affirmation),
nount ~ (méme, (m,f), s, common, <¢ount, _}]).

f(autre, ladj - (autre, indef, m, s, [quantitylll).

f (qui, leconj - (qui, sub),pre - (qui, rel, 3., (s, pl), (m 0), YD)
t (que, leoni - (que, sub),pro - (que, rel, 3, (s, pll, (m, £}, _)1).
iy, ladv - (y, locatien), pro - {y, zel, 3, (s, pl), (m, £}, [leocation]), string-y]).

avelr_m_f([possession - [agent - {r, [something), nil),affected - {(r, [somethingl, nll),
beneficiary- (o, [event,person], for)il).
etre_m_f{{state - [affccted - (r, {[something], nil),attribute - (¥, [something;, nil),
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beneficlary~={e, iseatienti,nil} ).
faire = f({lposprocess — ,agent - (v, [event,sentient], ail),

vment - (o, larTifaet,mthingl. avee), beneticiary - (e, lsomethingl, poutd,

result - (r, [event,.pthing,mihingi, nil)i.
physinteraction - [agent - (¥, [person], nily,affected = {7, leventi, nildily.
£ (avoir, (noun-(avoir, s, s, common, count, [pthing, comparison]), verb-(avelr, inl M) 1=

avoizr_m_L{MF).

£ (ai, [verb-(aveir, (pres, iad, 1, s). MF)D) 1= aveoir_m [ (MF).
f{as, [verbd-(avoir, (pres, ind, 2, s), MF)]) :- avolr m_I(MF).

fta, [verb-faveir, (pres., ind, 3, s), MF), stiring-al) :- avoir_m_f(MF).
f{avons, [verb-(avoir, (pres, ind. I, pl), MFY]) :- avoi:_m_f(MF).
f(avez, [verb-laveir, (pres, iad, 2, pl), MF)]) :- avolr m_I(MF}.

f (ont, [verb~{aveir, (pres, ind, 3. pl}, MF), abbrev,

moun - (oatarie, ail, s, proper, mass, [lecation])]) - avelr_m_t(MF).

f(avral, {verb-{aveir, {(fuz, iad, 1, s). MFI]) := avoir a t(MF).
f{auras, [verb-(avolr, {(fut, inad, 2, s), MF)]} - avelr_m_!(MF),
£ (aura, [verb-tavolr, (fut, ind, 3, s}, MF)I} :- avoir_m_f(MF).
f{avrons, [verb=-(avoir, (fut, ind, 1, pl), MF)I) :- awolir_m [(MF).
flaurez, {verb-(aveir, (fuzr, ind, 2, pl), MF){} := avolr = C(MF).
£ (auront, [verb-faveir, (fut, ind, 3, pl), MF)]) :- avelr_m_f{{MF).

f(avals, [verb-{avolir, timp, ind, {(1.2), s), MF)]) := avolr m f(MF).
f{avait, [verb-(avolr, (imp, ind, 3, s), MF})) := avoir_m_{(MF).
f{avions, [verb-{aveir, (imp, ind, 1, pl), MF)]) :- avolr_m f(MF).

£ (aviez, (verb-faveir, (imp, ind, 2, pl), MF1]) :~ avelr_m_f{MF).
ftavaient, [verb-{avoir. (imp, ind, 3, pl), MFI]) :- avolr_m_ D (MF).

f(aurais, [verb-(avoir, (pres. cond, (1,2), s}, MF)]} :- avolr_m_f{MF).
¢ (aurait, [verb-{avolr, (pres, cond, 3, s}, MF)]) :- avolr m_t(MF).
f{aurions. [verb-(avolr, {pres, cond, 1, pl)}, MF})) 3= avolr_m_{(MF),
¢{auriez, [verb-{aveir, (pres, cond, 2, pl), MF)]) :- avolr m f{MF).

¢ (avraient, [verb-tavelr, (pres, cond., 3, pl). MF)]) - avolr_m_f(MF}.

£{ale, [verb-(avoir, (pres, subj, 1, s), MF)]) :- avolr_m_f{MF).

£ (aies, [verb-lavoirz, (pres, subj, 2, s), WF1]) :- avolir_m_t(MF).
f{ait, [verb-(avoir, (pres, subj, 3, s), MF}]} :- aveir_m f(MF).
f(ayions, [verb-laveir. (pres, subj, 1, pl), ME)1) := avolr m_I(MF).
flayicz, [verb~tavoir, (pres, subj, 2. pl), MF)1} :- avolr_m_f{MF).
ftaient, [verb-{avoir, (pres. subj., 3. pl}, MF)]) :- avelr m f(MF}.

f{cu, [verb-(avoir, (past-part, m, s}, MF1]) :- avolz_m_I(MF).
f(cus, lverb-{aveir, (past-part, m, pl)}, MF)]) :- avelr _m_I(MF),
f(cur, [verb-(avoir, (past-part, f, s), MF)]) := avoir_m_f(MF).
f{cues, [verb-(aveir, {(past-part, £, pl), MF)]) :- avolr_m_[(MF).
£ tayant, [verb-(avoir, (pres-part, m, s), MF}]} 3= avolr m I(MF).

£ {&tre, [noun - (&tre, m, s, common, count, [lthingl), verb = {&tre, iaf, MFIj) :-
ctre_m_f(MF).

£(suls, (verb-(dtre, {pres, ind, 1, s), MF}]) :- etre_m_{(MF).
£(es, [verb-(étre, {pres, ind, 2, s), MF)]) := etre_m_I(MF).
fiest, [verb-(étre, (pres, ind, 3, 3), MF)))} :- etre m_[(MF}.
£ (sommes, [verb-{&tre, (pres, ind, 1, pl}, MF),

noun - (scmme, f, pl. common, count, [quantityl)]) == ctre_m_I(MF}.
f(&tes, [verb-(&tre, (pres, ind, 2, pl), MF 1) :- ctre_m_f(MF).
#(sont, [verb-{&tre, (pres, ind, 3, pl), MF)]} :- ctre_m f(MF).

f{serai, (verb-(étre, (fut, ind, 1. 5), MF)]) - etre m _I(MF}.
f(seras, [verb-{dtre, (fut, ind, 2, s5), MF)]) := etre_m_I(MF).
f(sera. [verb-(&tre, (fut, ind, 3, s), MF)]) :- ctre_m_I(MF).
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t[=serons, (verb-~{(oLre,
flzerer, [werb-(étre,
tzeront, lwero=[eilrec,

f{enals, [verb=(iétre, (imp, Ind, (1,2), s5), MF)])} = etre_m I (MF).
fetalit, [verb-tétre, (imp, ind, 2, s5), MF)!l) :- etre_m I(MF).
t{etions, lverb=(étre, (imp, Iind, 1, pl), MF)]) = ctre_m_I(MF).
ttiticz, [verb-tétre, (imp, ind, 2, pl), MF)]) - etre_m_I(¥MF).
(etalent, [verb=(¢tre, {imp, Ind, 3, pl}, MF)1) :- ctre_m_I(MF}.

t(serais, [verb-{étre, (pres, cond, (1,2}, s), MF)]) :- ctre_m_I(MF).
t{seraiz, [verb-(étre, (pres, cond, 3. s}, MF)]) - ctre_m_f(MF).
f{serions, [verb-{étre, (pres, cond, 1, pl}, MF))) = etre_m_I{(MF),.
f{sericz, [verb-(étre, {pres, cond, 2, pl), MF)])} = ctre_m f(MF).

! {scralent, [verb-{étre, (pres, cond, 3, pl), MF})) :- etre_m_I(NMF).
!{sols, [verb-{étre, (pres, subj, (1,2), s}, ME)]) := etre_m_f(MF).
f{soit, [verb={Cire, {(pres, subj, 3, =), MF)]) := eilre_m_I(MF},

! (soyions, [verb={étre, (pres, subj, 1, pl), MF)]) = etre_m_I(MF).

! t{soylez, [wverb=(itre, (pres, subj, 2, pl), MF)]) = etre_m I{(MF).

! (solent, [verb-=(&tre, (pres, subj, 3. pl), MF)]) := ctre_m I{MF).

t{été, [verb-(étre, {(past-part, m, 3), MP),
noun=-(été, m, s, common, count, [time])]) :=- ctre_m_f(MF).
ti¢tant, [verb-(étre, (pres-part, m, s), MF)j) == etre_m_f(MF).

f{taire, [verd - {taire, Inf, MF) )} =&~
falre_m_t(MF).

f(tals, [verb-{faire, (pres. ind, (1.2), s), ME)]) :
fitaisons, [verb=(falre, (pres, ind, 1, pl), MF)}]) &=
ttfaites, [verb-{falre, (past-part. I, pl), MF),
verb-(falre, (pres, ind, 2, pl), MF),
adj - (fait, dese, £, pl, lattribute])]) :=- falre m_f(MF}.
t{tont, [verb-(faire, (pres, ind, 3, pl), MR 1} := falre m f(MF).

ire_m_f(MF).
ire

ta
taire_m_£ (MF).

t(teral, [verb=(faire, (fut, ind, 1, s), MF}]) :- falre_m_f(MF}.
t{teras, [verb-(faire, (fut, ind, 2, s5), MF}]) :~ faire m f(MF).
ti{tera, [verb-(falre, (fuz, ind, 3, s}, MF)]) :- faire m_f(MF).
f({terons, [verb-(faire, (fut, Ind, 1, pl), MF)}) :- faire_m f£(MF).
ti{terez, [verb-(faire, (fuz, ind, 2, pl), MF) 1) :- falre_m_f(MF).
f({teront, [verb~(faire, (fut, ind, 3, pl), MF)]) :- faire_m C(NF).

t{talsals, [verb-{faire, {imp, ind, {1.2), s), MF) ]} :- faire_m £ (MF).
titaisalr, [verb-(falre, (imp, ind, 3, s), MF)]) :- Zaire_m_f(MF).
t(taislons, [verb-(faire, (imp, ind, 1, pl), MF)]) := tairc_m_f(MF).
titalslez, [verb-(talire, (imp, ind, 2, pl), MF)]) := faire_m_f(MF).
titaisalent, [verb-(faire, (imp, ind, 3, pl), MF}]) :=- faire_m_f (MF).

titerals, [verb-(talire, (pres, cond, (1,2}, s}, MF)]) :- faire_m_f(MF).
tiferait, [verb~(faire, (pres, cond, 3, s), MF}]) :- faire_m_f(MF).
titerions, [verb-(faire, (pres, cond, 1, pl), MF)]) :- falre m_f£(MF}.
fiferlez, [verb-(falire, (pres, cond, 2, pl), MF)]) :- faire_m f(MF).
titeraient, [verb-(falre, (pres, cond, 3, pl), MF)]) := falire_m_f(MF).

t(fasse, [verb-(faire, {pres. subj, (1.3), s), MF)]) :- faire = f(MF).
f{fasse, [verb-{faire, (pres., subj, 2, s), MP)]) :~ faire m £{MF) .

f(tassions, [verb-(falre, (pres, subj, 1, pl), MP)]) =~ taire m_£ (MF).
t(fassicz, |verb-(faire. (pres, subj, 2, pl), MF)1) :- faize_m £(MF).
t(fassent, |verb-(faire, (pres, subj, 3, pl), MF)]) :- faire_m_f(MF).

t(falt, {verb-{faire, (pres, ind, 3, s5), MF),
verb=(faire, {(past-part, m, s5), MF),
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iz, desc, =, 5, [latctributel),
aiz, =, =, cemmen, count, [submatterlll) - talze_m _1(MF).
., (past = par:, m, pl), MF),
adj = (falt, dese, m, pl, fattributel),
noun =(faiz, =, pl, common, couni, [submatterl)]) := faive m _I{MF}),
£{faigsant, [verb-(faize, {pres-part, =, 3}, MF)]) :- falre_m_t

aller_= f(imotien = [agent - (7T, [event,person,animall, nil),
inszrument = (o, [artifact,animall. d).source - (o, [lecation], do),
destination — (r, [location], A)Il).

ftaller, [verb - (aller, inf, MF)]1) := aller_m_f(MF).

£ (vais, [verb-(allez, (pres, ind, 1, s), MF}]) :- aller m_f(MF).

£ (vas, [verb-taller, (pres, ind, 2, s), MP)]) :- aller_m f(MF).
f{va, [verb-taller, (pres, ind, 3, s), MP)1) :- aller_m_f(MF).
f(allons, [verb-(aller, (pres, ind, 1, pl}, ME)1) := aller m_L(MF).
f{allez, [verb-{aller, (pres, ind, 2, pl), MF}]) := aller_m _I(MF}.
£ {vont, [verb-(aller, (pres, ind, 3, pl), MF)]) := aller_m_{(MF).

f{irai, [verb=(aller, {fut, ind, 1, s), MF)]) :- aller_m_I{MF).
fi{iras, [(verb-{aller, (fuz, ind, 2, s}, MF}1) = aller_m_{ (MF}.
f{ira, [verb-(aller, {fut, ind, 3, s), MF}]) :- aller_m_[(MF).
f(irons, [verb-(aller, (fut, ind, I, pl), MF)])} :- aller_m t(MF).
fiirez, [verb-(aller, (fut, ind, 2, pl). MF}]) := aller_m_tiMF).
f{iront, [vezrb-{aller, (fut, ind, 3, pl), MF}]} := aller_m_f (MF}.

f{allais, [verb-taller, (imp, ind, (1,2), s), MF)]} :- aller_m_t(MF).
ftallaiz, [verb-(aller, (imp, ind, 3, s), MFI]} :- aller_m L (MF).
f(allions, [verb-{aller, (imp, ind, 1, pl), MF}]) :- aller_m_f(MF}.
ftalliez, [verb-taller, (imp, ind., 2, pl). MF)1} := aller_m_L(MF).
f(allaicnt, [verb-(aller, timp, ind, 3, pl}, MF)]} := aller_m_L(MF).

f{irails, [verb=-(aller, (pres. cond, (1,2}, s}, MF)]) := aller_m_f{MF).
flirait, [verb-{aller, (pres, cond, 3, s), MFI]) := aller_m_C(MF).
f(irions, [verb-{aller, (pres, cond, 1, pl}, MF}i} :- aller m_t(MF).
ftirlez, [verb-{aller, (pres, cond, 2, pl}, MF)]) := aller_m_[I(MF).
ftiralent, [verb-(aller, {pres, cond, 3, pl), MF)1) :- aller_m_ I (MF).

f{aille, [verb-(aller, (pres. subj, (1,3), s), MF}1) :- aller_m_f(MF).
f(ajilles, [verb-{aller, (pres, subj, 2, s}, MF)1} :- aller_m_C(MF).
f(allions, [verb-{aller, {pres, subj, 1, pl), MF)1) :- aller_m_[(MF).
£ (alliez, [verb-{allcr, (pres, subj, 2, pl), MF}]) := aller_m_f(MF).
f(aillent, [verb-(aller, {pres, subj, 3, pli, MF)])} :- aller_m f(MF).

£ (allé, [verb-{aller, (past-part, m, s}, MF)]} :- aller m_f{MF).
ftallant, [verb-{aller, (pres-part, m, 5), MF)]) :- aller_m_[(MF).

modal_m_£ {[volitien - [agent - (r, [person], nil),
affected - {z, [somethingl, nil}ID).

f (vouleirx, [verb - (vouleir, inf, MF)]) :- modal m t(MF).

£ {voux, [verb-(vouloir, (pres, ind, (1,2}, s}, MF}]) :- modal_m_{ (MF).
£ (veut, [verb-{voulelr, (pres, ind, 3, s}, MF)]) :- modal m_f(MF).

f (voulons, [verb-(vouloir, (pres, ind, 1, pl), MF)]) :- modal_m_I{MF).
f(voulez, [verb-{vouloir, (pres, ind, 2, pl), MF)]) :~ modal _m_f(MF).
f{veulent, [verb-(voulolr, (pres., ind, 3, pl}, MFI]} := modal_m [ (MF).

£ (voudrai, [verb-(vouloir, (fur, ind, 1, s), ME)]} :- modal m L(MF).

£ {voudras, [verb-(vouloir, (fur, iand, 2, s}, MF)]) :- modal_m Z{(MF).
f{voudra, [verb~(vouleir, (fut, ind, 3, s}, MF)]) :- modal m_f{MF).

f (voudrons, [verb-{vouloir, (fut, ind, 1, pl), MF)]) :- modal m Z(MF).
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o,

£ (voudrez, [verb—(vaulelr, (fut, ind, 2, pl}, MF)]) := medal = [(MF).
£ (voudront, [verb=(voulolr, (fuz, Ind, 3, 21}, MF)}]) = modal_=_l (M),

Ztvoulals, [verk-(voulecir, (imp, ind, (1,2), 3}, ¥MF)]) :- modal_= I (MF).
f(vourlais, Iverb-(vouleir, (imp, ind, 3, 35), MR 1) := modal_m_f(MF)
f{voulion

15, [vesh-{vouloir, (imp, ind, 1, pl), MF}[) :- modal_m_f(MF).
f(vouliez, [verk-(vouloir, (imp, ind, 2, pl), MF}]) - modal_m I(MF)
f(voulaient, [verb=(vouleliz, (imp, ind, 3, pl}, MF)]} :- modal_m_f(MF).

f{voudrais, [verb-(vouloir, (pres, cond, (1,2), s). MF}]) :=- modal_m_I(MF).
f (voudrair, [verb—{vouloir, (pres, cond, 3, s3), MF)l) :=- modal_m_ I(MF).

£ (voudrions, (verb-i{vouleir, (pres, cend, 1, pl), MF}I) := modal m_t(MF).
ftvoudriez, [verb-(vouloir, (pres, cond, 2, pl}, MF)]} :=- modal_m_I(MF}.

# (voudraient, [verb-{vouloir, (pres, cond, 3, pl), MF)]) :=- modal m_I({MF).

fiveuille, [verb-(vouloir, (pres, subj, (1.3), s), MF11) :- modal_m_f(MF).
f(veuilles, [verb—(vouloir, (pres, subj, 2., s}, MF)]) :- modal_m_I(MF}.
f(voulions, [verb-(vouloir, (pres, subj, 1, pl), MF}]) :- modal m f(MF).
f{voullez, [verb-{voulolr, (pres, subj. 2. pl), MF)]) :- modal_m_f(MF).
ftveuillent, [(verb=-(wvouleir, {pres, subj, 3, pl), MF)]) :- modal m I{MF).

f{voulu, [verb-{vouloir, {(past-part, m. s5), MF)]} :- modal_m_t(MF).
f (voulant, [verb-(vouloir, (pres—-part., m, s}, MF)]) :- modal m I (MF).

f (pouvelr, [verb - (pouveir, intf, MF)]) :- modal_m_ f(MF).

f{peux, [verb-{pouveir, (pres, ind, (1,2), s), MF}]) :- medal_m_f(MF).
£ (puis, ([verb-(pouveir, {pres, ind, 1, s), MF),

adv-{puis, time}]) :- modal_m_f(MF}.
{ (peuz, [verb-(pouvoir, (pres, ind. 3, s), MF)])} :~ modal m_f(MF).
f (pouvons, [verb-(pouvoir, (pres, ind, 1, pl), MFI]) :- modal m_f(MF).
f (pouvez, [verb-{pouvoir, (pres, Ind, 2, pl), MF)]) :- modal m_f{MF).
f ipcuvent, [verb-(pouvolr, (pres, inc. 3. pl). MF)]) :- modal_m_t (MF).

f{pourrai, [verb-(pouvolr, (fut, ind, 1, s). MF)I]) :- modal_m_f(MF).
f (pourras, [verb-(pouvoir, (fut, ind, 2, s), MF}]) := modal_m_2 (MF).
f (pourra, [verb-{pouveir, (fut, ind, 3, s), MF)]) :- modal_m_f({MF).
f (pourrons, serb-{pouveir, {fut, ind, 1, pl), MF}])} :- modal m_f(MF).
f (pourrez, [verb-(pouvoir, (fut, ind, 2, pl), MF)]) :i- modal_m_f(MF).
f({pourront, [verb-{pouvoir, (fut, ind, 3, pl), MF)]) :- modal_m_f(MF).

f {pouvais, [verb-(pouvolr, (imp, ind, (1,2), s), MF)]) :- modal m f(MF).
f (pouvait, [verb-{pouvoir, (imp, ind, 3, s), MF)]) :- modal_m_t(MF).

f (pouvions, [verb-(pouvolr, {imp. ind, 1, pl), MF}]) :- modal_m_f(MF).
f(pouviez, [verb—-(pouveir, (imp, ind, 2, pl), MF)]) :- modal_m_f (MF).

f (pouvaient, [verb-tipouveir, (imp, ind, 3, pl). MF)]) :- modal_m_f{(MF).

f {(pourrais, [verb-(pouvolr, (pres, cond, (1,2), s), MF)}]} :- modal _m [{MF).
f {pourrait, [verb-{pouvoir. (pres, cond, 3, 3), MF)}) :- modal _m_fi{MF).

f (pourrions, [verb-{pouvelr, (pres, cond, 1, pl), MF)]) :- modal_m !(MF}.
t(pourriez, [verb-(pouveir, {pres, cond, 2, pi), MF)])} :- modal m_I(MF).

f (pourraient, [verb-(pouvolr, {(pres, cond, 3, pl), MF)1} := modal _m_f(MF).

f(puisse, {verb-{pouvoir, (pres, subj, (1,3), s}, MF)]) :- modal m f(MF).
f (puisses, [verb-(pouveir, (pres, subl, 2, s), MF)|) :- modal _m L(MF).

f(puissions, [verb-(pouvolir, (pres, subj, 1, pl}, MF}]) :- modal _r f(MF).
f {puissiez, [verb-{pouvolir, (pres, subj, 2, pl}, ME)]) :- modal_m_f(MF}.
f (puissent, [verb=-{pouvely., (pres, subj, 3, pl), MF)]) :- modal m [ (MF).

f(pu, |verb-(pouveir, (past-part, m, 3}, MF)]} :~ modal m_{(MF).
£ {pouvant, [verb-{pouvoir, (pres-part, m, s3), MF}]) :- modal_m_f(MF).
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f(savelr, iverb - (savelr, inI, MF}]) = mocal_=_I(MF).

t{sais, l[verb=(savelr, (pres, Iind, (1,2}, 5}, MF) D) 1= modal m I(MF).
t{zalr, [verb-(savelir, (pres, ind, 3, 2), MF)) = modal_m_I(MF).
z{savons, [verb-(savelr, (ores, ind, 1, pl}, MF)]} :=- modal_= I(MF).
t{savez, [verb-({savoir, (pres, Iind, 2, 2l}), MP)]) = modal _m [(MF).

! {savent, [verb-(saveoir, (pres, ind, 3, pl), MA)]) :=- modal m f(MFT}).
f{saurai, [verb=-(saveir, (fut, ind, 1, 5}, MF){} :~ modal = f(MF).
f{sauras, [verb—(savolr, (Ivt, ind, 2, %), MF}]) - medal_m_I(MF).

t (saura, lverb-(savoir, (fui, ind, 3, s5), MF)]) :- modal m f{MF).
t{saurons, [verb-(savolr, {(fut, ind, 1, pl), MF}]) := modal_m [(MF).
t (saurez, [verb=(zavoir, (fut, ind, 2, pl,, MF}]) :- modal_m_ £ (MF).

{ (sauront, [verb—(savolr, {fur, ind, 3, pl), MF)]) := modal I(MF) .

ftsaurals, [verb-(saveir, (lmp, ind, (1.2), s}, MF)]} :=- modal_m_I(MF}.
f (savralt, fverb-(saveoir, {(imp, ind, 3, s8), MF}]) := modal m_ S(MF).

t (saurlons, ([verb-(savoir, (imp, ind, 1, pl), MF}]) := modal m L(MF).
f{sauriez, [verb-(savoir, {imp, ind, 2, pl), MF)]) :- modal_m_{(MF).
f{sauralent, [verb-(savolir. (imp, ind, 3, pl), MF)]}) - modal _m_ f(MF).

t{zaurais, {verb-{savelr, (pres, cond, (1,2), s), MFI]) :=- modal_m_f{(MF).
t tsauralt, [verb-{savelr, (pres, cond, 3, s), MF)]} :- modal_m f(MF).
tisaurions, [verb—(savolr, (pres, cond, 1, pl), MF)]} :- modal_m_£(MF).
tisaurlez, [verb-(savolr, (pres, cond, 2, pl), MF) ]} :- medal_m_f(MF).
t{souralent, lverb-(saveir, (pres, cond, 3, pl). MF}|} :- modal_m_I(MF).

{ {sache, [verb-{savelr, (pres, subj, (1,3}, s}, MF)]} :- modal_m_f(MF).
t {saches, [verb-(saveir, (pres, subi. 2. s}, MF}]) :- modal_m_f{MF).
t(zachlons, [verb-(savelr, (pres, subj, 1, pl}, MF)]} :- modal_m f(MF).
t{sachlez, [verb-(savolr, (pres, subj, 2, pl), MF)]) :- modal_m_f(MF).
t {sachent, [verb-(savolr, (pres, subj, 3, pl), MF)]) :- modal_m_f(w).

fisu, [verb~{savolr, (past-part, m, s), MF)]) :- modal _m_ f(MF).
t {sachant, [verb-{savolr, (pres-part, m, s), MF}1l) :- modal_m_f{MF).
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The following example illustrates how entries for verbs may contain individual frames

for the individual meanings of verbs. For example, “servir™ has three meanings and therefore
requires three frames.

to scrve something 1o someone (meaning = transfer)
[agent - (r, (human], ail),
instrument - {0, [artifact], avec),
beneficiary - (r, [person], 3),
affected - (v, [antifact], nil)]

10 serve someonc (meaning = assistance)
[agent - (r, [person], nil),
affected - (r, [person), nil)]

10 serve as somcething (meaning = occupation)
[affected - {r, [something], nil),
attribute - (r, [something], comme)]

~/

f(scrvir, [verd =(servir, int,
{transter -
[agent = (r, [(human}, nil),
instrument - (o, [artifact], avec),
beneficiary - (r, ([personl, 4),
affected - (r, [artifact}, nil)],
assistance -
[agent - (r, [person], all),
affected - (r, [person], nil})].
occupation -
faffected - (¥, (somethingl. nil).
attribute - (r, [something)], comme)ll)]).
f {remercier, [verb - (remercler, inf, [mentintecraction - [agent - {r, ([persen], nll),
atfected - (r, (person], nil))lD)i).
f{lettre, [noun - (lettre, f, s, common, count, [noaselfmoving, submatterl])l]).
f {heureux, [adj - (heureux, desc, =, (s, pl), [attributej}])).
f (complet, [adj ~ {complet, desc, m, s, [attribute])l).
f(bel, [ad] - (bel, desc, m, s. lattributel)]).
ftlong, [ad] - (long, desec, m, s, [attribute])]).
f (joint, [noun - (joint, m, s, common, count, ([ttrelatien]),
verb - {jolindre, (past - part, m, s), lcontact -
lagent - {r, {posprocess,structure,sentient], nil),
instrument - (o, {artifact], par),
affected - {r, [pthing, mthing], nll),
destination - (r., [mthing,pthing]l, 1N D).
f (joindre, [verb - (joindre, inf, [contact -
lagent - (r, [posprocess,structure,sentient], nlil),
instrument - (o, [artifact}, par).
affected - (r, [pthing, mthing], nil),
destination - (¥, [mthing,pthing), a}11)}1).
f (janvier, [noun - (janvier, m, s, proper, count, [time])]).
f (pléce, [noun - (pléce, £, s, common, count, [pspace,unit,nonselimoving])]).
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{monsleur, [noun = {monsicur, =, 5, preper, ccunt, [humanl)il.

v
¢ {madama, [noun - (madame, I, 5, proper, count, fraze,human])i).
? {acdresser, [verd - (adresser, inf,

ltransfer - lagent - (¥, [person], =nil), bencficiary - (r, [sentient],al,

Instrument - (o, [(artifact], dans), affected - (r, [arzifaet), nll),
source - (9, [pspace], de), destination-(e, [pspacel.d)],
mentinteraction - [agent - (r, [person,artifact], nil},beneficiary - (r, Iperseni, all),
affected={o, [mthing, fthingl,nil}]l)]).
! tadresse, [verb = (adresser, {pres, (iagd, subf), (1, 3). s),
transfer = [agent = {z, [person], nil), beneficlary - (z, [sentlient],d),
instrument - (o, [artifact], dans), affected - (r, lartifact], nily,
source - (o, [pspace], de), cdestlnation—{o, [pspace].,d) ],
mentinteraction ~ [ageat — (r, [person, artifacti, ail),beneficiary - (z, [perseoni. nily,
affocted-(r, Imthing, fthingl,.nil))]).
noun-(adresse, {, 3, common, count, [pspace, namel)]). |
f {documentation, [noua - (documentation, £, s, common, mass, lartifact])]).
¢ {demander, [verd - (demander, inf, [mentinteraction - [agent - (r, [persenl, nil),
instrument - (¢, lartifact], nil},affected - (r, [pecrseon], &}11}1).
f {(parcourir, [verb = (parcourir, inf,
[mentinteraction - f[agent ~ {z, f[human], nil),affected - (r, [artifaect}, nil)l,
selfdisplacement ~ [agent - (r, [person,sclfmovingl, nil),source - (o, [pspace]l, nil),
destination - (r, [location]. &})11) D).
t {dépliant, [noun - (dépliant, m, s, common, count, [artifact]),verdb - (déplier,
{pres - part, m, s), [process - [agent - (r, [person], nil),
instrument - (o, [artifact], avee).,affected - (r, [artifacti, nil}IDNI).
t (déplier, [verb - {déplier, (pres - part, m, pl), [process - [agent = (r., [person], nil),
instrument - (o, lartifact], avec).affected - (r, [artifact]., nildIDI D).
t {constater, [verb - {(constater, inf, [mentintecraction - [agent - (r, [person]. nil),
instrument - (o, [artifact], nil),affected = (r, [mthingl, ail)ID)]).
{{fabriquer, [verb - (fabriquer, inf, [posprocess - [agent - (r, [sentlent], nil).
instrument - (o, [nlthing], avec).beneficiazry - (o, [sentient], pour),
result = (r, [artifact.mthing], ail)I) ).
t {(gamme, [noun - (gamme, f, 3, common, mass, [structure])l).
f {biblicthdque, {noun - (bibliothéque, £, s, common, count, [artifact,pspace,groupl)il.
f {rayonnage, [noun - (rayonnage, m, s, commen, count, lartifaect])l).
t (chose, Inoun - {chose, f, s, common, count, _)}).
! (document, [nown - {document, m, s, common, count, lartifact])l}).
titaclile, [ad) ~ (facile, desc, (m, f£), s, [qualityl)l}.
t (cholsir, [verb - (choisir, inf, [mentinteraction - lagen:t - (r, [person,animal]l, nil),
instrument - (o, [artifact,motion], avee),.bencficlary - (o, {person,causel]l, pour),
atfected = (r, lsomethingl, nil}1l) ).
¢ (modéle, [noun = (moddéle, m, s, common, count, [artifact,structurc,human])]).
t({fonction, {noun - (fonection, f, s, common, count, [occupation,relationl])i).
t {(besoln, [noun - (besoin, m, s, common, count, [condition,fthingl)l).
t(illustrer, [verb - (illustrer, inf, [activity - [agent - (r, [nstate,mihing,pthing]., nil)},
instrument ~ (o, fartifact], par),beneficiary - (o, [sentient], pour).
affected - (r, [somethingl, nil)]1l} D).
f(livrable, {adj - (livrable, desc, (m, £), s, [gqualityllD).
t (délal, [noun - (délai, m, s, common, count, [time])]).
f {jour, [noun - (Jjour, m, =, common, count, [timel)]).
t (assurer, [verk - (assurcr, inf, [physinteraction - [agent - (r., [person], nil),
instrument - (o, [artifact], par),beneficliary - (o, [sentient,nstate], &),
affeeted = (v, [something]. nil)lD)]1}.
t {transport, [noun - (Transport, m, s, common, mass, [transfer]il]).
f{installation, [noun - {installation, f, s, common, count,
{posprocess,transfer, stationaryll]).
{ {mcsure, [noun - (mesure, f, s, common, count, [mecasurement])}]).
f (garantir, [verd - (garantir, inf, [mentinteraction - lagent - (r, [person], nil),
instrument - (o, lartifact], par).beneficliary - (o, [person]l, &),
affected - {(r, [event,mthingl, ail}ID1).
f(entier, [adj - (entier, desc, m, s, lderivaticnl)]).
t(satisfaction, [noun - (satisfaction, £, s, common, mass, [quallitylil).
f (prier, [verd ~ (prier, inf, [mentinteraction - [agent - (r, [person], nil),
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atfected — {r, {person], nildlhID).

ftagréerT, [verd - tagréer, inf, [mentinteraction - lagent - (r, [persceni. nill.

beneflciary - (o, [perscn], pourT),affected - (r, [something!, nily1lyid.
f{expression, [noun - (expression, ¢, 5, com=on, count, [submatter.artifactlily,
f (sentiment, [noun - (seatiment, m, s, common, count, [fthingl)l).

? {dévouer, [verd - {(dévouer, inZ, [mentinteraction - [agent - ({r, [person]l. nily,
beneficiary - (o, [somethingl, &),affected = (z, [persen], nil}IDI D).

f(espoir, [noun - (espolir, m, s, common, count, [submatteri)]).

¢ {(prochainesent, [adv - {prochainement, timel ).

f{ardec, [noun - {arzdec, =, s, preper, <ount, [namell) ).

f (incorporer, [verd - (incorporer, inf, [posprocess - [agent - (r, [person]. nil).
instrument - (o, [aztifact], avec),alffected - {z, [groupl, nril}ID} D).

f {meuble, [noun - (meuble, m, 3, common, count, [nonselfmovingl)l).

¢ (bureay, [noun - (bureau, @, 3, common, count, [group,nonsclimovinglll).

f (avenue, [noun ~ (avenue, £, s, common, count, [locatien])i}).

f(christophe, (noun - (christophe, m, s, proper, count, [namel)]).

f {colomb, [noun - (colemb, m, s, proper, couni, [name,.bizdl)1).

¢ (montréal, [noun - (montréal, m, s, proper, mass, [name,lecation])l).

4 (véférence, [noun -~ (référence, f, s, commeon, count, [ttreclation])l).

£ (lundi, [noun - (lundi, m, s, proper, count, [timeld)]).

t (recommander, [verb - (recommender, inf, [mentinteraction - [agent - (r, [human], nil),
bencficlary - (r, [person], d),affected - (r, [mthing,cvent], nil}1D),
verb -(recommander, inf, [posprocess - [agent - (r, [persenl, nll),
affected - (r, fartifaczl, nilyIDID).

f (scpiembre, [noun -~ (septembre, m, s, common, count, (time]}l).

f{lavallée, [noun - (lavallée, £, s, proper, count, [name,human])l).

f(fils, [noun - (fils, m, (s, pl), common, count, [person,ttrelatien])]).

f(rue, [noun - (rue, £, s, common, count, [locatienl}l).

£ {école, [noun - (école, £, s, common, count, [location,grouplli).

fisalnt, [ad} - (saint, dese, m, s, [attribute}]),
noun ~ (saint, m, s, common, count, [human])]).

f{jérdme, [noun - (jérdéme, m, s, proper, count, thuman]il).

f {québec, [noun = (québec, m, s, proper, mass, [locatlenl)]).

f{attention, [noun - (attention, f, s, common, mass, (mentinteractionl)]).

f (dupré, [noun - {dupré, m, s, proper, count, [persenl])]).

f (objet, [noun - {objet, m, s, common, count, [pthingl)]}.

ficher, [ad} - icher, desc, m, s, latrributel)l]).

f(directeur, [noun - (directeur, m, s, common, count, [occupation,human]lil).

f (commercial, [ad] - (commercial, desc, m, s, lattributel}]}.

f (jean, [noun - (jean, =, s, proper, count, [human,name])}).

f{lavole, [noun - (lavole, m, s. proper, count, [human,namel}]).

f{légaré, [noun - (légaréd, m, s, proper, count, [name,human])i}.

£(14, [adv - (13, location)l}).

f(limiter, [verb - {limiter, inf, [mentinteraction =~ lagent ~ (r, [human,event], nil),
affected - (r, [human,event], nil)),physinteraction - lagent - (r, fartlifact], nll),
affected - (r, lartifact,ecvent], nil),result - {o. levent,pspace,ptime]l, M) 1111},

f (compagnie, {noun - {(compagnie, £, s, common, count, [accompaniment,groupl)l}.

f{inc, [abbrev,verd - (incorporer, (past - part, m, 3), [posprocess -
{agent - (r, [person]}, nil),
instrument - (o, [artifact], avec),affected - (r, [groupl, nil)]1i]).

£ (av, [abbrev,noun - (avenue, f, s, common, count, [location])]).

£ (qué, labbrev,noun - {(québec, m, s, proper, mass, [location])]).

£(ltéde, [abbrev,verdb - (limiter, (past - part, £, s), [mentinteraction - [
agent - (r, [human,event], nil),affected - (r, [human,event], nil) ],
physinteraction - [agent - (¥, [artifact], nil),affected - (r. lartifact,event], all),
result - to, [event,pspace,ptime]l, )11 D).

f({cie, [abbrev,noun - (compagnie, I, s, common, count, [accompaniment,qroupllll}.

f(réf, [abbrev,noun - (référence, £, s, common, count, [ttrelation}l}l).

f (bonjour, [interjection - bonjourl).

£ (chemin, {noun = {chemin, m, s, common, count, [pspace,distance])]).

f£(st, [abbrev,ad] - (saint, desc, m, s, [attribute]),
noun - (saint, m, s, c¢ommon, count, [human])]).

f (milton, [noun - (milton, (m, f£). s. proper, count, [namel)]}.
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s (paul, [noun — {pasl. =, 5, proper. count. {rameid) ).
¢ (messleurs, [noun - (messleurs, =, pl, proper, count, | rson,namc]y ).

¢ {mesdames, [noun - {mescames, I, pl, proper, count, [person, name]} ).

¢ {ami, [noun - (ami, =, 5, common, count, [persoa,trrelation])]).

{marie, [noun = (marie, £, 5, proper, couni, {name,person])l) .

trableau, [aoun = {tableau, =, 3, COEROS, count, [s::uc:u:c.a::i:aczl)l).

(livre, lnoun = (livre, m, s, common, count, lartifactiiDD.

f (copie, [noun - (cople, I, 5, common, count, [aztifact,tirelatienl}]l}.

f (chant, [noun - {chani, m, 5, COm=OL, count, [submatter]),verd - (chanter, ing,
[physinteraction - [ageat = (I, Ipersonl, nil).,affected - (o, fsubmaster], nil),
iaztrument - (o, [artifact], avee) ,benefictary = (o, iperson,groupi. )11,

¢ {chanter, [verd - (chanter, inf,

{physinteraction - fagent - (I, tperson], nill,alZected = (o, [stbmazzer], nlil),
instrument - (o, lartifaect], avec),beneliciary = (e, {person.grToup]., A1),

¢ (plus, ladv - (plus, negatlon)]).

f (malntenant, [verb - (maintenir, (pres = part. &, s)., [posprocess =
[agent = (I, {eveat,person], nil),iastrument = (o, fartifacti, avec),
beneticlary - (o, [person.event], a).affected - (r, {somethingl, ail)ll).
adv = (malntenant, time)]).

f{polnt, noun - (point, m, s, common, count, [pspace.ptime,condition]),
adv - (point, ncgatlon)ll.

f (jamals, [adv - (jamals, negation) ).

f (quére, [adv - lguére, negation)]).

t{ricn, [noun - {(rien, m, s, common, mass, {unit}),adv -~ (zien. negatien).
pro - (rien, indet, 3, s, m [unizl)]).

t{volr, [verb - (volr, inf. [physinteraction - [agent - (X, {human,anrimal, person]. aill.
instrument — (o, [artifact], avec),affected - (o, [pthing], nil}l.
mentinteraction - lagent - (r, [person], ail).affected - (o, {mthingl., ailylliD).

t (peraonne, [noun - (personne, {, s, common, count, [personl),adv - (personnc, negation)]).

t técrire, [verb - técrire, int, {physinteraction - [agent - (I, [persen], nil).
instrument - (o, [artlifact], avee) , beneficiary = (o, [persen], a.
atfoected - {o. |submatter,nonsclfmoving], si)IND.

¢ (écrit, [noun - {écrit, m, s, commen, count, l[artifactl).,
verb - {¢écrire, (pres, ind, 3, s), [physinteraction -~ fagent = (r, [persen], nily,
instrument - (o, lartifaet], avee) ,beneficlary - (o, [persenl], a),
affected - (o, [submatter,nonselfmovingl, nll)lll,
verb - {¢écrire, (past-part, m, s), |physinteractica - lagent - (I, [person], nil).
tnstrument - (o, [artlfact], avec) . beneficlary - (o, [person], aj,
atfeeted - (0, [submatter,nonsclfmovingl, aillilil).

tidire, [verb = (dire, inf, [physinteraction = lagent = (r, [personl]l, nil).
instrument - (o, [artitfact], avec)  bencficlary = (o, [person.animal.pthing). a).,
affected - (r, [mthingl, i) D).

t (dit, [verd - (dire, (pres, ind, 3, s). Iphysinteraction ~ [agent - (I, [personl, nll).
instrument - {o, lartifaet}, avec),bencficiary - (o, [person,animal.pthing]l, &),
aftfected - (r, [mthingl, nil) 1),
verb - (dire, (past-part, m, s), [physinteraction - lagent - (2. [persen], ail),
instrument - (o, fartifact], avec),beneficiary = (o, ([person, animal,pthingl, &),
affected - (r, [mthing}l, nil)ll).
noun ~ {(dit, m, s, common, mass, [submatterl)l).

tiinviter, [verb - {inviter, lInf, [mentinteraction - [agent - (T, {event, person], nil),
affeetod - {r. [person,submatter), nil)1)]).

¢ (an, lnoun - (an, m, 3, common, count, (timelll}.

f (aucun, [adj - (aucun, indef, m, s, [quantity]),adv - (aucun, negation) ]).

f (homme, [noun - (homme, m, S, <¢ommon, count, [person, pspacel) ]) .

t {chez, [prep = chezl).

f({cc, [string-ccl}).

t (jeanne, (noun - {jeannc, I, s, proper, count, [person,namel) ]} .

¢ {untel, [noun - (untel, m, s, proper, count, [person,namel)]) .

f {recevoir, (verd - (recevolr, inf, [physinteraction - {agenT - (I, [persen], nll),
affected - (r, lanimal,plant,natobject,energy. reifact), nil),
source - (o, [pspace,person], de)l,
mentinteraction - {agent - (T, levent, person], nil),affected - (zr, [mthingl. aily,
source - (o, [event], de)ID]).

XYY
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f(iuln, incun = (3uin, m, s, proper, count, [time,namel) ).
f{devenir, [verd = (devenir, ing,
state = [affected - (r, [persca.event,mthing,artifact], ally,
attribute - (r, [something], nil}],
posprocess - {affected - (T, [person,event,mtihing,artifact], naily,
result - (r, [sozething], a2il)1DID).
¢ (base, [noun - (base, f, s, common, count, (pspace,noaseclimovingllll.
f (payer, [verd - (paver, inf, [transfer - [agent - (r, [person], nil),instrument -

e T ke

(o,
larzifact], nil),.beneficlary — (o, [personl, &),affected - (o, [unit.,artifact]l. nililidly.
f{cravail, [noun - (travall, =, =, common, count, [posprocess,occupation])]).
f(tlire, [vexd = (lire, inf, [meatlnteraction - lagent - {r, [personl, nlly,

instrument - (o, [artifact]., avec).,aflected - (o, [submatter,construct,artifact],
iy,
f(vicror, [noun ~ (victor, m, s, proper, couni, [name.person])ll.
ftloewen, [noun - (locwen, m, s, proper, count, [name,personllil|).
f {navan, [noun - (navan, m, s, proper, count, [pspace,location,namel) ).
? (vraduction, [noun - (traduction, 4. s, common, count, [posproccss,mentinteractionlily.
f {automatique, [ad) - (automatique, desc, (m, f), s, [attributel)ll.
f{ontario, [noun - {ontario, nil, s, proper, mass, [locationl})l]}.
f(patient, [ad) -~ (patient, desc, =, s, [human,quallityl).noun - (patlent, m, 5, common, count,
(humani) ) .
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eithank, [verb=(thank, in?, [mentinteraction=lagent=(r, [person],nil),affcctec=-

{r.[sentlient],nil),beneficliary-(o, [event,person], fex)ll)]).

ofletter, (noun—-{letter,nil, s, common, count, [nonsel fmoving, submnatterl)l).

e {address, {noun-taddress,nil, s, common, count, [pspace, nane]),
verb-{agdress, inf, [mentinteraction-lagent-(r, [perseon),. nil),
peneflclary=-t(z, [person],. nil),affected-{o, {mthing, f2hingl,nil) ],

transfer=-lagent-({r, {person],nil),beneficliazy-(r, [sentient],zo),

instrument-(o, [artifact],in),affected-(r, [artifact],nil),source=- (o, [pspace], from),
destination-to, {pspacel,.tol!])]).

ot{your, [adj-tyour,.poss.nil, {(s,pl), [ttzelation]) ).

cthappy, [adj=- (happy,.dese, nil, (s,pl), [atzributel) ).

e (be, [verb=(be, in?, [state-[bencficiary=-{o, [person,event], for},
atfected-(r, [somethingl),nil) , attribute=(r, [somezhingl,nil) I D).

¢ tsend, [verb-tsend, in?, {transfer-[agent-(r, [person],nil), instrument-(o, (artifact|,in),
beneficiary-(r, [sentient],to) ,affected-(r, [aztifact), . nil), source-(o, [pPspace], from),
dest ination-(o, [pspacel,. o)1l ]).

e {documentat ion, [noun~-{docurentation,nil, s, common, mass, [nenselfmoving, submatters]} ).

«(document, [noun =-(document,nil, s, common, count, [artifactl]l)]}).

~{one, [ad}-(one,cardinal,nil, s, [quantity]l), noun-(onec,nil, s, common, count, [measurement]il) .

~(a, ladj-{a, indef, nil, s, [quantity],string=-a),art-(a,indef, nil,s) ).

e(us, [pro=(us, refl, 1, pl, {m, £), [personl)]) .

(1, [pro=(*1*,pers, 1, s, (m, ), [humanl) ).

e (you, |pro-{you,pers, 2, (s.pl). (m. I}, [person]),pro-(you, refl, 2, {s,pl), (m, L), [personl]) ).

elyoursel!t, [pro-(yourself, intens, 2, (s.pl), (m, £), [person]} ]).

¢ [we, [pro=-(we, pers, 1, pl, (m, 1), [person]} ).

o(me, [pro=-(me, refl,l,s, (m, £}, [person]) ).

o(myscl?, {pro-(myselt, refl,1,s, (m, £}, [poersonll)).

cithe, [art=~(the,del, nil, s, pl}]).

© (request, [noun-(request,nll, s, common, count, [submatter]), verb-{request, inf,
Imentinteraction~[agent-(z, [person],nil) ., instrument- (o, [artifact],with),
affected-(r, [personl. nil} 1N D).

« (and, [conj={and,coord) }).

of(in, lprep-in)).

¢ (by. [prep-dbyl).

o(whlile, [prep-while]}.

cthave, {verb-thave, inf, [possession-[agent-{r, [somethingl,nil),
aftected-(r, [something]),nil),beneficlary=-(o, [event,.persoal.fox) i) ).

c¢ihe, [pro-the,pers, 3,5, (m, £). [person]) ).

etit, [pro-(it,rel, 3,5, tm, ), I 1) .

c(three, [adj-(three, cardinal, nil, pl, [quantity]) ).

c(make, [verb- (make, int, [posprocess-[agent=(r, [Ccvent, lthingl,nil), instrument~

{o, l[artifact},with),
beneficlary-(o, [person,event], for),result-(r, fartifact],nil), source-

(o, [nlthingl.frem)]1)1).

c{do, [verb-(de, int, [posprocess—-[agent-(r, {person].nil), instrument-(o, faztifact],with),
beneficiary-(o, [person], for),affected=-(r, (event],nil) )]} ]).

c{much, [ad}~ (much, indef,nil,pl, [(quantity]), noun-(much, nil, {s,pl),common,mass, [measuremencl)y,
adv-(much, quantity)]).

¢ (many, [adj=(many, indef, nil, (s,pl}, [quantity)),noun-({many, nil,pl,common,mass, [quanzityl).
pro-(many, indef, 3, (s,pl}, (m, £}, [personl)l).

el(their, [adi-(thelr,poss, nil, (s, pl), [ttrelation]} ).

o (them, [pre-(them, rel, 3,pl, (m, ), [person,animall ), pro-(them, refl, 3, pl, (o, ), lhuman]) ).

e (they, [pro-{they, pers, 3,pl. (m, £), Iperson] ) ]).

citive, [adj=(five, cardinal,nil,pl, [quantity)i ). .

e(to, [prep-to]}.
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c{sir, [aoun—-(sir,nil,s,proper,count, [human]} ).

c(mz, inoun={mr,nil,s,proper,count, [humanjiil.

¢ (manufacture, [verb-(manufacture, inf, [posprocess-lagent~(z, [personl,ail),
instrument-(o, [aTtifacz],with) ,bencficiary-(o, {cvent, lthingl, for), resull-

({r,(aztifacz],nil),
source={o, {althingl, frem) 1) ).

c{range, [noun=(range,nil, s, common,count, {serlies)) ).

c{complete, [adj~icomplete,desc, nil, (s,pl), [atiribute]l),verb=(complete, inl, [posprocess-lagent -

(r. [person],nil),
beneficlary-(o, [person,cvent], for),alfected=(r, [attifaci] . aild )it ).

c{library, [noun~({library,.nil,s,common, count, fartifact,pspacei)]).

c(shelving, [noun-({shelving,nil,s,common, mass, (artifact]),verb-{shelve, inf, [posprocess-
{agent={r, [human},nil),bencficiary-tlo, [person), for),affected-

(r, [noaselfmoving, arzifact].nil}ild) 1},

e (note, [noun-({note, nil,s,common,count, [artifact, submatter]),verb-(note, int,
[mentinteraction-lagent-(zr, [human],nil),affected—(r, [mthing,event],nil},
source-(o, {artifact],.from) )]} 1),

ci{therefore, [conj=(therefore,sub)]).

c(casy, ladi-(easy,.dese, all, (s.pl), fqualityl) ).

e {choose, [verb-{choose, inf, [mentinteraction-fagent—-{r, [person,animalj, nil),
instrument-(o, [artifact,motion],with) , bencficlary=-(o, [person,.cause], tor},atlected-

r, {something].nil),
source~(o, [submatter],from)jili ).

¢ (rmodel, [adi- tmodel,dese, nil, (s, pl), lquality]l) . noun-

{model, nil, s, common, count. [person, structure,artifact]),
verb- (model, in?, [occupation-agent~-{r, [human],.nil),beneficiary- (o, [personj, tor),
affected-{r, [submatter, artifact], nil) ]l ]},

e{function, [noun-(function,nil, s, common, count, {relatlion,occupation]),verb=(tunction,
inf, [nstate-[agent~{r, [artifact, submatter],nil), beneficiary-(o, levent,personl.ton) 1)),

e{nced, [noun-(necd, nil, s, common, count, [condition, fthirgl), verb=(need, int,
{emotinteraction-[agent~(r, [person,animall,nil),affected-(r, [somethingl,nll),
bencficiary-(o, [event,person],.for) 1l ]).

c{all, [adj-(all,irndef, nil,pl, [quantityl}l).

c{illustrate, [verb-({illustrate, inf, [posprocess~[agent-{r, |[person,event, artifact],.nil),
peneficlary-(o, [person,cause], for),aftected-{r, [somethingl,nil} 11} 1) .

c(deliverable, [adi-tdeliverable,.desc,nil, (s,pl), iqualityl)]}.

c(period, [noun=({period, nil, s, common, count, [durationl) ).

c tday, [noun-(day, nil, s, commen, count, [time]) 1) .

e (cight, ladj-{eight,cardinal, nil,pl, [quantityl)]).

e({assure, [verb-(assure, inf, {mentinteraction-(agent-(r, [person],nll),
beneficlary-to, [person,event], for) ,affected—-(r, [Submatter,cvent], all) ]} ).

¢ (measure, [noun-(measure,nil, s, common, count, [measurement]),
verb- (measure, inf, [physinteraction-lagent-{(r, (human].nll},
instrument-{o, [artifact],with),affected=(r, [pthingl,nll), source-to, [pzpace],trom),
destination-(o, [pspace]l.to)ll} ).

e(that, [conj~(that, sub),pro-(that,rel, 2, pl, (m, L), _2}1).

o {provide, [verb={provide, inf, [physinteraction-lagent-(r, [persen],.nil),
instrument-(o, [artifact].par),bencficiary-(o, [sentient, natate], d),allected-

v, [somethingl.nil) 1]} ).

e (transportation, [noun-(transportation,nil, s, common,mass, [Lranster})]l.

e(installation, [noun~-(installation,nil, s, common, count, |[posprocess,tranzler, statlonaryli ).

cteven, [adv-(even,affirmation)]}).

¢ {same, [adi- (same, indef, (m, £}, s, [attribute]l}]).

e (here, [adv-(here, location) ).

e{there, [adv-(there, location) ]).

e({sarisfaction, [noun—-(satisfaction,nil, (s,pl),common,mass, [quality,pemozion]) ).

c(entire, [adi-tentire,desc, nil, (s,pl), [derivation, attribute]l) ).

e (hope, [noun-(hope, ail, s, common, count, [fthing, submatter]),
verb-{hope,inf, Imentinteraction-lagent-(r, [person, lanimall,nil},
atffected=-(r, [event,mthingl,for}il}l}.

e (serve, [verb-(serve, iaf, [transfer-[agent~(r, [human],.nll), Instrument=(o, [artifact], avec),
beneficiary-(r, [person],d),affected-(r, lartifact),nil) ], as5istance~[agent-

(z. [person).nil),
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fected-(y,
attribyte-(r, (somethingl,comme) (1)),

o (zoon, [adv=(20on,time) ) .
tinvite, [voerb={invice, inf, [mentin.
allected-(r, [perzon]l.nil) i) D).

at

eractlon=-jagent-(r, |

ipersen],.nil)i,cccupation—[(alfected- (o, [somethingi,nil),

rson].nily,

e {accept, (verb-{accept, inf, [mentinteraction=-|agent=(r, [person],nlil),
bene!f lciary-to. [personl,pour),affccted-(r, [somethingl,nil) I ).

o {devore, [verb-({devote, (n?f, [mentinteraction

beneliciary=-(o, [somethlngl.d) affected=-(r, [person

e {expression, {noun - {expression, nil, s, common, count,
[fehing]) ).
[errelation]) ).

c{!rcling, [noun -
c{our, [adj - {our,

(feeiing, nll, s, common, count,
poss, nil, s, ply,
ci{go, [verb - {(go, inf, [seclidisplacement = [agent -
nil),instrument - (o, [artlfaez]l, in},source - (o,
[pspace], to)].mentinteraction - [agent -
for},alfected - {r, [artifact], through) ]Il D).
c{folder, [noun - (folder, nil, s, common, count,
e {attach, [verb -(attach, inf, [contact -lagent -
instrument - (o, [artifact], par), affected - (r,
destination - [mthing,pthing], &)1 D).
v{ardec, [noun - {ardec, nll, s, proper, count,
e{incorporate, [verb - {incorporaze, infg,
{n, lartifaect], with),affected -
e(turniture, [noun = {(furniture, nil,
eloftice, [noun - (office, nlil, =, common,
e {avenue, [noun - (avenue, nll, s, common,
e{christophe, [noun - (christophe, nil, s,
c(colomb, [noun - (colomb, nil, s, proper,
e(montreal, [noun - (montreal, nil, s, proper,
elson, [noun -~ (son, nil, common, count,
e(limit, [noun = (limit, nall, s, common, count,
verb - (limit, Inf, [pentinteraction =
atfected {r, {human,event], nil}],
physinteraction - [agent - (r, [artifact],
result - {o, [event,pspace,ptime], nilyIn D).
vi{reference, [noun - (reference, nil, s, common,
¢ {company, [noun - (company, nll, s, common, count,
othello, linterjection - hellold.
c{recommend, [verb - (recommend, inf,

-
-

-
-
.

[ar
(c

-
-

count,
count,
proper.,
count,
mass,

s,

[agent =

PRI

T

[pspacel,
[person], nil),.bencficiary - (o,

3

nil},affected -

count,
[group, accompaniment)) ) .

[mentinteraction - [ageat - (r,

-lagent={r, [person],.nil),

-il

i n.
{submatter]}]).

{human, animal, selfmovingl,
from),destination = (o,
{person].

actll ).
DOSProcess, sTructure, sentient],
{pthing,mthing], nil),

b4
{ aill)

[name]) ]).
[posprocess -
[gzoupl. ail)lld} ).
{s, pl), common, mass,
[location,group, occupationl]l]).
[pspace,name]) ).

count,
[name, humanl) 1) .
{name, pspacell ).
[person,ttrelation])]).
Ipspace,primel),

-
-e

[agent = (r, {personl, nil),instrume

[nonselfmovingl)i).

{name, humani) i).

[human,event], nil),

tr, [artifact,event!,

nily,

[ttrclation,artifact)) ).

{human], nil},

beneficlary - (o, [person], to),affected - (r, [mthing,event], nilyi1])!}.
clregister, [verb - (register, inf, [posprocess - [agent = {r, [personl], nil),
atfected - (r, lartifaer], nil)ylhiD).
o (soptember, [noun - (scptember, nil, s, proper, count, (timel])]).

¢ (monday, [noun - (monday, nil, s, proper, count,

[timel} ]) .

c(lavallée, [noun - (lavallée, nil, s, proper, count, [person,namel)]).

o (street, [noun - (street, nil, s,
e (school, lnoun - {(school, nil, =,
e (saint, ladj ~ (saint, dese, nil, s, [quality]),
noun - (salnt, nil, s. common, count, {(humanl)i]).
o (jerdme, [noun - (jérome, nll, s, proper., count,
© (quebee, [noun - (quebec, nil., s, proper, count,
e (road, [noun - (road, nil, s, common, count,
o(milton, [noun - (milton, nil,

common, count,
common, count,

[human,
[pspace, name]) 1) .
{pspacel) 1) .

(s, pl), proper, count,

[pspace]) ).
[location,grouplll).

name])]).

[namel) 1) .

e (jean, lnoun - (jean, nil, s, proper, count, [name,person])l).
o (paul, Inoun - (paul, nil, s, proper, count, [name, humani},).

e (attention, [noun - (attention, nil,
c{dupré, [noun - (dupré, nil, s, proper, count,

{s, pl), common, mass,
[name,.personl)]).

[mentinteraction])]).

c{object, lnoun - (object, nil, s, common, count, [pthing,submatter])]).

c{decar, [ad} - (dear, desc, nil, (s, pl),
c{sirs, [noun - (sirs, nil, pl, proper, count,
¢ {madam, [noun - (madam, nil, s, proper, count,
vilziend, [poun - (friend, nll, s, common,

Ta aaa

count,

[attribuzel)]}.

[person, namel) 1) .

[person, namel) 1) .
[person,ttrelation]) ).

v{marie, [aoun - (marie, nil, s, proper, coun:t, [person,namelll).
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e{director, [noun - (director, =il, s, common, count, [name,person,occupation])il.
c(sale, [aoun -~ (sale, nll, s, common, count, [Transfier))i).
¢ (commercial, [ad] - {(commercial, desc, nil, (s, pl}, lattributel),
noun = (cemmercial, ail, s, common, count, [submaiterill).
c{lavoie, [notn - (lavoie, nil, s, proper, count, [name,person])l).
cllégaré, [aoun - (légaré, nil, s, proper, count, [persen,namel) ).
cipiece, [noun - (piece, nil, s, common, count, lunit,nenselimoving,partill).
c{zable, [noun - {(table, nil, s, commen, count, larzifact,structureld]d.
c{dook, [aoun - (book, ail, s, common, count, fartifact,submatterl)D).
¢ (copy, [noun - (copy, nil, s, common, count, lartifact,.ttrelationi)l).
e(sing, [verd =~ (sing, inf, [physinteractlion - [agent - (r, [human]. nil),
Instrument - (o, [artifact], with),beacficiary - (o, [human,qroupl, o),
atfected - (o, [submatter]l, nil)IDIID).
c(now, [adv = (now, time)]).
e(sece, [verb - (sce, inf, [physinteraction - lagent -~ (r, [person,animall, nil),
instrument = (o, [artifact]., with).,affected - (o, lpthing], nil}lDi ).
c(understand, [verh - (understand, inf, [mentinteraction - lagent - (r, [person}, nlil),
affected ~ (o, fmthingl, ail}lIliD).
el{write, fverb - (write, inf, [physinteraction - |
agent - {r, [person], nil},
instrument - (o, [artifact], with),
beneficiary - (o, [person,pspace], tol,
affected - (o, [submatter,artifact], nil}lld)l).
ci{say, [verb - (say, iaf, [physinteraction - lagent - (r, [persen], nll),
instrument - (o, lartifact], with),beneticiary - (o, [personl], teo),
affected ~ (z, [mthingl, aildInd D).
eihim, [pro - thim, pers, 3., s. m, [human,animall),
pro = {(him, refl, 3, s, m, (human,animallil).
c(more, [ad) - (more, indef, nil, s, {mcasurement]).,adv - (more, quantity)l).
c¢{man, [noun = {(man, nil, s, common, count, [person,pspacel)]}.
efaz, [prep - atl).
¢{jecanne, [noun - (jcanne, nil. s, proper, count, [persen,namel}l).
e(firse, [add - (first, ordinal, nil, s, [ttrelatlion)]).
e(*so and so',[noun - (*s0 and so', nil, s, proper, count, [person.namel)]).
e(very, [adv - (very, intensity)]).
clrecceive, {verh - (receive, inf, [physinteraction - [agent - (r, Ipersenl, nlil),
affected ~(r, lanimal,plant,natobject,cnergy,artifact], nall),source - (o,
Ipspace, person), de)l,
mentinteraction - [agent - (r, [event,person], nil),affected - {r, I(mthing}], nil),
source - (o, [(event], de)lil)i}.
c{june, [noun - (june, nil, s, proper, count, [time])]}.
¢ (become, [verb - (become, inf, |
state - [affected « (r, [persen,event,mthing.artifact]. nall),
attribyte - (r. [something]. nil)].
posprocess - [affected - (i, [person,event,mthing,artifact], ail),
result - (r, [something]l, all)]IDI1).
c({base, {noun - (base, nil, s, common, count, |pspace,nonselimovingl)]).
a{basis, [noun - {basis, nll, s, common, mass, [submatter])l).
c{pay, [verb - (pay. inf, [transfer - [agent = (r, [perscn]., nil),
instrument - {o, [artifact], with),beneficlary - (o, [person], nil).
affected ~ (o, [unit,artirfaect], ailyllrl).
e(for, [prep - for]).
o ({work, [noun - (work, nll, s, common, mass, [posprocess,occupatlon]),verb ~ (work, Iin?
[event - [agent - (r, [somezhing), nil),linstrument - (o, [artifact], with),benelfliclary - (o,
[person,event], for),affected - (o, [nlthing]l, nil)Ih ).
circad, [verb - (read, inf, [mentinteraction - [agent - (r, [human], nil),
instrument - (o, [artifact], avec),affected - (o, [submatter,artifact], nil}lhil).
e(victor, [noun = (victor, nil, s, proper, count, [person,name])l).
e{loewen, [noun - {loewen, nil, s, proper, count, [name,personi)]).
e{translation, [noun - (translation, nil, s, common, count,
[posprocess,mentinteraction, nonselfmovingl)l).
e{avtomatic, [ady - tautomatic, dese, nll, (s, pl), f[attirlbutel}]).
etontario, [noun - (ontario, nil, s, proper, mass, [lecatlion])}).
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e{navan, (noun - (ravan, nil, 5, preper. mass, [pspace,zamell ).
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The Freach_te_English (f_c) predicate associates 2 given French word in its customary dictionary
form with possible English ranslations. English forms are given in their customary dictiorary
forms as well, ie., singular. In some cascs, for example «des, “nil™ is given as an optional
English equivalent. “nil” will be treated as meaning that there necd not be an equivalent
»
/

{_cladressc, [address]) . f_c(dupré, [duprél).

f_cfladresser, [send, address]). f_efen, [in,by.while,them]).

{_e(agréer, [accept, suith). f_ec(entler, [complete,entire, whelel).

t_ctlespolr, thope]d.

Z_efainsi, [therefore]). f_e(est, [cast]).

f_clami, [friend]). f_ctet, [and]).

{_e(axdec, [ardec]). {_ctcux, [theml) .

f_e(assurer, [provide,ensure, guarantee]). f_e(expression, [expression]).

{_ctattention, [attentien]). f_cldécole, [school]).

{_clautomatique, [sutomatic]). f_ctécrire, [write]).

f_clav, [avenuel) . f_c(étre, [be.being)).

{_ctavenue, [avenue]). f_c(fabriquer, [manufacturel}.

f_c{avolir, (have,aszet,wear,get, possess,bel) . f_o{tfacile, {casy.zimple]}).

f_c(d, [functional_prepl). f_e{taire, [make,dol) .

f_ci(basc, [base,basis]). { cltils, [sen]).

{_c{beaucoup, [many,much]). f_e(fonction, [function]).

f_c(besolin, [need]). t_cl(gamme, {range, series)).

f_e(bibliothéque, [library, shelving]). f_cigarantir, [assure,guarantec]).

f_e(bonjour, [hello]l}. f_c(heurcux, [happy,plecased,delighted)).

f_c(burcau, [office,desk]). f_c(homme, [man]}.

f_c(chanter, [singl). f_c(huit, [eight]).

f_e(chemin, [road]). f_ciici, [herel).

f_c(cher, [dear)). f_e(il, [it, hel).

{_c(chez,[at]). f_e(illustrer, [1llustrate]).

f_e{choisir, [choose,select]). £_e(ils, {theyl).

f_c(christophe, [christophe]). £_c(inec, [incorporated]).

f_elci, (herel). f_c{incorperer, [incorporatel).

f_elcing, [five]). f_c(installation, [installation]).

f_c{colomb, [colomb]) . t_clinviter, [invite]).

f_c{commercial, [sales, commerciall). f_etje, ["1"]).

{_e(compagnie, [company]). f_c(jcan, [jean]).

f_c{complet, [complete, full,entire, f_c¢(jecanne, [jeanne)) .
comprehensivel) . f_o(jérdme, [jérimel) .

f_e(constater, [note,discover, seel). f_c{jolndre, lattach, join]).

£_clcopie, [copyl). f c{jour, [day]).

f_c(dans, [in, within}). £ _e(3uin, [junel).

£_cide, [functicnal_prep]). f_ctla, [the, it]).

f_c(demander, [request,ask]). f_e(lavallée, [lavallée]).

f_c(devenir, [become]). t_cllavoie, [lavolce]).

I_ec(délai, [period, term,deadline]). t_e(la, [there]).

f_e(dépliant, [folder, brochure, pamphlet]). f_ctle, (the, it]).

{_e(dévouer, [devote,dedicate]). f ef{le_la, [the, it]).

f_ec(dire, [say]). f_e(les, [the, them]).

f_c(directeur, [director,manager]). f_c(lettre, [letter]).

f_ci{document, {[document, documentation]). f_c(leur, [thelr them]).

f_e{documentation, {documentaticon, documents, f_c{légaré, [légaré]).
papersl). f e{limiter,[limiv]).

f_ec{donc, [therefore]). £ ellire, [7ead)).
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! efilvrable, {geliverableit, {_civictor, [victoril.

! e(livre, {Dooki). I_e(volr, [sce,understand!l) .
! o{locwern, {locwenl). f_eilves, [yourjl.

foetlei, lRim]). i_clvotTe, [your]).

* o{lundi, [moncay]). {_etvous, [you, yoursclil).
_etm, [sir,mr]). {_oly.[theze]) .

_ei{madame, [madam]) .
_cimalatenant, [now]) .
! _e{manqger, [cat, food]).

! a(marie, mariel}.

! elne, (me,mysell]).

! e(mesdames, [madam]) .

! elmessleurs, [sic]).

! elmesure, (measurcl).

{ c(mcuble, [furniture}).

! _c(méme, [even,same,veryl) .
! ei{milton, [mllton]).
[
:
:‘
t
I
H
f

re re ot

_vimoddle, [model, pattern]).
_cimonsieur, [(siz,mr]).
_ce(montréal, [montrealll.
_ef(navan, [navan]}.
c{necessalre, [necessary, requlired!) .
_einos, (ourl).
_¢(nous, [we, us, ourself]).
t clobjet, [objeet,thing, subject,rel).
{_c{ontario, [ontario]).,
{_co(parcourir, [go,cover,travel,glance, read]) .
{_e(paul, [paull}.
! _eipayer, [payl}.
t_ctpléce, [plecel).
! _eciplus, [more]).
t_cipour,[for]).
{ _c(premicer, [(first]).
{ coiprier, [invite, request,begl) .
! _c(prochalncement, {soon, shortlyl).
! elque, [that, which]).
t_ciqué, [quél).
t_c{guébec, [quebec]) .
t_ec{rayonnage, [shelvingl).
{_c{recevelr, lteceiveld .
{_e{recommander, {recommend, register)).
t _c{remercier, [thank]).
t c{rélérence, [retferencel).
t_e{rue, [stroetl]}),
! eisaint, [saint]).
f cisatistaction, [satisfaction]).
! e{sentiment, {feclings, teelling, emotion]).
! _oiscptembre, [september]).
t_cotservir, [serve,ald)) .
t_e(zablecau, [table]).
t_e(te, [you,yourselfl).
t_c(tous, [all,everyl).
t_e(tour, [all,everyl).
t_e(traduction, [translation]).
{_e{transport, [transpertation,shippingl).
f_c(travail, [work]).
t_cltreés, [veryl).
f_citrois, [threel).
!_ef(trouver, [tind,dliscover]).
{_cltu, [youl).
f_eclun, [one,ald.
t_clune, [a,one]),
!_cfuntel, [*so and so*]).
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P
The main learn and discover predicates need not be called from within the program.
‘The user may wish to tcach ORDINOTRAD some new words without having them translated.
The calls are simply leam(french_word) and discover{english_word). Note, the word must be
provided in lower casc letiers only, cven if a proper name.
»

/

1= assert(learner_on).

lcara(lU) :-
leazrner({f, LO0).

discover{LU) :-
learner{c, LU},

learner{Lang, Mumbo jumbo} -
explode(Q, ['Is ™*, Mumbo_jumbo, '* an arbitrary string?']),
ask_question(Q, [yes.y,.no,nl,Answer),
(AnSwWCT = yes [ Answer = y),
nl,write (*THANK YOU*).nl,

Fact =.. [Lang, Mumbo_jumbo, [string-Mumbo_jumbo]l,
assert (Faet), !.

]-
Abbreviations are entered in the dictionary as abbreviations, however, their
description includes the fact that tiey arc abbreviations as well as the description
of their corresponding full form.
C.g.
2- flcie,X).

X = [abbrev, noun -(compagnic, f, s, common, count, [accompaniment,group]))
*/

learner{lang, LU) :-
explode {Ql, [°"Can ™*, LU, ** be considered an abbreviation?'l}.
ask_question(Ql, [yes,y,no.n],Answer),
{Answer = yes ; Answer = y),
explode (Q2, ['™', LU, '~ is an abbreviation of what word?'l),
ask_question(Q2, Full form),
analyze(Full_form, Descs),
Entry =.. [Lang, LU, (abbrev | Descs]l],
file_name(Lang, Filename),
fopen (Filename, "a™, IQ_stream).
writeg(IC_stream, Entry}, writeq{lO_stream, .), nl(IQ_strcam),
fclose (IO _stream),
assert (Entry) .

’l
If it is lcamed that a given, unknown LU is syntactically ambiguous
(@i.c., Pt_sp > 1), then the dictionary entry is:
(LU, [Pt_sp1-(Dict_form_as_Pt_spl, Desc_of_lu_as_Pt_spl),
Pr_sp2-(Dict_form_as_Pr_sp2, Desc_of_lu_as_Pt_sp2) | etc.]).
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If the LU is syntactcally unique, then the dictionary entry isc
f(Dict_form, [Pr_sp{(Dict_form, Desc_of_dict_form)]).

¢.Z.. if an unknown LU happens 10 be only an adjective and plural and feminine at that,
the dictionary entry still is
f(Dict_form_masc, [adj-(Dict_form_masc, m, s, Mcaning)]).

The call

leam(différentes).
results in the dictionary entry

f(différent, [adj-(différent, m, s, [relation]}])
and in the rec as

luQlow, adj-(différent, £, pl, [relation])).

The call
leam({est).
results in
fiest, [verb-(31re, (pres.ind,3,5).[Meaning-Framc]).
noun-(¢st, m, s, mass, common, [Meanings])]).

Note that the dictionary is not 1o contain plurals and feminines if they can be deduced by the
m~rphological analysis routincs. These routines also make the appropriate changes to

the descriptions of lexical units which arc not masculine singular or are not in the infinitive.
Further note that the {irst argument in the parentheses following a Pt_sp is what is retained
in the tree for transfer purposes.

Provision is made for closed categorics, as this word-acquisition module was used o creale
consistent dictionarics. The final word-acquisition module would only ask for open
categorics. (adjective, adverb, noun, verb, abbreviation)

*/

learner{lang, L) :-

learner{Lang, LU, Forms, Descs,
[adjective, noun, verb, adverb, preposition, article, conjunction,
pronoun, iaterjection]),

nl,write (*THANK YOU*),nl, !,

sort_info(Lang, LU, Forms, Leok_up_form, Descs, Description),

Entry =.. [Lang, Leok_up_form, Description],

tile_namc(lang, Filename),

fopen{Filename, *a®, IO_stream),

writeq(IO_stream, Entry), writeg(IO_stream, .), nl(IQ_strcam),

{closc(I0_strecam),

assert (Entry).

learner(lang, _, (1, (1, []) := !.

learner(lang, LU, [Form | Forms], [Desc | Deses], [(Pt_sp | Taill) :-
an{AN, Pt_sp), % defined in Generator file
explode (Question, ['Can ™', LU, '” be considered *, AN, * ', Pt_sp, '?*']),
ask_question{Question, [yes,y,no,n}l,Answer),
{Answer = yes ; Answer = y),
Goal =.. [Pt_sp, Lang, LU, Form, Desc],
Goal, !,
learner(lang, LU, Forms, Deses, Tall).

learner{lLang, "U, Forms, Descs, [H | T])} :-
learner(Lang, LU, Forms, Descs, T).
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sert_info{_, LU, [Onec_form_eonlyl., One_form_only, Dese¢, Dese) = !,
sort_info(lang, LU, _, LU, Deses, Descriptlen) :-
specify_descs(lang, LU, Deses, Descriptlon), I.

specify descsi(_, _. [}, I1) - !.
specify_descs(Lang, LU, [verb-(Inf, inZ, M F) | Rest], [verb-{Inf, TMPN, M_F) | List]) :-
inf_TMPN(Lang, LU, Ini, TMPN),
specify_descs({lang, LU, Rest, List).
speclfy descsi(lang, LU, fnoun =-{Nn, Gl, N1, CP, CM, ™M) 1 Rest],
[noun =(Nn, G2, N2, CP, CM, M) | List]) :-
noun_adj_analysis{Lang, LU, Nr, Gl, G2, N1, N2),
specify desestlang, LU, Rest, List).
specify_descs(lang, LU, [adj - (Adj. Type. Gl. N1, M) | Restj,
ladi - (Adj, Type., G2, N2, M) ] List]) :-
noun_adi_analysis(Lang, LU, Adj, GI, G2, N1. K2).
specify descs({lang, LU, Rest, List).
specify_descs(lang, LU, [Desc | Descs], [Desc | Listy) :=
specify_descs (Lang, LU, Descs, List).

noun_ad]_analysis(f, LU, LU, G, G, N, N).
noun_ad}_analysis(f, LU, Nn, _, £, N, N) :-
fem_to_masc(LU, Nn).
noun_adj_analysis(f, 10, Nn, G, G, _, Ppl) :-
pl_to_siag(LO, Nn).
noun_adj_analysis(f, LU, Nn, _, £, _, Pl) :-
pl_to_sing (LU, Word_sing),
fem to_masc(Word_sing, Nn).

inf TMPN(_, LU, LU, inf).

inf TMPN(f. LU. Inf, TMPN) :-
find_vb_root (LU, Root, TMPN),
get_infinitive(Reot, Inf).

inf_TMPN(e, LU, Inf, TMPN) :-
goet_eng_jnfinitive(LU, Inf, TMPN).

file_name (e, °DATA:Dictlonaries:English Dictionary').
filc_name(f, 'DATA:Dictionaries:French Open Dictlionary’).

/* LEARN ABOUT VERBS */

verb(_, LU, Inf, verb-(Inf, inf, Mcanings_frames)) :-
explodet(Q, ['Plecase enter the infinitive form for ™', LU, '"."'1).
ask_question(Q, Inf),
ask_for_mcanings (Inf, Meanings, verb),
ask meaning_frame(Inf, Mcanlngs, Meanings_tframes).

/* LEARN ABOUT NOUNS */

noun{lang, LU, Dict_form, noun-(Dict_form, Gen, Num, Prop_com, Count_maszs, Meanlngz)) :-
get_dict_form(LD, Dict_form).
get_gender (Lang, Dict_form, Gen),
get_number (Dict_form, Num),
explode(Ql, [*'Is ™*, Dict_form, '* a proper or common noun?'l),
ask_gquestion(Ql, (proper, common], Prop_com),
explode(Q2, ('Is *°*, Dict_form, '~ a count or mass noun?']),
ask_question(Q2, [count, mass], Count_mass),
ask_for_meanings(bict_form, Meanings, noun).
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/ LEARN ABOUT ADJECTIVES

The user is not asked if an adjective is unmarked, comparative or stuperlative.
If such indications are required, they can be deduced through analysis.

*f

adjectivelLang, LU, Dict_form, adj-(Dict_Zorm, Type, Gender, Number, Meanings)) :-
get_dict_form(LU, Diect_Zorm),
explode(Q, ['What kind of adjective 1s **, Diet_form, *“2']),
aszk_question(Q, (desc,poss,cardinal,ordinal,melei,den, rel, interr,indel], Type),
get_gender(lang, Dict_IZorm, Gender),
get_number(Dict_form, Number),
ask_for_meanings(Dict_form, Mcanings, adjcctive).

/* LEARN ABOUT ADVERBS */

adverbi(_, LU, LU, adv=(LU, Type)) :-
cxplode{Q, [*What kind of adverb is ™*, LU, *'"2']),

ask_question(Q, (manner, quantity, intensity,time,location, affirmation, negation, doubt],

Type) .

/* “LEARN" ABOUT PREPOSITIONS */

preposition(_, LU, LU, prep-(LD)}.

/* LEARN ABOUT CONJUNCTIONS */ X

conjunctiont(_, LU, LU, conj-(LU, Type)) :-
explode (Q, ['What kind of cenjunction is ™', LU, *~2']D),
ask_question(Q, [eoord, subl., Type).

/* LEARN ABOUT PRONOUNS */

pronouni_, LU, LU, pro-(LU, Type, Person, Number, Gender, Meanings)) :-
pronoun_type (LU, Typo),
pronoun_person (LU, Type, Person),
get_number (LU, Number),
get_gender(f, LU, Gender),
ask_for_mecanings (LU, Mecanings, pronoun).

pronoun_type{ll, Type) :-

explode(Q, ['What kind of pronoun is ™*, LU, **2*'1),

ask_question(Q, [pers, rel, lnterr, poss, dem, indef, intens, refl], Typel.
pronoun_person{LU, Type, Person) :-
% member(Type, [pers, rel, interr, poss, refll),

cxplode(Q, [*'Is ™*, LU, ** 1st, 2nd, or 3rd person?']),

ask_question{Q. [1.2.3], Person).

pronoun_person (LU, _, nil).

/* LEARN ABOUT ARTICLES */

article(lang, LU, LU, art-{llU, Type, Gender, Number)) :-
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explode (Q, ['what kind of article is ™', LU, *=2']),
ask_guestion(Q, [del, indef], Type),

get_genders (Lang, LU, Gender),

get_number (LU, Number).

P
LEARN ABOUT INTERJECTIONS
*f

iaterjection{lang, LU, LU, iaterijection-(LU)).

”

Some basic routines are needed 10 ask the user for particular information. All meanings and

case constraints mus: be verified as being "understood” according to the taxonomical knowledge base.
*/

get_dict_form{lLU, Dict_form) :=-
cexplode(Q, [*Plecase enter the accepted dictionary form for “*, LU, '*.'}),
ask_gquestion(Q, Dict_form).

get_gender(e, _, nll).

get_gender(f, Dicti_form, Gender) :-
cxplode(Q, ['Is ™', Diex_form, ** masculine, feminine, or possibly both?']),
ask_guestion(Q, [m, £, both], A),
gender (A, Gender).

gender (both, (m,f)).
genderx (m, m).
gender(f, f).

get_number (Dlct_form, Number) :-
explede(Q, ('Is ™*, Diet_form, '~ singular., plural, or possibly both2'l},
ask_question{Q, (s, pl, both], A},
number (A, Number).

number (s, s}.
number (pl,pl) .
number (both, (s,pl)).

ask_meaning_frame(_, [}, []).

ask_meaning_frame(Inf, [Meaning ] Meanings], [Meaning-Frame | M_fs]) :-
case_lisg (Case_list),
ask_frame(Inf, Meaning, Frame, Casec_list),
ask_meaning_frame(Inf, Mcanings, M_fs).

ask_frame(Int, _, ()., (]} == 1.
ask_frame{Inf, Meaning, [Case-{Type, Constralnts, Prep) | List], [Case | Cases]) :-
explode{Q, ['For the verb **, Inf, ** with the meaning ', Mecanlng, **, ls the cazse
relation \n*“*,
Case, '~ required, optional, or disallowed?']),
ask_question(Q, [z, o, dl, Typel.
(Type = r; Type = ©),
ask_for_prep(Case, Inf, Prep}.
repeat,
ask_Zor_constraints(Case, Answers),
verify(Answers, Constraints),
ask_frame(Inf, Meaning, List, Cases).
ask_frame(Inf, Meaning, Liszt, [Case | Cases]) :-
ask_frame(Inf, Meaning, List, Cases}.

case_list ([agent, instrument, beneficlary, affccted, result, source,destination,attribute]).,
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usk_for_constralints({R, Constralnts) :-
explode (Question,
ask_gquestion(Ques .
ask_constraints(R, Aaswer, Constralnts)y.

{_. something, [semethingl) = !.
asK_con intst_, nil, (]} == .
ask_constraints(R, Constraint, ([Comstraint | L]) :=-
cxplode (Question, ['Enter another constraint to be added for the role “*, R,
'®, or cnter “nilv.* I},
ask_question(Question, Answer),
ask_constralats(R, Answer, L).

45k _constralint
= straint

1 M oH

>
3
>

r
Whea providing intensional meanings for various lexical items, it is important to remember
that meanings for Jexical items 10 be stored in the dictionary need to be as specific as possible,
i.c., that an effort is made to use onc or more applicable terminals in the taxonomical
uce shown in Appendix 2.
On the other hand, the intensional meanings provided as constraints in a frame for an
cvent must be as general as possible without allowing for nonscnsical relations between
SCRIENCe components, i.¢., an effor is madc to usc as few high level nodes as possible from
the taxonomical ree.
This arrangement is required since intersional meanings of various words are checked to see
if they come under the restricting nodes. For example, if a living thing (lthing) is the
constraint placed on an agent, then a lexical unit such as “Monsicur™ would meet the
restriction, as its intensional meanings would include “human,” which is 2 member of
the class of living things.
L]

/

ask_for_mecanings(Dict_form, Meanings, Pt_sp) :-
nl,
write(*Please consult the commonscnse taxonomy when answering the following gquestions.'y,
nl,
an{AN, Pt_sp),
coxplode (Question, [°Enter an intensional meaning fer ™*, Dict_form, '~ as °,
AN, * ', Pt_sp, '.']},
ask_question(Questlon, Answer),
ask_meanings (Dict_form, Answer, Answers),
verify {Answers, Mcanings).

ask_meanings(_, something, Isomething}) :- 1.

ask_meanings{_, nil, (]) := !,

ask_meanings(Dict_form, Mcaning, [Mecaning ! L}) :-
explodeiQuestion, ['Enter another meaning for ™*, Dict_form, '~, or enter “nil~.' 1),
ask_question (Question, Answer),
ask_mecanings (Dict_form, Answer, L),

ask_tor_prep(Casc, Inf, Prep) :-

oxplode (Q,
[*Enter the preposition associated with the role ™', Case, '” and the verb ™', Inf, *~
or conter “nil”.* 1),

ask_question(Q, Prep). % a check could be added here

verify(ll, [1) =1,

verify([(H | T], [HIL]) :-
isa{i. scmecthing),
verify(T, LY.

verlfy({4d | Tl, L) :=-
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explode (Q, ['Serzy, ™', H, '™ is not found in the taxonomy. Symbols must be ontered
corroctly.
Plecase consuylt the taxonomy and cnter the correct response or “ait”.*ly,

ask_guestion(Q, Answer),

{Answer = nil, verify(T, L) ; verify([AnsweriTi{, L)}).

Iﬁ

CREATE ENTRIES FOR THE FRENCH-ENGLISH TRANSFER DICTIONARY

A whole sct of problems arises when a French word can (and should) be wanslated by moce
than one English word (e.g., “modalités™ : “1erms and conditions™).

A different set of problems arise when several French words can (and should) be ranslated
by only one English word (e.g., “de Ia part de™ ; “from™).

This situation may or may not involve fixed expressions in the French,

It is acceptable to have the individual elements of an (idiomatic) expeession entered into
the dictionary; yet should there be a special database of these expressions and their
cquivalents?

In the limited context of this work, all French input will be dealt with on a word for word
basis. As a rcsult, there is much room for development in this regard.
*/

create_f_c(LUL) :-
ask_for_equivalents(LUf, Equivalents),
nl,write(*THANK YOU'),nl,
Entry =.. [f_e, LUf, Equivalentsl.
fopen('DATA:Dictionaries:Open Transfer Dictionary'., "a®, I0_stream),
writeq({IO_stream, Entry), writeq(lO_stream, .}, nl{IQ_strcam),
fclose(IO0_stream),
assert(Entry),
add_equivalents_to E dict (Equivalents).

ask_for_equivalents(LUf, Equlvalents) :-
explode (Question, ['Enter equivalent English textual material for ™', LUI, *~.,' ]},
ask_gquestion{(Question, Answer),
ask_equivalents{LUf, Answer, Equlvalents).

ask_equivalents(_, nil, {1) :- !.

ask_equivalents(LUf, Equlvalent, [Equivalent | List]) :=
explode (Q, [*Enter another equivalent English word for ™', LUf, *~, or enter “nlil"* ]I,
ask_question(Q, Answer),
ask_equivalents({LUf, Answer, List).

add_equivalents_to_E _diet([]).

add _equivalents_to_E_dict([H | T]) =~
e(d, _).
add_equivalents_to_E_dict(T).

add_cquivalents_to_E _diet((H | TD) :-
discover(s),
add_equivalents_to_E dict(T).
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lr.

This set of rules for establishing taxonomical relationships is comprised, at the present, of a
property inheritance mechanism capable of determining the wuth value of class-membership
relationships. In other words, something is or isn’t a member of a class.

These rules could be developed into an inference engine by adding rules determining

*has a* or “is part of* relationships, colour relationships (which counld probably be handled
with the property inheritance rules), and time relationships. cf. Schubert et al, Computer
16.10 (1983): 53-60.

A tree-shaped diagram of these rules is provided in Appendix 2. This tree is much more readable
and gives the full form of all the arcanc abbreviations used herein.
*/
I‘
A property inheritance mechanism. XisaY if X =Y or if X is an instance of class Y.
*/
iza(X, X).

fsa(X, Yy :-
instancetX, Y).

’t‘
Instances of classes basced on commonsense taxonomy.
The call instance/2 will provide the following results:
If both arguments arc bound, then the rule succeeds or faits.
c.g. instancc(motion,cvent) will succeed:
instance(quality,fthing) will fail.
If the first argument is bound, the rule returns the class containing the instance given.
Upon backtracking, the next higher class is returned.
If the first argument is unbound, the rule retums the first instance listed for the class

given.
Upon backtracking, the next instance is retumed.
'
[ LEVELO*/ instance (state, X) :- instance{intention, X) :-

isatevent, X). isai{mthing, X).

instance(event, X) :-
lsa(something, X).
instance(thing, X) :-
izatsomething, X).

/* LEVEL 1%/

instance(mthing, X} :-
isa(thing, X).

instance(pthing, X} :-
isa{thing, X).

instance(fthing, X) :-
isat{thing, X).

instance(nstate, X) :-
isa{event, X).

/*LEVEL2 %

instance{process, X) :-
isa{nstate, X).

instancetactivity, X) :=
isai{nstate, X).

instance(motion, X) :-
isa{nstate, X).

instance{volition, X) :-
isa(mthing, X).

instance({submatter, X) :-

isa(mthing, X).
instance (construct, X)
isa(mthing, X).

instance(lthing, X} :-
isa(pthing, X).

instance(nlthing, X) :-
isa(pthing, X).

instance(pemotion, X) :
isa(fthing, X).

instance(iemotion, X) :
isa(fthing, X).
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instance(abspressure, X) -
isa(fthing, X}.

instance({physpressure, X) :=

isa(fthing, X).

/* LEVEL3*/

Instance{posprocess, X) -
isaiprocess, X).

instance (negprocess, X) -
izaiprocess, X).

instance (occupation, X) :-
isatactivity, X).

instance{interaction, X} :-
isatactivity, X).

instance(sclfdisplaccement,
X) :-
isa(motion, X}.
instance(displacement, X} :-
isa{motion, X).

instance{theory, X) :-
isa(submazter, X).
instance(science, X} :-
isa{submatter, X).
instance (knowledge, X) :-
isa(submatter, X).
instance(rule, X) :-
isa{submatter, X).
instance(arqument, X) :-
isa(submatter, X).
instance(thought, X) :-
isa{submatter, X).

instance(relation, X} -
isa(construct, X).
instance({structure, X} :-
isai{construct, X).
instance (measurement, X) :-
isa{construct, X).
insta.ce(location, X) :-
isa(construct, X).
instance{time, X) :-
isa(construct, X}.
instance{manner, X} :~
isa(construct, X).
instancel(frequency, X} :-
isa(construct, X).
instance(intensity, X) :-
isa(construct, X).
instancelattitude, X) :-
isa{construct, X).

instance({plant, X) :-
isa(lthing, ).

instance(sentient, X} :-
isa(lthing, X).

instance(natcbject, X} :-
isa(nlthing, X).

Inszancefartiface, X) -
iza(nlthing. X).
instance{energy, X) :-
isa(nlthing, X).
instance (physphen, X} :-
isa(nlthing, X).
instance{socphon, X) -
isa(nlthing, X).
instance{soccustom, X) :-
fsa(nlthing, X).
instance (socsyster, X) :-
isa(althing, X).

/*LEVEL 4%/

instance (mentinteraction, X}
isatinteraction, X).
instance (physinteraction, X)
isa(interaction, X).
instance(emotinteraction, X)

isat(interaction, X}.

instance(scries, X) ==
isa(structure, X).
instance (hierarchy, X) :-
isa{structure, X).
Instance{network, X) :-
isatstructure, X).
instance(mass, X) :-
isa{structure, X).

instance(numeral, X) :-
isa{measurement, X).

instance{unit, X) :-
isa(mcasurement, X).

instance(standard, X) :-
lsa{measurement, X).

instance (pspace, X} :-
isa(location, X).

instanceidistance, X} :-
isa(location, X).

instance(ptime, X) :—
isattime, X).

instance{duration, X) :-
isattime, X).

instance(affirmation, X) :-
isatattitude, X).

instance(negatlon, X) :-
isa{attitude, X).

instance(doubt, X} -
isa(aztitude, X).

instance(terelation, X} :-
isa(zelation, X).

instance(ttrelation, X) :-
isa(relation, X).

instancei{person, Xb o:-
lsa{senticent, X).

instance(animal, X) :-
Isa(sentlient, X).

Instance(statlionary., X) :~-
isaarcitact, X).
nstance(nonstat lonary, X)

L

fsatartitace, Yy,
M LEVEL 5"/

instance{possession, XV :-
Isa(physinteraction, X).
instance(aszsistance, X) :-
isa(physinteraction, Xi.
Instance{contact, X) :-
iza{physinteraction, X).
instance(confrontatlion, X)
isa(physinteraction, X).
instance{transfer, X) :=-
lsa(physinteractlon, X).
Instance (consume, X) :-
isatphysinteraction, ).
instance(use, X} :-
Isa(physinteractlion, X).

iastance (agent, X) -
isa(terelation, X).
Instance(instrument, X) :=-
isa({terelatlion, X).
instance{benceficlary, X)) :-
isa(terclatlion, X).
instancetaffected, X) :-
isa{tereclation, X).
instance(result, X) :-
lza(terclation, X).
instance(source, X) -
Izatterclation, X).
Instance{destination, ¥) :-
isatterelation, X).

instance(cause, X) :-
isatutrelation, X).
inztance(purpose, X) :-
isa(ttrelation, X).
instance(condition, %) :-
Iza{trrelatlion, X).
inatance{complement, X) =~
iza(ttrelation, X).
inztance laccompaniment, X)
lsa(ttrelation, %).
instance(poszessor, X)) :-
iza({ttrelation, X).
instance(comparizon, X} :-
isalttrelation, X).
inatance(equality, X) :-
isa(ttrelation, X).
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nstance(inferforivy, X) :-
{safrorelatlion, X).
instance (superloricy, X) :-
Isa(ttrelation, X).
inztance (manlfestation, X)
Isa(ttrelation, X).
inztance (derivatlion, X} -
lsa(ttrelation, X).
instance (attribute, X) :=-
Isa{ttrelation, X).

Instance {suprahuman, %X} :-
isa{person, X).

Iastance (human, X) :=
isa(person, X).

instance (group, X} :=-
isa(person, X).

instance{microbe, X) :-
isatanimal, X).

instance(bug, X) :1-
Isafanimal, X).

instance (lanimal, X) :-
Isa(animal, X).

inztance{seclfmoving, X) :-
iza({nonstationary, X).
instance (nonsclimoving, X)

S

iza{nonstationary, X).
/* LEVEL 6%/

fnstance (quality, X) :-
isatattribute, X).
instance(state, X) :-
Izsatattribute, X}.
instance (quantity, X) :-
isatattribute, X).
instance (nature, X) :-
isatattribute, X).
instance (shape, X) :-
isatattribute, X).
Instance{name, X) :-
Isatattribute, X).

instan.c{abbreviation, X) :-

isaf{derivation, X).
instance{part, X) :=-
isa(derivation, X).
instance{clement, X) :-
isat{derivation, X).
instance(organ, %) :-
isa(derivation, X).

instance(fish, X) :-
isa(lanimal, X).

instance(bird, X) :-
isa(lanimal, X).

instance({reptile, X) :-
isa(lanimal, X).

instance(quadruped, X) :=
Isa(lanimal, X).

instance(simian, X} :=-
iza(lanimal, X).

l'-

These instances are added since they
arc commonsense but cannot be
inferred from the above

rules.

./

isa{lthing, pspace}.
isa{nateobject, pspace).
isatartifact,pspace).

I-

As a note of interest, the taxonomy
says that all humans are persons,
but it docs not necessarily

follow that all persons are human.
(Fallacy of the illicit converse of
the A proposition.)

c.g-

?- isathuman, person).
yes

?- isa(person, human).

no
*/
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t2d{Filename) :~

nl,wzrite('Now translating file tiztled: '), writet(Filcname),
explode {(FEnglish, [Filcname, '.English*]),
nl,write('The zranslazion will be in the corpora folder with the title: J,

write (FEnglish),
nl,write('Please stand by: you may be anccded to answer a fow questions.*),nl,
explode (File, [°*DATA:corpora:*', Filename]),
cxplode (Qutput_file, [°'DATA:corpora:', FEngllsh]},

Start is cputime,

fopen(File, "r", Read_only_stream),
t2d_process_flle(Read_only stream, Qutput_tilel,

fclose (Read_only strecam),

Elapscd is cputime - Start,

t2d_print_time(Qutput_file, Elapscd),
nl,write(*Processing has been completed. '),
nl,write(*The translation is in the corpora folder with the title: *), write(FEnglizh).

t2d_process_file{Input_flilc_stream, Qutput_file) :-
re_readline (Input_file stream, String_french),
ttynl,ttywrite ("NOW TRANSLATING:®).ttynl,
ttyprintstring (String_french),ttynl,

t2d_translate(String_french, String _english, Output_tflle),

fopen(Qutput_£ile, "a“, Stream),
nl{Stream),
printstring({Stream, String_cnglish),
fcloac{Stream),
ttywrite (*TRANSLATION SAVED TO DISK:'}, ttynl,
ttywrite(String_english), ttynl,
fail,

t2d_process_file(_, _). % this call must succeed when cof is reached

t2d_translate(String_french, String_english, _) :-
analysis(string_french, Deep_structure_representation F), !,
transfer (Deep_structure_representation_F, Deep_structure_representatlion_E),
generation(Deep_structure_rcprescntation_E, String_english), !.
t2d_translate(String_freach, 'TRANSLATION UNSUCCESSFUL®, Output_flile) :-
fopen(Output_flile, “a™, Streanm),
nl(Stream),
printstring(Stream, String french),
fclose (Stream) .

t2d write_trects, [1,_ ) :- !.

t2d_write_tree(Stream., [Node-Branch | Rest], X) :-
t2d_put_tab{Stream, X).
write(Stream, Node),
nl(Stream),
¥ is X + 1,
t2d_write_ trec(Stream, Branch, Y),
t2d_write_trec(Stream, Rest, X).
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w21 wrlte trec(Stream, [H 1 T], X3 -
Li¢_putl_tab(Stream, X),
write{Strecam, H}.
nl{scream),
T2d_write_trec(Strean, T. X,

2 wrlte Lree(Stream, H, X) -
ul_Tab(Stirecam, X}.
c(Strecam, H),

t2d_put_tabi(Strecam, )

L2d_put_tab(Stirecam,X)
put{Stream, "\t'),
Y is X -1,
t2d_put_tab(Stream,Y).

l-
Qutput length of tme required for transiation process.
*f

te2d_print_time(Qutput_file, Elaps:d) -
Total ls integer(Elapsed),
secs_to_mm_ 335 (Total, Mia, Sec).,
minutes (Min, Minutes),
seconds (Sec, Secondsz),
string(Scec, S},
string(Min, M),

explede(Info, ['Work on this file, ineluding I/0O and user interaction, tocok °*,

M, * *, Minutes, * and *, S, * *, Seconds, '.'l).
topen(Output file, "a™, Stream),
nl (Stream,S),
printstring(Stream, Info),
nl (Strcam, 1),
tclosc(Stream) .
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get_last_X _chars(List_chars, Ending_list, X) :-
length(List_chars, Length),
Position is Length - X,
Position > 0,
zall_list(Position, List_chars, Ending_list), !.

ail_listi(0,Tail,Taily :- !.

ail list(Num, [_1Tail],List) ==
N is Num - 1,
tail_list(N, Tail, List).

oot

app((],L,L).
app{[HILl],L2, [HIL3]) 3~
app(Ll,L2,L3).

Jeln{(A, ¥).B, (A, 2)) :-
1
join(¥,B,2).
join(A,B, (A, B)).

mem(X, (X | _1}).
mem(X, [_ ! TI} :-
mem(X,T) .

cut(_., L}, 1)) ==,

cut(X, [X 1 T), T) = !.

cut(X, [H 1 L1}, {H | L2]) :-
cut (X, LI, L2).

substitute(_, _, (1, [)) == !.
substitute({Replace_this, With_this, [Replace_this | T], {With_this ! T := !,
substitute(X, ¥, (H | T], (B | L]) :-

substitute(X, Y. T. L).

write_list((]).

write_list([H])) :-
write(), !,

write_list({K | T]) :-
write(H), tab(l),
write_list(T).

write _column({]) :- !.

write_column([E | T1)} :-
write(H), nl,
write_column{T).

write_tree([}, ) :=- !.
write_tree((A,B), X) :-

write_treoc(A, X),
write_tree(B, X}.
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wWri%e_trec{Nocde-Branch, X) :-
Ut tab(X), writciNode), nl,
= X - 1,

¢_tree(2ranch, Y).

rec{[Node-Branch | Rest], X} o=
Lab{X),write(XNode),nl,
X - 1,

L
A
.
i
&
"

write tree([E | T], X) :-
put_tab(X), write(Hd), nl,
write tree(T, X).

write_trec(H, X) :-
put_%tab(X), write{H), nl.

put_tab(Q) :

put_tab(X) :-
put ("\t"),
Y iz X =1,
put._tab(¥).

socs_to_mm_ss(Sces, Minutes, Scconds) :-
M is Seces/60,
Minutes 1s Integer(M),
Seconds 1s Sces mod 69.
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GLOSSARY OF TERMS

A case label which identifies the role played by something that
undergoes an action, is affected by ar action, or experiences an
action. It may also be something that is renamed or modified by the
Auribute of a stative event.

A case label which identifies the role played by something that does
an action, that is, the doer.

A modality of a sentence as a whole, marking it as affirmative,
negative, or doubtful.

A case label which identifies the role played by something which
renames or modifies the Affected of a stative event.

A case label which identifies the role played by something that is
advantaged or disadvantaged by ar: action.

An underlying semantic-syntactic binary relation which holds
between the main event of a proposition and a word grouping which
plays a semantic role in the proposition.

The expression in the surface structure of a case relationship in a
pardcular language.! (syn.: surface case).

A list of all the cases which must or can be used in relation with a
given event. The case frame (or structure) for an event is the set of
cases allowed for that event. Usually the cases are marked as being
either optional or required in the surface structure realization. Their
absence in a frame indicates that they are disallowed.

1 Fillmore 21.
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A list of cases for a given language characterized by adequacy
(univocity of labels) and acceptability (intuitively reflects reality),
and which approaches exhaustivity.

A case marker is a surface structure indicator (preposition, case affix
of a case, word order).2

A notation for grammar rules in which parentheses indicate optional
elements, asterisks indicate one or more elements of the same
category, and vertical bars mean alternation (one or the other but not
both).

One of the individual cases that hold for a particular verb and which
1s contained in the case frame (syn.: semantc role, argument, case
role).

A case system is a complete set of case structures for a language.3

A case label which identifies the peripheral role played by something
which instigates an action but does not do it, which is the action to

be done, or which is perceived as the end to which an action is
directed.

In this thests, the lexical items immediately surrounding the lexical
item under consideration, primarily word groupings and the
sentence as a whole.

See Case.

A structure in the form of a tree which contains information about
surface sentence components and the relationships between them.

2 Bruce 338.
3 Bruce 338.
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Destination A case label which identifies the role played by something
considered as the place where an Agent concludes an action or

something considered as the place to which an Affected moves or is
moved.

Event A label for the deep-structure equivalent of a surface-structure verb;
a concept which subdivides into stative events and nonstative
events, the former linked with the category of linking verbs which
describe states (1o be, to feel, etc.) and the latter being action
oriented.

Form A modality of a sentence as a whole marking it as declarative,
interrogative, or exclamatory/imperative.

Instrument A case Iabel which identifies the role played by something used to
carry out an action.

Intensional meaning An attribute of something that characterizes it without making

reference to an object.

Location A case label which identifies the spatial placement of an action and
which is peripheral to the action.

Manner A case label which qualifies the way an action was, is being, or will

be accomplished and which is peripheral to the action.

Meaning In general, a relationship between a sign or signal and something
that exists apart from that sign or signal.# See also: Intensional
meaning; Textual meaning; Structural meaning

Mention A stand-alone, surface-structure group of words, numbers or
abbreviations that is not a sentence and yet conveys information as,
for example, dates, addressess and salutations in a business letter.

4 This definition gamered from class discussion and notes taken in the course “Translation Theory™
given by Roda Roberts 2t the School of Translators and Interpreters, Ottaws, March 1987,
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The sum of those aspects of meaning that are pertinent in a given
textS and that comprise, therefore, the only constant in the
translation process.

A modal element (an auxiliary verb) which shades the meaning of
the sentence as a whole.

A characteristic of a sentence as a whole, including: tense (present,
imperfect, historic, etc.), mood (indicative, conditional, infinitive,
subjunctive), voice (active, passive), attitude (affirmative, negative,
doubtful), and form (declarative, interrogative, exclamatory/
imperative).

A modality of a sentence as a whole, marking it as indicative,
condidonal, infinite, or subjective.

A word grouping in which a noun is the key (controlling) element.

The deep-structure counterpart of a surface-structure sentence less
the modality of the sentence (Sentence -> Modality + Proposition).
A proposition is the content of a sentence and not the sentence itself.

A case label which identifies the role plaved by something which is
produced by an action

A constraint on the usc of a case with a given predicate (e.g. “the
Agent must be a living thing™).

Semantic features of words which distinguish its meanings.

The extralinguistic items surrounding the lexical item under
consideration.

5 Scenoted.
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A case label which identifies the role played by something
considered as the place where an Agent begins an action or

something considered as the place from which an Affected moves or
is moved.

For a given word, structural meaning is the list (not sum) of
definiens and glosses commonly ascribed to a given word. By
definition, sentences and utterances are not capable of having
structural meaning as they are uttered in a situation which allows for
only one meaning (in the case of intentional ambiguity, the meaning
is the ambiguity itself).

A surface syntactic category of noun phrases based on such criteria
as word endings, word order, and accompanying prepositions.®

The fully realized structure of a sentence as it would be actually
transmitted in speech or writing.

A cohesive stretch of language’ ranging from a one-syllable
exclamation to an entire book or discourse.

For a given word, textual meaning is one particular definiens chosen
from its list of definiens (i.e., its structural meaning) based on
context and situation. For a sentence or utterance, textual meaning
is that which one intends to convey by means of the sentence or
utterance and which is reflected in the relationships between the
elements of the sentence or utterance.8

A case label which identifies the temporal placement of an action and
which is peripheral to the actic~ It indicates when an action began
or ended, its point in time, or its duration.

6 Bruce 338.

7 Hildegard Bithler, “Suprasentential semantics and translation,” Meza 24.4 (1979): 452,

8 Secnote 4.
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Underlying structure  The Generative Semantics name for the deep structure that contains
the meaning components but not the actual words that will appear in
the surface structure.
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