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ABSTRACT

TUGA is a progfam which converses in Portuguese to
provide a library service covering the £field of

Artificial Intelligence:

The objective of designing the program TUGA was the
development of a feasible method for consulting and

creating data bases in natural Portuguese.

The resulting program allows dialogues where the
prcgram and its users behave in the way humans normally
do in a dialogue setting. The program c¢an answver, and
guestion in pre~defined scenarios. Users can guestion,
answer and issue commands in a naturail and convenient
way, without bkothering excessively with the form of the

dialogues and sentencess

The original contributions of this work are: the
treatment of dialogues, the adaptation of Colmerauer’s
natural language framework to Portucuese, the particular
method for evaluating the lagical struectures involved in
Colmerauer’ s framewerk, and the library service

application itseléf.
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The program is implemented in Prcliog, a simple and
surprisingly powerful programming language essentially
identical in syntax and =semantics to a subset of

predicate calculus in clausal forms
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"The world of thcughts

has a model

in the world of sentences;,
expressions, words, signs".

G. Frege



I declare that this thesis has been composed by myselfy

The work done on the development of program TUGA, while
based upon Colmerauer’s framework and Dahl”s program, is
my own and makes a number of original contributions, as

discussed in Chapter 3.

Signed,
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PREFACE

This thesis describes a program, called TUGA which
converses in Portuguese to provide a library service. It
applies techniques developed in Artificial Intelligence

(AI) and Linguisticss:

The objective of TUGA 1is to provide wusers with
information on an AI library. The program acts as a
librarian by guiding the user in the classificaticn of
new documents and in the creation of new cateccries in
the s;andard classification. The program acts ‘as a
library” s secretary by giving details abou* the document
collection and the classificaticn system, and by adding

or deleting new documents cr categories,

A guide to the text follcws so that the reader may
select the essence of the work and skip the accessory

materials

Chapter 1; “Introduction*, provides a brief
overview, covering all the important aspects of the work,
including <the nature of TUGA, research cojectives,

history of the work and original contributions.



Chapter 2, "The user’s view of TUGA", gives a survey
of what TUGA does for the user., It concludes with a

description of the method of classifying documents.

Chapter 3, "Design-~the main ideas embodied in
TUGA", discusses the main issues which were involved in
the development of TUGA, such as the way dialogue {s
analﬁsed,‘ Colmerauer”s framework, cdefinite clause
grammars and the algorithm used ¢to evaluate logical
structures., The chapter ends with a brief discussion of

the logical system which is used to represent Portugueses

Chapter 4, “"Implementation®, describes how TUGA is
organized into modules, how it works and how it makes
decisions. The main procedures are descriked, with

commentary on some representative clauses.

Chapter 5, "Related work", sets TUGA in the context

of similar research carried out in AI.

Chapter 6, "Suggestions for further research"”,
discusses the present limitations of TUGA and introduces

several plans for future extensions.

Chapter 7, "Conclusion", summarizes the program’s

accomplishments and its social implications.

Appendix 1, "The logical system for representing
Portuguese”", presants the syntax and semantics of the

logical system behind Colmerauer”s framework, and the
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definitions of some Portuguese articless

Appendix 2, "A brief survey of PROLOG", is intended
to make this text self-contained, by providing the reader
with a resume” of the programming language used to

implement TUGA.

Appendix 3, "Listing of TUGA", is a complete listing

cf the program.

Appendix 4, “"Examples of dialogues”, presents

several examples of using TUGA:

Appendix 5, "Glossary of abbreviations wused in
program identifiers", provides their meaning, and it

helps the reading of the program.
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CHAPTER 1

INTRODUCTION

TUGA is a program which converses in Portuguese to

provide a library service for the field of Artificial

Intelligence {AI):

TUGA allows Al workers, even naive computer users;
to ask guestions, classify deoccuments, and make
bibliographies based on an AI system of categories and a
document collection. In addition, the wuser can make
changes in the document collection, and ailso modify the
classification by inserting new grcund categories. In
certain situations, the program takes the initiative by
posing questions to the user. It lets the user” s answers
constrain the program”s subsequent response by making
proposals about the appropriate classification of a
document. It gathers document specifications, it
diagnoses incomprehensible sentences, it expands the
internal dictionary of Portuguese, and 1%t creates the
stock o©f knowledge shared by the prcgram and its users:
All of this is done in straightforwazd natural

Pertuguese,
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TUGA relieves the user of the burden of learning a
proagramming language or guery language, or the formats of
the data base. By having two levels cf grammar, one £for
individual Portuguese sentences and <the other for
dialogues, the program kXnows various natural ways that a
library”s user may refer to the particular objects of the
library worlds 2lso, it knows the specification of each
document, and the system of classification. And, it can
translate a user query into a logical structure which 1is
interpreted in terms of the ccntents of the data bases
An appropriate answer is thereby generated accerding to

the query form and to the retrieved data itemss

NL sentence =~~~-> logical structure ===«> answver

<+

data base

The processing of Portugueses gueries i1s done in two

successive stages:

i) translation: each wuser’s query is transformed

into a list cf words and punctuation marks:
syntactic plus semantic anmalysis is ©performed over
the 1list 4in order to translate it into a logical
structure; a dictionary containing approximateiy 400
words suppecrts that analysis; the dictionary
consists of a selection of general Portuguese

vecabulary and Al vocabulary of single and compound



English terms; and

ii) evaluation: the logical structure is evaluated

over the knowledge base; an answer or a question is
generated according to the truth value found and the
data retrieved: the knowledge base contains the
document collection, the set of current relations and

properties giving access to the collection, the

classification system and the classification method.

The motivation for coﬁstructing TUGA came from the
difficulty of solving rapidly the two principal problems
in any library service: finding an o©ld document and
classifying a new document. In TUCA, a deccument is
classified according to an evolving system of categories,
on the basis of information supplied by the user together
with information explicit in the document--namely, the

references in the document text t¢c other documents.

This task is a worthwhile subject for research
because a 1library service is widely needed, because the
library problem has a2 good and automatic solution, and
because the mode of ccmmunication is natural. A computer
user wants to have access +to0 data dispersed through
manuais, like any library user~-the AI library is 3just an
examplesy TUGA performs functions necrmally accepted as
being carried out by human beings. These functions
display routine performances and ceognitive abilities,

allowing wusers to explore easily the amount of datas



Users express their requests in a natural way, by

conversing in Portuguese {Coelho,1979b).

The history of this work started in 1977 at
Marseille, after discussions with Colmerauer and Dahls
Colmerauer had defined an interesting natural language
subset fo be used as an instrument to create and consult
data bases (Colmerauer,1977). His framework is a general
approach for translating a natural language sentence intoc
a logical structure. Dahl.had implemented Colmerauer’s
framework by writing a question answering program,
consisting of two parts. The first part, the translation
stage, was implemented as a definite clause grammar. The
seccocnd part was responsible for generating answers Dy
evaluéting logical structures against a data Dbase
(Dah1{1977). The overall communication, between the
program and its users, involved two scorts ¢of languages:
the user”s language which supported the exchanges with
the program, and the programming language which
communicated the program to the computer. Dahl’s program
was written in Prolog, a programming language based on
precdicats logic and developed at Marseille
(Roussel,1975)

Natural Language «=> Colmerauver’s ~~> Logic ==-> Prolog
framevork
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Our work; while based upon Colmerauer’s framework
and Dahl”s program, makes a number of original

conéributicns, including:

-~ the treatment of dialogues, ie.;
natural language above the sentence level;

-~ the treatment ¢of Portuguese
by adapting Colmerauer s framework;

-~ the evalunation ¢of iogical structuores
by a particular method:;

«~ the library service application and

-= the method for classifving documentss

The Ceclmerauer framework has hitherto only been
applied to single and isclated sentences. In TUGA, the
natural language communication is characterized by a
mixed initiative and contexts. Models of dizlogue and
the kind of typical exchanges in a 1library werld are

integrated into a grammar of dialogues,

Colmeraver s framework is adapted to an environment
of a real and useful data base ¢f medium size where the

user”s language is Portuguese. The logical system for

representing Portuguese has been tested over three
conversational worlds e personnel identification
(Coelho,1977), civil engineering legislation

(Cotta&Silva,1978), and in the library service itself.

Besides a comprehensive and rigorous definite clause
grammar of the fragment c¢f Portuguese involved, a

deductive retrieval svstem, and a virtual relational data
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base are embodied in TUGA. A particular method for
evaluating logical structures is proposed. The ma2thod is

suited for relational data bases.

The library service is for the first time considered
in AI, as regards the construction ¢f a program running
natural language dialogues. The service is supported by
a method for classifying documents. It consists of
getting a list of categories for a maximum of three
references, gquoted in the bibliography of the document to
be classified. The user discusses the content of that

list, and may propose alterations to it.

TUGA is written in Prolog (Warren,1977a) running on
DEC=10 systems at the University of Ecdinburgh, Scotland,

and at LNEC in Lisbon, Portugal,



CHAPTER 2

THE USER’'S VIEW OF TUGA

251, FORMULATION OF THE PROBLEM DOMAIN

The problems covered by TUGA belong in general to
the library world; and in particular to a2 certain libkbrary

service,

The problems are solved throuch dialogues Dbetween
the prégram TUGA and its users. These dialogues occur in
a prec;se and closed environment. It is characterized by
the given knowledge sources and the kind of services
delivered, by the kind of problems and guestions arising
currently in a library world, and by our motivation to
develop a facility to improve the access to the
literature needed during research activity. The library
covers a restricted field -~ Artificial Intelligencej; but

could easily be extended to other fields.
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2.1.1. THE LIBRARY WORLD

The library world for TUGA is defined byy

i) a body of pre-defined information--the given
datay and :

ii) the kinds of guestions which may be
asked--possible user goals. '

The given data constitute the source material to
support a certain class of dialogues;, and it consists of

two knowledge sources:

{Gil)} = The collection ¢f dJdocuments in Artificial
Intelligencs

Each document (boock or paper) is
by the following attributes
collection number,; title, publishe
publication, classitication <ate
bibliography {ie. references in the
document to other literature in the same
domain) 3 and by whether it is a bock or =2
paper:s

{Gi2) - The <classification system €for Artificial
Intelligence
The classification system is a tree of

categories; each one defined by its lccation
in the tree.

The definition o0f the f{functions of the program
depend on the kind of question which may be asked in a
library. The function of TUGA is deliver, receive and

gather information. The possible user goals are:
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(Gol) = to get informatioen about the document
collection and the <classification system;
either by inspecting each informational unit
or by searching for related units
{information receiving)

{(Go2) - to add (or delete) a document from the
collection (information gathering)

{Go3) - to add {or delete) a new category from the
classification system {(information
gathering)

{(Go4) = to classify an unknown document (information
delivery) '

2.1:2. THE LIBRARY SERVICE

Program TUGA provides a specialized =cservice by
making information available to an AI community: The
main purpose of the program is informing and providing

answers to gquestions; and encouraging the use of those

materials. By encouraging the users we mean &li the

motivation to explore a certain collection in an easvi

gratifying way.

(o1

fast an

The library service is user-oriented and is defined

by a user-program relationship. The user must make known

his needs for information in such a way that those needs

can be fully met. He must know not only how tec acsk

questions before answers can be given;,; but 2also heow to

interrogate the program about its kncocwledge in order to

achieve his gocalss
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The program behaves either as a librarian or as a
library’s secretary. The librarian is an information
specialist able to assist the user while he 1is asking
gquestions about documents. The librarian presents the
user with a classification system and a <c¢lassification
method which are used either to provide information or to
guide an-Aexploratory search of the library. The
library s secretary is a "go-between” who only provides a
user with information (gquestion with answer), either

explicit or implicit in the document ccllection:

222 THE DOCUMENT COLLECTION

Tﬁe prototype document collectiocn has 46 items (21
books and 25 papers); and includes the AI publicaticns
which were most frequently referenced in IJCAI-77 {cfh
Sigart Newsletter no.65, 1978}, and alsoc well known
works. Each document is described by the following

attributes:

whether it is a book or paper;
author;

number;

title;

publishery

year;

classification categoriessy
bikblicgraphy:s
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2.3, THE CLASSIFICATION SYSTEM

The classificaticn system is an open-ended scheme of
42 categories hierarchically arranged; where each
category may be subordinate to at least one Dbroader
category. New categories may Dbe inserted by user

initiative to improve the systems

The classification system mainly covers the field of
AI; the subject of the document collection; but viewing
Al as a part of a broader field, the Computing Sciences.
The system also shows their connection with related
disciplines; such as Linguistics and Logic. The classes
0f system categories embrace AI basic methodologies and
techniques and their current major application areas
{Nilsson;1974). Their organization follows the ACM
proposal for the categories of +the Computing Sciences.
The classification system is presented in the figure

belows.
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Classification system for Artificial Intelligence

2+4. THE CLASSIFICATION METHOD

The classification method we have adopted is Dbased
upon the <¢lassification assigned to the bibliography
referenced in a document. The program asks £or a maximum
of +three references and proposes =2a sest of selected
categories as the classification for that document. The
user may accept ity or change it throuoch deletion of any

category and inserticn of more appropriate ones,
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This method is based upen the interaction of two
points of view: i) that of the program;, which knows the
classificaticon ascribed to the referenced bibliography of
the document collection stored in the data basey
and ii) that of the user, who knows the content of the
document to be classifiedj some of its references and/or
the <classification system. The classification of a
document is considered as a problem whose solution
involves the cooperation of program and user, through a
conversational process. So; the prcblem-solving ability
is divided between the two participants. The program’s
ability is &essentially directed to =attaining a first
solution for the problem statement;, to discussing it with
the vusery; and to checking the reliability of a secona

solution tc be propcsed by the user:s

In brief, the classification method consists of the

following steps:

-- The program asks for a maximum of <three known
references of the document to be classified; the
user may know only one or none!

-- The vprogram proposes to the user a set of

categories for the classification of the
document; the final set is obtained by
eliminating +he redundant ones: <+the repeated

ones and the ones placed above some listed
category. When the program does nct know any of
the refzrences given by the user; it asserts its
inability <to classify the document, and accepts
any classification propesed by the users

-= The user may ask the program about its knowledge
during the classification process.
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-~ The user may accept the proposal or modify it by
suggesting at least one different category; the
program inspects the new set and rejects any
unknown categorys

The following twe dialogue segments, between the

program (p) and one of its users (u), exemplify some

aspects of this classification methods

Dialogue 1

u-Classifigue "Experimental (Classify "Experimental
learning model"! learning model®!)
p-"experimental learning ("experimental learning
model"” e desconhecido! model" is unknown!
Quer ainda classifica’=-10? Do you still want to

classify it?)

u-0ks

p-Vamos classifica =lo! {Let us classify it!
Por favor; de-me o titulo Please give me the title of
de uma referencia do documento one reference from the
em questao. document in guestion.]

u-"Artificial intelligence"s

p-"artificial intelligence" ("artificial

e’ conhecido; e intelligence” is knownj, and
esta’ classificado: it is classified under

nas categorias: the categories:i...

l12-="artificial intelligence".

Por favor de-me © titulo Please; give me the

de outra referencia do title of another reference

documento em questao. from the document in

guestion.)

u-Nao tenho mais nenhuma. {1 have no mcres)
p-Esta’ bem! {All righ%!
Vames utilizar o metcdo de Let us adopt as a
classificacao gue consiste classzificaticn method
em sugerir como categerias one that consists of
para o decumento em guestan) suggesting as categories



Paage 25

as obtidas da referencia fornecida of the document

pelo utilizador Assim, in guestion; the ones
proponho que o documento obtained from the reference
figue classificado nas given by the user! Thusy I
categorias seguintes propose that the document
12 be classified under the following

Por favor faca a sua escolha tendo em
atencao as categorias sugeridas Please choose
e as que julgue mais apropriadas according to the
‘'suggested categories and the

ones that you think most
apprcpriate.

Give me a maximum

of three!)

categories:12s

De-me 3 .categorias no maximo!

u=-12, 111 e 1224
p-0 documento ficou (The document was classified under
classificado nas categorias: the following categories:
l12-="artificial intelligence",;
lll--"language translation and linguistics" e
1224--"artificial intelligence systems znd languages",
v

Dialogue 2

u-Classifique "A structure {Classify "A structure
for plans and behaviour"! for plancs and behaviour"!}
p-"a structure for plans {"a structure for plans

and behaviour" is
unknown!
Do you still want

to classify it?)

and behaviour" e’ desconhecido!

Quer ainda classifica’=lo?

u=-Sim; quero. {Yes, 1 dc.)

p-Vamos classifica’-lo!
Por favor de-me o titulo

(Let us classify it!
Please give me the title of

de uma referencia do
documento em guestao.

u-"Computational semantics"

U]

p="computational semantics"

e’ conhecido; e esta’
classificadc nas

1215=="natural languags

categorias!

one reference from
the document in guestica.)

("computational semantics"
is known, and is
classified under the
following categories:

serabiwilh
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systems" e
312--"formal languages”.

Por favor, de-me o0 titulo Please give me the title of
de outra referencia do ancother reference from the
documento em guestacs document in gquestion.)

u-"Computer models of
thought and language".:

p-"computer models of ' ("computer models of
thought and language” e° thought and language" is
conhecido; e esta’ known,; and is classified
classificado nas categorias: under the categories:
1215--"natural language bbb

systems" e
1222--"modelling and
representation of knowledge".

Por favor; de-me o titulc Please give me the title of
de outra referencia do another reference from the
documento em guestao. document in question.)

u="Computer power and human reason":

p="computer power and human ("computer power and
reason" e’ conhecido; e human reason" is known; and
esta’ classificado na is classified under the
categoria: category:
1215--"natural language s ah
systems"«
Vamos utilizar o metodo de Let us adopt as
classificacao que consiste classification method the
em sugerir como categorias cne that consists

of suggesting as catsgories

para c documentc em cf the document in guestiony
questao;, as obtidas das 3 the ones cbtained from the
referencias fornecidas three references given by
pelo utilizador! the user!
Assim; proponho gque © I therefore propose that the
documento figue classificado document be classified
nas categorias seguintes: under the fcllewing
1215, 312 e 1222, categories:i...
Por favor; faca a sua Please choose according the
escolha tendo em atencao suggested categories and
as categorias sugeridas the ones that you think most
e as gque julgar mais apropriadas. appropriate.
De-me 3 categorias no Give me a maximum
maximo! of threse!)

u=1222.

p=0 documento ficou classificado {The document has been
na categoria: classified undar the category:
1222--"modelling representation T

of krowledge",



Por favor, deseja arguivar
este documento na Base
de Dados?
u-0ks
p—-Por favor;, gqual o nome do
autor do documento?
u-Sacerdotis
p-Por faveory; gual o nome do
livreirco do documento?
u-Elseviers:
p-Por faver;, gual a data
de publicacao do documento?

u=-1977.

p-Por favor; gual e’ o tipo
do documento?

u=livro.

p~0 ncvo documento no.47;
e a restante informacao

%]
-J

Page

Please do yocu want to
store this document in
the Data Base?)

(Please what is the name
of the author of
the document?)

(Please what is the name
of the publisher of the
document?)

(Please what is the date
of publication
0f the document?)

{Please what is the tyre
cf the deocument?)

{booki)

{The new document no.47;
and the additional

adicional; foi arcuivado! information, has been stored!

E que mais?

2.5 PROGRAM REASONING

Program reasoning is

And what =lse?)

handled by inference

mechanisms, general or special purpose procedures; able

toc support its competence to converse,
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-=- General problem reasoning

As examples of general purpose mechanisms we have

those dealing with:

(1) remembering and numbering- the participant's
contributions

Each contribution (eg: a user answer) is numbered and
assigned to the corresponding participant; allowing the
building of the dialogue history. Thus it is possible to
refer to the present state of the dialogue and to use the
previous contribution to take decisions. This facility
makes it easier for the program to wunderstand or

participate in nested dialogues:

(2) Answering constraint

Answering involves the output of data. Sometimes <the
amount o©f data is very large, and it may be unexpected
for the user. In such case;, it is convenient to output
only the first items; and then inform the user that there

are more data to be supplied:

The ZfZollowing dialogue samples illustrate ¢his kind of
mechanism (the token “=>" indicates the program’s
guestions):

L4
[;
-

3
-

u-Quais as categorias (What are the categories
acima de Prolog? above Prolog?)



p-As c¢inco primeiras sao:
computer sciences,
computer sciences applications;
software,
artificial intelligence e
programming languagess
Existem mais 2!

=>Quer mais?

t=Sim.

p—=As restantes sao:
artificial intelligence tools e

Page 29

(The first five are:
see

e b ew

EEE R

L I

LN I

There are two more!
Do you want more?)

(Yes.)

(The remainder are:
sbeLy

artificial intelligence systems and languages bhss)

u=Qual e” a bibliografia para "Artificial Intelligence"?

(What is the bibliography for "Artificial
Intelligence"?)
p=-Cs primeiros cinco documentos sao:
(The first five documents are)
livro no. 2 =- T"problem-solving methods in

artificial

intelligence"y

livro noe 6 == "a ccmputational model of skill
and acguisition")

livro nos 7 == "human problem s0lving"j

livro no. 10 =-- "computer power and human reason"

e

livroc not 23 =- "“STRIPS:
application

a new approach to the
cf theorem proving to

problem=sciving".

Existem mais 3 documentos!

=>Quer mais documentos?

u-Quero mais dois documentos.

p=0s restantes sao:

(T"here are thres more
documentsi)

(Do you want any more
documents?)

(Yes;,I want twvo more
documents.)

(The remainder are:

artigo no.
artigo no:

25
27

"the CONNIVER reference manual" e
Yplanning in a hierarchy of
abstraction spaces":



=>E que mais? And what else?

The program knows that the output of data cbjects is
constrained by their number. The program outputs the
first five obiects)y) states the number of missing ones and

interrogates the user about their output:s

(3) Dialogue shifting

During a dialogue on a precise topicy the user may give

up; and restart a new dialogue:

u-Classifique "Exploraticns (Classify "Explorations
in cognition"! in c¢egnitieon"!)
p-"explorations in cognition" {"explorations in
e’ desconhecido! cognition® is unknown!
=>Quer ainda classifica’-lo? Do you =till want to

classify it?)

u=-Por favor; quero. (Yez, please.)
p-Vamos classifica’-lo! {Lzt us classify it!
=>Por favor, de-me 0O titulo Please, give me the
de uma referencia do title of a reference from
documento em guestao. the Jdocument in
guestion.}

u=Dasisto: (I give up:)
p-Ok. Vamos desviar-nos {Oks. Let vus change
desta conversa! conversation!

=>E que mais? And what else?)
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The program reccgnizes whether the document +o be

classified is knowns In

interrogates the user to confirm his request;

its

as that on the title

(4)

After the user has decided to store a

document; +the program is

relevant document specification.

classification by asking pre-defined guestiocns,

“he case 0of a new document, it
and starts
such

of a reference.

gathering missing information about the document

newly classified

able to gather the missing

The program knows what

to ask; and is able to respond to the user. The program
is also able to handle user changes of mind;
contradictions and repetitions occurring during the
corresponding dialogue:. The following dialogue sample

illustrate some aspects of this kind of mechanismj

3
'

-
v
.

p-Por favor; deseja arquivar

este documento na Base de Dados?

u—-Por favor:

p-Por favor, qual o nome do
autor do documento?

u=Brazdil e 1978

p-Por favor;
documento?

gual o tipo do

u-artigo.

p=0 novo documento no. 50
com a restante informacaoc

e; do you want to
ore this document
in the Data Base?)}

(Pleas
b=l

(Please.)

(Please; what is the name of
the author of the document?)

what is the kind
of document?)

{Please;

(paper.)

{The new document no. 50
with the other



adicional foi arquivado! informatiori has been stored!
E que mais? And what else?)
-
.
.

Program gquestion on the year of the Jdocument was
unnecessary because the user gave that information with

the name of the za2uthor:.

(5) handling the classification method

During the process of c¢lassifying a document the
program is able +to simplify the set 0f categories of
its references. It verifies any repeated ones and it
consults the c¢lassification system to find redundant
categories, ie. those situated above other categories
belcng;ng to that set. A previous example of a
COnvers;tions presented to illustrate the
classification methody shows this kind of inference

mechanisms:

(6) diagnosis of incomprehensible sentences

During the dialogue the program may not understand the

user’s sentence. This may be due to the following:

-~ the user has failed to type a word properlys

-= the user has employed a word unknown to the
program;, and

-== the user has adopted a syntattical constructicn

unknown to the program.



Fcr the two first c¢ases, the program discovers the
unknown word(s), asks the user about it{them), and is
able to0 increase its dictionary with the new word if it
is a proper noun. In the third case, it asks the user

to paraphrase his sentence:

The following dialogue sample illustrates the second

case:
-
3
u-Michie e um autor? {Is Michie an authar?)
p-Nao compreendo esta frase (I don”t understand this
porgue a palavra "michie" e’ sentence because the
desconhecidal word "michie" is unknown!
Por favor, preste atencao "a Please, observe with
frase gue ezcreveu! care the sentence yosu have tvped!l
=>Existe algum erro sintatico Is *there any
na escrita da sua frase? syntactical mistake?)
u-Nao existe. {There is none.)
p-Esta’ bem! (A1l right!
=>A palavra desconhecida "michie" Is the unknown word
e’ um nome proprio? "michie" & proper noun?)
u-g”’. (It iss)
p-Qual e° o genero de "michie"? {What is the
=> gendexr of "michie"?
u=-Masculino (Masculine}
p=A gual Jos tipos; autory (To which type; author;
=>titulc, livreiro ou title, publisher or category;
categoria pertence a palavra does the word
"michie"? "michie" belong?)
u=Autor. (Author.)
p—~A respostaa sua pergunta (The answer to your
sobre "michie" e”: quection about "michie" is:
Nao. Nos)
3 (ie. no known document

. has "michie" as its author:)

1]
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== Linculstic program reasoning

A typical example of linguistic program reasoning is
the following dialogue consisting of an anaphoric
guestion with the program’s answer:
u-Quem e~ o autor do artigo?

{Who is the author of the paper?)
p-A sua pergunta e  indefinida!
Nao encontro nenhuma entidade gue a satisfaca.
(Your guestion is unde fined! I don't find any
appropriate entitys) '
This dialogue illustrates another feature o0f the

program. TUGA evaluates the logical structure and €finds

+hat the truth wvalue is undefined. The gquestion reveals

7]
(]
0

a definite noun phrase anaphora. The noun phra
artigo” (the paper) is meaningless in a context where no
paper has been suggested previously: the guestion is
isolated. Also *here are no co-reference sentential
restrictions and the noun phrase cannot be interpreted as
referring 0 a certain paper. The presupposition
introduced by the definite article is solved but not

fcund.



o
1]
0
(1]
w
U

CHAPTER 3

DESIGN--THE MAIN IDEAS EMBODIED IN TUGA

3.1¢ ANALYSIS OF DIALOGUE

The organization of taking turns to talk is
fundamental to dialogue; as well as to a program able to
converse. A formalism for the analysis of dialogue |is
proposed, and we examine its compatibility, with the
representation of the history of dialogues between a
program and its users. Dialogue taking plazce in 2a
library world has structural properties;, and rules are
derived to form a grammar of dizlogues. This grammar is
responsible for the organization of the possible
interactions in such a context. However, some of these
rules are general and may apply to other contexts. For
example, rules for opening dialogues and for allowing
user initiative are general. Rules are defined in terms
of semantic concepts, like requests or answers, which are
supported by sentences of naturazl language and analysed

according tc Colmerauer’ s framework:
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-=- A formalism for the analysis of dialogaes

Let P be a set o©f participants and C a set of
contributionsv By a contribution act we mean 2 member of
the set P C of participant-contributicn pairs. For
exampley

<pljyecll>

is a contribution actjy where pl and <¢ll are the first

members of P and C;, respectivelys

Let S be a set of conversational states or
configurationss A conversational state s is a seguence
of at least two related contribution acts. For example;

cll

stands for the first contribution regardirg the first

conversational state:

By a dialogue of length n we mean a member of the
f
set (PXC) of sequences of n contribution acts; and by
a dialogue we mean a member of the set

T=y(Px c)" (ng N)

of dialogues of any length. Each member of a dialogue is

of the form

<s,<prc>> (s £ES,pEP,ctC)

which we identify with the triple

<py5;C>



For example,
T={<pl,1l,cll>,<p2,;1,c21>,<pl;2,¢c32>,<p2,2,c42>)

is a dialogue of length 4; with 2 participants, pl and

P2, 2 conversational states and 4 contributions.

We call E=Px Sx C the set of events, and any triple

<pySyC> an event.:

A dialogue is a seguence of events; grouped into

units;, and governed by rules:

The conversational units are the invariant
structures of dialogue: sub-dialogues; xchanges,

monologues and contributions:

A sub-dialogue {(dialogue course cr segment) is any
sequential subset of a dialogue;

Course={x:(J t€T) (xN =0 and xUter))

An exchange is a set of two «consecutive events,
concerning the same conversational state and two
different participantss A pre-defined axchange,

conducted by the program, is called an exchange pattern:

A monologue is a seguence of at least two
consecutive events, concerning the same conversational
state and the same participants

Mon =U ((p}x )
P ow



A contribution of a participant to a dialogue is a

sequence of his contributions.

The semantics of contributions covers the following
types: requests (statements, questions, and commands),

answers and remarks (eg. agreement)s

The -"underlying structures of the situations
occurring in a certain problem world determine the

organization of dialogue and its systems.

A grammar of dialogues is a set of rules of

dialogues

Rules of dialogue state how participants understand
coherent dialogues, and specify the membership of the set
of legal dialogues X, such that

X< T
where T is the set of dialogues of any lengths

Rules of dialogue define the <c¢lass o©of ccherent
dialogues and their attached models:. They contain the

way contributions are put togethers

A model is a system of dialecgue defined as the
triple

<EF,CrK>%

The core of any model is the set R of rules defining XK.
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-= A particular class of diaiognes

We consider the dialogues occurrineg between the
program TUGA and its users in the library world. Such
dialogues are evolving dual processes;
goal-and-rule-oriented for sharing information between
the participants: They are dual because there are only
two participants at a given time., They are goal
oriented because they are carried on to satisfy, for

example, the following objectives:

i) to satisfy users” straightforward reguests
concerning the document collection and the
classification system;

ij) to ask users about the library world (eg. the
author of a paper); for conversztional guidance
purpose, and

iiji) to present the user with proposed data [eg:. the

document classification), enabling him to chosse
from or modify its

They are rule-oriented because the conversational
units are governed by a grammar of dialecouves which
determines the roles played by the program—-the librarian
and the library’s secretary, and by the user., The
grammar also allows the inclusion of several courses
inside & dialogue, such as topic shifts for simple

question-answering purposes,
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Consider a dialogue between the program and one of
its users; defined as a sequential organizaticn of single
exchanges. The conversational description is represented

in the diagram of the following figure:

o1 o(u2) (03)

a2 qft o4 qzz 063 q53

&) D &)

i

Fig.2

Conversational description

The diagram shows the history of that dialogue. The
interaction proceeds in separate discrete steps from one
to another of a finite number of configurations. There

are three successive conversational states through time,

each one corresponding to a single 2xchange;
question(g)=-answer(a) pair, conductea under user

initiatives
This history is described as follaws,
T={<u;1,9l1>,<pyl)a2l>p<u;2;g32>,<pi2,242>,<u,3:;953>}
<p:3,ab63>}
iev a dialcgue of length 6, with 2 participants;, the
user{u) and the program(p), with 3 conversational states

and 6 contributions {guestions and znswers). Note that

“q32°;, for example, means that the third contributicn is



a question,

dialogue,

(1)

(2)

(3)

(7)

(8)

(9)
(10)

(11)

(12)
(13)

(14)
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referring to the second conversational state.

Consider now the following segment of a nested

concerning the classification of a document:

u-Classifique "Explorations
in-Cognition"!

p-"explorations in cognition"

-

e’ desconhecido!
Quer ainda classifica”-1lo?

u-Esta” bem.
p-Vamos classifica“~-1lo!
Por favor, de-me o
titulo de uma referencia
do documento em questao.
u-gual e o titulo do
Nilsson?
p-"artificial intelligence".
' Vamos classifica’-lo!
Por favor, de-me o©
titulo de outra referencia
do documento em guestao.

u-Nac tenho nenhuma.

p-Esta” bem!

que nao conseguil obter
nenhuma referencia, nao
sei dar-lhe qualquer
sugestao!

Quer ainda classifica’-10?

- -
wa

u=-Nao quero.

bem!
gue mais?

p-Esta’
B

in cognition"

Please,
of a reference from the

Please,

(Classify

"Explorations in cognition"!)

("explorations
is unknown!
Do you still want

to classify it?)

(All right.)

(Let us classify it
give me the title

document in guestion.)

(What is the title of
Nilsson?)
{"artificial
inteiligence".
us classify it!
give me the title
cf another reference
rom the daocument in
guestion.)

Let

(I have none.)

{211 right!

As I cculd not get

any reference, I don’t
known¥ to give vou any
sugogestion!

Do you still want

to classify it?)

(No, I don’t.)

(A1l right!

And what else?)
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This dialogue presents a sub-dialogue and an
interruption due to the user. The sub-dialogue
corresponds tc a dialogue model; which organizes
interactions concerning the implementation of the
document <classification meghod. The interruption is
presented as an exchange; nested in the sub-dialogues
The conversational description; represented in the figure
below; shows the organizatiocn and levels of the dialogues
There are three levels: one for the ordinary dialogue;
the other for +the particular dialogue model; and, the
last one for the interruption. Numbers, placed on the
left of contributions;, are used for referencing them to

the segment considereds

¥
_.!

.ﬁ-.--_-_.._
g.

pmmm—-

Diclogue model of scencrio D | GNGE _
exchange patterns ussd: 2,3556 @ ! OF DIALOGUE : topc shift
1
U - user g-question by
p - progrom 0 -—-answer
r—remark
Figs.3

Conversational description
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The history of this dialogue is described as
follows,

T={<U,1pqll>;(p;2,322>;<p;2;q32>;<u;2}a42>‘;
<pr3,r53>,<p;3;062>,<u,4,974>,<p:;4,984>,
<py5,r95>,<p;5,9l05>,<u,5;9ll5>;<p,6,xrl26>,
<p;6rql36>;,<u,6,al46>;,<p,1,als51>}

iev a dialogue of length 15, with 2 ©participants, the
user{u) and the program(p), 6 conversational states and

15 contributions {qguestions(q) answers({a) and

remarks{r)):

--A grammar of dialogues

The grammar of dialogues o©f prcgram TUGA is a
complete and precise description of the properties of a
certaih class of dialogues. The properties concern the
structures of the dialogues, occurring in a library

world, and organized as modelsy

A dialogue carried out by TUGA has two participants;
the program {p) and its wusers {u), and therefore two
mutually exclusive states; the "agent" and the “passive'
participant*. Both participants may take the initiative
during the encounter;, ie. the program may be an “agent"
or a "passive participant".: The "agent® claime the turﬁ
to speak at any given moment, and plays an active role.
The "passive participant" doces not c¢laim the turn to

speak at any given momenty
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Considering two states for each participant, +there
are four possible conversational states. However, we
only consider two states: "agent® - "passive
participant” and ‘"passive participant”" - ®agent". {The
other two states represent in some sense a failure of

ialogues)

The gyntax above the discourse level, presented
below, characterizes only the c¢class of dialogues
considered. For more details, the readexr is asked to
consult the program TUGA, and in particular, its module
CONVER ({see Appendix 3). This matter 4is discussed

further on in Chapter 4«

Grammar of dialogaes

Syntax above the discourse level

<converse> --> <openincl>; <converse>
<converse> -=> <opening2>, <conversel>

<conversel> ==> <conversel2>, <continue>

<converse2> =-> <dialogue>
<converse2> ==> <monologue>

<gconverse3> =-> <cdialoguel>
<conversed> --> <decide>, <dialocgue>
<converseb5> =~==> <dizloguel2>, <course>
<converse6> ==> <ack author>,
<ask _publisherx>,
<ask_date_of_ publication>;
<agk_document type>



<converse’i>

<continue>
<continue>
<continue>

<dialogue>

<dialoguel>
<dialogue2>
<dizlcgue3>

<monologue>

<course>»
<course>
<course>
<course>
<course>

<user>
<user>
<user>
<user>

<program>
<program>
<program>
<program>
<program>

N.Bt. We adopt the

Let us consider only the first

make explicit

L L4

converse ; is

defined

<¢conversel>,

o
[+
[fa}
m
o
u

- <dialogue3>;
<conversel>

==> <conversel>

-=> <ecsuspend>, <cocnversed>

-=> <close>

==> <userr>, <program>

=-=> <p_guestionl>, <dialogue>

=-=> <p_qguestion2>, <dialogue>

==> <p_questicn3>; <dialogue>

-=> <user>;, <dialogue>

-2 <converse4>

- <refusal>, <conversed>

-2 <change>

- <dielogue3>; <refusal>

- <return>, <converse3>

-—> <question>

ot <fact>

- <command>

—-——> <answer>

- <response>

- <response>, <converse3>

— <response>, <converseb>

—-— <respecnse>, <conversebt>

- <respcnse>, <conversel>

TUGA s predicates

their meaning:

as an

opening

whenever possiblet

few rules in order to
A general disleogue,

followed by a
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sub-dialogue which may be followed by z sub-dialogue or
closed by user initiative. The |user may alse suspend
temporarily the dialogue without affecting it. This
feature justifies the existence of two kinds of opening:
one for the dialogue start and the other for the
re-start. A dialogue is simply a seguence of exchanges
or monologue, or is followed by several models of
dialogue. Focr example, dialogue on the clascsification of
a document is handled by dialogue model “converse5”:;
dialogue on adding new documents is handled by dialogue
model “converse6”. Dialogue model “converseS” is defined
by rules “course” which define several kinds of possible
courses during the interaction between program TUGA and
its userss Any of these dialogue models is served by
sets of exchange patterns. For example, “cenverse6” is
defined as a sequence of pre-defined program gquestions
whose order may be altered by user. This means that the
program can cope with =single or multiple data, provided
in any order;, and c¢an aveoid asking guestions whose
answers were provided either implicitly or explicitly at
some earlier time. This particular model is also zble to

deal with user changes of mind;

We use rules of interpretation, below the discourse
level. The rules of interpretaticn deal with what the
user does; eg. requects (statements, questions and
commandga) and answers, Other rules deal with what the

prcgram does, eg. answers, quecticns, and remaxrks
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(comments and agreements). Here are, for example, three

of these rules:

Rule--If the user makes a statement, the program

interprets it as a request for confirmation.

Rule--If the user asks a closed question {form Q-S, where
S means the statement corresponding to the gquestion) and
the program responds with an existential E (yes/no), then
the program is understood as answering the user with the

statement E-S.

Rule==-If the user issues a command; then the program
interprets it as a valid reguest for an action A only if

the following conditions hold:

the request is ended with an exclamation markj

and action A is one of the following

- classifying a document,
- generating a category
- adding data items and

- deleting data items:

The first two actions also cover the general purpose of
gathering information through a referent: the referenced

document or the classifications



3u2. THE COLMERAUER ANALYSIS OF NATURAL LANGUAGE

Colmerauer’'s framework (Colmerauer,1977) to natural
language analysis provides us with a method for
translating natural language sentences into logical

structuress
The method consists of considering,

- elementary statements based on proper nouns,
- each article as a three-branched gquantifier, and
- four precedence rules for governing the
quantification hierarchy procblem:
Example 1: the sentence;
Hewitt is (a) writers
constructed with a noun and the verb “to be”
is translated into the formulay

writer{hewitt)

In general; verbs, adjectives and nouns introduce
properties with n arguments. For verbs, n may be equal
to 1 (intransitive verbs) or N+1 (transitive verbs, where-
N is the number of complements). For adjectives and
nouns n is egqual to 1 or greater than 1 {(relations,. where
n is its n=arity). The arguments represent objectej
whose role in a sentence is the complement o©f a ncun,

verb or adjective.
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Example 2: the centence,
Hewitt writes a book:t
constructed with a verb (“write”), a noun {“book”) and
an article (“a’), may be replaced by the following

paraphrase,

for a

B
such that

B is {(a) book (1)
it is true that

Hewitt writes B {2)

where (1) and (2) are elementary statements:

This paraphrase is a logical structure written in a

shorthand notationj

a{Bybook(E)} ,writes{hewitt,;B))

.

and reprecented by the tree;

B book writes
B hewitt 8
Fig.4

Tree structure of a sentence

Note that statements (1) and (2) are translated into

formulae “book(B)” and “writes{hewitt,B)”, respectively:



)
o
b
0]
o
o
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The legical structure 1is the meaning of the
sentence, and each of its ccnstituent parts corresponds
to the senses of individual words (Frege“s principle):
We shall refer to the representations of such meaning as
logical structures since the only aspects of meanings we

know how to represent rigorously are logical relationss

Each article © introduces a three-branched
quantifier g, which creates a new formula from a variable

x and two formulae fl and £2,
g(xyfly£2)
corresponding to the statement;

"for o x such that el; it is true that e2"

where el and e2 are the elementary statements

corresponding to fl and f2.

Example 3: the sentence;

Hewitt writes a book for each publisher:
constructeéd with a verb (“write”);, twc nouns ({“book”;
“publisher”), and two articles {(“a”, “each”), may be
replaced by the following paraphrase:

"for each P such that P is a publisher it is
true that for =z B such that B is a book, it is
true that Hewitt writes B for PB%.

The sentence 1is translated into the logical

structure;}



each(P;
publishexr(P);
a{B;
book (B)
writes_for{hewitt,B;,P)))

and represented by the tree:

. @ach
P publisher <]

1
|

:

|

|

|

|

|

, |

B —

o

Figs5

Tree structure

The logical structure displays the fcllowing
precedence rule: "in a construction inveliving a noun and
a complement of this noun, the guantification introduced
by the article of the complement dJdominates the

quantification introduced by the articie oi the noun™,

Besides this rule; Cclmerzuer propcsed three more

precedence rules:

-~"the quantification introduced by the article of the
subject of a verb dominates the guzntification{s)
introducec by the complement{s) closely related to
that verb", for examnple; the direct and indirect
complements, and other ccomplements Zfor specific

verbs:
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-'whenever a verb, an adjective or a noun has two
complements; the gquantification is made in the
inverse order of the natural order of their
appearance; the rightmost complement generates a
gquantification dominating the quantification
generated by the other complement":;

-"the -quantification(s) introduced by the subject
dominate({s) the negation" (exception: when the
subject is quantified by “every” or “each”, negation

dominates)s

Complex sentences involving relative clauses of the
restrictive type regquire a rule similar +to the one
necessary for the treatment of coordinated statementss
Relative clauses are treated as ordinary statements: the
relative pronoun is replaced by the appropriate varianle
and the whole is linked to the transiation of the noun by
the conjunction “and”:

Example 4: the sentence;,
Winograd wrote the book that is referenced in
"Psychology of Computer Vision".
is translated intc the logical structure;
the(x,
and (isbook(x)y
isreferenced({x;"peychclogy of computer vision"))},
wrote (winograd,x))

and is represented as the tree,



the
x 8 jfi\\
s.book 1s_referenced winogod X
X X peychoiogy of computer vision

Figu6

Tree structure

Observe that the relative pronoun was eliminated and the
scope of “and” is only a part of the sentence. The
conjunction “and” cperates upon a particular book, adding

the pieces of information asserted by the sentence.

3-2&1._ ADAPTING THE CCOLMERAUER ANALYSIS TOC PCRTUGUESE

Colmerauer framework was originally proposed for
French and English. Later on {(Dahl,1%277} adapted it to
Spanish and (Pique,1978) suggested a different semantics

for French articles.

The adaptation to Portuguese covers the definition
of articles, the double negation imposed by the use of
“nenhum” {ne), the treatment of the conjunction oxr
dis junction of proper nouns, the conjunctien of
statements, guestions, common ncuns and adjectives, the

use of the relative/interrogative pronoun “guem” (who)
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only with ncuns that refer tec humans, the particular use
of s8special verbs and adverbial groups, and definite
articles with proper nouns. Examples of sentences,
occurring in the library world, are presented in section

4.4.1 to show a brief survey of Portuguese grammars

The definitions of Portuguese articles (see Appendix
1) are slightly different from Colmerauer”s and Dahl’s,
especially as regards the articles translatable by “a’,

- .

no and

L4

not all’. A new article “the i” (“i° is an
integer) was introcduced for the first time. The reason
for these differences 1lies in what we consider the
semanti¢c interpretations of the Portuguese articles:

-

Cther articles 1like “somebody”, “nobody”; “any and

“each” are handled by the definitions of articles “a’;

“no” and “all the”; respectively:

The use of “nenhum” (no) imposes a double negation
in some situations; characterized by the appearance of
particle “nao” (not)e. This wuse is governed by rules
based upon the location of “nenhum” in the sentence with

regard to the verb (see section 4.4.6)4%

The treatment of coordinzted proper nouns and the
disjunction of proper nouns is achieved through the
introduction of cempound *erms, such as “coord{(x)’ and
“disj{x)", in the vocabulary of the logical system (sece

Appendix 1), as it ie explained in Chaptexr 4.



Care is taken in the treatment of special verbs;
like “to be”s The verb tense ellipsis for “to be”, very
common in Portuguese, is allowed, and the verb “"to have’
is defined carefully (see section 4.4:6), taking also

into account constructions invelving adverbial groupss

Proper nouns may occur either with the definite

article or without it. Both uses are alloweds

3v3% EXPRESSING THE COLMERAUER ANALYSIS AS A
DEFINITE CLAUSE GRAMMAR

We <c¢onsider now how to express the Colmerauer
analysis, the translation of sentences of natural
language into logical structures, as a definite clause

grammar (DCG)s

DCGs (Pereira&aWarren;1978),; an extenszion of
context-free agrammars, support the construction of the
translation machinery;, which tries to capture some of the
syntax and the semantics of the Portuguese subsetyl
relevént for the application chosen. The translation
consists of the assignment of a logical structure as the
interpretation of every sentence. This structure is
composed of well-formed formulae of a certain loegical
system, based upon an extension of predicate logice. The
grammar machinery is expressed as a set of definite

clauses o©f 1logic through Preloaga grammar rules. it



contains syntactic and semantic knowledge of the subset

of the natural language considereds

First, we take into account only syntax and we
explain what the parsing of a sentence consists ofy
through its representation in predicate 1logic as the
proof of inconsistency of a set of clauses
{Kowalski;1974: Emden,1975) & Second, we take into
account syntax and semantics and we present a simplified
grammar; able to analyse a small fragment of English. We
show how it is constructed; and how it parses and

translates a sentences:

Example 1l: The parsing problem is formulated in the
following way: "given a grammar and an initial string
of words demonstrate that the string is a sentence®

(Knuth,1971).

The problem reduces to the construction c¢cf a parse
tree for verifying whether the parsed string is
grammaticals. The parse is the path in the tree of goal
.statements from the root {(initial sentence) tc the halt

sctatemants

The specification of the parsing problem contains
the transcription of a context-free grammar; CFG, and a

representation of the string of words:.
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Here is an example of a CFG (a3 cimplified version of
TUGA"s grammar); defined by ten rules {1}:

sentence =--> noun _phrase, verb, complements.
noun_phrase ==> article, adjective, common_noun.
noun_phrase =--> article; common_nouns
complements =-> noun_phrases
verb ==> [writes]s
article --> [the]:
article =-=> [als
ad jective ==> [new]:
common_noun --> [author]s

common noun ==> [paper]s

Each rule has the form:
non’terminal_symbol =-=> body.

where body is a sequence of one or more items separated
by commas. Each item is either a non-terminal symbol or
a sequence of terminal symbols. The meaning of the rule
is that body is a ©possible form for a phrase of typse
non-terminal symbol: A non-terminal symbol is written as
a Proleg atom, while a sequence of terminals is written

as a Prolog list, where a term may be any Prolcg termi

Grammar CFG covers sentences such as:

"the new author writes a paper"”

To get the translation of each rul=z of a CFG into a
cefinite clause of logic, we ascociate with each
non—terminal a 2-place predicate (having the same name).

-

{1}The Prolog notaticn is herein adopted{(see Appendix 2).



rt

The arguments of the predicate represen the beginning

and end pecints in the string o©f a phrase for that
non—~terminal. The ten rules of that CFG are translated

into:

(1) sentence(S0,S):- noun_phrase(S0,S1),
verb(s1,82),
complements{S2,S)s

(2) noun_phrase(s0,S):~ article(S0,S1),

ad jective(Sl1,S2),
common_noun{S2;S8)+

{3) noun_phrase(S0;S):~ article(S0,51)}

common_noun(Sl,S)s

(4) complements(S0,S):~- noun_phrase{S0,S):

(5) wverb(S0,S):~ connects(S0,writes,S):

(6) article{S0,S8):~ connects{SC,the;5)s

(7) article{(s0,S):~ connects(S0,a,S)%

(8) ad jective(S0,S8) := connects(S0,new;S)s

(9) common_noun(S0;S) :- connects(S0;paperyS):

{(10) common_noun(S0,S):- connects{S0,author;Sjv
The first clause means "a sentence extends from S0

to S if there is a noun phrase from S0 to 51, a verbk from

S1 to S2 and complements from S2 to S%:

We use a 3-place predicate, “connects”; to represent
terminal symbols in rules, where “connects{S1,T,S2)"
means "terminal symbol T lies between points S1 and S2 in
the string". The above sentence is translated into the
following set of unit clauses:

{(11) connects(l,the;2)s
{12 connects{2,new;3):
{13 connects(3,author;4}.
(14) connects{4,writez;5):

(15} connects{5,a3,6):
(16) connects(6;:paper,7)s

where each integer tags the points of the scntence as
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0
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follows:

"the new author writes a paper"®
s b 2 3 4 . 5 6 7

Note that the representation of a CFG by clauses is
data—-independent, because the actual representation of
the string to be parsed is not known by the <clauses:.
Another alternative for the representation is adopted
in TUGA., It is characteri;ed by tagging a point in a
string, .not by an integer, but instead by the list of
symbols occurring after that point in the string. It |is
no longer necessary to provide a separate ~connects’
clause for each symbol in the string. The first
representation appears here for easéﬁéxplanation. In
the

YCase of Prolog, the proofs with the +two representations

will be essentially the same:

The goal of determining that the strinc of words is

a sentence is expressed by the goal statement

:- sentence{l;7):

which becomes the rcot of the proof treei. The string is
in +the language defined by the the grammar, 1ff the trce

contains a halt statement (O }): an empty assertions

The parse is obtained by tracing the path from the
root to the halt statement, and by noting at each step

which clause was applied.
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The following figure illustrates the parse tree for
the sentence in question; from top~down and
left-to-right; with four non-successful branches.

—sentence(17),
9 i := NOuN . phros=(1,51), verb(S1,52),
2 compiernents(32,7),
c,J) r=grucle (151), odjiective(S1,32),
comman-ncun($2,53),verb(S3,54),
) comnplaments (S4,7),
Q- connects(1the S%), cdective (51,52),
common. noun($2,53), verb(S3,54),
on comp!em:mslisxl,?).
1-odjective(251), common.noun (S1,52),
(@3 verb ($2,53), complements(S3,7).
= conneCts( 2 new 81}, comonanoun{S1 52),
(12) verb(SZS3) comuements(537).
) .- common-noun(3,51),vern (51,52),
compeements(S2,7)
= comnects(3poper,S1), := Connecis{3outhon 51),verb(S1,52),
verb(S1,52), = compiements(S2.7).
complements(52.7). (12)
? -= vero(4,51), complements(S1,7).
foil [
= connects (4 wries,S1), complemens(S1,7),
- complements (5.7 ),
= noun-phvose (5.7).
T- ortcle (5.51), s-onticle [, S1), commor neanS17).
odjective(S1,52),
common-noun(S2,7), 7
= connects (S the S1), 1= connects {5,051), o] r- comecta(5,0,51), common-noun (51,7
odjective (51,52), odjective(S1,52), o
common- noun(S2,7). as) commaon-noun(S27),
:. odjective (6,51), O :-common-noun (€7),
foil cormmon-noun (517),
9
- connects (6 new S1), O -connects (6 poper, 7).,
comman-nown(51,7). U‘i)l
foil O
Figs7
Parse tree

The parse tree shows the proof that clauses (1) to

(16) plus the agonal statement are inconsistent. This

refutation is the generation of the parse.

Note that any
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derived goal statement Ci+l is obtained from the

preceding one Ci in the sequence by

(1) matching; with some substitution 6 of the
terms for variables;,; the first literal A in
Ci with the literal A" in the <c¢onclusion
(left-side o0f the clause) of some clause C
of the set of clauses (1) to (l6), whose
variables have been renamed so as to be
distinct from those of Ci;

(2) deleting the selected 1literal in Ci, and
replacing it by the set of 1literals
constituting the hypothesis (right-side of
the clause) of C, and

(3) applying the matching substitution @ to the
resulting clause.

Example 2: Let us consider a simplified grammar G which
parses English sentences and produces their
corresponding logical structures. We wuse now the

notation of DCGe which is an extension of the notation
used for context-free grammars. The grammar is
defined by two modules: the syntax pius semantics (it
corresponds to module GRAMMA of TUGA) and the
morphology (it corresponds to module DICTIO of TUGA):
For clarityy we have avoided the identifier'

abbreviations of the actual TUGA programs

Syntax plus semantics

sentence(S) =-> noun_phrase(NP,52,0),
verb({subject-X;,..L],01);
complements (L,01,02)%
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complements([},0,0) ==> []s
complements([K=N;.+L];,01,03) ==> complements(L,01,02),

case(K),
noun_phrase(N,;02,03)%

noun_phrase(N,02,04) ==> article(N,01,02;03),
common_noun ( [subject-N;.+L],01);
complemente (L,03;04):

noun_phrase(PN,0,0) ==> [PN];, { proper _noun(PN) }.

case(for) ==> [forls
case(direct) =-=> []&

Morphology

verb([subject-A,for-P);is_published by(A,P)) --> [writes]:
common_noun( [subject-P] ;publisher(P)) --> [publisher].
article(A,01,02;and{(01,02)) --> [als

proper_ noun{hodges)s
proper_nocun{penguin)s

Non—-terminals are allowed to be ccompound terms in
addition to the single atoms allowed in the context-free
caesev In the right-hand zide of 2z rule, in addition to
non-terminals and 1lists ©f terminals, there may also be
sequences of procedures calls; written within the
brackets “{° and “}°. These are used to exprestc extra
cdéiticns which must be satisfied for the rule to be

valids

A non-terminal symbol is transiated into an N+2
place predicate (having the same name), whcse first N
arguments are those explicit in the non=-terminal and

whese last two arguments are as in the translation of a
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context-free non-terminal; procedure <calls in the
right-hand side of a rule are simply translated as

themselves. For example, the rule

noun_phrase(PN;,0,0) =-> [PN], { proper noun(PN) }.
represents the clause

ncun_phrase(PN,0,0,5S0,8) :- connects(S0,PN;S)}
proper _noun{(PN)s

The first grammar rule of G allows only for
sentences comprising a noun phrase followed by a2 verb
with possibly some complements: The first grammar Qule
for complements admits their absence (the terminal []
stands for the empty 1list), and the second rule defines
the seqﬁence of complements as =a string composed by

compleﬁent) a case and a ncun phrases

Let us explain the role of the logical variable in
DCGsy a feature of logic programs: Different arguments
of different non-terminals are 1linked by the same
variable. This allows building up structures in the

course of the unification processs



Page 64

Consider for example the noun phrase "a bpubplisher®
which may be parsed and translated by the grammar rule,
noun_phrase(N,0a,0b}) =--> article(N,0c,0d;0e),

common_noun (N ,0f) ;
{constraints(0a,0b,0c;0d4,0e,0f) }

Note that this rule is a simplified version of G’s
fourth rules The non-terminal for a noun phrase has
three arguments: The interpretation of the last argument
Ob will depend on a property ©Oa of an individual N;
because in general a noun phrase contains an article such

L L4

as “a”s The word “a” has the interpretation Oe;
and (0c,0d)

in the <context of two properties O¢c and GCd of an
individual N The property Oc will cerrespond to the
rest of the noun phrase containing the word “a”, and the
property Od will come from the rest of the sentence:
Therefore, Oe will contain an overall interpretation;,; and
it ie 1linked to Ob by the same variable. As Cf is the
property of the common noun; it is linked to ©Oc by the
same variable. ©Ca has the descripticn of the properties
of N and it will depend on thg properties c¢oming from
the rest of the sentence. Therefore, Ca is linked to 04

by the same variables

Note that each grammar rule takes an input string;
analvses some 1initial part, and procduces the remaining

part as output for further analysiss



Figure 8 illustrates the analysie tree for the

sentence:
Hodges writes Ifor Penguin

where, for each node step; is shown which grammar rule
was applied by a lakel stating its non-terminals Each
node has -a number ccrresponding to its depths The

analysis is done top-down and left-toc rights

complements

noun.gnrose

Fig.8

Analysis tree

Figure 9 ililustrates the'sequence of calls ef
the analysis of the sentence. The sequence is the
scanning of a tree of grammar rules whose root 1is the
goal =~ the sentence to be analysed, and whose nodes are
the sub=goals to be considered during thz resclution of

that goals Each ca2ll is marked by two numbers znd by the



g
w
£
@
N
]

name of the grammar rule used. The first number, placed

at the

left, designates the step corder in a linear

sequence of analysis steps. The second number designates

the depth of searchs The numbering is done top-down from

the root, level 1. number corresponding to depth, is

- - -

affected by a mark; - or +”; where the "= means

- L4

beginning.of the resoluticn of a sub-goal, and the +

means

the successiul conclusion of that rescolutions For

example, steps 3 and 4 represent two attempts at the

resolution of the noun phrase "hodges”, using the grammar

rules ~

phrase

noun phrase”s At step 3, the rule defining a noun

as an article followed by a common noun is trieds

At step 4, the rule defining the noun phrase as a proper

noun

is trieds As “hodges® is a prorer noun, step &

marks the success of the second attempt, and step 6 the

success of the analysis of the noun phrase.

The argument numbers staznd for wvariables, and the

Prolog

standard notation is used.

-1 sentence(9l)

-2 noun_phrase(273,274,91)

-3 article(273;291,274,292)

-3 proper _ncun(hodges)

+3 proper_noun (hodges)

+2 noun_phrase(hodges,21;91)

-2 verb(i-(subject,hodges),.+277],278)

+2 verp{{-(subject,hodges) ,~(for,312),is_publishea_
bv{hodges,312))
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9 =2 complements([-(for,312)],is_published by(hodges;
312),;91)
10 -3 complements(is_published_by(hodges;312);325)

11 +3 complements(is_published_by(hodges,312),is_publi
shed by (hodges,312))

12 -3 case(for)

13 +3 case(for)

14 -3 noun_phrase(312;is_published by(hcdges,312),91)
15 =4 article(312,351;,is_published_by{(hodges,312),352)
16 =4 proper_noun(penguin)

17 +4 proper_noun(penguin)

18 +3 noun _phrase(is_published by(hodges,penguin).,is_p
ublished_by(hodges,penguin))

19 +2 complements([-(for,penguin)],is_published_by(hod
ges,penguin) ;is_published_by{hodges,penguin})

20 +1 sentence(is_published by(hodges,penguin))

Fig.9

Sequence of calls of the analysis

Step 20 is the final result of the analysis. The

interpreted sentence was transiated intc the formula

is_published by (hodges, penguin)

Figure 10 illiustrates which input{SI) and cutput(s0)
strings correspond to some step of the figure 9:¢ Note
that strings are represented as lists., For step 1 the
input 1list is the sentenca to be analysed and the output

list represents the goal to attempt;, ies the empty lists



For step 6,
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while the input list is the sentence to be

analysed, the output list hasn”t the word "hodges” which

was already analysed.

Step

i0
1l

12

14

20

SI
SO

SI
SO

SI
SO

. L
SO

SI
SD

SI
SO

SI
SO

SI
SO
SI
SO

SI
SO

SI
SO

SI
SO

ST
SO

nu

I n o

mn

[} o

wu it n

[hodges;writes, for,penguin]

(]

[hodges,writes; for,penguin]
272

[hodges,writes; for,penguin]
290

[hodges;,writes; for,penguin]
[writes, for,penguin]

[writes; for,penguin]
276

[writes, for,penguin]
[for,penguin]

[for, penguin]

[ ]

[for,penguin]
324

{for;penguin]
[for,penguin]

[for,penguin]
327

[for,penguin]
[penguin]

[penguin]
[ ]

[hodges;,writes, for,pencuin]

(1

Input and output strings of the analysis
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3.4. EVALUATING THE LOGICAL STRUCTURE

The understanding of a sentence is the computation
of a truth-value by evaluating its logical structure over
a data base of facts and rules, according to a certain
logical system, based onn predicate logic. The
understanaing of a question consists of finding instances
of the corresponding declarative sentence which are true.
The logical structure operates as a program whose meaning
is given by rules of interpretation which provide its
execution. The data base describes a certain situaticn
in which the wvalue of the logical structure, combined
with the data items retrieved, supply an answer. The
logical system adopted differs from predicate logic in
that iis quantifiers are more adjusted to the semantics
of a .natural language, the variables can denote Loth
individuals and sets, and there is a third truth-value,

undefined, besides true and false (see Appendix 1l).

An example is presented to illustrate the processing

behind evaluating a logical structure.

Example 1: consider grammar G presented in section 3.3
and a simplified algorithm for evaluating the logical
structure. This algorithm is only the data base

verification routine “look_up”’.

Data base verification

look_up(LS,true) :- LS,!.



look_up(LS, false)

Intensional data base

is_published by (A;P) := book(A, , »Py_)uw

Extensional data base

book({hodges;l;;logic,penguinyl1977):
book({bartlett;2yremembering,cambridge;1932)%
book({(culicovery3jysyntax,academic)l977)s

The evaluation of the 1logical structure (LS) is
carried out by the Prolog proof procedure; and consists
of showing whether or rot LS is logically enfailed by the
data base. An answer is derived according to the result
of that evaluation. If a proof is found, LS is 2 logical
implication of the data base and a “yes’ answer is
producéd. If no proof is found, tne goal “LS" fails and

the completeness (in principle) of the Prolog proof

procedure justifies the “no” answer:

The figure below shows the sequence of calls for the

queryyp
Does Hodges write for Penguin?
The notation is similar toc that adopted in section

3¢3y and parsing calls were noct considered in the

following figure,
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-4 pn(hodges)
+4 . pn(hodges)

-4 pn(hodges)
+4 pn(hodges)

+2 prop(pub_of_aut(penguin,hodges))

« o o

=3 look_up(is_published_by(hodges,penguin) 400)
=4 is_published bv(hodges,penguin)

-5 book(hodges,401,402,penguin;403)

+5 Dbook(hodges;lylogic,pencuin,1977)

+4 is published_by(hodges,penguin)

+3 look_up(is_published by{(hodges;penguin) ,true}

Figell

Sequence of calls for a gquery

The gquery was translated into the fcllowing formula;

which is used as a goal

is_published_by{hodges;penguin)
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The result is true, and thereby the response “Yes.’

is delivered to the users:

We consider briefly two algorithms for evaluating
the 1logical structure; before explaining our owns The
one proposed by (Colmerauer,1977) consists of decomposing
the logiéal structure into elementary formulae which are
evaluated according to the semantics of a logical systems
Evaluation is done upon sets of individuals, following
the hypcthesis: "the n-ary properties introduced by
verbs, nouns and ad jectives = apply to sets éf
individuals"., The other algorithm implemented by
(Dahl,1977) follows closely Colmerauver = proposal, and is
supported on the concept of domain, viewed as al set of
individuals. The data base, a collection of explicit

domains, is not ofarelational types

Cur approach to evaluzting the logical structure
rests upon the modificztion o©f the scope ©of the zbove

hypothesis; and on the organization of the data base:

Colmerauer s hypothesis was re-written as follows:
"the n=-ary properties introduced by wverbs, nouns and
ad jectives apply to individuals and to sets of
individuals®, The formulation of this hypothesis is
closely related, but differs from Colmerauer” s. From a
linguistic point of view, the individual is considered as

2 set with one member, just z3 Colmerauver suggests. From
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a computaticnal point of view; individuals are selected
from the data base one by one, and not as a set, and
relations over sets are verified by testing them on all
possible combinations of values in the argument

positions.

Colmerauer considers that prcperties do not apply to
individuals but to sets of individuals, and he argues
with two reasons:

- not all properties of sets can be reduced so
easily into properties ranging cver individuals,

especially those involving notions .of
cardinality; and

- a property on individuals can always be
expressed in terms of a property on sets by
representing an individual as a set of

individuals with cardinality 1.

These reasons were adopted by Dahl whc added a
semantic advantage regarding the implementation of the
Colmerauer”s framework:

- the possibility of organizing the world as an
hierarchy of domains, where each is a set of
individuals.

The introduction of the concept of domain has;,
according to Dahl, three consegquences:

(1) reference, as regards searching for data, is
done to domains and not to individuals;

(2) a better definition for the arguments of a
relation (indexing on domains may support a

faster searching):

(3) a solution for the negation prcblem
(negation is viewed 2as the complement of a
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These arguments are debatables We note that
Colmerauer”s hypothesis depends on the kind and
organization of the world considered; and not on
cardinality. The open world recommends a hypothesis
based on sets; and the closed world a hypothesis based on
individuais. The open world is defined as the one where
the only answers to a query Q are those which are
obtained from proofs of Q given a data base as
hypothesis. The closed world is defined as the one where
certain answers are admitted as a result of failure fo
find a proof. The different points cof view are brought
up by the nature of the world: 1In an open world, the
data base 1is viewed as a theory, because it is
constructed as the new incoming facts arrive: the
appearénce of a property opens a set bf individuals, and
only the subsequent dialogue specifies their nature
(Pasero;1976)s In a closed wcrld, the data base is
viewed as an interpretation;, because the individuals are

completely specified (Coelho,1979a)¢

The experimentation with our program TUGA, working
within a c¢losed world, proved that for simple sentences

like
Artificial Intelligence is a bcok by Nilssons

the reference to domains;, considered as explicit sets of
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individuals, provokes a large searching process which
increases when the facts cof the data base increase. This
is precisely the opposite to what 1is suggested by
(Dahl1,1977), but her data base was so small that the fact
was not obvious. This finding justifies that domains
should be defined implicitlylas relational properties and
that their arguments may refer either to single
individuals or to sets of individuals. This option
involves a verification of properties and a treatment of
negation that differs from Dahl”s; and we discuss them

further on in Chapter 4

Example 2 : consider the following sentence;
No publisher has an authors
which is translated into the 1logical structure;

represented by the tree of figure 12:

no

/]\

x1 puthisher a
x1 x2 author have
x2 x1 x2
Figsl2

Tree structure

The logical structure, as prcduced by program TUGA; is

the following one:
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not (
for(Xl,;
and (publisher(X1l),
for(x2;
and (author(X2);
have (X1,X2))}

card(X2;greater;0)));

card(Xl,greater;,;0)))

The logical structure 1is composed of well-formed
formulae -of our logical system, and is represented as a
tree structure with seven blocks, as shown in figure 13.
Note the presence of predicates “not”, “for”, “and”,
“card” and “greater”. Their combination supports the
translation of the meaning of articles ;nc' and “a’y
according to the definitions presented in Appendix 1ls

T
B _—— 'T\
/ “\

publisher for

|
/

card [ x1, gr=cater, 0}

cord( %2, gregier,0)

outhor have
I 7N
x2 g X xR 4
. 4
2
3
Fig.13

Block tree structure

The evaluation of the overall logiczl structure is
the computation of its meaning by instantiatiang its

variables and calculating its truth-value, I+ iz done
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top~-down and from left-to-right, as foilows:

(i) The truth-value of the structure is the negation
(see the negation table in Appendix 1) of the truth=value
of block 1 (dominated by "“for”)s

(ii) The truth=value of block 1 is obtained by
evaluating block 2 (dominated by “and”); and by checking
whether its result is compatible with +the cardinality
definition of the quantifier standing for “no”s

(iii) The evaluation of block 2 <consists of all the
possible instances of block 3 over the data base, énd for
each of them; the evaluation of block 4 {dominated Iby
“for )

(iv) The truth-vaiue of block 4 is obtained by
evaluating block 5 (dominated by “and”), and by checking
whether its result is compatible with the cardinality
defini&ion of the quantifier standing.for “a’y

(v) The evaluation of block 5 consists of all the
possible instances of block 6 over the data base, and for
each of them; the resolution of block 7 over the datal
bases

(vi) The value of “X1° is the list of all publishers who
have authors; and the value of “X2° is the list of these

authorss
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A final note on the logical system adopted, which is
based upon a three-valued logic. The motivation for such
a system was given by the inadequacy of <c¢lassical 1logic
for +treating certain articles; =such as the definite
article “the”s The definition of truth of this articlej
represented as a three-branched quantifier “the(x,P,Q} s
depends on two conditions of truth: one about the set X
of x“s satisfying the property P:; and the other about
the property Q specifying the domain of x“s.

val[the(x,P,Q)]=true if X={x | P} is a unit set
and val(Q)=true

val[the(x,P,Q)l=false if X={x | P} is a unit set
and val(Q)=false

val[the(x,P,Q)]l=undefined if X={x | P} is an empty set
or a multiple element set
or val{(Q)=undefined

Note that the third value undefined is only generated if

P is false or Q undefineds

However, our definitions o©f Portuguese articlesy
like Colmerauer’s and Dahl’s, are weak as regards the
generation of the third wvalue undefinedu Only the

-

definitions for articles “the and “the i” may cover
meaningless situations; because a conditional is presenty
Undefined appears when the cardinality is false or the
value of statement “e2”; corresponding tc formula f£2 in
g(xy£fl,£f2), is undefined. A new definition of articles,

proposed by (Pigue,1978), overcomes the weak treatment of

meaningless., He <considers these definitions based upon



the straightforward use of complex quantifiers, like
“a(xyPyQ)°y and that °“P° represents a presupposition.
The value undefined for “a” is generated when the value

of “P° is false and the value of “Q° undefined.

The logical system adopted is more restricted than,
for example; the three-valued system of
(Lukasiewicz;1966), because it represents a compromise
between formal logic and the linguistic meaning of logics
The logical operations such as “and”;, “if, “not”, “equal’
and “greater” are only defined in the semantics of.closed
statement formulae, which are the pessible singie
components of the logical structure of a natural language
sentence. The logical tables are constructed with a
three-valued 1logic and a total ordering, which has not
the value undefined between the other two values: as it
is usu?lly adopted for logical systemé having conjunction
and disjunctions A reason for thic is +the compromise
stated above on adequacy criterias. The tables show two
facts: 1) the operator “if’ is formalisecd as a
linguistic presuppocsition rather +than as the usual
implication, therefore it can not be defined upon “and”
and “not’, and 2) de Morgan's laws are not verified. 1In
facty; there 1is noc disjunction defined as a maximum
between truth values; because it is not clear how logical
disjunction can stand for linguistic disjunction. We
observe also that the operation “if” is different from

the presupposition considered by ({(Keenan,;1972). 3But the
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tables for negation and conjunction are similar to

Keenan s ones:
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CHAPTER 4

IMPLEMENTATION

4.1. ORGANIZATION OF THE PROGRAM

TUGA is a program organized into modules, This
modularity ensures that some modules remain the same when
the subject matter changes:; and that a module may be

improved without affecting the others or the design as a

wholes

O)

conver

®
diglogue - grc:;mu @

O)

+

[E @

program output

- ©:0

Lol = & 3= R

®

dbms dbase

- - -

@

NB. Circied numbers point the direction of the natural
languoge Drocessing

Fig.l4

Modular organization of program TUGA
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TUGA consists of seven modules: INPUT. CONVER;

GRAMMA, DICTIO, DBMS, DBASE and OUTPUT (see Appendix 3).

Module INPUT handles the natural language input
sentences by transforming the sequence of written words
and punctuation marks into lists of words and marks, and

it checks whether every word is known.

Module CONVER is the supervisor, ie. the high level
control structure of all processes occurring during a
dialogue. It is called by users and it processes all the
exchanges; either by taking the initiative or by giving
it to them: a grammar of dialogues 1is responsible for
all kinds of interactions betweer the program and its
users. It calls the module GRAMMA for analysing the
sentence; deciding upon its result to accept or to refuse
ity In the case of accepting it, it <calls the medule
QUTPUT to interpret it, and to prepare the appropriate

answerj;, remark or gquestions

Module GRAMMA handles a definite <c¢lause grammar
(DCG) . It takes a 1list, representing the natural
language input sentence and applies sceveral knowledge
sources to yield a logical structure that contains aill
the information for a semantic interpretation. It is
able to extract from a set of possible readings the
appropriate reading: The grammar, being able to generate
all and only the sentences of a subset of Portuguese)

recognizes if the input sentences belong to that subset;
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and it establishes a relaticn between the written

sentence and its meanings

Module DICTIO contains the language specific
knowledge about the written input and output sentences;
iey, a dictionary with the reqgquired 1lexical items to

support common dialogues in the library world.

Module DBMS evaluates the logical structure by
decomposing it into single components. Each one is
verified by consulting the data base either to find or to
relate the individuals belonging to the arguﬁents of each

corresponding relations

Module DBASE contains domain-specific knowledge
==the 1library; defined by the explicit facts about the
document collection and the rules for deriving the
implicit facts, and the classification system==and
ability to make deductions and ccnnect facts 3in the

sub ject demain, such 2t the classification ‘method.

Module OUTPUT handles the formation of answers,
remarks or questions to the user., It calls the module
DBEMS to evaluate the logical structure, and according to
which it chooses andilgenerates the appropriate output

form,
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4,2, THE DATA BASE AND ITS ORGANIZATION

The library data base (module DBASE of program
TUGA) , is a closed set of objects regarding our document
collection, and formally represents the 1library world.
It 4is a wvirtual relational data base, represented in
predicate logic. It is relational because data items are
organized as sets of similar tuples of items, where each
set is a relation and access can be made through any
combination of itemst¢ It is a virtual data base because
it also consists of rules {l}¢ A rule definés 2 relgtion
which 1is not present as a set of tuples;, and therefore
operates as a data base access function by providing the
possibility of answers which are not explicitly present.
The collection of sets of similar tuples is <c¢alled the
extensional data base, and the collection of rules is

called the intensional data base:

We use the clausal form of first-order predicate
logic as the abstract representation of a virtual
relational data base., Terms of logic represent objects;
the unit clauses represent facts and non-unit clauses the

ruless

{1} The relational data base accoréding to (Ccdd,1972)
consists of sets of similar tuples only, and it is an
actual relational data bases -
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The elementary facts or objects of the library world
that <constitute the extensional data base are organized
in predicate logic as sets of unit <c¢lauses. There are
two sets: one for books (relation “book”) and another for

papers (relation “paper”).

Example: the 7-ary relation “book” is written in Prolog
as a set of unit clauses,;

book(winston;l, “psychology of computer vision”, mcgraw
hill®;, 1975,[1214;,1216;,1222],([3y4])%s

This unit clause has the following
reading:"Psychology of Compﬁter Vision", book no.l of the
collection; was written by Winston and published by
"McGraw Hill" in 1975; it is classified under categories
1214, 1216 and 1222; and has documents nos.3%4 as 1its

bibliographys

The arguments of the 7=ary relation “book”
corresponding to the auvthor; number, title; publisher and
year are constants (iet a single value for a particular
domain) s The other two arguments corresponding to the
classification and bibliography are sets of constants

(ie. lists of values):



Page 86

This relation could be represented as the following

tabley

book

out tit pub yeo |cot fef

winston | 1 psycology of mcgraw | 1975 | 14 3

computer vision | hal 1216, 4

1222
Figsl5
Description of “book”
The objects of the 1library closed world  are

classified 1into categories, called domains. A domain is
essentiallv a relation providing a way to access a
certain set of objects; one by ones. Each domain is
identified by three arguments; its name, its hierarchical
represéntation and a variable for recéiving the result of
the access to the relation where the objects are storeds
The variable, by receiving each member of the set, may be

considered as the implicit representation of the set:

The relationships cf the identified domains for the
library world are organized into a tree data as

cshown in figure 16+
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doc

A% N

asr pub boo art
Fig.1l6

Hierarchy of domains

where “doc” means document; “typ” type; “boo’ book; “art’

- -

paper; ~“aut” author; “tit” title, “pub’ publisher;, “yea

-

year, “cat’ category and “ref’ reference:

Example: the domain of authors is defined in Prolog by
its declaration

domain(auvtyaut([])>A) :- author(A):
and by the auxiliary relations,

author(A) :-= author(A;_).
author{aA,T) :- bOOk(Ar'rTr;?‘r'i‘)

paper(AT;;Tr;r r 5

—

N«B: Anonymous variables are written in Prolog “_".

Such a definition of 2 domain 2llows the implicit

td

identification of its members through the variable “A".
The term “aut([])” defines a fragment of the hierarchy of
domains by meaning that below node “aut’ there is [], iet
no other node. For the case of a2 domain placed higher in
the hierarchy tree; the hierarchy representation may or

may not contain the description of the +tree from that

node to the terminal node:
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Example: the domain of the library world types has the
following hierarchy representation:
“typ(V)”©
where “V° means a variable to be instantiated either
with authors;, “aut([])” or publishers; “pub([]) ", iew

“typ(aut([1))” or “typ(pub([]))”

The organization of objects into domains, and the
subsequent arrangement of these domains into a
hierarchical structure, is a device for constraining a
broad <c¢lass of individualss.s This implemen£s the notion
of a variable restricted in range to some set of values,
or to values having some property. The system of domains
is a device to make a distinction between different sorts
of individuals, It acts as a guide for the further data
base search and as a filter for +the rejection of
syntactically wungrammatical and semantically anomalous

stringss

The rules are essential for accomplishing data base
queries which correspond to the interpretation of natural

language requestss

Example: the 2-ary relation “published after” is written
in Prolog as the following set of 2 clauses:

published_after(T,Yl):- year_ of{(T,Y), ¥Y>¥1ls

year of(T,Y):- bock(;;;;T,;,Y,;' )
papex{_; 7T, o

-
'
Y, ) 35
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with the following reading:""T”" is a document title
published after the year "Y1~ if there is a document

with title ‘T published in the year “Y° which |is

greater than the year “Y17%:

In the querysj

Y*Quais os livros publicados apos 19752

(What are the books published after 19757?)
the word “publicados” (published) introduces the 2-ary
relation “published_after’ where the argument
corresponding to title(s) is a variable; andlthe argument
corresponding to vear(s) is a constant and egqual to
“1975°. The gquery is interpreted as the search for all
possible titles (books) published after 1975. The
variable gets instantiated with the possible set of

titles (the empty list, one or more individuals):

In the figure 17 1is shown a fragment of the
organization of the 1library data base with special
emphasis on domains; objects and relaticns (see the
glossary of abbreviations used in program identifiers in

Appendix 5)«
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hierachy of
l/ \\Ntot domaine
/”\\ . "
5 i
//”®®
,/4-‘—*-@ - reigtions ; outhar
o) ot o book
e 253
pub.of.ag
Gnderstanding ?::"_do'fm
naud languoge Tk
year_tit.pub
ocademic press category
refererce

DOOk

Fig.sl7

A fragment of the libraryv world:
domains, obiects and relations

4.3, THE KNOWLEDGE BASE AND THE CLASSIFICATION METHOD

The knowledge base (module DBASE of program TUGA) is
the set of processes and associated cata structures which
provide the program with a particular kind of information
and with reasonings This information deals with
domain—-specific knowledge, the classification system for
Al and the classification method. Reasoning covers the
classification method implementation; the ability to
generate new categories for the classification system;
the storage of new documents by asking for the missing
data items; and some support machiner for running

dialogues:
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An essential feature of TUGA is that every fact
about a document (egy, its author) or the name of a new
category supplied by the user 1is represented in a
standard way. Unit clauses, such as “boock” and “paper’
for documents and “cat” for categories, are created and

added to the existing data base:

Example: the category “natural language systems’

is defined in Prolog by the unit clause:

cat(“artificial intelligence applications”;

121,
“natural language systems”,
1215)%
with the following meaning: "the category “natural

language systems” has the number 1215, 2ané is an

“artificial intelligence application”™s

Higher 1level structures, such as those which
classify and generate categories;, are built by Prolog
clauses referencing this uniform knewledge base. Thecse
structures are called by the overall control structure;
and according to the grammar of dialogues, cause
questions to be asked about missing factss For examplej
during the process of cl&ssifying a document,; the
structure classify is onlyl called after obtaining all
facts (titles of the documents referenced) known by the
users it handles this information by eliminating
redundant categories, and by proposing a list of

categories for the classification of the document. But,
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in case of rejection, the structure engages an
interaction with the user by asking new gquestions. 1If
the user proposes categories by himself, a test is made
to check whether they are known to the classification
systems New categories can therefore be created by the

structure to generate categories, and can be archivedw

4.4, THE FRAGMENT OF PORTUGUESE GRAMMAR

The linguistic part of TUGA is formalised as a DCG
which handles a subset of Portuguese syntax and
vocabulary relevant to the domain of dialogues in a

library environmentg

The grammar satisfies the two main criteria for
being an adequzte model of an iﬁteresting subset of
Portuguese. Firstly, it is able to distinguish the =et
of well-formed sentences from its complement. Secondly,
it associates an adegquate logical structure with each

sentences

In this section we describe the aspects to be
considered in writing the DCG for a subset of Portuguese;

covering current dialogues in a library world.

First, the dialogues are analysed in order to Dbring
out the kinds of linguistic constructions involved and

the basic syntactical categoriest Second, the words



-
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occurring in the dialogues are «classified into two
groups: the core vocabulary (articles, prepositions,
adverbs, etc.);, which are demain independent and useful
for all other domains of dialogues; and the peripheral
vocabulary (nouns, verbs and adjectives), which are
domain dependent. Third;, the words are defined by taking
into account their participation (function, form and
meaning) in the dialogues. Fourth, the regularities
observed in the 1linguistic constructions=-how they are
formed and understood—-—-are synthetized into grammar
rules, which correctly recognise the structure of

Portuguese sentences:

4,4,1v BRIEF SURVEY OF PORTUGUESE GRAMMAR

It 4is wuseful to present Portuguese grammar by
briefly surveying the main features of its syntactic
component, leaving the arguments and the details to the
next subsections; where its implementation is discusseds
In doing so; we also present the- sort of sentences
occurring in the 1library worild. The main words;

associated to each feature, are underlineds

1) variety of linguistic constructions

statement: "Artificial Intelligence® e” um livro de
Nilsson o gual foi publicado em 1971:
("Artificial Intelligence" is a book by
Nilsson which was published in 1971.)



question: Quantos artigos existem?
(How many papers are there?)

command: Classifique "Artificial Intelligence"!
(Classify "Artificial Intelligence"!)

2} Negative interrogative forms

Nao escreve nenhum autor para a “Academic Press"?
(Dneqn t any Tauthor write for "Academic Pr ess"?)

Nao escreve ninguem para todos os livreiros?
(Doesn”“t nobody write for all publishers?)

Quem nao escreve para todos os livreiros?
(Who does not write for all publishers?)

3) Double negation imposed by the use of 'gghhum' (no)

Nilsson nao tem nenhum livreiros
(Nilsson doesn’t have any publisher.)

Nilsson nao escreve para nenhum livreiros
(Nilsson doesn’t write for any publisher.)

”

Elsevier nao e ¢ livreiro de nenhum autor:
(Elsevier is not the publisher of any author.)

Elsevier nao tem o titulo de nenhum autor:
(Elsevier doesn’t have the title of any author.)

4) Coordination of statements and guestions

statements: Nilsson escreveu a “Artificial
Intelligence", e
“McGraw Hill" e’ o livreiro de Nilsson.
(Nilsson wrote "Artificial
Intelligence", and
"McGraw Hill*" is the puklisher of
Nilssons)

questions: Quais sao ©os autores conhecidos, €
gual o livreirc de Nilsson?
(Who are the known authors, and
what is Nilsson’s publisher?)
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5) Coordination of proper nouns

subjects: Nilsson e Charniak sao autores.
(Nilsson and Charniak are authors.)

complements: Os livreiros dos autores sac a "McGraw
Hill" e a Elsevier.
(The publishers of the authors are
"McGraw Hill" and Elsevier.)

prepositional Os autores dos livros estao publicados
complements: na Freeman e "North-Holland".
(The authors of the books are published
by Freeman and "North-Holland".)

6) Coordination of common nouns and adjectives

nouns: Quais sao os autores e livreiros
conhecidos?
(Who are the known authors and

publishers?)

adjectives: Quais sao o0s autores conhecidos e
classificados? -
(Who are the known and classified

authors?)

7) Disjunction of proper nouns

complements: Quais cs artigos de Warren ou Kowalski?
(What are the papers by Warren or
Kowalski?)

prepositional Os autores dos livros foram publicados
complements: pela Elsevier ou "Academic Press"?
(The authors of the books were published
by Elsevier or "Academic Press"?)

8) Complements

phrase Warren e’ um autor reifierenciado.
complements: (Warren is a referenced author.)

adjective Warren esta’ referenciado.
complements: (Warren is referenced.)

prepositional Nilsson esta” publicado pela "McGraw
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complements: Hill".
(Nilsson is published by "McGraw Hill".)

9) Relative/interrogative pronoun “guem” (who)

used only with nouns that refer to humans,

Quem e’ fe) autor de "Artificial
Intelligence"?
(Who is the author of "Artificial

Intelligence"?

10) Special verbs

ser

& Nilsson e” um autor.

(Nilsson is an author.)

“estar” : "Artificial Intelligence” esta”
referenciada.
("Artificial Intelligence"” is
referenced.)

“ter” Qual e” o titulo que Nilsson tem?

(Which is the title that the book by
Nilsson has?)

"haver” : Ha® algum artigo escritc por Warren?

a‘
(Is there any paper written by Warren?)

11) Verb tense ellipsis{ to be”)

i Qual (e”) o autor dJde “"Computational
Semantics"?
(Who is the author of "Computational

Semantics" ?)

12) Subject agreement

A "Artificial Intelligence" e” conhecida.
("Artificial Intelligence® is known.)

13) Paraphrase power

Em que ano foi publicada a "Artificial
Intelligence"?
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(In what year was "Artificial Intelligence"
published?)

Quando foi publicada a "Artificial Intelliigence"?
(When was "Artificial Intelligence" published?)

Qual o ano de publicacac de "artificial

Intelligence"?
(What is the date of publication of "“Artificial
Intelligence"?)

14) Quantificational power

Ninguem escreveu a "Artificial Intelligence".
(Nobody wrote "Artificial Intelligence".)

Qualguer autor escreve para a Freeman.
(Any author writes for Freeman.)

Nem todos os autores escrevem para "Academic
Press".

(Not all authors write for "Academic Press".)

Todos os autores nac sao livreiros.
(All the authors are not publishers.)

Cada livro tem um autor.
(Each book has an author.)

Back nao tem nenhum livreiro.
(Back has no publisher.)

Alguns autores escrevem para Elsevier.
(Some authors write for Elsevier.)

Alguem escreve para a "Academic Press".
(Somebody writes for "Academic Press".)

Os cinco autores estaoc referenciados.
(The five authors are referenced.)

Os autores referenciados sao cinco.
(The referenced authors are five in number.)

15) Adverbial use

statement: “"Computational Semantics" nao tem a
"North-Heclland" como livreiro.
("Computational Semantics" doesn’t have
"North-Holland" as publisher.)



question: Como classifica a "Computational
semantics"?
(How do you classify "Computational

semantics"?)

16) Proper nouns with definite article

O Nilsson e° o autor da "Artificial
Intelligence".
(Nilsson is the author of "Artificial
Intelligence".)

17) Prepositional phrases

with Quais sao os livros sobre Prolog?
noun-phrase: (What are the books about Prolog?)

open gquestion: Por guem e° ©publicada a "Artificial
Intelligence"?

(By whom is "Artificial 1Intelligence"
published?)

4.4.2. PORTUGUESE LINGUISTIC CONSTRUCTIONS
The linguistic constructions handled by TUGA are
divided into two main groups: compound and single

constructions.

Compound constructions are a seguence of =single
ones, to form multiple statements, guestions or commands,
and seqguences linked by &a separator {eqg. comma,

conjunction ‘e (and)) ‘to form coordination of

statements. They are available to users.
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linguistic constructions—-declarative;
and imperative sentences--are used either

or by its users in affirmative or negative

consider the possible linguistic

starting with the user types: requests

(statements; questions and commands) and answerss

I) Types of user statements

User statements are declarative sentences performing

activities of asserting and denyings

User statements are «classified into single or

compound statements:s

Example of compound constructions:

- Lehnert escreveu "The process of gquestion answering®, e
Charniak escreveu "Computational Semantics®™:
(Lehnert wrote "The process of question answering®", and
Charniak wrote "Computational Semantics":i)

Example of single constructions:

- Bach nao tem nenhum livros
{Back has no booki)

- A “"Artificial Intelligence® ‘e’ um livro do Nilsson gque
foi publicado em 1971

("Artificial

Intelligence is a book by Nilsson that was

published in 1971:)
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I1) Types of user guestions

User questions are classified as single or compound;
and are grouped according to their linguistic form and
interrogative pronoun into two sets: closed and open
questions. Closed gquestions merely require a yes or no
answer; while open guestions require one or more phrases

as answers
Examples:

Open: Quem e” o livreiro da "Introduction to Logic"?
(Who is the publisher of "Introduction to Logic"?)

I

Closed: E "Human problem solving® um livro?
(Is "Human problem solving" a book?)

Closed: Sera” que Back e’ um livreiro?
(Is it the case that Back is a publisher?)
The following table presents the types of gquestions

the user can puts
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main secondary initial port english
type type marker mar ker marker
type
disjunctive
closed
contirmationy
denial
que (what ,whom)
o que (what)
quem twno; wnom)
rep que (prep what)
whicn prep quem ([prep who)
quanto (how much)
onde twhere)
quando (when)
como how)
o i i quais (which ;what)
quamos (how mcry)
howmany quontas {how many)
Por favor... (Please...)
Serd que... {Is it that.)
pre:loanacy Diga-me que... | (Tek me thot..)
exXpressions | o ctarin de sa. | (1 whoutd lixe
ber se._| toknow if.)
N.B. closed questions = confirmation/denial seeking
open ended questions= information seeking
Fig.1l8
Types of user guestions
III) Types of user commands
User commands are imperative sentences
activities of reguesting information

problemss

Examples:

- Crie uma categoria!
(Create a category!)
- Informe-me sobre
(Inform me about

performing

and/or of posing

“Psychology of Computer Vision™!
“Psychology of Computer Vision"?)
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The following table presents the types of user

commandse

TYPES OF USER COMMANDS

type portuguese english
De-me... ‘(Gwe me...)
pre-locutory Diga... (Say...)
e Diga-me... (Tell me...)
Informe -me. .. ( Inform me..)
order verb (imperative) ...
Figsl?9

Types ©of user commands

IV) Types of user answers

e

-
P

User answers are declarative sentences, in the
affirmative or negative form, for guiding the program in
choosing the dialogue models or exchange forms, or for
giving data (eg. the title of a document) that it uses
for deriving the final answer (eg the document

classification}s

The following table presents the types of user

answerss
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TYPES OF USER ANSWERS

general particular portuguese english
type type sentenc senence
nao. {na)
noo estd bem. (it is not of right)
ndo Quero. (1 don't want)
refusal N30 concondo. (1 don't agree)
ndo conhego. (1 don't know)
ndo tenho nerhum. (1 have none)
nao tenho mass nenhum. | (I havent got any more)
sim. { yes)
estd bem. ( il right)
sim quero. ( yes, | want it)
quero, S wont )
sim  concordo. { yes | ogree)
quiescent occeptance | concorde. (1 ogree)
sim conhego. ( yes, | know.)
conheco. (1 know)
por favor. ( please)
ok, (oK)
é. (s
deixe (leave it)
desisto (1 give up)
quero mudar de (1 want to change
hanang - up conversa conversation.) .
vamos mudor de (et s change conversahon.)
conversa
mudo de conversa (! change conversation.)
mudo de didogo (! chhnge the dialogue.)
quero... .(1 want...) (N objects, where N 5 an inl=ger
and obyects are documents ( tities)
want cnd colegories)
querc mas... (1 wont more...) (N objects)
goodbye adeus. good bye
tities
effective conjuction
{n&mes:proper nouns; common nouns and inegersicate.
of nours gy Or year)
N.B. quiescent answers = intormation  guiding
effective onswers = intormation  giving
Fig.20
Types of user answers
Let us now consider the possible linguistic
constructions generated by the program:.
V) Types of program questions
Program guestions are pre-defined interrogative

sentences with arguments; instantiated by user answers or

by the conversational scenario. They are classified in
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the following way:
TYPES OF PROGRAM QUESTIONS
E?:A;:':gr portuguese sentence engish sentence
information E que mais ? (Anad what else ?)
output Cuer mas ? (Do you wuant any more?)
Por tovor, dé-me o tftulo de (Plegse, give me the ttte of o
uma (outra) referéncia 00 (onother) reference to the document
documento  em questdo in discussion)
Por fovor, foca a sua escadha (FPlease, chopse occording to the
tendc erm olengao oS cotegori-|  suggested cotegones ond the most
s suoendas € 5 Que JUgar IS appropriate ones.Give me g maxi-
document apropriadas. Dé-me 3 culegorios mum ot 3 cotegories.)
classification no mMaximao.
Quer classifica-lo? (Do you wont to daossity 4?)
Dé-me 3 categorios no méximo'| (Give me a maximum of 3 categories!)
Por fovor, conhece a clossi- (Pleas2, do you know . the clossifia
ficogdo de — 2 cation of )
classitication Por favor, debao de que (Please, under what category do
category categoria a pretende insenr? you wont to insert i#?)
generation Por favor, qua © nome da (Please ,what is the name of the ]
nova categoria ? new  cotegory 7)
Por favor, qual © nome do — | (Please, what is the nome of —
do documento 7 of the documemnt 7) '
addition and’ | por favor, qudl € —— do do-| (Piease, wnat is —— Of the docu.|
‘or deletion cumento ? ment 7}
of 0oi6 eS| por fovor, desci orquivor e<te | (Rlease, do you what to store
documerio na bBose de Dados? ths document n the Data Bose?)
Por favor, quois s00 as—— | (Pleose, wnat are —— of the
do  documentc ? documen )
Exste olgum erro  simdatco na (is themm awy syniadic fodure in the
escrita da sua frose? writing of your sentence?)
A polavro descorhecida € um| (1S the unknown word @ proper
nome proprio? nooun 7)
Qud a paiavra gque € nome | (Which is the word that is o
information preprio ? proper name?)
transaction Qual € o génerc de —7 (What is the gender o —-7)
A wual dos tipos, outor, titulo, { To winch of the types, cuthor, e,
hwvrewro, ou categoria, perience mublisher, or category, does the
o paavra 7 word belorg ?)
Vou  perguntar-lhe  normo- (i em oo to otk you informao-
coes scure de forma o tion about — in order to msert
nseri4a no cIonare. i in the dictionory.
Concorda ? Do you agee ?)
Fig.21l
Types of program guestions
VI) Types of program answers
Program answers are pre-—defined declarative

sentences with arguments;

guestions); or

the

classified in the following way:

conversational

scenario.

They

instantiated by user answers or

are
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TYPES OF FROGRAM ANSWERS

generdl particuar rt engish  sentence
type type portuguese sentence g o} Y
NBo.- (NO,)
Noo concordo. (1 dorit ogee)
Nic compreendo a frase. (1 dorft understond the sentence)
Nenhuma entidode satisiaz a sua perguma. (No entity satishes your question)
A sug pergunta ‘é indefenida. (Your guestion 15 undear)
retusal Ndo encontro nenhuma entidade que @ satstaca| (1 don't find any enrty that satisties it.)
A suo frose pressupde outros foctos, loge um (Your auestion presuppose cther focts, therefore a
contexto. Como N30 POSwIo  formacdc sOD O Quel  context.Your sentences 1S amibwuous because |
- I di0 crerorment2, Q 5ua Yose @ ambigue, Porl  hove no rformction abad what was sod previ.
tonto N30 consigo responder- he. ously. Therelore | Cannct answer you.)
N30 compreendo esta frose porque a paavra (I dorit understond your seritence because the
—¢& desconhecida. word iS5 Unknown )
quescent
Sim. (ves.)
Concordo. (1 agree.)
Oid. (Hebo,
Vomes inciar @ conversa. Let us stort the conversation. )
For fovor, escreva foctos Ou pergumtos. Plegse , erer stctements or questions.)
oia. (Helo, )
acceptance | VOrnos retomar @ cawersa  anterior. Let us restat the prewious conversgtion.
Por favar, escrev  foctos OU perguntas. Plecse, type focts or questions.)
Ok, esta conversa fermincy. Ok, ths cornversaion ended
Ages e of 4 vista Goodove ana see you soon).
Mutto ocbrigado. (Thank you very much)
Estd bem. . (Al rignt.)
For fovor, preste dencdo & pdava que escreveu.| (Plecee lock carefully 1o the written word.)
g Desvi-mo-nos da comversa! (we chonged conversction!)
Ok. Vomes desvia=mo-nos ca conversa! {Ok.Let us change conversction!)
conuncticn
. of names
effective
existance Existern mas N (There are N more? N is an ineger

NB. quiascent answers = imormcticn guiaing
effective answers s \nformation givng

Figs22

Tvypes of program answers

4.,4.2., BASIC SYNTACTICAL CATEGORIES

Syntactical categories are the primitive concepts
from which syntactical rules are constructed. We present
the basic categories used to.cdmpose general Portuguese

sentencest

The basic syntactical categories are: noun and verb
phrases, articles, nouns, verbs, adiectives and their

complements, and relative clauses:
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A) Noun and verb phrases

Al) A noun phrase has the following form:
All)}) a sequence of proper nouns connected by
(and); “ou” {(or) and comma
Examples:
- %% Hewittj; Winograd e Nilsson.s%

»«s Warren ou Pereiraususs

Al2) an article (sometimes implicit)y a sequence
of adjectives; a common noun; possibly a
sequence of adjectival groups or complements
of a noun, and an also optional sequence of

relative clausess
Examples:

- 4% 0s livros cujo livreiro e’ Freemanis:
(vvsthe books whose publisher is Freemanses)
= 4%+ O livro gue foi escrito pelo 445
(.svthe book that was written by Nilssont.s)

- %% 08 artigos classificados em "ai applications”™.

(«+.sthe books classified under "ai
applications®.ui}

A2) A verb phrase consists of an otional negation,
verb and its complementss

Example:

- v¢% nao e’ um livro de Nilssons
{(stsis not a book by Nilsson.)

B) Articles

a

The following words are considered as articles;
besides the classical ones {see subsection 4,446

for further discussion);
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alguem (somebody)
cada (each)
nenhum (none})
nenhuma «( "
nenhuns « ")
nenhumas : « ")
ninguem (nobody)
qualgquer (any)
guaisquer { * )

todo o ‘ (every one)
toda a ( " )
todos os (every)
todas as (every)

C) Nouns;,; verbs;,; adjectives and their complements

Cl}) There are two sorts of nouns: common nouns and
proper nounss:

Examples:

common nouns: artige (paper}
livro (book})
publicacao (document)
“{single) proper nouns: Rundy
Hewitt

Kowalski

Compound proper nouns:

"Computational Semantics"
"Logic for problem solving*
"Learning and executing generalized rcbot plans”

Compound proper nouns are recognized by the
program on account of the guotation marks.

C2) The notion of adjective is flexible; the past
principle of intransitive verbs is identitfied as
an ad jective, taking into account its
function: to qualify the referred noun.

Examples:
escrito (written)}

ligado (linked)
relacionado (related)
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C3) Verbs are defined through simple forms, in the
present and in the past {singular and plural).

Examples:

e (is)
foi (was)
sao _ (are)

C4} All the complements are treated in the same way,
and may have; for example; one of the following

forms:
- +.% 0s livros de Hewittuut (the books by Hewitt)
- «s% 0s livros escritos (the books written
por Hewittest by Hewitt)
- +%% tem como autor Winston.u:s (has as author
Winston)
- .+» tem Winston como autor:s: (has Winston
as author)
= 4%4s um livro do Nilsson gue (a2 book by Nilsson
foi publicado em 1971, that was published

in 19710)

C5} 1In the definition of each common noun, verb or
ad jective there is information abcut the kind of
complements expected, with an indication about
each optional introductory preposition.

For example, the word “publicados’ may appear on its
own or with a preposition (“em” (in}, “apos” (after},
“entre” (between)}, etcu):

- %% 08 livros publicadosaiss (the books published)
- +%% os livros publicados {the books
€Mus s published in)
= %4 o0s livros publicados {the books
aposuss published after)
- %4t% os livros pubklicados (the books

entre. s published between)



Cc6) Verb complements are not
classical
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classified under the

categories, such as direct or indirect
However, there is a type of complement
which is exclusive of the verbs

“ser” (to be) and

“estar” (to be): the subject complements:

C7) The
following
examples) :

C71) noun phrase

Example:

- vt% e o artigo que
foi publicadosss

Cc72) ad jective group

- V¢t os artigos sao
classificados

D} Relative clauses

We only consider relative
restrictive types They
relative pronouns and may be preceded byv

phrase-- the restricted
relative clause operates as

Example:

- L4t OSs
classificados?

(...are the papers whose

classified?)

subject c¢omplement may

artigos cujo autor

have one of the
two forms (underlined in the following

(is the paper that
was published)

(the papers are
classified)

clauses of the
are introduced by

another

noun phrase. The
definer:

e’ Warren estao

author is Warren
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4.4.4. DICTIONARY

The dictionary is defined by two main parts: the
domain-independent dictionary or core vocabulary (in
module GRAMMA of program TUCA) and the domain-dependent
dictionary or peripheral ;ocabulary (module DICTIO of
program TUGA). The composition of each part takes into

account the semantics of the words considered.

The core vocabulary 1lists those words which are
independent of any problem domain, such as articles,
pronouns, adverbs;, prepositions, conjunctions and

numerals.

The peripheral vocabulary lists those words which
depend on the problem domain, such as nouns, verbs and

adjectives.

The semantics involves the description of the form,

function and meaning of the basic svntactical categories.
—-== CORE VOCABULARY

The domain independent dictionary covers the

following words:

Definite articles

a (s) (the)
o (s) . ' (the)



Indefinite articles and pronouns

alguem

algum
alguma
alguns
algumas

cada

nenhum
nenhuma

ninguem

qualquer
gquzisquer

todo o
todo a
todos os
todos as

um
uma
uns
umas

Interrogative pronouns

quantos
guantas

Personal pronouns

me

(somebody}

(some)
(some)
(some)
(some)

(each)

(none)
(none)

(nobody)

(any)
(any)

(every one)
(every one)
(every)
(every)

(a)
(2)
(2)
(2)

(how many)
{how many)

(me)

Relative and Interrcgative prononns

onde

qual
quais

que
o gue

(where)

(which:what:who)
{which;what;who)

(what:that;which)}
{what}



quem

cujo
cuja
cujas
cujos

o qual
a qual
Oos guais
as quais

Interrogative pronouns

quanto
Advérbs

bem
como
mais

Prepositions

apos
ate”
com
de
desde
em
entre
para
por
sobre

Conjunctions

e
guando

Contractions of prepositions

(who;whom)

(whose)
(whose)
(whose)
(whose)

{which)
(which)
(which)
(which)

(how much)

(right)
(how)
(more)

(to)
(after)
(till)
(with)
(of; from)
(since)
(in)
(between;among)
(for)
(by)
(about)

(and)
{when)

(to the)
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ao
aos

do
da
dos
das

no
na
nos
nas

num
numa
nuns
numas

pelo
pela
pelos
pelas

Numerals

um
dois
tres
guatro
cinco
seis
sete
oito
nove
dez

=== PERIPHERAL

(by the)

VOCABULARY

(to the)
( W

(from the)
( " )
( . )
( " )
(in the)
( * )
( ¥ )
{ * )

in a

(
(
(
(

T S N? Sas?

( )
£ )
«¢ " )

(one)
(two)
(three)
(four) -
(five)
(six)
(seven)
(eight)
(nine)
(ten)
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The domain dependent dictionary covers the following

words:

Common nouns

ano(s)

(year(s))



artigo(s)
autor{es)

bibliografia

classe
classificacao
classificacoes
conversa

data(s)
dialogo
documento(s)

editor(es)
escritor(es)
especie(s)

feminina
feminino

informacao
informacoes

livreiro(s)
livro(s)

masculina
masculino

nome
pessoal(s)
publicacao

publicacoes

referencia
relatorio(s)

(paper(s))

(author(s))
(bibliography)

(class)
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(classification)
(classifications)

(conversation)

(date(s))
(dialogue)
(document(s))

(editor(s))
(writer(s))
(variety(s))

(feminin)

( " )
(information)
(informations)

(publisher(s))
(book(s))

(masculin)

( " )
(name) .
(person(s))
(publication)

(publications)

(reference)
(report(s))

tipo(s) (type(s) ;man)
titulo(s) (title(s))
Note: The list of proper nouns is
can be consulted in the program,
module DICTIO.
Verbs
apagar (to delete)
apague (delete)
arquivar (to store)
arquive (store)

excluded, and it

namely in its



atribui

chama
classifica
classificar
classifique
concordo
conhece
¢riar

crie

deixe
depende
dependem
desisto
destruir
diz
dominar
domina

-
e
escreve
escrevem
escreveram
escreveu
esguecer
esta’
estao
existe
existem

foi

»

ha
mude

publica
publicam
publicaram
publicou

guer
sao

ser
significa
significam
tem

ttenho
ter

{assigns)

{calls)
(classifies)
(to classify)
(classify)

(I agree)
(know)

(to generate)
{(generate)

(leave it)
(depends)
(depend)

(I give up)
(to destroy)
(says)

(to dominate)
(dominates}

(is)
(writes)
(write)
(wrote)
(wrote)

(to forget)
(is)

(are)
(exists)
(exist)

(was)
(there is)
(change it)
(publishs)
(publish)
(published)
(published)

{want)

(are)

- {to be)

(means)
(mean)

{has)
(have)
(to have)

.Page

=t

=

w



Adjectives etc:s

abaixo (below)

acima (above)
arquivada(s) (stored)
arguivado(s) (stored)
autonoma (self contained)
autonomo (self contained)
chamado (called)
classificada(s) (classified)
classificado(s) (classified)
conhecido (known)
dependente(s) (dependent)
dominante(s) {dominated)
editada(s) (edited)
editado(s) (edited)
escrito(s) (written)

junto (nezr) -
ligada(s) (connected)
ligado(s) (connected)
publicada(s) (published}
publicado(s) (published)

referenciada(s)
referenciado(s)
relacionada(s)
relacionado(s)

(referenced)
(referenced)
(related)
(related)
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4.4.5. LEXICAL SYNTAX AND SEMANTICS

In this subsection we are only concerned with the
meaning of such words belonging to some basic syntactical
categories;, as nouns, verbs - and adijectives, and with
their relationship te¢ other words of the language in a
certain world. Some other aspects of semantics such as

the description of how the meaning of a string of words
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in the language is made up of the meanings of the
individual words in the string, are discussed in

subsection 4.4.6%

The meaning of words 1like nouns, verbs and
ad jectives 1is described by specifying the property they
introduce and by characterizing the associated argumentss
A property is a data base predicate rule providing a way
to refer to the closed library worldt An argument is an

individual or a set of individuals:

With each argument there is associated the following
parameters: the domain (D), the gender (G), the number

(N), and optionally the case (K)&

The domain D is a member of the hierarchy of

domainsse
Example: D=aut([1]) means D is a *erminal domain

called “aut” (authors)

The gender G may take two values: “mas” (masculine)

-

and “fem” (feminine). There is no neuter in Portuguese:

The number N may take two values: “sin” (singular)

and “plu” (plural)s
The gender and the number define the agreement (A)}

A=G-N



(the functional symbol “=" connects the parameters G and

N&)

The case K may take the following values: “sub’

»

(subject/nominative); “dir (direct object/accusative);

“noun” (subject complement) and “pre” (preposition)s

The definitions for common nouns (“noun”);, and
proper nouns (“pn”)y; verbs (“verb”), and adjectives

(“adj”) » present the following general forms:

noun([A-D-X;+.L],pr(property)) =--> no{noun,A}.

pn{proper nounj;gender,domain)s

verb([A—D—X;;»L];pr(gfoggg;xj) -=> ve(verb,A):
ad j([A-D-X,+:L] ;pr(property)) =-=-> ad(adiective; ).
no(Type,G-N)==> [Name], {nol (Name,Type;G-=N)}s

nol (noun,noun groun,gender-number)s

ve(Type,N)--> [Verb]; {vel(Verb,Type,N)}}s
vel (verb,verb group;number)s
ad(Type,GN)==-> [Adj], {adl(Adj,Type,GN)}:

adl (adjective,ad jective group,gender—number):

where X 1is the wvariable associated with the first
argument of the property: L is a list of items of the
form K=-A-D-X;, one for eacn other argument of the
property: if the property has only one argument then L
is the empty list. Properties introduced by nouns, verbs
and adjectives are embedded in the uvnaryv term “pr°. This

term handles the manipulation of each property as regards



retrieval and relationship of their arguments; ceonsidered

as individuals or sets of individuals.

the

We observe that these grammar rules are indexed by

input words, which are stored as unit clauses. This

fact allows the enlargement of the dictionary during the

dialogues -

Examples:

(1)

(2)

(4)

Definition of the common noun “escritor” (writer);
noun([A-typ(aut([]))-X],pr(author(Xx))) =--> no(aut,A}:
nol (escritor,aut,mas-sin}s

Definition of the proper noun “Winograd~

pn(winograd,mas,typ(V))s

Definition of the verb “publicar em” (to be published
by)

veib([(G-N)-typ(aut([}))-X.prEP(em)-;-typ(pub({])}
-Y],pr(pub  of aut(Y,X))) --> ve(pub,N}.

vel {(publica,pub,sin)s
vel (publicou,pub,sin)s
vel (publicam,pub;,plu)s
vel (publicaram;, pub;,plu}s

Definition of the adjective “publicado entre’
(published between);

adj([A-tit(V)-X,prep(e) - _-yea([])-2;
prep(entre) - _-yez([])-Y],
pr(published_between(X,¥;2))) --> ad(pub,A)s

adl (publicado, pub;mas=sin)s
adl (publicada,pub;,fem—=sin)t
adl (publicados;pub,mas=plu) s
adl {publicadas,pub, fem=-plu}
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Observe the ordering of the list of arguments. The
second and the third members are inverted on account of
Colmerauer s precedence rule: "whenever an adjective has
two complements; the quantification is made in the

inverse order of their natural order of appearance":.

The relationship of a word with other words of the
language is ruled by the definition of that word through

two simple semantic agreement ruless

An agreement rule is a type of constraint on the

form of words occurring together. There are two tvpes of

constraint: i) one regarding the domain of the
words: 1ii) the other regarding the agreement (gender and

number)

TherspecificatiOn of a2 domain for each argument
(repreéented as a propefty's variable) establishes the
relationship of the word to be defined with other words
of the language;, and detects semantic anomalies: The
domain specifies the universe of possible individualsy
upon which are made restrictions defined by the

relationss

Example: the program doesn’t accept the sentence;

Elsevier publicou na "North~Holland":
(Elsevier published at “North-Holland"s)

because “Elsevier” is a publisher and not an author:
The verb “publicar em” (to be published by), defined

-

above, accepts only as values for variable “X the



members of the domain of authors (D=typ(aut([]l))).

The specification of the agreement; by gender or by
number;, also detects lack of gender agreement;, such as

that exhibited by the following example)

Example: the sentence;

As artigos classificadassss
(The classified papers..:)

has not gender agreement because the article ‘as”
(the) and the adjective “classificadas”® (classified)
are in feminine-plural and the common noun “artigos”
(papers) is in masculipe—plural; The nour is the head
of the sentence because its form governs either the
form that the other two words may take or what kind of
woré“or word sequence is possibie in the rest of the

sentences

4,.4,6, SYNTAX AND SEMANTICS

1. Our grammar of Portuguese establishes how
syntactically correct Portuguese sentences are formed and
what their meaning iss

The grammar (module GRAMMA of program TUGA) is a set

the
of rules which formalise the structure ofV%ortuguese

language; block the formation or acceptance of

ungrammatical sentences; and build up a logical
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description of meanings Some of these regularities exist
in other languages; and in particular, some are common to
other Romance languages; such as Spanish (Dahl;1977), and

French (Colmerauer;1977:Pique,1978)%

2, A brief list of the main syntactical rules for
the fragment of Portuguese is given below. It covers the
form of user’s sentences and phrases. For further

details consult program TUGA in Appendix 3.

N+Bys Non-terminals are shown without their

argumentss

Main sentence

( 1) prin --> pre_locl; prop, finals
( 2) prin ==> int rell, prop, finals .
( 3) prin ==> prop;, finals

Phrase(s)
({ 4) prop --> nucleus; compls, continues

5) nucleus =--> arg, neg; verbs

€} nucleus ==> arg, neg, ve, advg_gs
7) nucleus -=-> verb;, per_pron.

8) nucleus =-=-> verb:

N I T

Negation

9} neg ==> [naol, {negativel:
¢0) neg =-=-> [negls
1) neg ==-> [ Jw
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Subiject placement at the beginning ¢©f the sentence

(12) int rell -=> int rel2s -
(13) int_rell, [nucleus]; [mov-arg] ==> int rel2, arg;
nucleuss

Subject; interrogative article and relative pronoun
generation

(14) int_rel2,; [arg] =--> pron:

{15) int_rel2;, [case];, [art] =--> case; interrog art:

(16) int_rel2, [case], [s_nucleus], [mov_arg] =-> case,
pron, def mark, s_nucleus.

Complements

(17) compls ==-> [mov_argl, complss
(18) compls ==> [ ]
(19) compls =--> compls; &argsé

Subject inversion and coordenative conjunctions

(20) arg, [nég], [ve] ==> neg, ve, inv_mark,; arg.
(21} arg, [neg], [verb] =--> neg, verb, inv_mark, zrg:s

Arguments (subjects)
(22) arg =-=-> case, n_phrase:

Joun phrases

(23} n_phrase =--> proper_nouns:
{24} n_phrase =--> def_art, proper nous:
(25) n_phrase =--> s_nucleus, compls: relativess

(26) s_nucleus =--> art, adjs, noun; adj_gs

Relative phrases of restrictive type

(27) relatives =-> int rell;,; prop, relativess
(28) relatives ==> [ ]
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Disjunction or Conjunction of proper nouns

(29) proper_nouns =-> pnss
(30) pns =-=-> def_art, pnss

(31) pns =--> [P], {pn}:
(32) pns ==> [ J«

Adjectives and adjectival groups

(33) adjs ==> [ 1
(34) adjs =--> adj, compls; adj_gs

(35) adj_g ==> [ ]
(36) adj_g --> adj, compls;, adj_gs

Adverbial groups

(37) advg_g =-=-> adv_gw¥
(38) advg_g [compls] =--> compls, adv_g:
(39) advg_g =-=-> adver, s_nucleus, compls;

Ellipsis and generation of an article according the case

(40) inv_mark, [case( ), none] ==> nones
(41) dinv_mark ==> [ ]

(42) def_mark;, [def_art] =--> [ ]s

(43) case(K) =-> [case(K)]s

(44) case(sub);, [rone] ==> none:

(45) case(sub), [not-all] --> not _alls
(46) case(gub} -=> [ 1%

{(47) case{dir); [ind_art] =-=-> [ ]&
(48) casef{dir) =-> [ 1%

(49) case(noun), [art] =-=-> [ ]s
(50) case(noun);, [art] =--> ind_arts
(51) case(noun) ==> [ 1

(52) case(prep(P)) =-=> contract, [P]; {prep(P) 1}



Interrogative and relative pronouns

(53) pron =--> int_prons.
(54) pron ==> int_pron.
(55) pron =-=> int_art.

(56) pron =-=-> rel pron.

(57) int_prons, [ve] --> (pron3_r_i ; pronl_r_1), ve.
(58) int_prons, [ve]l =-> pron3_r_i ; prong_r_ i.

3. The fragment of the syntax considered (set of 58
rules), shows only some essential aspects of the user’s

discourse. The following discussion refers to this

By

fragment, by noting the numbers of the rules referred)
and by explaining in greater detail other parts of the
grammar not covered by this brief fragment, such as

articles and special verbs.

The rules are of formation type. The formation
rules characterize only one struéture (t;ee diagfam),
with only one meaning at a time, and operate on single
symbols. Some of these rules are more complex, and we
call them complex fofmation rules. They operate upon
more complex objects, and perform functions similar to
those plaved by transfo;mational rules in a

transformational grammar.
Complex formation rules are of four types:

i) deletion rules--delete some element £from the
input

ii) substitution rules--substitute an element for
some other element
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iii) insertion rules--insert an additional element

iv) movement rules—--switch the order of elements

In the following, we explain the grammar rules by
covering syntactic and semantic aspects concerning
the main sentence, phrases, open questions and relative

clauses, articles and special verbs.
I) Main sentence

The formation rules 1, 2 & 3, 'prin’,lstate that a
sentence may be initiated by & pre-locutory expression,
“pre_locl”, such as "Tell me if", by a special
grammatical class of interrogative or relative words,
“int_rell”, or by the main phrase, “prop”. These three
cases correspond to gquestions not expressed in the
interrogative form, open questions, and closed cuestions,

statements or commands, respectively.

Each type of sentence is labelled by a tcken which
appears in its logical structure. A clean separation
among user types of request facilitates their <further

treatment {eg. answering, remembering, etc.).

The available tokens are:

guestion(conj) - for the conjunction of two questions,
question - for questions not expressed in the
interrogative form, and cr closed

questions,



an

howmany = for open gquestions startinog with
interrogative article “guantos’
many) » optionally preceded by

an

(how

a

preposition, and by an interrogative
pronoun followed by verb “ser’ (to

or “estar” (to be):

be)

these two linguistic constructions have

different skeletons;

howmany ([G=X,D];0)

(1)

howmany (G-D-X; O) (2)
respectively, where “0° represents the
logical structure of the question; °G°
and ‘D” are the gender and the domain
associated to variable X% & i
represents the unknown guantity
requested by the guestion: an

individual in (1), and a set in (2):

which - for open guestions starting

interrogative pronouns “gual’
fellowed
and by

what) and “gquem” (who)

verbs “ser’ or “estar’ (to be),;
pronoun

any other interrogative
verb;

with
(which:

by

and

these two linguistic constructions have

different skeletons;

which({{G=N)-D-X--0)

which((G-N)=D=X,K;0)

respectively, where ‘0" represents
gquestion;

logical structure of the
the

- - - - -

G N ’ D‘ and ’K’ are

the

gender,

number, domain and case associated with
quantity

»

the variable “X”"; the unknown

reguested by the question.

fact - for single statements, and

order = for commandss

fact(conj) - for the conjunction of two statements,

A sentence is always formed by a phrase, “prop’, and
end;, “final”: The end is responsible for detacting
the final punctuvation mark of the =sentence and for



ascribing the corresponding token to the sentence’s

structures

11) Phrase(s)

Formation rules 4, 5; 6, 7 & 8 state that a phrase
is composed of two parts: nucleus, “nucleus”, and
complements; “compls’:s A phrase may also be followed by
another phrase; separated by a comma and/or a conjunction

» -

e” (and), and this is recognized by “continue”s

The phrase nucleus is composed by the subject
(argument) § “arg”; optionally followed - by necation;
“neg”, and a verb, “verb’. However other forms are
available for the nucleuss Rule 6 defines a particular
verb phrase with adverbial group which appears in the
following sentences;

"Artificial Intelligence" tem como autor Nilsson. (1)
("Artificial Intelligence"™ has as its auvthor Nilsson.)
"Artificial Intelligence" tem Nilsson como autor. (2)
("Artificial Intelligence" has Nilsson as author.)
Rules 7 & 8 define the nucleus of typical imperative
statements; as for example the following sentences,;
De-me a classificacao de "Artificial Intelligence"! (3)
(Give me the classification of "Artificial
Intelligence”!)

Classifique a "Artificial Intelligence"! (4)
(Classify "Artificial Intelligence"!)
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III) Open questions and relative clauses

Formation rule 2 handles the analysis of open
questions through the machinery behind rules 12 & 13 for
interrogative or relative pronouns “int_rell’: The same

machinery also applies to relative clauses, through rules

27 & 28
The relative <clause bears a large number of
similarities to open questions; hence it is possible

to rely on a number of conclusions about open questions
without an excessive amount of repetition in the analysis
of relative clauses;,; since the relative pronouns appear;
in general; to be the same as the interrogative pronouns
(relative pronoun “whose” is an exception). Relative
clauses systematically lack exactly one noun phrase in a
positidn where we would normally expect such a noun
phrase to appear on the basis of the verb. Furthermore
the interrogative pronoun always appears irn initial
position, and there is &slways a noun phrase missing
elsewhere in the sentence:; except when the interrogative
pronoun is the subject of the sentence. The tyvpe of each

phrase is ascribed in cne argument of 'int;rell'b

We consider first open questions; and secondly

relative clausest
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Open questions involve movement rules able to switch
words or phrases from one position to another within the
sentence. They are characterized by the interaction
between argument inversion and the presence of a wh-word
(interrogative pronoun or article) in sentence initial

positions
Example: The declarative sentence;
Nilsson publica na "McGraw Hill". (5)

(Nilsson is published by "McGraw Hill".:)

has the same propositional content as the
interrogative sentencej

Onde publica Nilsson? (6)
(By whom is Nilsson published?)

characterized by two movements:
a) the complement “na "McGraw Hili"*’ (bv "McGraw
Hill"") was moved to the beginning of the sentence and

masked under the interrogative pronoun “onde” {where):

b) the subject “Nilsson” was moved to after the verbs

This example suggests one of the three rules (17, 18
& 19) defining the complements, namely rule 17: one of
the complements, which appear after the verb in
interrogative sentences,; is moved to the beginning of a
declarative sentence, to function as 2an interrogative
pronouns This kind of complement is called moving
complement, ‘mov_arg’, and the rules responsible for its
switch are +*he formation rule 12 and the complex

formation rule 13
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Rule 12 states that the argument generated by the
interrogative pronoun is at the beginning of the
sentence. This is the case for sentences guestioning
about its argument, as
Quem e° o author de "Artificial Intelligence”"? (7)
(Who is the author of "Artificial Intelligence"?)

Rule 12 also states that “int rell” is substituted

by “int_rel2”; in order to mark this occurrences

Rule 13 switches the place of the moving argument;
from after the nﬁcleus to before the nucleu;; renames it
as argument “arg’, and subtitutes “int rell” by
“int-rel2”. Finally, the argument “arg” is transformed
into the corresponding pronoun through complex formation

rule 144

Iﬁ what concerns the movemenﬁ of the sub ject
“Nilsson” in sentence (6), a complex formation rule is
required for dealing with the argument of the
nucleus; “publica Nilsson® (publishes Nilsson)s Such a
rule belongs to a set of three rules for handling the
sub jects, rules 20 & 21 for the inversion cf arguments
and rule 22 for the standard constructicn cf declarative

sentences;,

Complex formation rule 21 is able to recognize the
switch of the argument from before the verb to azfter the

verb: The rule “inv-mark’ sets off an indication of that
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inversion;, used when a sentence starts with “nenhum” (no)
or with “ninguem’ (nobody): Rules 20 and 21 serve also
to handle the argument inversion occurring in closed
question;, such asjy
E° Nilsson um autor? (8)
(Is Nilsson an author?)
In the follwing fig;re we present the analysis of

sentence (6)¢%

Sentence : Onde publica Nisson ?
rues wed by order: 2,13,14,54,5, 21, 1,41, 22,23, 4,17

prin

Linguistic diagram

The diagram is a tree, a phrase structure for the
sentence, c¢onstructed by the program during its search
(failed branches are not consideréd)i This tree is
composed of two kinds of lines: solid lines represent
expansions of non terminals, and broken lines represent
+he terminals inserted in the input string by the

re-writing rules which have +hese terminals on their
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left-hand side. At the bottom of the diagram are shown
the constituents of the surface structure of the
sentence; corresponding o <the <terminals of the whole
tree structure. The order of use of the rules is also

marked:

The diagram for declarative sentence {(5)»
corresponding to the interrogative sentence considered
previously; is presented in the next figure, where we
observe the presence of one complex formation rule;
“contract’, for governing the contraction of prepoéitions

with articless

Sentence : Nilssom publica na "McGraw HN',
rules used by order: 3,4,5,22 23, 46,1,18,22,52,24

prin

cose nphme [ [] case n_phrase
cosni&ubl proper. noun caose (prep o) detart proper
0 cortacty, (e (0]
W 7

M

[nitsson] |§ul::;:a_'] [ha] [mecgrow hif] E,]
Figs 24

Linguistic diagram
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The open questionj;
Quantos autores nao escrevem na "North-Holland"? {9)
(How many authors do not write for "North-Holland"?)
whose diagram is presented in the following figure, shows
the way the interrogative article is brought out by
substitution rule 14, and the most general form of an
argument, as expressed by rules 22, 23; 24, 25, & 26. On
the other hand, it is also shown how rule 15 substitutes
the article of the noun phrase “n_phrase’; by the
interrogative article, “interrog art’s

Sentence © Quontos odores nao escrevem  no “North Haord®?
ries used by order: 2,12,15, 4, 5, 22, 25, 2C, 9,19, 22,52, 24,29,

prin
intrel 1 prop final
o /\‘
im.rel2 -\\l nudewus c/trpi\
cose  imerrog.ot Itj urg/%zrb compts arg
n
l i l /\..
se (sub) lg c?se n-phrase Y - cose e
[l] g:[ouse] s.ruceus  Compis rextives cose{repemy  del.at propernouns
o
1 St l
E at ofs nonaiig (1 [ a:nu'u:t\‘.‘ Lel‘:ﬂ [?] s
B! | A
i [a:d LJ Ll ]\‘ f‘:
Y’ L =t ot
[quenios] [butcres] o] fecrever] [nd lnorth-nationd] 1

Figs 25

Linguistic diagram

Let us now discuss how a relative clause is
analysed. In its function; a relative clause; like an
ad jective, is a modifier of the noun. In many cases, it

is possible to paraphrase a sentence that has
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ad jective with one that has a relative clause.

Hewitt e’ um conhecido autors (10)
(Hewitt is a known author.)

Hewitt e’ um autor que e’ conhecido. €13)
(Hewitt is an author who is known.)

The relative clause contains an argument; a verb and
its complements, and is a constituent of a noun phrase.
This fact allows the expansion of a noun phrase bj
attaching a relative clause: This attachment may be
applied indefinitely,;, ijust as long as there is a ‘'noun
phrases This phenomenon; called recursion, is a property

of natural languagess

Formation rules 25, 27 and 28 show the syntactical
construction of relative clauses; and the process of
recursions Rule 27 introduces “int_rell”, which
recognizes the relative pronoun and generates the

argument of the relative clauses

The analysis of sentence (1l1); 1s shown in the

following diagrams
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Sentencs : Hewitt € um outor que é conhecido,
rules wsed by order: 3,4.5 22,456.1M,19,18,22,50,25,26,18,27, 12,14, 56, 4, 5,18, 28

prin
D/‘\“:“
nucieus /."m\‘ continue
AT T
aose nphrose (] ve 8] case/\n hrase
'/‘\r
case( suj) proper-noun cose-noun | s.nucleus compls reqtives
'I ‘/’l‘\‘
n pns ind_art | ort cdjs noun acl,g u nt.ret1 prop reitnes
]I l /I\l
: o
I\E;t_} 0 8] rt.lnzl 2}- nxies @mos ontnue (]
pron @y neg verd (] 8]
]
L LA
rel.oron farg) [J ve of
l y | l l
1 ] Y $ 1
hewitt] ] Lurm] [ouor) fquel (€] (corhecido) 5]
Fig.26
Linguistic diagram
Another open questionj)
Quais os autores cujo livreiro e’ Elsevier? (12)

(Who are the authors whose publisher is Elsevier?)

introduces again the machinery “int rell” used either for

open guestions or for relative clauses:

Complex formation rules 14 and 27 handle the
interrogative pronoun and the relative pronoun;

respectivelys
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Rule 14 was explained in a previous example. As
regards relative clauses, formation rules 27 and 28 are
responsible for <their analysis: Rule 27  uses the
machinery behind “int rell”, and in particular rule 16

]

which takes care of the relative pronount

Let wus explain substitution rule 16 with the
relative clause
cujo livreiro e’ Elsevier (13)
(whose publisher is Elsevier)
of sentence {(12). We write it as
o livreiro dos autores e  Elsevier (14)
(the publisher of the authors is Elsevier)

to make explicit the role played by the relative pronoun:

The relative clause (13); like an adijective, is a
modifier of noun “autores” (authors) in sentence (12}
The modifier is not simply a relative pronoun followed by
a sentence. By comparing phrases (13} and (14) we note a
movement transformation: The argument “autores”
(authors) playing as complement of “livreiro”
(publisher) in (l14), is deleted;, substituted for the
relative pronoun “cujo’(whose), placed as the head of the
relative clause. Moreover; it is necessary to delete the
definite article which is embedded in the pronoun. Rules
16 and 42 achieve both objectives: rule 16 substitutes
the moving argument;, “mov_arg”’, by the pronoun, and rule

42 inserts the definite article taken out by 's;nucleus'i
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defined by rule 26.

The above open question (12) presents an ellipsis of

the verb tense ‘sao” (are); very common in this type of

Portuguese gquestionss The ellipsis 1is handled by

insertion rule 58, responsible for detecting the

interrogative pronoun and for inserting the missing verb
tense ~“sao’ (are)s The following figure shows the

analysis of this guestions

Sentence : Quais ©OS ouwres cujo edtor & Elsevier?

rules uwsed by ar:er-,2,:2_-4,53,59,4,5_19,22,25,26,29,31,13,

27,1296, 4 6,%€,42 25,4 5,22, 25, 17.18,23,
19,22,51,23,29,31,28

/—ﬁn
nt-rei prop

“
\
nru[a \ uf neg ueib compis ayg (1
1
o l /\
CARY
int.prons 99 | ve [! se
[ % | | |
pron 10i ey [vel cose(nouns) s.udeus compls relatives

g g

ATTIZ

N ' N 2
{) propetnan (3 int ‘et 273, nxles  comos  continue {1
.:\,“
4 - A,
s c=® pron def.mark !sruoeus N

mmhﬂn
L /AN e e

! .
comed{sutl) rel.prt:n:'};‘ ot ad; nounis | oSe e (] 1] case nphree
P
| RN ¢ / |
1 idet. t zsd srces redtnes | COSe. PO
! i /\ -nox d
I - 4

et 3 0

g
! Ny S (e |
uae] B el e SO0 i

el [= tsa-v-efj[L]

Linguistic diagram
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IV) Articles

Articles are defined in Appendix 1 and discussed in
Chapter 3% In - the following, we consider the

implementation of those definitionss

The semantics of an article 1is specified by a

grammar rule, such as

art (A-D-X,01;02, for([X,D],03,04)) ==-> article:s

rd td

In *he left-hand side of the rule variable X

stands for the phrase subject, where A" and “D” are its

- -

agreement (gender and number) and domains “Bi 02
correspond to the properties attached to the subject and
predicate: °“03°" and ‘04" are the logical formulas of our

4

logical system, containing “01° and “027. 04’ stands

also for the definition of cardinality of the article:

The richt-hand side of the rule <consists of a
non-terminal or a terminal, optionally followed by a
sequence of extra conditions (Prolog procedure calls):s
This non-terminal simply makes the access to the terminal

forms.
1) Article “o” (the)

art((G-sin) -D-X,01,02, for([(X,D],01;
if(card(X,equal,1),02))) =-=-> def_art(G-sin)s

def _art(A) --> [def_art(A)l]:
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def art(fem=sin) --> [al:
def _art(mas-sin) --> [o]s

Example: the sentence containing a definite noun phrase;
Nilsson e’ o autor de "Artificial Intelligence*:
(Nilsson is the author of "Artificial Intelligence".)
has the following description:
fact(
for([X, typ(Vv)]s
pr(author(X;, [artificial intelligence]l));
if(card(Xyequal;1l);
pr(set_equal([nilsson],X)))))

which is represented by the following tree:

foct
|
for
[X typtvi] pr if
nuthlo.- co/\u"
X Ilrxmg;g::mj x/eh1 se{.leq.ld
[risson) X
Fig.28

Logical tree structure

whose meaning is:

for those (sets of individuals) “X°, belonging to the
domain “typ” (types: authors and publishers); such that
“X” is the author of "artificial intelligence", if the

cardinality of “X° is equal to 1l; then “X” is Nilssons
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2) Article “os” (the)

art((G=plu)=D=X;,01;02; for([X;,D];01;
if(card(X,greater;0),02))) ==-> def _art(G-plu)s

def_art(fem=-plu)} =--> [as]:
def_art(mas-plu) --> [os]:¢

3) Article “um”’ (a)
art((G-sin) -D-X, 01,02} for(([X,D],and{0l,02)s
card(X;greater,0))) =-> ind _art(G-sin)vw
ind_art(_ ), [pessoa] =--> [alguem]:
ind_art(mas=-sin) =-=-> [um] ; [algum]

ind_art(fem=-sin) =--> [uma] : [algumals
ird_art(A) --> [ind_art(A)]s

This rule also serves for the interpretation of “alguem’
(somebody) . As the meaning of this article is “alguma
pessoa’ {some person), it is necessary o introduce the

word “pessoa’ (person) as a left-hand terminal of rule

“ind_art’s
4) Article “uns’ (some)

art ((G-plu) -D=X;01,02;for([%X,D];and({01,02),
card(X,greater,1))) =--> ind_art(G-plu)s

ind_art(mas-plu) ==-> [uns] : [alguns]s
ind_art{fem-plu) --> [umas] ; [alguns]s
Rules 47, 48, 49, 50 and =B support the
interpretation of indefinite articles by handling their

ellipsis and generation according to the cases
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5) Article “todo o° (every:all the)

art(A-D-X,02; for([X;D],;and(0ls:not(02))
card(Xyequal,0))) =--> todo_art(A):s

todo_art(mas-sin) =--> [todo,o]:s
todo_art(fem-sin) =--> [todajals
todo-art(_=-sin) =--> [qualquer]s
todo art(mas-plu) =--> [todos,os]s
todo _art(fem=-plu} =-=-> [todas,as]s
todo_art(_=-plu) =--> [quaisquer]s
todo_art(_-sin) =-=-> [cadal:

In Portuguese the word “todo” (every) appears on its
own when it operates as an indefinite pronoun. 1In all
other cases, the word “todo” is always followed by the
definite article. This rule serves also for the
interpretation of “cada” (each}) and “gualguer” (any). We
observe that the Portuguese article “qualquer” is similar
to English article “any’.: It has two different senses

("every” and “some’) according to the context where is

inserted:

Example:

Qualgquer autor escreve na North-Hollands
(Every author writes for North=-Holland:)

A North-Holland nao tem qualguer escritor:

(North-Holland doesn t have any writer.)

The impossibility of dealing with the two senses of
“any” is a 1limitation of Colmerauer’s framework. The
French article “quelque’ is not similar to “any” ©because

it has only one sense (“some”):
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6) Article “nem todos os” (not all the)

art (A-D-X;01,02,for([X,D]),and(0l,not(02)),
card(X,greater;0))) ==>
[not_all(A)], {negativel}.

not all(A) --> [nem], todc_art(A)s

This rule operates with rule 45 and the definition
of articlé “todo_art’. The rule 45 states that “not_all”
imposes the c¢ase subject; and it calls the rule
‘not all’. In fact; this article is decomposed into the
particle “nem” (neither) and the article “todos os” (all

the)s

The extra condition “negative” handles negation
constructionss It distinguishes standard constructions
from double negation constructions, imposed by article

“nenhum” (no); as it is explained in the following:
7) Articles “nenhum” (no) and “nenhuns” (no)

art ((G-sin)=-D=-X,01,02,not(for([{X;D],and(01,0C2};
card(X,greater,0)))) =--> none{G-sin) ,{negativel:

art ((G-plu)-D-X,01,02,not{for([X;D],and{0l1,02),
card(X,greater;1)))) =--> none(G-plu),{negativeli

none{mas=sin) =-=> [nenhum]:
none{fem-sin}) ==> [nenhuma]:
none{mas=plu) ==> [nenhuns]:
none(fem=plu) ==> [nenhumas]:
none(_), [pessoa] =-=-> nonels
none{_), [tipo] ==> nonel:
none{A) =-> [none(A)].

nonel =--> [ninguem]:
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Article “nenhum/nenhuns”’ (no) is supported by rules
40 and 44 for dealing with ellipsis and generation of an

article, This rule also serves for the interpretation of

“ninguem” {nobody) . As the meaning of this article is
“nenhuma pessoa’ (no person), it is necessary to
introduce the word “pessoa’ (person) as left-hand

terminal of the rule “none’:

“nenhum” (no) imposes a double negation when it
appears after the verb, and some auxiliary rules are

needed for analysing the negation:

Let us consider two main constructions and the

corresponding negation rules:

(1) Nilsson nao tem nenhum livro.
(Nilsson doesn’t have any book:)

Surface structure: s %»2nNao + verb + nenhum. s
negation rule:
neg{(0,0);, [verb(X,0l1l) ,none{(A)] =-=>

[nao], verb(X,0l1), none(A):

(2) Nilsson nao escreve para nernhum livreiro:
(Nilsson does not write for any publisher.)
Surface structure:
L»vnao + verb + prep + nenhumtses
negation rule:

neg{(0,0); [verb{(X,01),P,none{(A}] =-=> [naol;
verb(X,01);[P],(prep(P) )}, none(A).
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This kind of construction has a particular form;
Nilsson nao e’ autor de nenhum livro.
(Nilsson is not the author of any book.)
Surface structure:

»ssnao + aux verb + noun + prep + nenhumses

This .construction is characterized by the appearance
of a common noun between the auxiliary verb and the

preposition, A new rule for copulative verb is needed)
verb([A=D=X;Y¥];0) ==> copula(A), noun{[A=-D=X,Y],0}s

because the rules for the complements cannot handle the

kind of constructions generated by the negation rulest

The negation rules are completed by rules 9, 10 and
Il¢ Rule 9 asserts the predicate “negative” when a

negation occurss

8) Numerals

art (A-D-X,01,02, for([X,D];and(01,02) ,card{(X.,equal;I1I))}
-=> nb(I)

nb(I) --> [I], {integer(I)}s

There is a particular case for numerals;, shown in

the following sentence:

Quais os 3 livros de Nilsson?
(What are the 3 bocks from Nilsson?)
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The numeral 3 1is preceded by a plural definite
article “os” (the) . A new rule is therefore necessary
for dealing with this kind of construction:

art( {G—plu)-D—X; 01;02; for( [X; D] ;Ol;
if (card(X,;equal,I),02))) --> def_art(G-plu),nb(i).

V) Special verbs

We call "special" those verbs used in a particular
fashion, some either as auxiliaries or as main verbs, and
others without argument. Verbs su-h as “ser” and “estar”

(to be), “ter” (to have) and "haver” (to exist) belona to

this class.

V.1l) Verbs “ser”(to be) and “estar”(to be)
“Ser” and “estar” are main verbs normally used to
denote existence of, or to give information about, a
person or thing:

Elsevier e” editor.

(Elsevier is a publisher.)
This use is governed by the following rule,
verb( [ (G-N) -D-X, noun-A-D-Y, pr(set_equal(X,Y))) =-->

: ve(ser,N).

ve(type,N) =--> [Verb]l, {vel (Verb,Type,N)}.
vel(e”, ser,sin).
vel (foi,ser,sin).

vel (sao,ser,plu).
vel (foram, ser,plu).
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vel (esta’ ,estar;sin)e
vel(estao,es;ar,plu);
The verb establishes an equality between the argument and

the subject complement: This equality is ascribed to the
verb’s definition through the inclusion of the property

“set_equal’, whose meaning is set equalitys

- ”

Ser” and “estar’ are also copulative or 1linking
verbs: In this casey the verbs do not introduce any

propertys

The copula “ser” (to be) stipulates three possible

kinds of relationship between two nouns A and B:

i) A and B refer to the same individual (A=R)

(both A and B are specified, and can occur in
either order)

ii) A belongs to the class B (A& B)

(only A is specified;, where as B necessarily
refers to any number of individuals)

iii) All members of A are members of B (AC B)
(neither A nor B refers to a specific
individual):

Let us take zn example of ii)

A Elsevier e’ uma livreiras
(Elsevier is a publisher.)
The subiject complement “livreira’ (publisher)
introduces the case “noun’, defined by rule 51. It may

be constructed with an indefinite article as above, or
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with a definite article.

The example shows that the subject complement
introduces a property associated with the argument
“Elsevier’, and a new rule is therefore necessary for

taking into account this new fact;

verb( [A=-D=X; noun=-Al=D1-X],t) =-=-> copula(A).

copula({_-N) =--> ve(ser,N).

copula(_=-N) =-=-> ve(estar,N)+s
where “t° represents a propert which 1is always truesy
The case 1is governed by rules 49; 50 and él. Rules 49
and 50 serve to capture the property introduced by thg
sub ject complement, either as a result of the lack or
presence of the indefinite article. Rule 51 takes into

account all the other forms:

- -

Ser” and “estar’ are also auxiliary verbs used with
the past participle to form the present perfect and the

past perfect:

“Artificial Intelligence" esta’ classificado.
("Artificial Intelligence" is classified.)

This use is governed by the following rule,
verb([A=X,++L],0) ==> copula(A);adj([A=X,++L]};0)s

where the past participle is considered as an adjective:



V.2) Verb “ter’{(to have)
“ter” is a main verb meaning “have’ which requests a
direct object,

"Computational Semantics" tem uma classificacaos
{("Computational Semantics" has a classification.)

This use is governed by the following rule;

verb([(G-N)~-D1-X,dir-A-D2-Y],pr{have(Dl1;X;,D2,Y))) =-=->
ve{ter;N)

ve(Type,N) ==> [Verb], {vel(Verb,Type,N)}:

vel (tem,ter, )¢

The verb introduces the relation “have’ which
depends on the argument and direct object’s domains. So;
with this double dependence we have only one verb rule
for seve¥a1 uses of “have’; which arise on account of the
intercﬁange of its argument and its direct object: The
verb introduces the case “dir” which is defined by rules

47 and 48%

Here are examples of several uses of verb “ter” (have):
Que livreiros tem Nilsson?
(What publishers has Nilsson?)

Quantos livreiros tem Nilsson?
(How many publishers has Nilsson?)

Nilsson tem um livreiros
(Nilsson has one publishery)

Quem *em livreiros?
(Who has publishers?)
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Verb “ter” is also used in adverbial ccnstructions, such
as;y
"Artificial Intelligence" tem como autor Nilssons
("Artificial Intelligence" has as author Nilsson.)}
which has an alternative construction in Portuguese;

"Artificial Intelligence" tem Nilsson como autor.
("Artificial Intelligence”" has Nilsson as author:)

Rule 6 is able ¢to deal with both constructions
through the definition of adverbial groups and the
introduction of the property 'set;eqnal'. Let us observe

with more detail how this rule is built upy

"Artificial Intelligence” tem como autor Nilssons
A S »? -
\--—_-.—"‘h '-‘a' - o
' - - 7z ]
- - ’ '
'l- /

>
o A de B e 3
(the A of B is 3)

paraphrase:

v
Y

[ U
R

("Artificial Intelligence" has as author Nilsson:)

This paraphrase is achieved by the following rule
(rule 6 with explicit arguments),
nucleus( [noun-A-D-Z],set equal(X,2),02,0) ==->
arg{sub-Y;04,0), neg{(03,04), ve({ter, )
adv-_g(Al-D-Z,prep(de)-Y,02,03)%

where the adverbial group is defined as;

adv_g(X;Y¥,01,0) =--> adver, s _nucleus{[X,Y,+«L]yv,01,02);
compls(L;02,0):
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These rules are written by comparing the ordering of
the elements of the input string with the corresponding
level in the current phrase structure %tree. By doing so)
we discover in what grammar rules it is necessary to do
the right transformations: For the construction in
discussion, a new rule was written upon rule 5, reguiring

the definition of adverbial group “adv_g’s

Vv3) Verb “haver (to exist)

“Haver”® is a main verb used to denote existence of,
It requires an argumentsj
Ha” um livro escrito por Charniaks
(There is a book written by Charniak:y)

and introduces a case “noun’ &
This use is governed by the following rule;
verb({A-D-X; noun-Al-Dl-X],t) ;[um,titulo] =-=->

ve(have,sin)

vel(ha”,haver,sin)s

similar to the rule for verb “ser (to be) when the
sub ject complement is preceded by an indefinite articleyj
except for the introduction of the necessary arguments
The required argument 1is introduced Dby the left-hand

terminal “um titulo” (a title):
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4.5, ANALYSIS OF PORTUGUESE SENTENCES

The subset of Portuguese grammar, discussed so fary
is written in Prolog as a DCG: It determines what *o do
with a Portuguese sentence; ie. it is simultaneously
responsible for the syntactical analysis of a sentence
and for its translation into a logical structure (see
section 383) % The syntactical analysis or parsing
consists of showing that a string of words defines a
sentence according to given rules of grammar. The
translation consists of describing the senténce meaning
as a program by plugging well-formed formulae into a

logical structures

We consider how TUGA achieves the analysis of
Portuguese sentences by taking an example and displaying
the overall analysis process on a tree. Three snapshots

are presented to show its intermediate results:

Example: Let us consider TUGA grammar and
the following sentence;
O titulo gue Nilsson tem e” "Artificial Intelligence":

(The titlie that Nilsson has is "Lrtificial
Intelligence":.) :

The analysis process is represented by a tree. We
only consider the successful part of the search dorne by
the grammar, and disregard all the backtracking. The

execution machinery of Prolog is implicit.
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Seerce: O titulo gque Nilsson tem e “Artificid elligence”
rules used by order: 3,4,5, 22, 46,25,18,27,13,14,56,5,22, 23, 28, 4, 77,28,1,19, 5, 23,28
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Fig+«29

Linguistic diagram

The analysis of the sentence, which was transformed
into a list, is done from left-to-right. We choose three
points A, B and C in the tree of the figure above to
present fragment terms of the sentence analysed. Below
each term is presented the sentence segment to be

analysed further on:



Snapshot A

—— e —

s _nucleus{[(mas-sin),tit(V),X];
2;(title(x))b
i;r([xhtit(V)]k

i%(card(x;equal,l)b
z)))

[gque, nilssonj,tem; ‘e” " ",artificial intelligence,:]
Snapshot B

arg(sub=(mas=-sin}=-tit(V)=-X,
Zy
for{[X;typ(V)];
and(pr{title(X));

pr{have(typ{(aut(Vv)) ,[nilsson] ,tit(V),X}))’
if(card{Xyequalyl),

z)))

R

[Te ; artificial intelligencejs]
Snapshot C

prin{fact(
for([X,tit(Vv) ]y
and(pr(title(X)),

pr(have(typ{aut(Vv})),[nilsson],tit{(V),X}))},
if(card(X;equal;1l),

pr{set_equal(X, [artificial intelligencel})))})

[ ]

The snapshot C gives the final product of the DCG;

the logical structure for the above sentence, recognized

as an assertions This structure is represented in figure

30«
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Computational structure

The logical reading of this structure is:"for those

F -

X" belonging to the domain of titles such that “X” is a

»

title and “nilsson” has “X“, it is true that ’X° equals

-

[artificial intelligence] 4if the «cardinality of ’X

equals 1"y

4,6y COMPUTATION OF ANSWERS

Computation of answers consists of: 1) evaluating
the logical structure corresponding to the translation of
some sentence, and according to a certain logical system
and to the items retrievéd from the data base, and

2) generation of output messagess
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In Chapter 3 we surveyed this matter by presenting a
general deécription of the algorithm adopted for
evaluating the structure. Now, we present implementation
details by discussing several procedures through examples

of different linguistic constructions.

If, in everyday dialogue, some question, statement
or command 1is posed, we may decide on a certain answer;
yet statements and command don”t usually call for an
answer:. TUGA answers in all cases: The following

dialogues are an example:

(1) u- Onde publica Nilsson?
(By whom is Nilsson published?)

p— HNa "McGraw Hill®"g
(At "McGraw Hill".)

(2) u- Quem e’ o livreiro de "Artificial Intelligence"?
(Who is the publisher of "Artificial
Intelligence®?)

p—- "McGraw Hill"s

(3) u- E° Winograd o autor de "Programming in PQOP=-2%72

(Is Winograd the author of “Programming in
POP=-2"2)

p—~ Naos
(Now)

{(4) p= Quer mais documentos?
(Do yvou want more documents?)

u- Nao queros {No; I don’t:

p- E gque mais? And what else?)

(5} p- Por favor; de-me uma (Please, give me one
referencia do reference of the
documento em questaoc? document in guestion?)

u— Desisto. (I give ups.)
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p- Esta” bem: {All right.
E gque mais? And what else?)

Consider the piece of dialogue (1). The reguest
posed is an open question, starting with the
interrogative pronoun “onde” (where);, and composed of an
ordinary verb “publicar” (to publish) plus the
preposition “em” (at)s: The interrogative pronoun “onde’
(where) is a member of a set of wh-words which are

analysed as:

NP

T

DET N
wit_ © ART
quem (who) aigum (some) person
que (which) thing
como [ how) manner
onde (where) ploce
Fig. 31l

Set of wh-words

The declarative sentence, corresponding to the
guestion,

Nilsson publica na "McGraw Hill":

(Nilsson is published by "McGraw Hill".)
shows explicitly a prepositional phrase and the
gquantification introduced by the definite article “a

{the); through the contraction “na” of prepcsition ‘em
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(at) plus the definite article “a’ (the). However, the
quantification is not explicit in the question. The
answer of dialogue (1)}

Na "McGraw Hill"s
(At "McGraw Hill":)

contains a contraction; where the definite article “a°’
agrees with the gender of the proper noun *"McGraw Hill"

(the gender of “editora” (publisher) is feminine), which

is the data item retrieved:

Consider now the previous dialogue piece (2)% The
question posed is an open one, starting with tﬁe
interrogative pronoun 'quém’ (who), and followed by verb
“ser” (to be). This verb requires a definite article,
‘0" (the), and therefore the quantification is introduced

explicitlys The gquestion is built upon a noun phrase

guantified by the definite article:.

The answer)

"McGraw Hill"w
is a proper noun, the data item retrieved.

Consider now the previous dialogue piece (3). The
question posed is a <c¢losed one, and imposes a yes/no

answers

Pieces of dialogue {(1); (2) and (3) refer ¢to the
program’s library knowledge. However, the program is

also akle to accept user sentences noct referring to that
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knowledge or undoing the action that had already started.

Consider now dialogue piece (4).: The program asks
whether more data 1is required, and receives a negative

answers

Consider now the previous dialogue piece (5). The
program interrogates the user during the classification
process of a document. The user gives up; ' and the
program stops the current dialogue and returns to the

main dialogue courses

These examples show clearly <that the program may
access different sorts of.knowledge in order to construct
an appropriate answer: the syntactical and thg semantic
knowledge; and the logical system. The syntactical
knowledge groups the aspects concerning +the linguistic
form of the sentence (eg. the interrogative marker.and
main verb for guestions): The semantic knowledge
concerns the logical interpretation of the 3entence. The
logical system supports the program’s evaluation of that

logical structures

The program also needs computational knowledge for
guiding and carrying out its answering function: The
guidance 1is provided by the grammar module of the
programsi The grammar constructs a skeleton for each
sentence’s tvpe;, in which is embedded its logical

structure and some syntactical infecrmation about the
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sentence.

Example: the user sentence of dialogue (1)},

Onde publica Nilsson?
(By whom is Nilsson published?)

has the following skeleton, where the third argument

represents the logical structure of the sentence)

which( (G-N)-typ{(pub(V))-X)
prep{em);
pr(
pub-of- aut(X,coord([nilsson]}))))

where

“which” is the token for qualifying the guestion tvpe,

‘G’ is the gender of "X}

‘N’ is the number of “X7,

“typ{pub(V))” is the domain of "X~

“X” is the variable standing for the requested data

item(s)s

“prep(em)” is the case,

“pr(P)” is a term to allow the handling of property

»Pab )

“P” is the property introduced by the verb
“publicar”{(to publish};, and it relates the sentence
participant “Nilsson” with the variable “xX”°. The
participant “Nilsson” is inside a term marked by
“coord” which appears only for n-ary relations (n
greater than 1). Here, the predicate “coord” is of
no use, because its argument is 2 one-member list,
ie. there is no coordination in the sentences
Otherwise;, ix determines a ecertain kind of
procedure for relating the arguments of the above
2-ary relation, and hence a certain data base
search for selecting the possible individuals for
X", one by ones

In figure 32, we present the classificaticn of *the
kind of knowledge used to support the answering of user

requests.:
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Sentance
Syntatic Knmw
linguistic form interrogative  marker main verb skel=ton
-l-"""-—---__l
data items logical structure
coordination o — —_— foct (conj( i o,02))
two  stotements .
sigtemnent — e foct( s 0)
coordination of twWo —— —_— question{conj( ——— m, 02))
closed questions
closed gQuestion i question( s 0)
[ r:um
which “‘“"‘d" any which (G-N)-D-X,K, ©O)
mp}mem
al estar
qu /quas ser CNY-Do
qwuwwmj which 38 which (G-N)-D-X, 0)
ter
(prep) quontas
{(n‘ep)qum] ony howmay [G-k,D], . 0)
L {Qucntos ser howmary G-D-X, o)
unclcssified —_— —_— — - —_—
Figs32

Knowledge for answering user reguests

In brief, the computation of answers is the purpose
of the TUGA semantic system, and it has three main

aspects:

1) Accessing the data base to find or vwverify data
items related to the user request. This is the
retrieval aspect; it is dealt with by modules
DBMS and DBASE of TUGAw

2) Evaluating the logical structure corresponding to
the request sentence, on +the basis f three
truth-values: true, false and undefin=d.: This
is the evaluation aspect; it is dealt with by
mcdule DBMS of TUGA:.



3) Forming the answer by choosing the sappreopriate
standard form, and by inserting into it the data
items selected. This is the output aspect; it
is dealt with by module OUTPUT of TUGAs

These aspects are the subject of the following two

subsectionst

4,631 THE RETRIEVAL AND EVALUATION ASPECTS

The retrieval aspect is discussed by considering the
treatment of singular versus plural;, when qﬁantifica;ion
is present or presupposed, and the evaluation aspect by
considering +the treatment of conditional, of necation;

and of meaninglesst

We start by examining open gquestions because they
present sufficient complexity to cover all the aspects

dealt with by the other types of requests

Open questions are classified into two types:
“which® questions and “howmany” questions. The second
type deals with questions requesting a numeral, and the
first one deals with all the other cases involving the
retrieval of data items. Each type is divided into two
subtypes: one for the ellipsis of an article (the
guantification is presupposed), and the other for the
explicit presence of articles co-occurring with special

verbs. By so doing we separate different cases in the



specification of truth conditions. The four subtypes are
all different as regards their respective skeletons. The
subtypes regarding the ellipsis are similar for retrieval
and evaluation purposes, and the same for the other two

subtypess

éetrieval and evaluation aspects are carried out by
a general procedure called “find_all’ (see module DBMS in
Appendix 3). This procedure finds all +the individuals
satis fying certain constraints; and eliminates the
redundant ones: It requires @a description of the
individual(s) that is(are) the target of the search and
an indication of the area to be searched. The
description of the individual(s) is(are) available in the
sentence’s logical structures The area of search |is
constrained by the domain of the individual(s) and its
expectéd cardinalitys The informatioﬁ on the cardinality
of articles, present in their definition; allows the
implementation of compatibility and incompatibility
tests. These tests avoid unnecessary calculation of the
cardinality and realize simple <comparisons between the
cardinality of the 1list of individuals in construction
and the expected cardinality, each time a new individual
is found. Compatibility tests specify a minimum of
individuals; and incompatibility tests a maximum of

individualss
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-~ “which” guestions with ellipsis of an article

When the article is not present in the question;, the
logical structure is very simple. There is no
guantification; no quantifier “for(0l1,02,03)°, and thus
no information regarding the cardinality (see the use of
“for” in the definitions of articles in Appendix 1). The
information retrieval procedure ~find all”® presupposes
quantification, and performs a large search for all
individuals that satisfy the domain and the logical
structure. The search is done through the domain andé the
n-ary relations introduced by verbs, nouns and

ad jectives: Individuals stored in the data base are

accessed one by onet

Let us consider an example of a guestion of the tvpe

under discussions

Example: the sentencej

Onde publica Nilsson? (1)
(By whom is Nilsson published?)

is paraphrased into,

f Nilsson has a publisher then who is he?

The sentence {1) has the following sksleton;

which([X,typ(pub(V)}];
prep({em);
pr(pub_of aut(X,;coord([nilsson])}))

where the third argument is the logical structures



Pace 165

The retrieval procedure ~find_all’ verifies whether
Nilsson has- a publisher by examining, one by one, the
individuals belonging to the area of publishers, defined
by the domain “typ(pub(Vv))®, to see whether that
individual represented by variable “X°, is a publisher of
Nilssons It does not consider the cardinality of “X°
because the guantification is not present in the
sentence:

find all([X,typ(pub(V))ls

pr{pub of aut(X,coord([nllsson]))),

card(_ )b
=3

Note that the fourth argument of “find-all”
corresponds to the truth value produced by the evaluation

of the logical structure:

The computation of the logical structure consists of
verifying the ©predicate embedded in the term “pr’, as
many times as the existing possible individuals ) i
related with “nilsson”. This verification is executed by
imposing true as the expected truth value. The
incompatibility and compatibility tests are of no use in
this case because the cardinality is unknown. The term
“coord”, inside the relation, imposes an operation of
relating when its argument is a set of individuals:s This
is the case for +the coordination of phrase elements;

where the conjunction “e” (and), linking proper rnouns has

the meaning of logiczl union, and not o¢f logical



intersection; as it is currently considered in general

casess

The verification is not always so simple as in the
example of sentence (1) In general, one has a term more
complex than the simple “pr”° term discussed above:
Therefore, it 1is necessary to decompose it into single
patterns of verification, such as for “for’, “and’,
“non”, and consequently for “pr° and the inserted
property “P°s¢ Each single verification applies to single
individuals or to sets of individuals (see the discussion

of Colmerauer s hypothesis in section 3.4):

-

A general verification consists either of a direét
computation of the relation or of a2 relatinog operations
The direct computation of a relation serves to find the
missing individual or to verify the relation validity. A
truth value, true, false or undefined, is assigned to
this computation;, accordinc to the result obtained. The
relating operation serves to compare the sets of
individuals, instantiated or to be instantiated in each
relation argument. This comparison of successive
individuals belonging to each argument of the relation
covers four cases: i) the comparison of only one
individual of a set to a - single individual; ii) the
comparison of each individual of & set o each individual
of the other set: iii) the comparison of at least one

individual of a set to a single individual; iv} the



comparison of 2ll individuals of one set to all
individuals 6f the other set. A truth value, true or
false, 1is assigned to the relating procedure, according
to whether the relation holds or does not hold. The
truth wvalue undefined is assigned when at least one
argument of the relation to be verified is the empty

lists

The execution of retrieval procedure “find-all’
involves the call of several procedures (see module DBMS

of program TUGA), as it is shown in figure 33.

find.alt find—. all.non cateul
doman

v /’J

verify
v
p‘[
prl

relole-or rekate. with reicte. m reiote

¥,

Pk
v
p

Fig.33

Verifying and finding procedures
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~= “which” guestions with expliicit guantification

Let us reconsider open questions for the case where
the quantification is made explicit by the presence of an

articles

Example: the sentence;

Quem e” um livreiro de "Artificial Intelligence"?
(Who is a publisher of "Artificial Intelligence®?)

has the following logical structure;

for([X;,typ(pub(Vv))],
and (pr{pub _of tit(X,[artificial 1nte11xgence]}),
pr(set_eqw_al(Y X3))»
card(X,greater,0))

This cuestion specifies a different type of search

for information because the quantification structure

»

for” is now present in the 1logical structure. The
retrieval is accomplished by a verification procedure

which calls the general procedure “find all”

£ind-all(
[X,typ{pub(V)) ],
and(pr(pub _of tit(X; [artificial intelligencel}j,
pr{set_equal({Y,X))),
card(X,greater,0),
B)

The computation of +the logical structure now
consists of verifving +the term “and’. Hence, the
verification procedure is decomposed into two c¢alls, one

for each member of “and”’. When the individuals found
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satisfy both routines of verification, a truth-value true
is- assigned. to the overall verification. Otherwise, a
truth value is assigned to the relating procedure)
according to the logical matrix for “and” (see Appendix

1),

and : o) 2 u

= h f u t = true

4 £ £ u f - false H

u u u u u - undefined £
v
©

t> f>au

The execution of 'find;all' can now be constrainéd
because the cardinality of the expected individual is
known: “card(X,greater,;0) . The cardinality of the
publishg;s to be found in the data base may be greater
than zer;, according to the definition of the indefinite

-

article “um” (a) which quantifies “livreiro” (publisher):
The cardinal corresponds to the third argument of

procedure “find_all’, exemplified above.

This kind of constraint limits the search space by
imposing two sorts of tests: the incompatikility and the
compatibility tests: In the present example; the first
one doesn’t stop the search because the number of
individuals to be found is different from one or zeros
The second test assigns a truth value true or false;
according to whether the number of individuals found |is

identical to the expected cardinality:
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== the treatment of conditional

We discuss other features of procedures “find_all’
and “verify”’; not vet explained, by considering a

statements

Example: the sentencey

td

O tipo gue escreve na "McGraw Hill" e” Nilssons
{The man who writes for "McGraw Hill is Nilsson.)

has the following logical structure;

for{[X:typ(V)1;
and (pr{author(X));
pr(pub_of_ aut([mcgraw hill];X))),
if(card{Xrequal,l)
pr{set equal(X;,[nilsson]))))

Statements; as opposed to open questicns, regquire a
single verification procedure. 1In the above example the
presence of the definite article “0° (The} imposes this
particular guantification “for”. The search for the
individual “X° is carried out by “find_all”’,
£ind_all(

[X,typ(V) ]y
and{pr{author({X)}
pr{pub of_aut([mecgraw hill],X)));
if({card(X,equal,1l),
pr(set_equal(X,[nilsson])));
B)
The second argument of “find-all” is an “and”, and

its verification follows the procedure explained in the

previous example:
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The third argument of “find all” is a conditional,
and contains the definition £ cardinality of article

o°s The conditional is defined by the 1logical matrix

for “if” (see Appendix 1),

L€ . - b u
t t f u
b u u u
u u u u

The conditional “if” is implemented straighforwardly in
the compatibility test through the procedure
“presuppose’. This procedure tests the compatibility 6f
the listy representiné the individuals found b?
“find-all”;, with the expected cardinality present in the
term “if"+ If the test is successful; the other property
of “if” is verified with truth value true or false: b 5
not; the <truth value undefined ig egssigned, For the
above example; the cardinality of list “X°, corresponding
to “men who write for McGraw Hill"; is 1 because there is

* »

only one member for p. S Nilsson. Then; the
compatibility is verified. As regards the
incompatibility test, the conditional is inversed, ie:

the resulting truth value is undefined if the

incompatibility is verified:
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== the treatment of negation

The individuals verifying the negation of a logical
structure are those in the complement set, with respect
to the domain of individuals; of <+those verifyina the
structures When the logical structure has no free
variables; its negation consists only of inverting its
truth wvalue. This treatment of negation is accomplished
in two different models of negation which depend on the
sentence type, and determine two different data base
searchess The first model is usecd for stateﬁgnts, closed
questions and open _ questions with explicit
gquantification, and the other for open guestions with

implicit or presupposed quantifications

Let us consider the first model which follows "the
psychological translation model"” of negation

{Clark;1970)¢

Example: the sentencey

Nilsson nao tem nenhum livreiro:
(Nilsson has no publisher:)

has the following logical sfructure:

not {for{[X;typ({pub(Vv))ls
and{pr{pub_of tit(X; ));
pr{have{typ(V),[nilsson],typ{pub{(Vv)),X)))s
card(X;greater,;,0)))



Page 173

-

The negation operator “not covers the
guantificational description. Therefore, we have a
particular case for the verification procedure. The
verification of a “not” is performed by calling the
verification of the quantificational structure “for’, and
by inverting its truth wvalue. The verification of a
“for® structure consists of executing the procedure
“find_all”. The inversion is done according to the

-

logical matrix for “not”,

not| t £ u

f t u
Let us consider the second model which follows "the
psychological true model" of negation (Trabasso,1970).

For open gquestions with implicit guantification, the
treatment of negation consists of getting all individuals
that verify the structure with the truth wvalue false. A
formula 1is naturally considered false if something it

asserts fails, in which case its natural denial is true.

Let us now consider a different example.

Example: the sentence;
Quem nao escreve para "McGraw Bill" ou
"North-Holland"?
(Who does not write - - for "McGraw Hill" or

"North=-Holland"?)
has the following skeleton,
which([X,typ(V)],

not(
pr(pub_of_aut(disj([mcoraw hill,north-holland]),X))))
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where the quantifier ’for is absent in the second
argument, cﬁrresponding to the logical structure of the
sentence. The predicate “a4s83§”" stands for the
dis junction. It determines;,; as the predicate “coord”’
previously discussed; a certain kind of procedure for

relating the arguments of the above 2-ary relation.

This sentence imposes a kind of search different
from ¢the previous example: The quantification is not
explicit and its presupposition is solved by calling -the
procedure “find all’. However;, as the description is now
affected by the negation operator ‘not’, a new procéduie

“find all_non’ is called to treat this kind of negation:

The procedure ~“find all non” takes all individuals
belonging to the domain of variable “X°, and verifies for

each one whether the logical structure is true:

== the treatment of meaningless

The treatment of meaningless sentences; which obtain
the truth wvalue undefinedy is confined in TUGA to the

presuppositions introduced only bv definite articless

Example: the following sentence
Brown €¢” © autor do artigo:
(Brown is the author of the paper.)
makes a presupposition which is interpreted by TUGA with

its current state of knowledge as undefined, because it
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presupposes that there is one and only ons paper (known

to the system); and that this paper has just one author:

4,6.2. THE OUTPUT ASPECT

Answers are statements occurring in response to user
requests. Each request type requires a specific
answering mode. The normal form of these statements is

simplified in TUGA; as is briefly shown in figure 34.

request form answer form

i —— -

‘and” of data items or a single
data item; preceded, where appropriate;
the preposition occurring in the reguest

open question

statement standard message

command

]
L]
L]
L]
'
'
L]
L}
closed guestion, standard message
'
L]
]
s .
i action followed by a dialegue
]
L)

Figs 34

Request and answer forms

The answer form for open questions depends on their
specific type, and is generated by procedure “print’;

print([K=-D=G,X];B)

where “K” is the syntactical case corresponding to the

role played by the data items retrieved from the data
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base and for the guestion.
Example: the procedure call of “print” for question;
Que livro escreveu Winston?

(What book did Winston write?)

has the form;
print({[dir-boo([])-_,[artificial intelligencel],t)

where “dir’ means that "artificial intelligence" plays
the role direct complement in that question. Case “dir”
was introduced by verb “escreveu’ (wrote). When the verb
in the question is a special one; ‘K~ has the value

“sub”, corresponding to a subject; because the

interrogative marker acts as a subject in the sentence.
Example:: the procedure call of “print” for the question,
Quem e o autor de "Artificial Intelligence"?

(Who is the author of "Artificial Intelligence"?)

has the form,
print{[sub-typ(aut([]))-_;[winston]];t)

where “K° is “sub’. For open guestions with a “howmany’
.

syntactic marker, ‘K’ would be “card” because this type

of gquestion requests the cardinality of some individuals:

F -

The truth-value “B”° in the “print” «clause is -
(true) for both types of open cuestions when they are
supported by any verb except special verbs. In other

cases, the truth value “B° takes the value obtained by
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the verification procedure:.

The gender “G° and the domain °‘D° serve to make
accurate the answer form, either by imposing an agreement
between the proper noun(s) and the necessary article;, or

to insert a standard message:

The variable “X” stands for the list of data items
retrieved, The answer is standard whether "X’ is
variable or the empty list. The answer is also

pre-defined whether the value “B” is false or undefined.

The answer form for closed questions and statements
is pre-defined according to the truth value “B"; assigned
by the verification procedure. The following figure

illustrates the kinds of answer formss

nout 1077 8 t t s

. 5 Talvez hajm corfusdo mna suo frose,
closed ouestion Sim, Moo . E' ambigua, e portanto o ccnsQo
(athrmative mode) | (Yes) (Na) responder-he. (1)
closed quastion E verdada. E falso. .
(negative mode) t s true) (it s fose)

% A sun frose pressupde  outros
statemern Concordo. NG concordc.
100108, 1Dg0 UM coniexto.
(I ogree) (1 chsogree)

Come ndo possuc NoNmXao wobre
O Que I Al0 anengmensE, o e
trose € ambigus. E, poriorio nac
corege  responder-he. [ 2)

(1) (There iz, moy be, confusion N your semtence. It & gmbgeos ond | con not
answer you. )

(2) (Your czentence presuppotes dher fodls, ond o contdd. Your senterce 15 Grdguss
because | have no informcten cbouwt whot happened  previously and, ! con nat
answer you.)

Figs 35

Kinds of answer forms
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4.7 DIALOGUE ORGANIZATION

The objective of this section is to consider how the
grammar of dialogues; presented in section 3.1, is
implemented in TUGA. We shall refer to +the program
activities and how they are organized for running

dialoguess

Asking for and interpreting user answers are two
program activities performed during dialogues with userss
Other activities, such as the interpretation of user
requests and the computation of program answers wefe
discussed in sections 4.5 and 4.6} respectively: Both
activities are handled by +the grammar of dialogues
through the use of exchange patterns and dialogue models:
The procedure “ola” organizes the dialogue and starts
numbering the contributions (see ﬁoduie CONVER; for more

details)s

An exchange pattern {“dialogue”) is a pre-defined
exchange between the program and the user. I+t is defined
by a name and a number, and provided by a message and the
number of the following contribution: It consists of a
gquestion of an expected form, followed by a simple
dialogue. The guestion is constructed with the value of
the message (eg. a proper noun). The simple dialogue is
the standard way to interpret user contributions: the

guestion-answer pair. As regards exchange patterns, the



Page 179

user contribution expected is always an answer. Program
questions are motivated by the content of user requests.
For example; interrogating “the name of a new category’
and “under what categories may it be placed”’ are
generated when the user wants to create a new category in

the classification systems

The exchange pattern is called by +the grammar of
dialogues through its name and number. In case of non
acceptance of the program question by the user; <the
initiative for restarting the dialogue belongs to the
user, But the new dialogue may be nested in the previoﬁs
dialogue, as often occurs in the process of classifying

new documentss

A dialogue model (eg. “converse’) is a suite of
unconstrained exchanges between the program and the user,
It generates detailed expectations about the next
contribution, by having an ordering for calling exchange
patterns which may be altered by user. The user may give
several answers which need not be ordered. Also, he may
modify his previous answers.: The program uses the
success or failure of its predictions to determine what
role the wuser contribution plays in the dialogue:
Whenever a dizlogue model is activated; an appropriate
exchange pattern is invoked, and the program poses a
guestion to the wuser and interprets the user response.

If a failure occurs; the program is able to come back to
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the same topic. For example; during the classification
of a documenﬁ} the user may oppose the program and
request information about the location of a category in
the classification system. And, the program only accepts
three titles of documents, known to its data base;, and
according to its classification method. Therefore;, it
goes on asking the user till it attains that limit, and
'skips any unknown title: But if the user gives up; the
program restarts a new dialogue., These features are
implemented either by using recursion or backtrackings
Recursion is the ability of a pr0cedure.to contain a
procedure call to another copy of itself, The
declaration of the procedure, for the dialogue model in
charge of the <classification processy contains a
procedure call which matches the name of another copy of
the same procedure declaration. Counters control the
process of recursion during the program asking for
references 1in the <c¢lassification process. And; the
clause “handle’ deals with contradictions arising when a
new document is archived. Numbers (1 and 0) are assigned
according to existing contradiction or otherwise, and
summed over the facts. If the result is non-zero; &
failure arises forcing backtracking and the restarting of

the processs

In the course of conversing, the program remembers
the events; by storing conversational states containing

the name of the participant, the number of the
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contribution, and active information; such as gquestions

or answers. The example below illustrates this:

Example: consider the dialogue described by the following
history (the dialogue is presented in the next
subsection 4:7.1 as an example of scenario C;
numbers appended to the natural language
contributions correspond to the conversational
states);
T={<u,l;cll>,<py2;a21>;<u,2,;c32>,<p,3,q943>;

<up3;ab53>,<p;4;r64>;,<p;d;g74>,<u;4,as4>;

<pry2;a92>}

scenario C
K o R
OZQ‘U

Didogues 1 & 2 are exchonge potierns of scenario C:
question-answer pars [(g43, 0S2)(r64bq74,c84)

Fig. 36

(G2) i us
p2

u-user
p-program
g-questian

| a-cnswer

| r-remork

g c-command

Conversational description

The program knows that thé first user contribution,
a command, <uj;l;cll>, opens a dialogue composed of a
simple question—-answer pair -(COnversational state 1).
The dialogue goes on with another user command;
<u;2,c32>; which invokes a dialogue model for creating

new categories. This dialogue model calls two exchange
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patterns, and the dialogue is «closed with the program
answer <p;2,a92>. Note that this last event has the same
conversational state number (2) as the e#ent invoking the
dialogue model. This information, shared by the program
and one of its users, helps the program to decide on what
to do and how to proceeé. It chooses its course of
action by:inSpecting previous user decisions, through the

remembering mechanism.

The dialogue model, responsible for gathering
information about new documents, exemplifies the use of
backtracking. If the user changes his mind at any stage
of the dialogue; the program backtracks to follow up the
consequences of the new information. Supplied facts
contradicting those already known are detected in the
immedia;e interpretation of the user”s input, and when
this interpretation is complete, a failure leading to the
restart of interpretation at a previous level occurs if a
contradiction has been found. This mechanism overrides
the repetition of unanswered questions (Mellish,1977),
and skips questions by recognizing the content and form
of the user”s answers, as shown in the following

dialogue.

p-Esta” bem! (A1l right!
Por favor, qual o nome do Please what is the name
autor do documento? of the author of the
document?)

u-Brazdil, DAI e 1978.
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p-Por favor, qual e’ o tipo do (Please; what is the
documento? type of the document?)
u=-Artigo: (Papers.)
p=-0 novo documento noiv 49; {(The new document no. 49
e a restante informacao and the remaining

adicional foi arquivado: information has been stored:

documento(

paper(brazdil,49,experimental learning model,
dai,1978,([111,1214],[11]))

m

que .mais? {(And what else?)

This facility is achieved by special procedures
dealing with facts and by grammar rules able to interpret

the user’s answerss

The interpretation of the user”’s short answers to
program guestions covers the following general

situations:

i) user’s acceptance
ii) user’s refusal
iii) user’s change of mind
v) user’s farewell
iv) user
v) numerals
vi) single proper nouns {eg: author s name)

vii) compound proper nouns (2g. document’'s title)

where situations i); ii)y iii) and iv) impose only
reasoning; and situations v); vi) and vii) require a

linguistic interpretations:



The following dialogues exemplify this capability by
stressing four types of user answers {the token “=>"
indicates these answers)s

| ]

u-Arquive "Experimental {Archive "Experimental
learning model"! learning model"!)
p-"experimental learning ("experimental learning
model" e” desconhecido! model" is unknown!
Gostaria de o arquivar! I would like to archive it!
Por favor;, conhece a classificacao Please do you
de "Experimental learning know the classification
model"? for "Experimental learning

model™" ?)

=>u-Sim, conheco: {Yes. I know:.)
p-Por favor, quais sao as (Please what are the
categorias do documento? categories of the

document?

=>u=111 e 1214¢
£ 7
14

3
p-Por favor;,; de-me o titulo (Please;, give me the title
de uma referencia do of one reference firom the
documento em questao. document in gquestion.)

=>u-"Psychology of computer vision"s

p="psychology of {"psychology of computer
computer vision"® vision" is known,
e’ conhecido, e esta’ classificado and it is
nas categorias: classified under categories:

1214 =-- "machine vision";
1216 -- "information processing psychology", e
1222 == "modelling and representation of knowledge",

Por favor; de-me o titulo de Please, give me the
outra referencia do title of another reference
documento em questaos from the document in

guestion:)

=>u-Nao tenho mais nenhuma: {I have no more.)
.
3
"
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4,7.1. SCENARIOS

Scenarios are sets of expectations and presumptions
regarding a certain type of situation. They are used in
TUGA to classify the exchange patterns and organize their

invocation: The embedded knowledge covers the ability

- to derive questions from relevant information or from
the logical consequences of the information that is known
about the gquestioned topic combined with general

knowledge of the likbrary world, and
- to handle the user’s answers:

TUGA is a program able to play two roles in the
library worlds It acts as a librarian and as a library’s

secretarys

Possible events in the 1library world are grouped

into the following scenarios:

Scenario A - information transaction

Subscenario Al - data output conftrol
Subscenario A2 - dictionary extensions

Scenario B - addition and/or deletion of data items
Subscenario Bl - addition of new documents
Subscenario B2 - addition of new categories
Subscenario B3 = deletion of existing documents
Subscenaric B4 - deletion of classification

categories.

Scenario C - classification category generation

Scenario D - document classification
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Scenarios A, B and C may occur inside scenario D.

Scenarios B2 and B4 may occur inside scenario C.

Scenario A, information transaction, covers the exchanges
of information between the program and its users; and is

supported by questions and statements.
Examples:

(1) u-Conhece alguma classificacao para "The CONNIVER
reference manual"?
(Do you know any classification for "the CONNIVER
reference manual"?)

p—~Nao:.
(Nos )
(2) u-"Computational semantics" e "The procass of
guestion answering" sao dois livros:
("Computaticnal semantics" and "The process of

question answerirg" are two books:.)

p-Concordo:
(I agree:)

{3) p=Por favor; qual o nome do autor do documento?
(Please what is the name of +the author of the
document?)

u-Brazdil.s

Dialogues (1) and (2) are free exchanges, conducted
under user initiative. Dialogue (3} is also attached to
scenario D, document classification, and is conducted by
the programs It consists of a question—-answer pairy
where the program guestion ha% a pre—defined €formu The
question form receives and handles information available

in the previous user’s answer:
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Scenario B, addition and/or deletion of data items,; deals

with
and

of g

Exam

(1)

(2)

(3)

exchanges of information conveyed by user commands
program questions (the token “=>" indicates this type

uestions):
ples:

u-Arquive "Experimental learning model"!
{Archive "Experimental learning model"!)

p-"Experimental learning model" e’ desconhecido!
Gostaria do arquivar:

=>Por favor, conhece a classificacao do "Experimental
learning model™?
("Experimental learning model" is unknown!
I would like te archive it! -
Please, do you know the classification of
"Experimental learning model"?)

u-Apague "Experimental learning model™!
(Erase "Experimental learning model"!)
p-"Experimental learning model" e” «c¢cnhecido e foi
apagado!
("Experimental learning model" is known and has
been erased!)

p—0 documento ficou classificado nas categorias:
312 =-- "formal languages" e 1215 == T"natural
language systems".

=>Por favor, deseja arquivar este documento na Rase
de Dados?
{The document has been c¢lassified wunder the
categories:
Please, do you want to archive it 1in the Data
Base?)

u-Nao:
(Nos.)

These dialogues are conducted under user and program

initiatives: Dialogues conducted by the program are

particular; ie. program gquestions have pre-defined forms
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which characterize the scenario:s

Scenario C;, classification category generation, covers
exchanges conveyed by user commands followed by program

answers or by particular dialoguess

Examples:

(1) v-Crie Prolog! {Create Prolog!)
p=-Prolog e’ conhecido! (Prolog is known!)
(2) u-Quero criar uma categoria! (I want to generate

.a category!)

(3) p=Por favor, gual © nome {(Please, what is the name
=>da nova categoria? of the new category?)

u-"Pattern recognition"y

p-"Pattern recognition® ("Pattern recognition®
e’ desconhecida! is unknown!
(4) =>Por favor, debaixo de que Please, under what

categoria a pretende inserir? category do you want
' to insert it?)

u-"Machine vision".

p-"Machine vision" e~ ("Machine vision®
conhecida! is known!

(5) A nova categoria ficou The new category has besen
inserida no sistema de inserted in the
classificacao e recebeu o classification system
numero 2141+ and received 2141 as a number.

=>E que mais? And what else?)

Scenario Dy document classification, covers requests
conveyed by user commands and followed by a set of

particular exchanges; organized into dialogues:
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Examples:

™ e

13

u-Classifique "Explorations (Classify "Explorations
in cognition"! in cognition"!)
p-"exploration in cognition" e’ ("exploration in
desconhecido! {(cognition" is unknown!
=>Quer ainda classifica’=lo? Do you still want to

classify it?)

u-Esta’ bem. (All rights)
p-Vamos classifica’=-lo! (Let us classify it:
=>Por favor, de-me o titulo Please; give me the
de uma referencia do title of one reference from
documento em questao. the document in gquestion.)
u-Nao tenho nenhuma: (I have none:)
p-Esta’ bem! X {All right!
Como nao consegui obter As I have not received any
nenhuma referencia; nao sei reference, I don’t
dar-lhe gqualguer sugestao! know how to give
you any suggestion!

=>Quer ainda classifica’~lo? Do you still want

to classify 1i%7?)

u~-Nao quero. (Ne, I don’t.)

p-Esta’ bem! (All right!
=>E que mais? And what else?)
]
5
.

Exchange patterns are classified according to their
use in these scenarios, as shown in the following figure.
The classification is made possible through two of their

arguments: name and number.
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Scencrio Sub-scenario Diclogue model Exchange patiermns
Al asking  whether the user wods more doto
asking the user's ogreement for dclionory  enlargement
asking about @ syntatc  error in the sentence '
i
A A2 muccl:n ' asking whethar the unknown word is @ proper noun
e osking which a@re the proper nouns
osking gbost the uknown word gender
asking obout the wunknown word domain
asking document ouhor ond publisher
oddition
of new asking document date of publication ond sort
B1 documents
asking document categomes
B
asking the user 1o confirm his desire dor document storoge
classfication asking the categary nome under which the naw ome will be insrrted
B2 system
alterction askung the new cotegory nome
c -
osking  the reference tive
askng  the moximum o three colegories
clossification 2
o method asking the user 0 confrm  his desire

oskng  the users choce  for  doctument calrgores

asking the document clowificabon

Fig.37

Classification of exchange patterns
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CHAPTER 5

RELATED WORK

5:1% INTRODUCTION

TUGA is an "active question-answering system", that
is it can run dialogues, basee on natural languaée
processing, by interchanging the iniative with the users
It also follows the logic programming approach. This
entire perspective distinguishes TUGA from many other
"passive-question—answering systems" which support simple
consultations; based upon isolated question—answer pairs;

motivated by information retrieval:s

The central feature of TUGA is the use of predicate
logic as the sole programming tool for knowledge and data
representation, deductive information re?rieval and
linguistic analysis: Compared with convaﬁtional
programming languages,; logic programs, written in Prolog;
present a number of notable fesatures;, such as: pattern
matching (unification); "multi-output" and "multi-input”
procedures; “multi-purpose" procedures;

"non-determinate" procedures; procedures may return
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"incomplete" results; and, “program" and "data" are

identical in form (Warren et al;1977):

The logic approach; based on work carried out mainly
by (Kowalski,1974) and (Colmerauer;1973) since the early
1970°s; is distinct from that adopted at Carnegie Mellon
{Lesser et al;l1974); Stanford (Walker et al,1975); and
BBN (Wood;,1972); where ambitious natural language
understanding systems have been developed. The main
difference between the logic programming approach and
these other approaches is the following: logic supports
a more uniform and higher level approach to naturél
language understanding than the other approachesy which
require several programming languages and mechanisms to

implemen; the different parts of a systems

5.2, OTHER PROGRAMS

A number of systems -- information retrieval
systems; gquestion answering systems and natural language
understanding systems -- have been implemented over the
last twenty-seven years. We will not attempt to review
all of them, but it might be useful to compare TUGA with
some of the more recent ones. We shall describe some of
the technigques wused and discuss their strengths and
weaknesses: We have selected four systems which have

influenced our design of TUGA. The first one followed
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the logic programming approach. The last three were
aimed, like TUGA; at practical imp;ementation in
relatively narrow knowledge domains. TUGA s knowledge
domain, the library world, is for the first time
considered in AI; as regards the construction of a
program able to do more than mere information retrieval.
A review - of the AI history found only two related
applicationsj; although having mere information retrieval

as the main feature (Levien;1965) and (Treuschy1975).

5.2+1+. SDIBDE

SDIBDE {1} (pahl,1977) is a natural language
questicp answering system for accessing in Spanish a
small data base of personnel information; following the

Colmerauer approachy

SDIBDE served as the starting point for the
evolution of TUGA: the actual text of Dahl’s program was
modified to deal with Portuguese; and with different
worlds. Apart from the treatment of a different natural
language, TﬁGA presents other significant differences

from Dahl’s program:

{1} This is our abbreviation for "Uan systeme deductif
d”“interrogation de bangues de donnees en Espagnol":
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-- modular organization

Every module may be easily substituted when the probleﬁ
world changes. During the development of TUGA three
worlds were tested: personnel information, civil

engineering legislation and the library service itself:

-=- dialogue facilities »

Interactions between the program and its users are
governed by a graﬁmar of dialogues; which covers also

guestion answer exchanges:

-=- other syntactical constructions

Examples: adverbial c¢lauses; mnegative interrogative
forms; sentence finalsy coordinated statements and
guestions; coordination and disjunction of proper nouns;}
coordination of common nouns and adjectives, commands;
and common users’  answer constructions (eg. | refusals,

numerals) s

== incdexing of grammar rules by some input words

The dictionary has been reformulated to " exploit the
auvtomatic indexing provided by DEC-10 Prolog. It is a
language independent module;, defined as a set of unit
clauses. The words covered by this feature are common
nouns) proper nounsj; verbs and adject;ves; Indexing also

saves time during the natural language analysiss



s ]
v
1
t]
' -t
{¥e)
w

-- input checking of unknown words and compound nouns

The words of each input sentence are checked against the
dictionary before «calling the corresponding grammar

rules:

-- incomprehensible sentenc¢e diagnosis

Sentences containing unknown syntactical structures or
words are detected during parsinge The first ones are
rejected as incomprehensible. The second ones are
sub jected to a dialogue in order to diagnos&.user's
syntactical erro(s) or his ignorance about the preSenée
of such word(s) in the program dictionary. For the last
case the information on the unknown word may be asserted;

and the sentence further analysed.

-- efficient production of logical structures

TUGA logical structures are easier to read thaﬁ SDIBDE’ s}
and closer to sentence intérpretation. SDIBDE structures
were longer and more complex because locations were
reserved for syntactical functions: The truth-value ft'
(true) was assigned to those argument positions when soms

optional constraint did not occur:

-- sophisticated data base facilities

TUGA data base is of relational type; and defined as a
set of rules (non-unit clauses) and facts {(unit clauses).

This means that new facts may be easily added;, giving



more generality to our approach.

TUGA evaluation of logical structures is differen£
from SDIBDE s; and we consider it as more efficient and
generals This difference depends on the organization .of
the data base itself and the definition of the role
played by the notion of domain. TUGA data base 1is of
relational type and SDIBDE s is not. Dahl considers a
domain as a set of individuals; represented as a 1list;
and we consider it as relation providing a way to access
to a certain set of objects; one by one.: For Dahl;,
domains are explicit, and for us implicit. .On the 6thér
hand; Dahl uses the notioﬁ of domain in every evaluation;
and we only use them for +the treatment of negation.
Apart from these advantages over the notion of domainy
TUGA presents others concerning the handling of
cardinality. The cardinality of a set is always computed
in SDIBDE, but never in TUGA. This saves time when the

data base is of medium or large sizes

The treatment of Portuguese alsoc necessitated the

handling of the following linguistic features:

- improvement as regards the use of verb
‘ser” (to be)y
- use of verb “ter’ (to have);

- verb tense ellipsis (to be)}

- subject agreement in the outputy



- use of the relative/interrogative pronoun “quem
(who) only with nouns that refer to humans)

- re-definition of some articles (“a’y “no” and “not
all’) and introduction of a new one (“the i7);

- double negation imposed bi the use of “nenhum” (no);

- definite articles with proper nouns;

= disjunction of proper nouns;, and

- conjunction of statements and guestions.

5.2.2. LSNLIS

LSNLIS (Woods;1972;1976b) is a prototype of natural
language question answering system for accessing a large
data base of information about the moon rock samples
collected during the Apollo 11 mission. It covers a

rather wider subset of natural language than TUGA does.:

LSNLIS natural language analysis is based o©n the
general notion of computing a representation of the
meaning of a phrase from representations of the meanings
of its constituents. Firstly, input English questiéns
are mapped into syntactic parse trees;, by means of
augmented transition networks (ATN s) (Woods,1970) %
Secondly; parse +trees are translated into concrete
specifications of what the computer is to do in order to
answer the guestions. The two types of information wused

in determining the meaning of a guestion, syntactical



information about sentence construction and semantic

information about constituents; are therefore separateds

TUCGA natural language analvsis; based on
Colmerauer’'s framework (Colmerauer;1977), considers that
syntax and semantics are combined, and that no separate
parsing phase is necessary. The grammar is expressed in
logic by means of a formalism due to Colmerauer and
Kowalski; which 1is a natural extension of context-free
grammars. (Pereira&Warren,;1978) argued that this
formalism is clearer; more concise and (in practice) more
power ful than ATN s, and at least as efficient as ATN’ s+
They also showed that ATN s can be translated into this

formalisms

The result of both analyses is different from a
formal point of view. In Woods’s, the meaning
representation is a procedure specification, while it is
a logic interpretation in Colmerauer’'s. lowevar, there
is a close parallel between the forms of the guantified
expressions, Woods’s FOR primitive and Colmerauer’s
three-branched guantifier, as it |is stregsed through

their definitions.

In general; an instance of a quantified expressiony

according to Woodsy takes the form:
(FOR <quant> X / <¢class> : (p X) ;: (g X) )

where <guant> is a specific quantifier; X is the variable



of gquantification and occurs open 1in the expressions
(p X) and (g X)y <class> is a se; over which
quantification 1is to range; (p X) is a proposition that
restricts the range;, and (g X) is the expression being

gquantifieds

Colmerauer’s three-branched quantifier quant;
introduced by an article & createé a new formula
quant(x,prq) s from a variable x and two formulae p and qj
with the following reading: “for ® x such that el; it
is true that e2", where el and e2 are +the .propositions
corresponding to p (the one being quantified) and g (tﬁe

one that restricts the range of x“s)s

When we attempt to compare the CPU times for parsing
superfidially similar sentences by both compiled systems;
LSNLIS and a comparable TUGA“s version, we get better
results for TUGA. We list five examples with sentences
of LSNLIS taken from (Burton;1976) and of TUCA. Note
that the DEC KI-1l0 processor used for TUGA is merely
nearly twice as fast as the KA-1l0 processor used for
LSNLIS; and that timing data is averaged over 10 tests.
(1} Give me all analyses of S10046.

245 msec.

Quais sao os titulos da Elsevier?

(What are the titles of Elsevier?)

36 msecCs.

(2) How many breccias contain olivine?
175 msec:



Quantos autores escrevem para a Elsevier?
(How many authors write for Elsevier?)
38 msecs

(3) List modal plag analyses for lunar samples
that contain olivines
265 msect
Quais sao os autores dos artigos gue estao
publicados desde 19777
(Who are the authors of papers that have been
published since 19777?)
56 msecs

(4) What is the average composition of olivine?
275 msecs

Qual e o escritor de "Artificial Inteliigence®?
(Who is the author of "Artificial Intelligence"?)
40 msec.

(5) How many breccias do not contain Europium?
240 msec:

Quantos artiqbs nao sao titulos de Nilsson?

(How many papers are not titles of Nilsson?)

50 msecs

It is difficult to conclude upon these results;
whether semantic interpretation while parsing
(Colmerauer) is Dbetter +than separating parsing €£rom
semantic interpretation (w§ods); because Woods s semantic
analysis is more complex than Colmerauer’s one. In
Colmerauer”’s no mass nouns and comparatives are
considered, and the use of semantics is directed only to

select a logical structures

The data base in TUGA is o0f zrelational +type which
has an important advantage over LSNLIS data base: the
relational approach stresses data independence. This

means that the user is isolated from the actual data base
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organization, and has no need to define data accescing

programs and the way data are internally organized.

52243 PLANES

PLANES (Waltzy1975;1977:;1978) is a natural language
question answering system for accessing a large data base
of information about naval aircraft maintenance and

flight datas

PLANES natural language analysis is‘_similar_ to
LSNLIS except that the initial parse bypasses a
syntactical parse ﬁree representation in favour of a
paraphrase expression of canonical phrases: This
paraphrase is fed back to the wuser for confirmation
before an interpretative phase maps the paraphrase into a
concrete specification of what answer the program is to
give the questions. LSNLIS is less tolerant than PLANES
of nongrammatical regquests because it is necessary to do
a complete syntactical parse before performing semantic
analysis. The PLANES data base is considerably laré&r
and more complex, and the vocabulary and semantics of the
PLANES world are consequently also somewhat larger than

those of the LSNLIS worlds

TUGAy 1like PLANESy; 1s also a data independent
system. The language dependent modules need not be

substantially altered to accommodate an extended data
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base or a new one (the major alteration is the
dictionary). On the other hand, relations, properties
and data structures need o be modified for a new
knowledge domain: In PLANES; data is viewed as Dbeing
divided into relations. Such a relational approach was
also adopted in TUGA; with the advantage of using Prology
a programming language typically used for the definition
of relations (Emden;1978). This means that data
definition and data manipulation languages are joined in
a single programming language with a superior power and
generality. There 1is no need for any parficular query
language and for a real relational data Dbase. Logic
programming allows the construction of virtual relational
data bases; ie. explicit facts and rules are put

together allowing the deduction of implicit informations

5.2.4., GUS

GUS (Bobrow et al,1976) is a dialogue program which
plays the role of a travel agent in a goal-oriented
conversation with a client: GUS has = a modular
architecture; and is cbmposed of four interactive
modules: morphological analyzer;, syntactical analyzer,
frame reasoner; and language generator. The frame module
is built upon Minsky s notion (Minsky;1974) of a frame; a
structure which can be instantiated to represent specific

instances of events or entities:
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GUS is only concerned with asking gquestions and
understanding answers, it uses a system of
travel-related frames to direct dialogue and instantiate
memory representations of what it is told. The system
asks questions to instantiate all of its frames with
information provided by the <c¢lient or inferred by the
system. Oﬁe type of inference made by GUS 1is generated

by default assignments for certain frame tfillers.

TUGA converses with userss It deals with asking
questions and understanding answers; and understanding
questions and producing answers (as any QAS). The
knowledge=-specific frames of the type used by GUS
correspond to exchange patterns and dialogue models in
TUGAs <lThese procedures are controlled by an overall
structur; able to develop dialogues with users. Control
structures displayed by TUGA are expfessed naturally in
Prolog without complicated programming concepts, which
arey on the contrary, necessary for GUS (Mellish,1677).
TUGA conversational power is obtained from a grammar of
dialogues combined with Prolog’s backtracking ability.
The grammar articulates & system of frames and scenarios.
The power 1is expressed by +the possibility of several
systems of dialogue, nested dialogues and the wuser’s

changes of mind in dialogues on gathering information.
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CHAPTER 6

SUGGESTIONS FOR FURTHER RESEARCH

During the design and development of TUGA some
experimentation was pursued on questions of efficiency
and on possible solutions to present limitations. Some
of these open points were explored and a solution was
chosen; but have not been discussed until now. This
sectionm presents several points; grouped under general
themes; ‘such as representation of meaning; grammar
extensions; evaluation and retrieval ﬁachinery and output
generation;, and details some already explcocred. By doing
this kind of analytical search we approached the main
aspects of further research, and we observed their
interconnectionss The following questions open the

discussion:

1) What is the bect representation of meaning?

2) What are the program improvements reqguired to
augment its conversational ability?

3} What are the main factors affecting the speed of
response?
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- Representation of meaning

There are currently two different approaches ¢to
representing the meaning of a sentence within the
Colmerauer framework: 1) theluse of a sole quantifier
“for’; as one of the concepts for building up the
definitions of articles; and 2) the use of complex
quantifiers through the straightforward identification of
articles: While (Colmerauvery1977);, (Dahl;1977) and
{Cotta&Silva,;1978) adopted the first alternative;
(Pasero;1976) and (Pique;1978) adopted the ‘second onej

but no reasons were put forward in favour of either one.:

The two alternatives differ in ¢he +translation and
evaluation of meaning of articles. By doing a previous
translation of each article through “for” we ensure a
single machinery for its evaluatiOn; while by not doing
any discrimination we are obliged to have an ewvaluation

mode for each articles

The first alternative, the use of “for”; allows an
explicit interpretation of each article, but complicates
the semantic representation of +the sentence. On the
_other hand; it complicates the definition of the
conditions of truth and its evaluation; namely as regards
the undefined value. Also, it does not allow the
straightforward identification of articles: The second

alternative allows the straightforward identification of
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articles and simplifies the evaluation of the +truth

conditionss

The kind of logical structurey obtained with the
second alternative;, the use of complex gquantificationy
facilitates the construction of phraées as answers, The
access to the meaningful components of the sentence and
to articles is direct; and does not need to go through
the intermediate step of wusing “for’ struéturesn The
direct access makes this alternative more appropriate for
anaphora resolution. Also; it suggests the terms “pr’,
‘coord” and “disj’; appearing in our logical structureé}
are no longer needed (Pique;1978). However, Pique’s
relating operations and searching procedures do not =seem
more efficient than those available for the first
alternative. In particular; the handling of lists in the
arguments of a relation is not efficient; In spité of
these considerationsy it is not yet clear which of the

alternatives is more efficient for medium or large data

bases. Some experimentation is still requireds

A way out of this controversy is the cqnstructibn of
a different logical system based upon 2 select choice of
operators. This is what Colmerauer is doing nowjp
retaking his experimentation already tested on lambda
notation {(Coelho;1977) and considering the epsilon
notation (Coelho,197%a): This research strives for a

clearer semantic representation; +the implementation of
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conjunction and disjunction and the suppression of free
variables in logical structures. Such a representation
will make it easier to discover the role played by each

sentence fragment in building the whole meanings

The limitations of the actual logical system;, the
inexistence of “or” and “entailment”® definitions
(Keenan,1972) render difficult the rigorous treatment of
“don“t know” answers and the handling of incompletely
specified informatioﬁ in the data base. However,; these
limitations are not easy to overcome on account of
differences between logical and 1linguistic aefinitibnés
A solution would be the use of four-valued logic instead
of +three-valued 1logic: Each of the four states,
corresponding to ‘yes”y “no”y “undefined” and “don’t
know”; would be assigned to one truth value. However; a

problem arises concerning that assignment:; and on account

of the ordering of truth values:

The implementation of “don’t know” answers was
worked out upon a three-valued logic by subjecting the
truth values to a condition. This condition is asseréed
in +the data base during the evaluation of the logical
structure;,; in particular when the relation giving access
tc unknown data items is evaluated. This condition is
used for producing the appropriate answer. The unknown

data items are represented by skolem functions.
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Example: an answer to the guestion)

Quine esta’ publicado pela Elsevier?

(Is Quine published at Elsevier?)
is computed through the evaluation of the relation
“pub of aut(X,¥)" against the document data base. Three
hypotheces may occur as regards its evaluation: 1) Quine
is published by Elsevier; 2) Quine is published by
McGraw Hill; and 3) the publisher of Quine 1is unknownj

but known to existjp

1) pub_of aut(elsevierj;quine)
2) pub_of_aut{“mcgraw hill”;,quine)

3) pub_cf aut({pub_of aut{quine),guine)

The unknown data item in 3) is repreéented by
“pub_of_aut{quine)”. And, to hypotheses 1), 2}; 3}
correspond the following answers = la)j 2a) 3a),

respectively:

la) Sim (Yes)
2z2) Nao (No)

3a) Nzo sei {I don 't know)

As the first and third hypoﬁheses correspond to the
evaluation o¢f the relation with the truth value true, we
distinguish them by asserting a conditional
“if(pub _of_aut,eisevier;,quine)’ only for the third

vier

(i

hypothesis, meaning “if Quine is published by Els

then the truth value of the sentence depending on this
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condition is true’:

- Grammar extensions

The grammar machinery deals with two types of forms:
the discourse forms covering only aspects regarding the
Portuguese: language {Portuguese grammar) and the
interaction forms covering aspects of the Portuguese
language and other aspects concerning reasoning

capabilities (grammar of dialogues)s

The extension of the Portuguese grammar is requiréd
in order to cover new syntactical constructions}
composite verbsy adverbs) plurality quantifiers)
idiomatic expressions, pronominal reference and mors

eiliptical constructionss

The grammar of dialogues will be improved by
diversifying the type of sentences and by allowing

knowledge acquisition during a dialogues
As an example of new guestion types, we point to:

1) “meta’ guestions; about the dialogue itself and
the knowledge processesy

2) “why” Gquestions implying another fesature; the
contenty; for classifyving gquestionsy and a prover for
deducing answers)

3) “conditional” questions for dealing with the



Page 210

antecedent/ccnsequent articulation and contributing for
solving the reference problem,
4) ‘indirect’ guestions and “cleft® sentences for
increasing user versatility in posing questions, such as
Que foi gue Nilsson escreveu?
(what was it that Nilsson wrote?)
which is a version of the question;

Que escreveu Nilsson?
(What did Nilsson write?)

5) guestions with elliptical constructions.

Usually, ellipsis is included in Ithe general
resolution of discourse anaphora (Nash-Webber,1978)
because the machiﬁery for dealing with it needs the same
kind of syntactical and semantic data used for handling
pronoéihal reference. One of the important points to
consider is the kind of representation for sentence
meaning. Another point is the kind of hypothetical
reasoning needed for. We have been considering these two
points by selecting two types of ellipsis: 1) the one
appearing isolated in coordinative constructions, such as’
the ellipsis of argument, exemplified below{

Woods escreveu "Meaning and Machines" e esta” editado na
"Academic Press".

(Woods wrote "Meaning and Machines" and it is published
by "Academic Press".)

verb, complements, and verb plus complements; and 2) the
one appearing immersed in a dialcgue, such as,

u-Qual o autor de "Artificial Intelligence"?
(Who is the author of "Artificial Intelligence"?)
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p~Nilsson:

u-E de "Computational Semantics"?
(And of "Computational Semantics"?)

The first question has an ellipsis of verb; e” (is)j
which' is already tackled by TUGA. The second question
has an ellipsis of interrogative‘ pronounj; verb and
argumenty
E (qual €’ o autor) de "Computational semantics"?
(And (who is the author) of "Computational
semantics"?)
and it is.branched to the previous question. We envisage
solving the first type of ellipsis by using copy rules;
supported on expected skeletons, and the second +¢ype by

ad=-hoc rules based on syntactical data:

As an example of new statement types; we point to

‘conditional” statements:

The acquisition of new knowledge, facts and rules
expressed 1in Portuguese during the dialogue involves new
dialogue models. This acguisition may occur in
pre-defined scenarios where the program is able to check
whether the user is authorized to augment the data and
knowledae bases: In facty; this acquisition implies
situations where recdundancies and contradictions between
the new knowledge and the &dctual data bases may occur,
and the program must protect its data against undue
destruction. But, in order to take full advantage of

natural language communicaticn it is necessary to
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implement a context machinery by allowing the user and
the program to share fully the dialogue history; through

remembering and associationg

- Evaluation and retrieval machinery

The optimization of the evaluation of logical
structure and the retrieval of data items is a factor for
speeding answers., The use of parallelism and intelligent
backtracking (Pereira&Monteiro;1978) is under study:
whenever and/or operations are involved: Tﬁe order of
calling sub-expressions will be modified according to
calling numbers of.the terms involved {each wvariable is
appended to the «c¢alling number of the term where the
variabiéfhas been instantiated}. It is =also envisaged
that the interaction of the data base relational scheme
and context information will serve to guide the search.
This implies the reformulation of the data base
organization {(eg: the use of the tree of domains for
defining relations); and the existence of meta rules for
guiding more appropriately the retrieval: ?he 'handling
of presuppositions and the output of additional
explanations also implies more work on the evaluation and
retrieval machinery. Answers given by TUGA in
meaningless and other particular situations are not
sufficient for users. Some experimentation has been

alreadv done on answers for meaningless situationsy on
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simple answers to closed questions and statements; and on
“dont” know” answers. The experimentation suggested
several modifications to retrieval procedures; as regards
some grammar rules {(eg. “prin” rules) and as regards the
output generation module. We found that some o0f these
modifications needed further thought because they affect
procedures belonging to different TUGA modules. In
particular; some grammar rules do not at present allow;
the transport of information required for that sort of
explanatory answer. For example; c¢losed questions and
statements are translated without the traﬁsport of the
information regarding their arguments. Moreover; thg
information regaréing gender and number is not used in

retrieval operationss

- Output generation

Closed guestions; requiring straightforward answzars
of yes/no kind; and statements need to be supported with
information;,; available in the logical structure after its
evaluation. A simple grammar able to syntheﬁize tﬁat
information in a phrase is under development; and it
already operates for structures with one article. The
data extraction is more difficult when several articles
are present in the sentence, on account of the complexity

of the logical structure.
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A final note abouﬁ program efficiency <concerns the
analysis of incorrect sentences and lexical search. As a
matter of facty; a previous diagnosis of the words
invelved in the input sentence avoids an impossible
analysis; and speeds up the answering for this kind of
sentence. On the other hand; 1lexical recognition
previous to the selection of the appropriate grammar rule
for articles; verbs; nouns and adjectives; avoids
unnecessary backtracking and access to inappropriate
rules. The access to the good rule is speeded up by
indexing. These improvements on program eféiciency . are

already implemented in a new version of TUGAu
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CHAPTER 7

CONCLUSION

The objective of designing the program TUGA was the
development of a feasible method for consulting and

creating data bases in natural Portuguese.

This is the first time Portuguese has been used in
such a practical application. Indeed, within
Computa;ional Linguistics, the cnly work on Portuguese
seems to be (Machado-Holsti,1976), which was aimed at
building up a model of a generatiﬁe transformational
grammars, Our work extends the interest of man~machine
communication in natural language, by showing that it
need not be restricted to English, the language most

widely studied and adopted.

The resulting program allows dialogues where the
program and its users behave in the way humans normally
do in a dialogue setting. Uzsers can ask questions,
provide answers and issue commands in a natural and
convenient way, without bothering excessively with the

ferm of the dialogues and sentences.
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The natural language communicaticon is achieved by an
approach which supports the organization of dialogues at
a higher level than Colmerauver”s framework. The approach
aims at the description of the history of dialogues and
the structuring of single participant contributions into
models of dialogue. It allows the writing of grammars of
dialogue, combining general purpose exchanges with

special ones closer to the application chosen.

Colmerauer”s framework governs the communication
below sentence level by supporting the translaticn of
isolated sentences into 1logical structures. It was
chosen because it provides a clear representation of
meaning and because it is amenable toa computational
approach. Moreover, it is easily adapted to Portuguese

and to different applications:

Logical structures are evaluated according to an
algorithm that differs from those of Colmerauver and Dahl.
The algorithm is based on Colmerauer s hypotheses, but it
is modified to £it relational data bases and to improve

searching efficiency.

This approach has made possible the development of
an applied AI program for solving certain problems in the
library domain, in a manner thch is acceptable to users
in the domain. The program includes a knowledge
acqguisition facility which enables users to augment or

modify the knowledge base, those allowing them to improve
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the program’s behaviour in future consultations, and to
produce better document classificatiogs. An impertant
aspect of TUGA is that it does not demand great expertise
of the  user. This application, if developed, could be
useful for the AI community because it involves a natural

mode of communication based upon (two~way) dialogue.

The spproach that has been taken stresses the use of
predicate 1logic to represent knowledge. An example is
the implementation of TUGA in Prolog. We chose this
programming language on acccocunt c¢f 1its outstanding
features, such as closeness to natural languaée:
modularity, one language for program and data, logical
variable, computation of relations, econocmy (the Prelog
interquter occupies only about 12k on the DEC~10, while
the Conﬁiver system needs about 51k), understandability,
learnability and inbuilt search stratégy. These features
enable us easily to adapt the program to other knowledge
domains, because modifying clauses in Proclog is easier

than modifying procedures in other programming languages.

To conclude, we would like to mention three wider
implications of this study. First, logic is relevant
from a practical point of view. This has been brought
out by the use of TUGA as a computer aid in support of
the teaching of logic in secondary schools. The program
gave the pupils an explicit understanding of the use of

logical machinery as a tool for conversing in Portuguese



Page 218

with a computer. The aspects covering representation of
meaning and inferential capabilities served as concrete
examples, instead of typical sentences far from reality.
Second, handling the understanding of natural language is
a matter of importance. It requires from the computer
the burden of comprehendiﬁg, and supporting greater
access to computers for naive users. This means that it
is possible to avoid any specialized mediator between the
computer and users, and in particular £for those
applications requiring immediate responses. Third; our
work is a basis for other applications in Pdrtuguese. An
example is the consultation of the civil engineering
legislation which is now available a+ the LNEC library
computer terminal, This applicaticn was carried out by
two iuniversity students who adopted our Portuguese
grammar machinery and built a knowledge base and a

dicticonary for that domain.
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APPENDIX 1: THE LOGICAL SYSTEM FOR REPRESENTING

PORTUGUESE
We follow closely Colmerauer’ s system
(Colmerauer;1977)« Changes are made for the vocabulary

of the syntax and for the definition of articles:

I) - Summary of the Syntax

(1) Vocabulary

terms:
= variables: x with x & X
constants: k with Kk g K
compound terms: coord(x) wiEh - = & %
dis j(1) with 1 as

a list of x £ X

statement formulae : ei; si; ni
relational symbols : =T with r € R
quantifier : those(x,e)

logical connectivés : and; not

Individual constants are chosen to treat proper
nouns. Compound terms are chosen to treat coordinated
proper ncouns and the disjunction of proper nounss

Relational symbols are chosen to treat verbs; adjectives
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and nounse.

Note that the meaning of those(xj;e) is: "those x°s
which satisfy statement e"; and that 1t 1is only
considered combinations formed by two rules: conjunction

and negations
(2) Syntactic rules

The grammatical sentences of this formal

language are:

(a) a statement formula ei has one of the .6

forms:

1) r{silysi2;sevysin) with r € R ang
degree(r) = n

2) and(elje2)

3) if(el;e2)

4) not(e)

5) equal(nlyn2)

6) greater{nl;n2)

-

(b) a set formula si has one of the 3 forms:

1) c with ¢ € K
2) X ; with x g X

3) those(xse) with x & X



definition 1

definition 2
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{c) an integer formula ni has one of the 2

forms:

1) j where j is an integer such that
j >/0

2) card(si)

the occurrence of an individual variable X

in a formula f |is free if it does not

arise inside a sub=-formula of the
form those{x;e):
a formula which contains no free

individual variable occurrences is closeds

II) - Summary of the Semantics

Having formalized the language; we formalize the

notions of

situation and truth, the necessary apparatus

for determining the truth-value of any closed formula.

definition 3

-—

a situation g is an application which; <to
each relational symbol r & R of degree nj
associates a n-ary relatiocn p=g{r), of
which the arguments ki are individuals or
the subsets of the set of propsr nouns K;
and of which the value p{kl;k2;...,kn) is
either "true", "false" or "undefined";

according to the values of the ki
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let g be & situation:

the value val{ei) of a ctlosed statement formula ei is

defined by :

(1)

(2)

(3)

(4)

{5)

if ei

if ei

if ei

if ei

r{(silysssysin)  then
val(ei) = p(val(sil); ;sssjyval(sin))

with p = g{(r)

and(el;e2) then
val{ei) = min(val(el),val{e2))

with true > false > undefined

if{el;e2) then
if val(el) = true then val(ei) = val(e2)

if val(el) =/= true then

val(ei) = undefined
not(e) then
if valf{e) = true then val(ei) = false
if val(e} = false then val{(zi) = trus
if val(e) = undefined then

val(ei) = undefined

equal(nl;n2) then
if val(nl) = val(n2) then val(ei) = trus
if val(nl) =/= val{n2) then

vall{ei) = false
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(6) if ei = greater(nl,n2} then
if val{(nl) > val{n2) then val(ei) = true
if val{nl) < val(n2) then

val(ei) = false

the value val(si) of a closed set formula si is defined

by
(1) if si = ¢ with ¢ ¢ K then

val(si) = (<)

(2) if si x where x has been substitued by the
formal representation of a set E then

val(si) = E

(3) if si = those(x;e) then

_ val(si) = {the union of all the subsets
E of K:
val(e )} = true
x<==E
where e
x<=-E

represents the formula e in which =2
formal representation of the set E has
been substituted for ‘cvery free

occurrence of x %

the value val(ni) of a closed integer feormula ni is

defined by :

(1) if ni = j where j is a non negative integer then

val(ni) = j
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(2) if ni = card(sj) then
val(ni) = number of elements of the set

val(sj)

The semantics of a <c¢losed =statement; set or integer
formula £ are simply the variations of its values val(f)

in different situations:

N.B: This logical system presents a unigque quantifier;

those(xe)

which allows to explicit the domain of wvariable x. This
feature does not belong to first-order predicate logic
where variable x is not restricted; and its implicit
domain remains always +the same. Also, this feature
allows¢to operate upon predicate logic and to establish a

better definition for articles:

I11) - Definition of articles

The procedure for operating upcn the well-formed
formulae of this logical system demand they be set in a
convenient form, by appealing to a =sole quantifier.
Thereby; a new quantifier “for” is introduced, and
defined in terms of quantifier “those(x;e)

for(x,el,e2) = e2
X <=-= those(x;el)

ie. the value of “for” is egual to the value of 2 when

we substitute all free occurrences of x in €2 Dby



those(x,el).

The quantifier “for” allows the explicitation of the
domain of a variable. This feature improves the
definition of articles, and in so doing contributes to a
better translation of natural language sentences. The
quantifier “for” records the difference of meaning of the
articles, .and expresses them in terms of only some well

defined conceptsy

The following equalities establish the definitions

of the articles considered in our subset of Portugueses
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APPENDIX 2: A BRIEF SURVEY OF PROLOG

Prong is a simple but powerful programming language
founded on symbolic logic; developed at the University of
Marseille (Roussel;1975);, as a practical tool for 1logic
programming {Kowalski;1974;Colmerauer,;1275;Emden,1975):
A major attraction of the language;, from a user’s poiﬁt
of wviewy 1is ease of programming. Clear; readable,
concise programs c¢an be written quickly with minimum
error -“(Coelho et al,1979). Recently: an efficient
compiler'and an interpreter were implemented on the
DECsysﬁem-lo (Warren,1977a) s A usef's guide is already

available (Pereira et al,1978)%

Like Lispy Prolog 1is an interactive language
designed primarily for symbolic data processing. Both
are founded on formal mathematical systems Fe Lisp on the
lambda calculus and is typically used for the definition
of functions, Prolog on a powerful subset of <classical
logiec (Tarnlund,1977) and is +typically wused €for the
definition cf relations. Pure Lisp in fact can be viewed

as a specialization of Prolog (Warren;1977b):



1. SYNTAX

Here is a Prolog program, consisting of two clauses,
for specifying the concatenation relaticn of two lists:
concatenate([],L,L).
concatenate([XiL1],L2,[X!L3]):~concatenate(Ll1,L2,L3).
In general, a Prolog program consists of a set of

procedures; where each procedure comprises a number of

clauses. The procedure name is called a predicate
("concatenate" above), and has an arity which is the

number of its arguments (3 above). A clause begins with
a head or procedure entry point, and continues with a
body. If the bodf is not empty it is separated from the
head by ":-" (2nd clause above). Every clause terminates

with a ‘. %, The head diplays a possible form of the

arguments to the procedure’s predicate. The body
consists of a number (possibly zero) of goals or

procedure calls, which impose conditions for the head to
be true. If the body is empty we speak of a unit c¢lause

(lst clause above).

In general, all Prolog objects are Eggﬁg. A clause
is a term, a predicate or a goal with their respective
arguments, and the arguments themselves are terms. For
example, a tree of 5 categories of a classification
system is represented by the following term,
t(t(void,linguistics, void),

“computing sciences”,
t(t(void,ai,void) ,applications,t(void,softwvare,void)))
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A term is either a variable (distinguished by an
initial capital letter), an atom ("void" above), or a

compound term. A compound term comprises a functor

("concatenate" or "t" above) of some arity N > = 1, and a
sequence of N terms as its arguments ("t(void,ai,void)"
above) . An atom is treated as a functor of arity 0. A
term of the form [H|T] stands for the list .(H,T), whose
head is H and tail is T. The empty list is denoted [],

and a list with exactly two elements by [A,B].

The second clause above is just infix notatién for

the term
:-(Concatel-late([XILl],L2,[X:L3])r
concatenate(Ll,L2,L3))

where ":-" is a binary functor. The functor ":-" takes
as arguments the head and the body of the clause. If a
body has more than one gocal the coﬁma separating the
goals is Jjust another binary functor useé in infix
notation. The above term stands for a clause because it
figures in the set of clauses for a procedure. It is

dintinguished by a final ".".

Apart from syntax conventions, the names and arities
of terms (and their number) are arbitrary, except for a
pre-defined set of procedures which are built into the
implementation of the language, and which achieve input,

cutput, arithmetic, etc.
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2. SEMANTICS
Prolog differs from most programming languages in

that there are two quite distinct ways to understand its

semantics. The procedural or operational semantics is

the more conventional, and describes as usual the
sequence of states passed <through when executing a
programs In addition a Prolog program can be understood

as a set of descriﬁive statements (one for each clause)

about é préblem; The declarative or denotational
semantics; which Prolog inherits from logic;‘ provides - a
formal basis for such an understanding. Informally, one
interprets terms .as shorthand for natural language
phrases by applying a uniform <translation of each
functor; egqg:

void = "the empty tree"”

t{LyN;R) = "the binary tree with rocot N, left

subtree L and right subtree R"

A clause “"P := Q,R,S. "where PyQ)R and S are

metavariables standing for terms; is interpreted as

"P if Q and R and S§"

A clause "P." is interpréted as "P is true®:

Each variable in a clause should be interpreted as
some arbitrary object (ie. variables are universally

quantified). The type of +the object conveyed by a
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variable will be appropriate to the functor(s) where the
variable figures by using terms in a consistent way

throughout the program:

The declarative semantics simply defines
{recursively) the set of terms which are asserted to be
true according to a program. A term is true if it is the
head of 'some clause instance and each of the goals (if
any) of that clause instance is true; where an instance
of a clause (or term) is obtained by substituting, for
each of zero or more of its variables,;, some term for all

occurences of the variable:
Thus the only instance of the goal: -

- _concatenate([a],[b];L)s

is
concatenate(lal;[b]s[arb]l)s
It is the declarative aspect of Prolog which is
responsible for promoting clear; rapid;, accurate

programming. It allows a program to be broken down into
small; independently meaningful units (clauses); and it
allows some understanding of a program without looking

into the details of how it is executed:



3. PROCEDURAL SEMANTICS

It is the procedural semantics that. describes the
way a goal is executed. The objective of execution is to
produce true instances of the goal. It then becomes
important to know that thé ordering of clauses in a
program; land of goals within a c¢lause; which are
irrelevant as far as the declarative semantics is

concerned; constitute crucial control information for the

procedural semantics:

To execute a goal, the system searches for the first

clause whose head matches or unifies with the gecal. The

unification process (Robinson;1965) finds the most
general common instance of the 4two terms;, which is unigue
if it existsu If a match is found;,; the matching <c¢lause
instance is then activated by executing in turn, from
left to right, each of the goals of its body (if any)s
If at any +time the system fails to find a match for a
goal it backtracks; iev. it rejects +the mest recently
activated <c¢lause; undoing any substitutions made by the
match with the head of the clause. Next i%t reccnsiders
the original goal which activated the rejected clause;
and tries to find a subsequent clause which also matches
the goal. Execution terminates if no goals remain to be
executed (the system has then found a true instance of
the original goal). Backtracking may then be invoked to

find other true instances of the goal. Execution fails
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when no true instances of the original goal are found,
and terminates if it cannot find any more true instances.
Termination however cannot be guaranteed, even if there
are no more true instances (eg. if there are infinite

branches) .

Note that the execution just defined is a 1left to
right deéth—first process. Note aleso that because
unification always provides the most general common
instance between a goal and a matching clause, all the
most general true instances of a goal can potentially Dbe

found (ie. apart from termination issues).

Basically, each execution step is Jjustified by
Robinson”’s Resolution Principle (Robinson,1965). This

principle subsumes in a single inference rule the

classical rules of "modus ponens" and "“{nstantiation” in
formulations of first order predicate calculus:. For

example, fromy

p{X):=g(ayX),r(X})s

and
a(Y, £(y;2)):-s(as2)+

it allows to conclude
p(f(a;z)):=-s(a,2),r{€(ayz))+

by "execution" of g(a,X):
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Besides the ordering of clauses and the sequencing
of goals within clauses Prolog provides just one other
essential mechanism for specifying control information.
This is the "cut" symbol, written "!". It is inserted in
a program just like a goal; but it is not to be regarded
as part of the logic of the program and should be ignored

as far as the declarative semantics is concerned:

The effect of the "cut" is as follows: .when first
encountered, as a goal; "cut" succeeds immediately. If
backtracking should later return to the "cut";, the effect
is to fail the goal which caused the clause containing
the "cut" to be activatede In other wordsy the "cut"
operation commits +the system to all choices made since
execution of the goal activating the clause Seguny iew
other alternatives for that goal are not considered; as
well as for all goals occurring in the matching c¢lause
before the "cut": By means of a "cut" one can ensure
that some goals, once partly executed by a clause up to a
"cut"; either must continue that partial execution or
faily The "cut" renders deterministic the whcle partial

execution made by the activated clause up to its

Example of the effect of a ‘"cut" in the flow of

control;, when goal F fails;
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where A, B; C, D, E; F, and P are metavariables standing

for predicate instances.

If F fails;, backtracking returns to goal A,
immediately before B, the goal that activated the clause

with the "cut"s

4, OUTSTANDING FEATURES OF PROLOG

Let us briefly review the combination of features
which make Prolog a powerful but simple to use

programming languages

(1) A declarative semantics inherited from logic in

: addition to the usual procedural semantics.

(2) Identity of form of program and data - clauses

: can be employed for expressing data, and can be
manipulated as terms by interpreters written in
Prologs

{3) The input and output arguments of a procedure
do not have to be distinguished in advance, but
may vary from one call to another. Procedures
can be multi-purpose.

{4) Procedures may have multiple outputs as well as
multiple inputs:

{5) Procedures may generate, through backtracking;
a seguence of alternative results. This
amounts to a high level form of iteration.

(6) Terms provide general record structures with
any number of €fields. An unlimited number of
record types may be used, ancd there are no type
restrictions on the €fields of a record.

(7) Pattern matching replaces the use of selector
and constructor functions for operating on
structured dataw



(8)

(9)

(10)

(11)
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Incomplete data structures may be returned (ie.
structure containing free variables) which may
later be filled in byv other procedures.

Prolog dispenses with go to, do for and while
loops, assignment; and references (pointers).

The procedural semantics of & syntactically
correct program is totally defined. It is
impossible for an error condition to arise or
for an undefined operation to be performeds
This totally defined semantics ensures that

.programming errors do not result in bizarre

program behaviour or incomprehensible error
messages,

No part of the program is concerned with the
details of the underlying machine or
implementation.
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APPENDIX 3: LISTING OF TUGA

conver.

Y o o o R o i I o e o e e e o T S S S e L
/* A PROGRAM CONWVERSING IN PORTUGUESE */
r* PROVIDING A LIBRARY SERVICE */
il b o i i o o o o o o o S 4

/* Operatcrs used in program writing */

:=0op (500, xfy,".") .
:=op (300, xfy,”

:=op(500,fx,"27).

)
“d

-

L

/*+++++++++++++++++PROGRAM ORGANIZATION+++++++++++++++++%/

/* conver : control of dialogues
input : input recognition
output : answer and question program generation
gramma : fragment of Portuguese grammar

syntax, semantics and core vocabulary
(articles, pronouns, prepositions,
adverbs and conjunctions)

dictio : peripheral vocabulary
(nouns, verbs and adjectives)
dbms : data base managment system
dbase : data and knowledge bases i d

R R e e s

/* Opening and general control of dialogues
between the program and its users *f

ola:~-opening,
( ?2conv(N),M is N+1,
openingl, converse (M) ;
opening2, converse{l) ).
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/*¥ Conversational modes: */
L% model of general dialogues L

converse(N):-dialogue(N,S),
( ?2fr(u,N1, fecho), +conv(N), -fr(u,Nl, fecho),! :
continue(N,M), converse(M) ).

continue(N,M) :-what_else,
( 2cv(P), M is P41 ; M is N+1l).

L% models of particular dialogues */

converse (K-K1,N-M,S,C,D,CON) :=repeat,( ?dia(T):T=N),
dialogue(K,K1,T,S),
(( 2fr(u,T, nouns(C)):
2fr(p,T,title(A,B)), (var(a),C=RB;C=A)),
M is T+1, —-all(dia(_)).
(K=arg,handle(K-D,S,C,CON) ; true),!;
P is T+1l, +dia(P), fail).

converse(K,N,LR,C,P):-var(N),?dial (M), HN=M,
converse(K,N,LR,C,0).
converse(K,N,[],[].,3):-!.
converse(K-K1l,N,LR,C,P):-dialogue(K,K1l,N,S})., !,
course (K-K1,N,LR,C,P).

course(K,N, [L1,..LN],[C,..L],P):-check_if(X,N,T,C),
(var(c),c=[]1,5 is N+1,cenverse{X,S,LN,L,P);
M1l is N+1l,Pl is P+1l,(?xf£(0).,01l is O+l,+rf{0Ol);
+rf(P1l)).,
doc(L1,T),!,converse(K,M1,LN,L,P1)).

course(X,N, [],[],P):- 2fr(u,N,recusa),
converse(K,N,[]1,[},_) !.

course{(K-K1,N,LR,C,P):-( 2fr(u,N,desvio),!,fail;
shift,N1 is N+1,dialogue(K,3,N1,R),
( ?2fr(u,N1l,recusa),!,fail;
return,N2 is Nl+l,converse(K-K1,N2,LR,C,P) )).

converse(N,2Z2,d(A,D,L,¥,C,R)):-converse(arg—-4,N-N1,
categorias,C, , ),
+dial(Nl), converse(clas=-1,M,R,_,_).,
N2 is M+l,converse(N2,d4(D.A,L,Y,2)).
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converse(N,d(D,A,L,Y,2)):-repeat,
ask(arg-1l,N-M,autor, [A],D),
ask(arg-1l,M-M1l,livreiro,[L].,D),
ask(arq-2,M1-M2, “a data de publicacao”,[Y],D),
ask(arqg-2,M2-_, "o tipo”,[2],D), +cv(M2),
-—all(fact(_,_,_)).

converse(N,n(R,C)):-N1 is N+1,
converse(lexi-2,tr(N1-N2,C,aceita)),
dialogue(lexi,3,N2,C),N3 is N2+1,
?nn(L),converse(lexi-6,tr(N3-N4,L,aceita)),
turn(N4,L) .

converse(K-K1,tr(N-M,S,R)) :-repeat,
( ?2cd(T):T=N),dialogue(K,K1,T,S),
( 2fr(u,T,R),M is T+1l, =-all(ecd(_)).,!:
P is T+1l, +cd(P),fail).

turn(N, []):- +0ok,N1l is N=-1, +4cv(Nl).

turn(N, [L1l,..L]):-converse(lexi-4,N-N1,L1, [G1l],_,_ ).,
gen(Gl,G),converse(lexi-5,N1-N2,L1,[P],_,_),
dom(P,D),archive_pn(Ll,G,D), turn(N2,L).

conversel (D,M) :=(?2cv(N);;N=1),N1 is N+1,
e (D=ref([]),S=documentos, ! ;S=categorias),
repeat, '
dialogue(said,1,N1l,S),decide(D,N1,M).

/* test in the document classification scenario */

check_if(clas-_,N,T,C):- 2fr(p,N,title(T.C)).

/* decisions to be taken in the information
transactions scenario g */

decide(_,N,s) := ?2fr(u,N,aceita),!.
decide(_,N,n): ?fr(u,N,recusa),!
decide(_,N,M) := 2£fr{u,N, number (M)

)ote.
decide(D,N,_):= +cv(N),conversel (D,N}.

/* Subsidiary mechanisms of dialogues */

ask(_,M-M,Tipo,[V],N):- 2fact(N,Tipo,V),V==£(_),!.
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ask (K=X1,M-M1,Tipc,V,N):~-repeat,
question(K-K1l,M-M1l,Tipo,V,N,CON),
!,CON=0.

question(K-K1i,N-M,Tipo,V,D,CON): -
converse (K-K1,N-M,Tipo,_,D,CON), !,
dont_insist(D,Tipo,V,CON),!.

dont_insist(N,T,[V],0):-!, 2fact(N,T,V).
dont__insist(_; o _) .

handle(arg-N,T, [],0).
handle(arg-N,T,[L1,..LN],R):-care_of(N,T,L1,S),
handle(arg-N,T,LN,Q), R is S+Q.

care_of(N,T,V,0):- 2fact(N,T,V),!.
care_of(N,T,V,0):- 2fact(N,T, £(D)),

-fact(N,T,f(D)), +fact(N,T,V).
care_of (N, ,V,C):-(integer(V),T="a data de publicacao”;

(nol (V,1liv,_):
nol(V,art,_),T="o tipo”):

pﬂ(va_r D),

(D=typ([]),T=autor;
D=tit([]),T=titulo;
D=typ(pub([])}),T=livreiro)),

( 2fact(N,T,V1), =-fact(nN,T,V1),

+faCt(N:T:V},C=l; +fact(N,T,V),C=0).
care_of(N,T,£(_),0) :-(T=autor,D=typ(V): '
: T=livreiro,D=typ{pub(V)):

T="a data de publicacao”,D=yea([])).
+fact(N,T,£(D)).
care_of(_,_,_s1):-write("Houve um engano da sua partel!”),

nl.

/* Simple question-answer dialogues:
between the user and the program */

dialogue(N,S) :-user(S),nl,program(XN,S).
/* Exchange patterns between the program and its user */

/* in the document classification scenario */

dialogue(clas,l,N,S):-please,write("de-me o titulo de ),
( ?2rf(K),K>=1,write("outra”);write(“uma’)),
write(” referencia do documento em questaoc.’),
nl,dialogue(N,S).
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dialogue(clas,2,N,S):=-
please,
write(” faca a sua escolha tendo em atencao”),
write(” as categorias sugeridas”’),
nl,write("e as que julgar mais apropriadas.”),nl,
write( De-me 3 categorias no maximo! ") ,nl,
dialogue(N,S).

dialogue(clas,3,N,R):~-
write(“Quer ainda classifica”’-10?7),
nl,dialogue(N,R).

dialogue(clas,4,N,R):=-
write(“De-me 3 categorias no maximo!”),nl,
dialogue(N,S).

dialogue(clas,5,N,T):-please,
write(® conhece a classificacao de 7)),
write(""7"),write(T),write(”™™ 2°),nl,
dialogue(N,S).

/* in the infcrmation transactions scenario */

dialogue(said,1l,N,S):=write( Quer mais 7),
write(s),write("?7),nl,
dialogue(N,R).

/* in the classification category generation scenario */

dialogue(crie,1,N,R):~ please,
write(” debaixo de que categoria a pretende inserir?”),
nl,dialogue(N,S).

dialogue(crie,2,N,R):-
please;,
write(” qual o nome da nova categoria?”),nl,
dialogue(N,S).

/* in the storage and erasure of data items 'scenario */

dialogue(arqg,1l,N,S):-
please,
write(” qual o nome do “),write(S),
write(” do documento?”),nl,
dialogue(N,_).

dialogue(arq,2,N,S):-
please, :
write(” gual e~ ") ,write(S),
write(” do documento?”),nl,
dialogue(N,_).

-



Fage 244

dialogue(argq,3,N,S):=
please,
write(” deseja arguivar este documento 7),
write(“na Base de Dados?”),nl,
dialogue(N, ).

dialogue(arqg,4,N,S):-please,
write(” gquais sao as ") ,write(Ss),
write(’ do documento?”),nl,
dialogue(N,R).

/* in the dictionary enlargement subscenario */

dialogue(lexi,1l,N,_):-
write("Existe algum erro sintatico na escrita’),
write(” da sua frase?”),nl,
dialogue(N, ).

dialogue(lexi,2,N,R):=( R=1,

write(“A palavra desconhecida e”” um nome proprio?”);
write(“Alguma das palavras desconhecidas e°” um nome”),
write(” proprio?”)).,nl,

dialogue(N,_).

dialogue(lexi,3,N,R):-( R=1,

write{ Qual a palavra que e°° nome proprio?”):
write("Quais as palavras gue sao nomes proprios?”)),nl,
user(S),sent(S,0), +nn(0). '

dialogue(lexi,4,N,R):-write(“Qual e°" o genero de 7).,
write(R),write(” ?7),nl,
dialogue(N,_).

dialogue(lexi,5,N,R):-write(“A qual dos tipos. ).,
write(“autor, titulo, livreiro, ou categoria,”’),nl,
write(® pertence a palavra “),write(R),write(” 27),
nl,dialogue(N,_).

dialogue(lexi,6,N,R):-
write(“Vou perguntar-lhe informacoes sobre 7),
write(R),nl,
write(“"de forma a inseri-la no dicionario.”),nl,
write(“Concorda?’),nl,
dialogue(N,_).

/* Analysis of user sentences:
case of comprehensible sentences */

program(N,S):-prin(F,S,[]),+fr(u,N,F),
answer (N,F), +fr(p,N,F),!,nl.
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F i case of incomprehensible sentences */

program(N,S) :—-sent(S,0),diagnostic(R,0,[]).,
omission,omissicn{N,R), e
( 20k, ?2cv(N1l),N2 is N1+1,
write("A resposta “a sua pergunta sobre 7),
outputd (R) ,write(” e°”:7),nl,
program(N2,S8) ; +fr(p,N,incompreensivel)).

:—end.

input.

Y o o I B S RS R S
/* INPUT RECOGNITION *f
R

/* Input recognition character by character, and
identification of words that compose user sentences */

user (F):-get(C),words(C,F),!.

/* Construction of simple and compound words */

words(C, [P, ..PS]):=-{characterl (C,34),wordl(c¢,cl,[C,..L]):
character(C,A),word(A,Cl,L) },
name(P,L),words(Cl,PS).

words(44,[", ,..PS]):-get(Cl),words(Cl,PS). /*comma */

words (63, [?]):- +interrogative. /*question mark*/
words (46, [ . /*full stop*/
words (33,([!]). /*exclamation mark*/

words(_,P):-get(C),words(C,P).

(character(C2,A),word(A,Cl,CS);
Cl1=C2,0C08=[])).
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wordl (Cc,Cl,[C,..CS]):-get0(C2),
(characterl (C2,34),get(C3),Ci=C3,Cs=[];
characterl (C2,C3),wordl (C3,C1,CS)).

/* List of characters */

character(32,_):-!,fail. /* space */
character (63, _):-!,fail. /* 2 %/
character(46,_):-!, fail. 7= g =y
character(33,_):-!, fail. £ ay
character (44, _):-!,fail. L% g %/
character(45,_):-!,fail. F* = %/
character(40,_):-!,fail. S Y
character(41l,_):-!,fail. 1% ) ¥/
character (58, _):-!,fail. % x *f
character(59, ):-!,fail. /* ; */
character(10,_):-!,fail. /* line-feed */
character(13,_):-!,fail. /* CR */
/* upper-case test */

character(C,A):-(C=<90, C>=64, A is C+32 ; A=C).
/* upper-case test for compcund nouns */

characterl (C,A):-(C>=64,C=<%0, A is C+32 ; A=C}.

/* Diagnostic of the user sentence */

diagnostic(R) ==> [],({ ?1lex(R), =all(lex(_)),! ; R=[] }).
diagnostic(R) =-=-> lexicon, diagnostic(R).

/* removal of separators */

sent([],[]).
sent([Sl,..8S]},0):-separator(Sl),sent(S,0).
sent([sl,..5],(81,..0]):-sent(S,0).

separator(!)
separator(”, ).
separator(“=7).
separator(.).
separator(?).
separator(e).
separator(ou).

N



/* lexicon search */

lexicon =-=-> [N], {nol (N, ,

)
lexicon ==> [N], {pn(N,_,_)}.
lexicon ==> [V], {vel(v,_,_)
lexicon =-=-> [A], {adl(A,_,_)
lexicon --> articles.
lexicon =--> pronouns.
lexicon --> adverbs.

lexicon =-=-> [P], {prep(P)} : c,[C], {prep(C)}.

lexicon =--> conj_c.
lexicon --> nb(N).
lexicon --> expressions.

lexicon =-> [N],({ 2lex(R),+lex([N,..R])},!;{+1lex([N])}).

:=-end.

D e B o 4

/* ANSWER AND QUESTION PROGRAM GENERATION *k/
Bl b e e S g

/* Generation of responses according the user
sentence type L&

answer (N,aceita).

answer (N, recusa) :-agreement.
answer (N,desvio) :-change.
answer (N, fecho) :-close.

answer (N, number(M)) .

answer (N, nouns (L) ).

answer (N,title(T,C)) :=-
{(var(T),answer (N, order (pr{category

BEBDHH IS
answer (N,order(pr(category(([C]),[T])))))
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answer (N, fact{conj(0l1,02))):~-
write( Para a primeira proposicao: ),
answer (N, fact(01)),!,
write(“E, para a segunda proposicao: 7),
answer (N, fact(02)).

answer (N, fact(0)) :-verify(0O,B),response2(B).

answer (N,order(pr(0))):=-0=..[categoria,C],var(C),
Nl is N+1,!,
dialcgue(crie,2,N1,R).

answer(N,order(0)):-verify(0,B),!,answerl (N,O0,K,T,B),
(order{N,K,T,B);:true).

answer (N,question{conj(01,02))):-
write(“Para a primeira pergunta:”),
answer (N,question(0Ol1)),!,
write(“E, para a segunda peragunta: 7),
answer (N,gquestion(02)).

answer(N,question(0)) :=-verify(0O,B),
( -negative,response3(B);responsel(B)).

answer(N,which((G-sin)=D-X,K,0)):-(verify d(X,0, ).,!;
verify(O,B}) ),print{([K-D-G,X],t).
answer(N,which{{G~-_)-D~X,X,0)):~- -
find_all([X,D],0,card(_,_,_),_).
print([K-D-G,X],t).
answer(N which((G-_)-D-X, O))'-verlfy(o B),
print([{suk-D-G,X],B).

answer (N, how_many ([G~X,D],0)) -
find_all([X,D],0,card( _,_,.)s_)+
print([card-D-G,X],t).
answer{N,how_many(G-D-X,0)):~-verify(O,B),
print([card-D~-G,X],B).

answer(_,_):-nl, note.

/* Auxilliaries for the response generaticn */

answerl (N,pr(P),clas,T,B):- P=..[categecria,C,T],
response4 (N,clas,C,T,B).
answerl (N,pr(P),info,T,B):- P=..[info,1,T],
responsed4 (N, info,1,T,B).
answerl (N,pr(P),crie,C,B):=- P=..[categoria,C],
response4 (N,crie,C,_,B).
answerl (N, pr(P),dest,_,B):-P=..[destroi,C],
responsed (N,dest,C, _,B).
answerl (N,pr(P),arq,T,B):=P=..[larquive,T] .,
response4 (N,arqg,T,_,B).
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/* Types cf user commands */

order(N,clas, [T], f) :-classify(N,R,C,M), (var(C),
P is M+l,archive(?,T,C,R)).

.

order(N,crie, [C],f) :-generate_cat(N,C,M).
order (N,dest,_, f).

order (N,arq, [T],£f) :=archive(N,T).

T S e e o o o B B o o S S T S S o 4
/¥ PRINT OF RESPONSES W
e e R S R B R e a4

/* General responses */

opening:-write(“0la”“."),nl,nl.
openingl:-return,request.
opening2:-start, request.

what_else:-write("E que mais?”),nl,nl.

start:-write( vVamos iniciar a conversa!”),nl.
return:-write{ Vamos retomar a conversa anterior!“),nl.
change:-write{“Ok.Vamos desviar-nos desta conversa!’),nl.
shift:-write( " Desvia“” -mo-nos da conversa!”),nl.
close:-write( Ok, esta conversa terminou!”),nl,

- - -

write(“Adeus, e ate a vista!“),nl.

.

omission:~write(“Nao compreendo esta frase ).
omission(N, []):-reason,suggestion, +cv(N),!.
omission{(N,R):-reason(R,C),
(remark(N), ?fr(u,N,aceita),suggestion,!;
suggestion(N,R,C)).

reason:-write( porque a sua construcao sintactica’),
write(” e”” desconhecida!”),nl.

reason(R,C) :=write( porque “),card(R.C),
(C=1l,write(”“a palavra “),outputd (R),
write(” e”” desconhecida!”);
write(“as palavras 7),outputd (R),
write(” sao desconhecidas!”)),nl.

suggestion:-write(“Corrija a sintaxe ou construa’},
write(” outra parafrase.”),nl,
write( Repita a pergunta por favor!”),nl.
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suggestionl:-write( Desculpe, mas tem de reformular”’),
write(” a sua frase”),
write(” emprecando outras palavras!”),nl.

suggestion(N,R,C):-converse(N,n(R,C)) ;suggestionl.

remark (N) :=please,
write(® preste atencao “a frase que escreveu!’),nl,
dialogue(lexi,1l,N,_).

request:- please,
write(” escreva factos, ordens ou perguntas.’),nl.

please:-write(“Por favor,”).

acreement:-write("Esta”” bem!”),nl.

notel:-write(“Talvez haja confusao na sua frase.’),nl,
write("E”" ambigua, e portanto”),
write(” nao con:igo responder-ihe.”),nl.

note:-write(“Compreendi esta frase.”),nl,
write(“No entanto,nao consigo encontrar”’),
write(” uma forma de responder-lhe.”),nl.

/* Responses for:
closed user questions */

responsel (t) :~write(“Sim."),nl.
responsel (f) :=write( "Nao.”),nl.
responsel (u) :=-nl,notel.

/* user statements */

response2(t) :-write(“Concordo.”),nl.

response2(f) :=write("Nao concordo.”),nl.

response2 (u) : -
write( A sua frase pressupce outros factos,”),
write(” logo um contexto.’),nl,
write(“Como nao possuo informacac cobre”),
write(” o gue foi dito”),nl,
write( anteriormente, a sua frase e ambigua.”’},nl,
write(“E, portanto, nao consigo responder-lhe!”),nl.



X interrogative negative user sentences */

response3(t) :=write("E" " verdade.”),nl.
response3(f) :-write("E”" " falso.”),nl.
response3(u) :-nl, notel.

/* user commands occurring in the pre-fixed scenarios */

responsed (N,info, [L], [T],t):-
write( ") ,write(T),write(""7),
write(” e”°” conhecido,”).,nl;
write( e possui a seguinte informacao:"),nl,

outputl (doc(V),L),nl.

responsed (N, clas, [C], [T],t):=
write( ") ,write(T),write(“""),
write(” e”” conhecido,e”),

write(® esta classificado nas categorias:”’),
nl,output(cat([]).,C),nl.

-

response4 (N,crie, [C],_,t):-write(™""),write(C),write("""),
: write(” e”” conhecida!”),nl.
response4 (N,crie, [C], _,£f):~-
(var(C),write("Proponha outro nome!”),nl,!,fail;
write(""7),write(C),write(""7),

-

write(” e desconhecida!”),nl).

response4 (N,dest, [C],_,t):=write( ") ,write(C),write("""),
write(® e”” conhecido, e foi apagado!”),nl.

response4 (N,dest, [C],_,£f):-write("""),write(C),write("""),
write(” nao pode ser destruido, porgque e’ ”7),

write(” desconhecido!”),nl.

responsed4 (N,arq, [T],_,t):=write(""") .write(T),write( ""),
write(” e”” conhecido e nazo ha”’ necessidade 7},
write(“de o arquivar!”),nl.
responsed4 (N,arq, [T],_, £f) :-write("" ") ,write(T),write("""),
write(” e°° desconhecido!”),nl,
write( Gostaria de o arquivar!”’),nl.

response4 (N, _,_,[T]),£f):-write(""") ,write(T) ,write("""),
write(®” e desconhecido!”),nl.

P open user gquestions:
proper nouns as response */

print([K-_-G,[]].,B):-ifyes(B),nought(X-G),nl.
print([K-_-G, [X]],£f):-var(X),nought(K~G),nl.
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print([_,X],u):-write{"A sua pergunta e”” indefinida!”),
nl, (var(X),
write("Nao encontro nenhuma entidade que a satisfaca.”),
nl;true).
print([card-D-_,X],t):- (X=coord(Y);X=Y),card(Y,C),
output{D, [C]),nl.
print([K=D=G, [X]].t) :=nonvar (D), D=doc (V) ,ocutputl (D,X).
print([K-D-G,X],t):- ( X=[¥Y-_], output2(Y) : true),
(X=[_-L},impk(K,D, [L]),cond_output(D, [L]);
(X=coord (L) ; (D=cat([]):D=ref([])),X=[L];X=L),
impk(X,D,L),cond_output(b,L)),nl.

impk (prep(em) ,yea([]),_) :-output2 (em).
impk (prep(em),_,L):-(L=[N]:L=[N,.._]),pn(N,G,_),
(G=mas, output2(no) ;output2(na)).
impk (prep(por).,_,L):=(L=[N];L=[N,.._]).,pn(N,G,_),
(G=mas,output2 (pelo) ;output2(pela)).
impk (prep(P),_,_):=output2{P).
impk (__l i _) .

/* Data output */

cond_output(D,L) :-card(L,C),

(C<6,o0utput(D,L),!;

get_till 5{Ll,L,L2, ),card(L2,e2),
(D=ref([]),write( "0Os cinco primeiros”);
write(“As cinco primeiras”)),write(” sao:"),nl,
output(D,Ll),nl, 3
write( Existem mais “),write(C2),
(D=ref([]),write{” documentos!”):

write(” categorias!”)).,nl,

conversel (G,M) ,output3(b,L2,C2,M) ).

output(ref{[]),[]):-write( " Nao existem referencias!”),nl.

output(D, [A] ) :-outputl (D,A),write(”".7),!.

output(D, [A,L] ) :-outputl {D,A),write(” e “).,outputl(D,L),
write(”.7).

output(D, [A,..L]):=outputl (D,A),write(”, “).cutput(D,L).

outputl (D,K-N-X-Y-Z-W-V) :-nonvar (D), D=doc(V),

write(K),write(” no.”),write(N),write(”,”),nl,
write( autor: “),write(X),write{(”,”),nl,
write( livreiro: “),write(¥),write(”, ),nl,
write(“ano de publicacao: 7),write(2),
write(”, ),nl,write( classificacao: 7).,
output(cat([]1) . W), (v=[],write( . ), 1;
write{':'):nlf

write(“referencias: “),output{ref([]).V),
write(“« ) ;inl ).
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outputl (D,X) : =

(nonvar (D), {D=cat([]), (cat(C,X,_,_):cat(_,_,C,X));
D=ref([]), (book(_,X,Cs_+_,_+_)snl,write("livro no. 7);
paper(_,X,Cs,_+_+_+_)snl,write( “artigo no. 7))),
write(X),write("-=-"),write( ") ,write(C),write( " "")
nonvar (D), call(not(integer(X))),

(D=tit (V) :D=typ(pub(V))),write("""),write(X),write(""");
write(X)).

-
’

output2 (X) :=write(X),write(” 7).

output3(_,_,_,n):-1!.

output3(D,L,_,s) :=(D=ref([]),write("0s”) ;write("As”)),
write(” restantes sao: “),output(D,L),!.

output3(D,L,C,N) :-N>=C,output3(D,L,_,s),!.

output3(D,L,_,N):-get_till n(Ll,L,_,N),output3(D,Ll,_,s).

outputd ([A] ) :-outputl(_,A),!. .
outputd ([A,B])) :-outputl(_,A),write(” e “),outputl(_,B).
output4 ([A, ..L]):~outputl (_,2),write{”, “),outputd (L).

/* Handling of nothing as response */

nought{card-mas) :-!,write( "Nenhum."),nl.
nought(card-fem) :-!,write( Nenhuma.”},nl.
nought(prep(em)~-_) : = .
write(“Que eu saiba, nao foram publicados”),
write(” pela mesma entidade.”),nl.
nought(prep(P)~-_):-write(P),write{(” ninguem.”’),nl.
nought(_):~
write(“Nenhuma entidade satisfaz a sua pergunta.’),nl.

:—-end.

gramma.

G o e S T o o 4
/* FRAGMENT OF PORTUGUESE GRAMMAR */
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S Grammar re-writing rules;its function */
/* Main sentence types: >
Vel user responses and remarks */

prin(fecho) =--> [adeus], final(_,_).

prin(0) =--> (nega(_,non(_)), {O=recusa};
afir(_,yes(_)), {O=aceita} ),
(ve(afir,_), atrib ; {true} ), final(_,_).

prin(desvio) =--> ve(des,_), ( [P], {prep(P)} ; {true} ),
( no(conv,_) ; {true} ), final(_,_).

prin(number(M)) --> ve(afir,_), atrib,
art(X,_,_,for(_,_.,card(_,equal,M))),
noun([X,.._],_ ), final(_,_).

prin(title(T,C)) --> [N],( {not(integer(XN)),
pn(N,_,tit(V)),T=N;
pn(N,_,cat([])), (N<1500;N>10000),C=N}).,
final(_,_).

prin(nouns(L)) =-=-> (nouns(L);
nega(_,non{_)),ve(sei,sin), {L=[£(8)]} ),
final(_,_).

/* user gquestions, statements and commands */
prin(P) =-> pre_locl, prop(0), final(P,0),!.

prin(X2) =-=-> { ?interrogative } : pre_loc2 ) ,

(
int_rell(interrog(0,X2),X1), prop(0),
final(_,interrog),!.

prin(P) =--> prop(0), final(P,0Q).,!.

/* Sentence final */

final(_,interrog) =-=-> [?], { -interrogative } ; [!],
{ =-diga }.

final(question(0),0) ==-> [?],{ =-question ; true }.

final(question(0),0) --> [.],{ -question }.



final(fact(o),0) ~=-> [.].
final(order(0),C) =-=> [!].

/* Phrase(s) */

prop(P) =--> nucleus(L,01,02,0), compls(L,01,02),
({p=0} ;
comma, [e]l, prop(Pl), {P=conj(0o,Pl)} ).

nucleus(L,01,02,0) =-> [nucleus(L,01,02,0)],!.

nucleus(i,01,02,0) =-=-> arg(sub-Y¥,04,0), neg(03,04),
(verb([Y,..L],01), {02=03}:
{L=[noun-A-D-2]}, ve(ter,_).
{Ol=set_equal(X,2)},
advg_g(Al-D~Z,prep(de)~-Y,L,C2,03) ).

nucleus(L,0,01,0) --> verb(L,0) , (per_pron ; {truel}).

/* Megation */

neg(0,C), "erb(X,01),P,none(G=N)] =~-=
[nao], verb(X,01), [(P], none(G=N),!.

neg(0,0),[verb(X,01l),none(G=N)] =-> [nao].,
verb(X,0l), none(G-N).
neg (0, non(0)) ==> [nao], {negativel}.

neg(0l,0) --> [neg(0l,0)].
neg (0,0) ==-> [].

negative:- ?Znegative,!.
negative:- +negative.

nega(O,non(0)) ==> [nao].

/* Affirmation */

afir(o,yes(0)) =--> [siml; [ok]:[por,favor];([sim,por.£favor].

/*¥ Subject placement at the beginning of the sentence */

int_rell(I,X) =--> int_rel2(I,X).
int_rell (I,X1), [nucleus(L,01,04,0),mocv_arg(X2,02,03)] -=->
' int_rel2(I,X1),
arg(X2,02,03), nucleus(L.Cl,04,0).
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/* Subject, interrogative article and relative
pronoun generation */

int_rel2(I,X),[arg(X-X,0,0)] =--> pron(I,K-X).
int_rel2(interrog(0,X2),X1),
[case(K),art(X1,01,02,and(01,02))] =--> case(X),
interrog_art(X-X1,0,X2).

int_rel2(rei, A-X),
[case(K),s_nucleus({A2-X2,X1],03,02,01,0),
mov_arg(prep(de)-A-X,0,0)] --> case(K),
pron(rel,prep(de)-A2-X),
def_mark(A2),
s_nucleus([A2-X2,X1],03,02,01,0).

/* Complements */

compls([X,..L]),01,0) =-=-> [mov_arg(X,02,0)],
compls(L,01,02).
compls([],0,0) -=-> [].
compls([K-A-D-X,..L],01,0) ==> compls(L,01,02),
arg(K-A-D-Y,02,0),
{arg_form(K,¥,X)}.

compls(L,01,0) =--> [compls(L,01,0)].

/* Arguments(subjects) 1 */

arg(X,01,0) =--> [arg(Y,01,0}]1,!, {X=Y}.

/* Subject inversion and coordenative conjunctions */

arg(sub-A-D-X,01,02), [neg(03,01),ve(ter,N)] =-->
neg(O3;Ol); VE(terrN);
inv_mark, arg(sub-A-D-X,01,02).

arg{(sub-A-D-X1,01,02), [neg(03,01),verb([A-D-X1,X2],04)]~-->
neg{03 Ol)r

inv_mark, arg(sub-A-D-X1,01,02).

/* Arguments(subjects) 2 */

arg (K-X,01,0) --> case(K), n_phrase(X,C1,0).
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arg_form(prep(de),¥,coord(Y)):-var(¥),!.
arg_form(_,¥,Y¥Y).

/* Noun phrase */

n_phrase((G-N)-D-X,0,0) --> (proper_nouns({(G-N)-D-X);
def_art(G-sin), proper_nouns((G-N)-D-X)).
n_phrase(X,01,0) --> s_nucleus([X,..L],03,02,01,04),

compls(L,04,0), com, relatives(X,02,03),(end].

s_nucleus(L,03,02,01,0) --> [s_nucleus(L,C3,02,01,0)].
s_nucleus([X,..L],03,02,01,0) =--> art(X,03,01,0),
com, adjs(X,04,05), [end],
common_noun([X,..L],05,06), com,
adj_g(X,06,02),[end].

/* Relative phrases of restrictive type */

relatives(X,02,and(02,03)) =--> [com(C)], int_rell(rel,X),
prop(04), end(C), relatives(X,04,03).

relatives(%,02,02) ==> [].

/* Disjunction and conjunction of proper nouns */

proper_nouns((G3-N)-D-disj([I,..L])) =--> [I]),{prn{(I,G1l,D)},
end (disj),{accord(Gl,G2,G3)},
pns ((G2=-plu) -D~L), [end].

proper_nouns{(G3-N)=-D-[I,..L]) =--> [1I]), {pn(I,Gi,D)},
end(C), {accord(Gl,G2,G3)}, pns((G2-N)=-D~-L), [end].

pns ((G3~-plu)-D-[1I,..L]) =-=-> [com(C)],
(def_art(_-sin);{true}),
[I].r {pn(I;Gl,D)}.
end(C), {accord(Gl,G2,G3)}, puns((G2=-N)=-D-L).
pns ((fem=sin)=D=[]) ==> [].

accord(mas,_,mas). accord(fem,G,G).

/* Ccmmon nouns */

common_noun(X,v,0) =-> noun(X,0).



common_noun(X,01,and(01,02)) =--> ncun(X,02j.

/* Conjuntion of nouns */

nouns([Ll, ..LN]) =--> [L1], {nom(L1)}, end(_ ).
nos (LN), [end].

nos([Ll,..LN}) -=-> [com(C)], [L1], {nom(L1l)},
end(C), nos(LN).
nos([]) --> [].

nom (X) :=pn(X,_,_).
nom(X) :=nol (X, _,_).

/* Adjectives and adjectival groups */

adjs(X,v,v) =-=-> []. ,

adjs(X,0,0) ==> [com(C)], adj(IX],0), end(C).

adjs(X,01,and(01,03)) ==> [com(C)], adj([X],0l1l),
end(C), adjs{X,02,03).

adj_g(X,0,and(0,03)) ==-> [com(C)]), adj([X,..L},01),
compls (L,01,02), end(C), adj_g(X,01,03).

adj_g(X:O:O) =iy []-

atrib =--> (adv_m ; adv_g ; {true} ), none(_).

atrib =-> adv_m; adv_qg.
atrib =<> [})s

/* Adverbial groups */

advg_g(X:Y:_.OlaO) - adv_g(X;Y,OlfO). :
advg_g(X,¥,L,01,0), [compls(L,02,03)] --> compls(L,02,03),
adv_g(X,Y¥,01,0).

adv_g(X,¥,01,0) =--> adver, s_nucleus([X,¥,..L]j,v,_,01,02),
compls(L,02,0).

/* Ellipsis and generation of an article
according the case X/

inv_mark, [case(sub),none(G-N)] --> none(G-N).
inv_mark =--> [].
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def_mark(A), [def_art(a)] --> [].

case(K) --> [casel{K)].

case(sub), [none(G-N)] =--> none(G-N).
case(sub), [not_all(A)] =--> not_all(A).
case(sub) =-=-> [].

case(dir), [ind_art(A)] --> [].
case(dir) --> [].

case(noun), [art(X,0,v,0)] --> [].
case(noun), [art(X,0,v,0)] ==> ind_art(a),!.

case(noun) =-=-> [].

case(prep(P)) ==> contract,[P],{prep(P)}.

/* Interrogative and relative pronouns general rules */

pron(interrog{(0O,which(X,0)),sub-X) --> int_prons.

o

pron(interrog(0O,which(A-typ(V)=X,0)),sub=-A-typ{V)=-X) =-=->

int_pronsl.
pron(interrog(0,which(X,K,0)),K-X) --> int_pron(K).
pron(interrog(0O,which(A-typ(V)=-X,X,0)),X=-A-typ(V)-X) ==>
r_i_pron(K).
pron{interrog (0, how_many(G-D-X,0),K-(G~-N)~-D=X}) =-->
7 int_art(G).

pron(rel, K~A-typ(V)=X) =-> r_1i_pron(K}.
pron(rel, K-A-D-X) =--> rel_pron(X,A).

rel_pron(dir,_) =--> pronZ_r_i.
rel_pron{sub,_) =--> pron2_r_i.

rel_pron(prep(de),A) =--> pron_r(Aa).
rel_pron(prep(em),_) =--> pron_r_i; conj_c.
rel_pron(prep(P),G-N) --> ( c,[P], {prep(P)},
def_art(G-N), (pronl_r_i(N):
pron2 r i }: '
[P], {prep(P)}, (pron2_r_i ;
' pron3_r 1)),

r_i_pron(sub) =--> pron3_r_i.
r_i_pron(prep(P)) =-=> [P], {prep(P)}, pron3_r_i.

int_pron(sub) =-> pron2_r_i ; pron3_r_i.

int_pron(dir) =--> pron2_r_i.

int_pron(prep(P)) --> [P], {prep{P)}, (pron2_r_i
pron3_r_1i

).
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int_pron(dir) =--> pronl_i.
int_pron(prep(em)) --> pron_r_i ; conj_c ; adv_m_i.

Y ellipsis or generation of a verb */
int_prons, [ve(ser,N)] --> (pron3_r_i :; pronl_r_i(N)),
ve(ser,N),!.

int_prons, [ve(ter,N)] --> (pron3_r_i : pronl_xr_i(N)),
~ ve(ter,N),!i.

int_prons, [ve(estar,N)] =--> adv_m_i,ve(estar,N),!.

int_prons, [ve(ser,N)] =--> (pron3_r_i ; pronl_r_i(N)).

int_pronsl, [ve(ser,N)] --> pron3_r_i, ve(ser,N).

int_pronsl, [ve(ter,N)] --> pron3_r_i, ve(ter,N).

/* Adverbs */

adver, [def_art(_)] --> adv_m_i.

/* Separators: conjunction, disjunction and comma */

com, [end] =-=-> [].
com, [com(C)] =--> [].

end(e),{end,X] ==> [X],({X=("2");:;X="1";X="."1}).
end (comma) , [com(comma}] --> [, ].
end (comma) , [com(e)] --> e. :

end (disj), [com(ou)] ==> ou.

end (e), [end] =--> comma.
end (cu), {end] --> [].

comma =-=-> [, 7].,!.
comma =-=-> [].

e -~-> [e],!.
e -=> [].

ou --> [ou].

/* Interrogative articles */

interrog_art{K-(G-N)-X,0,which((G-N)-X,K,0))-->
pron2_r_i ; pronl_r_i(N).
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interrog_art(K-(G-plu)~D-X,0,how_many{[G-X,D],0)) ==>
int_art(G).

/* Articles and classical quantifiers */
art(Xx,01,02,0) --> [art(X,01,02,0)].

art({G-sin)~-D=-X,01,02, for{[X,D],01,
if(card(X,egual,l),02))) -=-> def_art(G-sin).
art((G=-plu)=-D=-X,01,02, for([X,D],01,
if(card(X,greater,0),02))) =--> def_art(G-plu).
art(A-D-X,01,02, for([X,D],01,
if(card(X,equal,I),02))) =-> def_art(A),nb(I).
art((G-sin)-D-X,01,02, for([X,D],and(01,02),
card(X,greater,0))) --> ind_art(G-sin).
art((G-plu)-D-X,01,02, for([X,D],and(01,02),
card(X,greater,1))) =-> ind_art(G-plu).
art((G=-plu)=-D=X,01,02, for([X,D],and(01,02),
card(X,equal,Y¥))) --> nb(Y).
art(A-D-X,01,02, for({X,D],and(0l,not(02)),
card(X,equal,0))) --> todo_art(a).
art(A-D-X,01,02, for([X,D],and(0l,not(02)),
card(X,greater,0))) --> [not_all(A)],{negativel.
art((G-sin)-D-X,01,02,not(for([X,D],and(01,02),
card(X,greater,0))}) ==-> none(G-sin), {negative}.
art((C-plu)-D-X,01,02,not(for({X,D],and(0l,02),
card(X,g-=ater,1)))) =--> none(G-plu),{negative}.
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/* Fixed morphology: gender and number */

/* total of words: 101 */

/* Articles */

articles --> def_art(_):;ind_art(_):nonel;none{_ ):

todo_art(_):not_all(_);int_art(_).

/* Definite articles */

def_art(mas-sin) --> [o].
def_art(fem-sin) =--> [a].
def_art{mas-plu) =--> [os].

def_art{fem-plu) =--> [as].

def_art(A) --> {[def_art(A)].



/* Indefinite articles and pronocuns */
ind_art(_), [pessoal =--> [alguem].
ind_art(mas-sin) =--> [um];[algum].
ind_art(fem=-sin) =--> [uma];[alguma].
ind_art(mas-plu) =--> [uns];[alguns].
ind_art(fem-plu) =--> [umas];[algumas].
ind_art(A) =--> [ind_art(A)].

none (
none (

_), [pessoal] --> nonel.
_), [tipo] ==> nonel.
none(mas-sin) =-> [nenhum].
none(fem=sin) =-> [nenhumal.
none(mas-plu) =--> [nenhuns].
none(fem-plu} =--> [nenhumas].
none(A) --> [none(A)].

nonel =--> [ninguem].

not_all(A) --> [nem], todo_art(a).
todo_art{mas-sin) --> [todo.,o0].
todo_art(fem-sin) --> [toda,a].

todo_art(_=-sin) =-> [qualguer].
todo_art(mas-plu) =--> [todos,os].
todo_art(fem-plu) ~--> [todas,as].
todo_art(_=-plu) =--> [quaisquer].
todo_art(G-sin) =--> [cadal.

todo_art(A) --> [todo_art(A)].

/* Interrcgative articles */

int_art(mas) =--> [gquantos].
int_art(fem) =--> [quantas].

/* Pronouns */
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pronouns ==> per_pron;pron_r_i:pronl_r_if{_);:;pron2_r_i;

pron3_r_i;pron_r(_):;pronl_i.
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/* Personal pronouns */

per_pron --> [me].

/* Relative and interrogative pronouns */
pron_r_i --> [onde].

pronl_r_i{sin) =-=> [qual].
pronl_r_i(plu) =--> [quais].

pron2_r_i =--> [gue]; [o,que].

pron3_r_i =--> [quem].

/* Relative pronouns */

pron_r(mas-sin) =--> [cujol;[o,qual].
pron_r(fem-sin) =--> [cujal;[a.,qual].
pron_r{mas-plu) =--=> [cujos];los,quais].
pron_r(fem-plu) =-=-> [cujas];[as,quais].

/* Interrogative pronouns */

pronl_i =--> [guanto].

/* Adverbs */
adverbs ==> adv_m_i;adv_m; adv_qg.

adv_m_i =-=-> [como].
adv_m --> [bem].
adv_q =-=-> [mais].



/* Prepositions */

prepf(a).
prep(apos) .
prep(“ate” " 7).
prep{com) .
prep(de).
prep(desde) .
prep(em) .
prepl{entre).
prep(para).
prep(por).
prep(sobre).

/* Conjunctions */

conj_c ==> [guandc].

/* Contraction of prepositions */

contract, [a,a] =-=> ["*a’].
contract, [a,0] =-=-> [ao].
contract, [a,os] =--> [aos].

contract, [de,o] =--> [do].
contract, [de,o0s] --> [dos].
contract, [de,a)] =-=-> [da].
contract, [de,as] -=> [das].

contract, [em,0] ===
contract, [em,0s8] --> [nos].
contract, [em,a] --> [nal.

contract, [em,as] ~--> [nas].

contract, [em,um] =--> [num].

-=> [numalj.
--> [nuns].
contract, [em,umas] =-=> [numas].

contract, [em, uma]
contract, [em,uns]

contract, [por,o] =--> [pelo].
contract, [por,al =-=-> [pela]l.
--> [pelos].
--> [pelas].

contract, [por,os]
contract, [por,as]

contract -=-> [].
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/* Numerals */
nb(I) --> [I],{integer(I)}.

nb(l) =-> [um];[uma].
nb(2) =--> [dois].
nb(3) --> [tres].
nb(4) ==> [qguatro].
nb(5) =-> [cinco].
nb(6) --> [seis].
nb(7) --> [sete].
nb(8) =--> [oito].
nb(9) =--> [nove].
nb(l10) --> [dez].

/* Pre-locutory expressions */

expressions =-> expl:;exp2.

expl =--> [por,favor];:[“sera””’,quel;[diga,me,se];
[gostaria,de,saber,se].
exp2 --> ( {[de] ; [digal ), per_pron.

pre_locl =--> expl, { +question}.

pre_loc2, [qual] =--> exp2, { +diga}.

:=end.

dictio.
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/* Non-fixed morphology for the library world */
/* total of words: 188 (single) ; 113(compound) b4
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/* Common nouns: definitions */

noun([A-typ(aut([]))-X],pr(avthor(X))) --> no(aut,A).
noun([A-typ(aut([]))-X,prep(de)-_-tit(V)-Y],
pr(author(X,Y¥))) =--> no(aut,A).
noun([A-typ(pub([]))=X],pr(publisher(X))) =~=-> no(edi,A).
noun( [A-typ(pub([])) -X,prep(de) -_=-tit(V)-Y],
pr(pub_of tit(X,¥))) --> no(edi,A).

noun( [A=tit(V)=X],pr(title(X))) ==> no(tit,a).
noun([A—tlt(V} X,prep(de)-_-typ(aut([]})-¥],
pr{author(¥,X))) =-> no(tit,A).
noun([A—tlt(v)-x,prep(de)-_-typ(pub([]))-Y];
pr{pub_of_ tit(¥,X))) =-=-> no{tit,A).

noun([A-yea([])=X],pr(year(X))) --> nec(ano,a).
noun([A-yea([])-Y,prep(de)-_-tit(V)-X],
pr{year_of(X,Y))) =--> no(ano,A).

noun([A-tit(V)-X],pr(class(X))) --> no(doc,A).

noun( [A-W=-X, prep(de) ~_=-tit(Vv)-Y],
pr(class(X,Y))) --> no(cla,A).

noun{[A-cat([])=-X],pr(category(X))) ==-> nolcat,a).

noun([A-_-_ ,prep(para)-_=-cat([])-X],
Dr(category(x))) --> no{cat,A).

noun ( [A- cat([]) X,prep(“ate” ") -_~-cat{([])-Y],
pr(upon(X,Y¥))) =--> no(cat,a).

noun([A~cat([])-X,prep(ae)-_~-tit(V)-Y],
pr{category(X,Y¥))) =--> noflcat,A).

noun({A-cat([])~X,prep(para)-_=tit(Vv)-Y],
pr(category(X,¥)}) =-> no{cat,’).

noun{[A-ref([]) -X,prep(de)-_-tit(V)-Y],
pr(reference(X,Y))) =--> no(ref,A).

noun([A-ref([]) -X, prep(sobre) -_~-tit(V)-Y],
pr(reference(h ¥))) ==> nol(ref,A).

noun([A-ref([])-X, prep{para)-_-tit(V)-Y],
pr{reference(X,Y¥))) --> no(ref,A).

noun([A-tit(boo([]))-X],pr(tit_of_book(X))) ==-> no(liv,A).
noun([A-tit(art({]))-X],pr(tit_of_paper(X))) -->
no{art,A).

noun( [A-tit(boo([]))-X,prep(sobre)~_-cat([])-¥],
pr(book_cat(X,¥))) --> no{(liv,d).

noun{[A-tit(art([]))~-X,prep(sobre)~_=-cat([])-Y],
pr(paper_cat(X,Y¥))) --> nofart,A).

noun( [A-tit(boo([]))-X,prepl(de)-_-typ(aut([]})-¥],
pr{aut_of_book(Y,X))) --> no(liv,A).
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noun( [A-tit(boo([]))-X,vrepl{de)~ ~typ{pub({]))-Y],
pr(pub_of_book(Y,X)}) ==> no(liv,A).

noun([A-tit(art([]))-X,prep(de)-_~-typlaut{[]))-¥],
pr(aut_of paper(Y,X))) =-=-> no(art,a).

noun([A-tit(aut([]))-X,prep(de)-_~typl(pub([]))-Y],
pr(pub_of_ paper{Y,X))) =-> nol(art,d).

noun([A-cat([])-X],pr(cat_label(X,Y))) =--> no(nom,A).

noun( [A-cat( [i )-X,prep(de)-_-_-Y],
pr(cat_label(X,Y))) =--> no(nom,A).

noun([A~doc (V) ~X, prep(sobre)-_=-tit(V)-Y],
pr{info(X,¥))) =-> no(inf,A).

/* List of common nouns */
no(Type,GN) =--> [Name], { nol (Name,Type,GN) }.
nol (nome, nom,mas-sin).

nol (dialogo, _,mas=sin).
nol (conversa,_, fem-sin).

nol (masculino,_,mas-sin).
nol (masculina,_, fem-sin).
nol (feminino,_,mas=sin).
nol (feminina,_, fem~-sin).

nol (documento,doc,mas-sin) .
nol (publicacao,doc, fem~-sin).
nol {documentos,doc,mas-plu).
nol (publicacoes,dcc, fem~plu) .

nol {(autor,aut,mas-sin).

nol (escritor,aut,mas=sin).
nol (tipo,aut,mas-sin).

nol (editor,aut,mas-sin).

ncl (pessoa,aut, fem~-sin).

nol (autecres,aut,mas=-plu).
nol {(escritores,aut,mas-plu).
nol{tipos,aut,mas-plu).

nol (editores,aut,mas~plu).
nol (pessoas,aut, fem-plu).

nol(livro,liv,mas-sin).
nol (livros, liv,mas-plu).

nol (artigo, art,mas-~sin).

nol (relatorio,art,mas-sin).
nel (artigos,art,mas-plu).
nol {relatorios,art,mas-plu).
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nol (livreiro,edi,mas-sin).
nol (livreira,edi, fem-sin).
nol (livreiros,edi,mas~plu).
nol (livreiras,edi, fem—-plu).

nol (classe,cla, fem-sin).
nel (especie,cla, fem=sin).

nol(titulo, tit,mas—-sin).
nol(titulos, tit,mas-plu).

nol (ano, ano,mas-sin).

nol (data, ano, fem-sin).
nol (anos, ano,mas=-plu).
nol (datas,ano, fem=-plu).

nol (classificacao,cat,fem=sin).
nol (categoria,cat, fem-sin).

nol (classificacoes,cat, fem-plu).
nol{categorias,cat, fem=-plu).

nol (referencia, ref, fem~sin).
nol (bibliografia,ref, fem=sin).
nol (referencias,ref, fem=-plu).

nol (informacao, inf, fem-=sin).
nol (informacoes, inf, fem-plu).

/* Single and compound proper nouns */

/* gender of proper nouns */

gen(masculino,mas).
gen{masculina,mas) .
gen(feminino, fem) .
gen(feminina, fem) .

/> domain of proper nouns */
dom(autor, typ(Vv)).
dom(categoria,cat([])).
dom(livreiro,typ(pub(Vv))).
dom(titulo,tit(V)).

/* list of single proper 1ouns */

pn{allwocd, mas, typ(V)).
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pn(back,mas, typ(V)).
pn{bobrow,mas, typ(V)).
pn(brown,mas, typ(Vv)).

pn (bundy,mas,*yvp(V)).
pn(burstall,mas, typ(V)).
pn{charniak,mas, typ(V)).
pn{coelho,mas, typ(V)).
pn{colmerauer,mas, typ(v)).
pn{eder,mas, typ(V)).
pn{fikes,mas, typ(V)).
pn{fillmore,mas, typ(V)).
pn{hewitt,mas, typ(V)).
pn(kowalski,mas, typ{(V)).
pn{lehnert, fem, typ(Vv)).
pn(loveland,mas, typ(V)).
en(mcdermott,mas, typ(V)).
pn{mendelson,mas, typ(V)).
pn{minsky,mas, typ{Vv)).
pn(newell,mas, typ(V)).
pn(nilsson,mas, typ(V)).
pn(reboh,mas, typ(V)).
pn{robison,mas, typ{(V)).
pn(rulifson,mas,typ(V)).
pn(sacerdoti,mas, typ(V)).
pn{schank,mas, typ(Vv)).
pn(shortliffe,mas, typ(V)).
pn(simmons,mas, typ{V)).
pn(slagle,mas,typ(V)).
pn(sussman,mas,typ(V)).
pn(tarski,mas, typ(V)).
pn{tate,mas, typ(V)).
pn{warren,mas, typ(V)).
pn({weizenbaum, mas, typ(v)).
pn(wilks,mas, typ(V)).
pn(winoarad,mas, typ{Vv)).
pni{winston,mas, typ(V)).

/* List of compound proper nouns */

pn( “psvchology of computer vision’, fem,tit(Vv)).

pn( problem solving methods in artificial intelligence’,
mas, tit(Vv)).

pn{ “understanding natural language’, fem, tit{(V)).

pn( computer models of thought and language”,mas, tit(V)).

pn(”learning structural descriptions from examples”,
fem, tit(Vv)).

pn(“a computational mocdel of skill and acquisitioen”,
mas, tit(Vv)).

pn{“human problem solving”, fem, tit(V)).

pn{“universals in linguistic theory ,mas, tit(V)).

pn( toward a model of children” s story comprehension”,
mas, tit(Vv)).
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pn( computer power and human reason”,fem,tit(V)).

pn{“scripts,plans,goals and understanding”,mas,tit(V)).

pn{“artificial intelligence’, fem, tit{(V)).

pn{“logic in linguistics”, fem,tit(V)).

pn{“introduction to logic”,fem,tit(V)).

pn{“introduction to mathematical logic”, fem,tit(V)).

on( automated theorem proving:a logical basis”,
fem,tit(V)).

pn{ “computer-based medical consultations:mycin”,
fem,tit(V)).

pn( programming in pop-2~, fem, tit(V)).

pn(“ai:the heuristic programming approach”’, fem,tit(V)).

pn{(“the process of question answering’,mas,tit(Vv)).

pn( computational semantics’, fem,tit(V)).

pn(“a framework for representing knowledge”’, fem,tit(V)).

pn{“description and theoretical analysis (using schemata)
of planner”, fem,tit(V)).

pn{ “strips:a new approach to the application.of theorem
proving to problem solving’, fem, tit(V)).

pn{“identification of conceptualizations underlying
natural language’, fem,tit(V)}).

pn{”“the conniver reference manual’,mas,tit(V)).

pn{“semantic networks:their ccmputation and use for
understanding english sentences’,mas,tit{V)).

pn{“planning in a hierarchy of abstraction spaces”,
mas,tit(Vv)).

pn(“margie:memory analysis response generation and
inference on english”, fem, tit(V)).

pn(“gad4:a procedural calculus for intuitive reasoning’,
mas,tit(Vv)).

pn(”“a preliminary glisp manual”,mas, tit(V)).

pn(“the case for case’,mas,tit(V)).

pn{“learning and executing generalized robot plans”,
fem,tit(V})).

pn{ new programming languages for artificial intelligence
research”’, fem,tit(V)).

pn{“a machine oriented logic based on the resolution
principle”, fem, tit(V)). '

pn{“artificial intelligence and learning strategies”’,
fem,tit(V)). '

pn{ " logic for problem solving”,fem,tic(V)).

pn{ " project planning using a hierarchic non-linear
planner”,mas,tit(V)).

pn(“a prolog-like interpreter for non-linear clauses”,
mas,tit(V)).

pn("making preferences more active”,fem,tit(V))}.

pn{“implementing prolog-compiling logic programs”,
fem,tit(Vv)).

pn{ logic programming and compiler writing’, fem,tit(V)).

pn(”“les grammaires de metamorphose”, fem,tit(V)).

pn{“planner:a language for preving thecrems in robots”,
fem, tit(V)})).
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pn{ exploiting the properties of function to control
search”, fem, tit(V)).
pn( geom:a prolog geometry theorem prover ,mas,tit(v))}.

pn{ “academic press”, fem, typ(pub(Vv))).
pn(“addison-wesley”, fem, typ(pub(V)))
pn{“cambridge press”, fem, typ{pub(V))
pn(“edinburgh press”, fem, typ{pub(V))
pn{elsevier, fem, typ(pub(V)}).
pn(freeman,mas, typ(pub(Vv})}).
pn{“holt, rinehart and winston”,mas, typ{pub(V))).
pn(”lawrence erlbaum”,mas, typ{pub(V))).
pn{“mcgraw hill”, fem, typ(pub(V))).

pn("mit ai lab”,mas, typ(pub(Vv))).
pn(“north-holland”, fem, typ(pub(V))).

pn(“oxford press”, fem, typ{pub(V))).

pn{ “prentice hall”, fem, typ(pub(V))).

pn{“project mac mit”,mas, typ(pub(Vv))).

pn{“van nostrand reinhold”’, fem, typ(pub(Vv))).
pn{“yvale press”, fem, typ(pub(V))).

)s
)

pn(“acm survey ,mas, typ{(pub(Vv))).
pnf{ai,mas, typ(pub(Vv}))).

pn(dai,mas, typ{pub(Vv))).

pn{gia,mas, typ(pub{v))).
pn(ijcai, fem, typ(publ(Vv))).

pn{” journal of acm”,mas,typ(pub(Vv))).
pn{lnec,mas, typ(pub(V))).
pn(sai, fem, typ(pub(Vv))).

pn(sri,mas, typ{(pub(Vv))).

pn(“computer sciences”, fem,cat{[])).

pn(“computer sciences applications”, fem,cat([])).

pn(software, fem,cat([])).

on(“mathematics of computation”, fem,cat([])).

pn(humanities, fem,cat([])).

pn( artificial intelligence”, fem,cat{[])).

pn( programming languages’, fem,cat([])).

pn(processors,mas,cat([])).

pn(metatheory, fem,cat([])).

pn{”“language transiation and linguistics”, fem,cat{[]))

pn(“artificial intelligence applications’,fem,cat([])).

pn(logic,fem,cat([])).

pn(” formal lanquages”’, fem,cat([])).

pn( “computational logic”, fem,cat([])).

pn(“mathematics,science,and engineering aids”,
fem,cat([])).

pn{“authomatic theorem proving”, fem,cat([])).

pn(robots,mas,cat([])).

pn{ ‘machine vision”, fem,cat([])).

pn(“natural language systems”,mas,cat([])).

pn{“information processing psychology’, fem,cat([])).
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pn{“artificial intelligence tools’,mas,cat([])).

pn(“theory of heuristic methods”, fem,cat([])).

pn{ 'modelling and representation of knowledge”,
fem,cat([])).

pn{ common-sense reasoning,deduction and
problem solving”,mas,cat([])).

pn{“artificial intelligence systems and languages’,
fem,cat([])).

pn(compilers,mas,cat([])).

pn(interpreters,mas,cat([]))."

pn(“induction and hypothesis formation”, fem,cat([])).

pn(”“learning and adaptive systems”, fem,cat([])).

pn{”frame systems’,mas,cat([])).

pn( “predicate calculus”,mas,cat([])).

pn(“puzzle solving”, fem,cat([])}).

pn{ “question answering’,fem,cat([])).

pn{ common-sense reasoning’,mas,cat(([])).

pn(planning,mas,cat([])).

pn(’pop=2",mas,cat([])) -

pn(planner,mas,cat([])).

pn{glisp,mas,cat([])).

pn{conniver,mas,cat([])).

pn(prolog,mas,cat([])).

pn({“resolution principle®,mas,cat([])).

pn(“ad hoc methods”,mas,cat(([])).

pn{I,_;_):-integer(I).

/* Verbs: definitions */
verb(L,C) =--> [verb{(L,0)].

verb ([ (G-N) -D-X, noun-A-D-Y] ,pr(set_equal(X,Y))) =-->
: ve({ser,N).

verb([ (G-N)-Dl1-X,dir-A-D2-Y],pr(have(D1l,X,D2,Y¥))) =-=->
ve(ter,N).

verb{[A=-D=X, noun=Al~D1=X],t) ==> copulaf(A).
verb([A=X,..L],0) ==> copulafA), adj([A-X,..L],0).
verb([A=-D=X,Y¥],0) ==> copula(A), noun{ [A-D-X,Y].0).

verb ([A~-D=X,noun-Al=-D1-X],t),[um, titulo] =--=>
ve(haver,sin).

verb([A-D-X, noun-A1-D1-X],t),[titulos] --> ve(haver,plu).
verb([( -N)-D-X],t) =--> velhaver,N).
verb([(_-N)~D-X],t), [ind_art(_-N)] ==-> ve(haver,N).

verb([ {(G-N)-typ(V)-X,dir-A-tit(wW)-Y],
prlauthor{%,Y))) --> ve(esc,N).

verb{[ (G-N) -typ (V) -X,prep(para) - -typ(pub([]))-¥Y1.
pr {pub_of_aut(¥,X))) --> ve(esc,N).
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verb ([ (G-N)-typ(V)-X,prep(para)-_~-typl(pub([])) -2z,
dir=_r~tit{V1)=¥l,
pr{aut_for_pub(X,¥,2))) =--> velesc,N).

verb([ (G-N)-D1-X,dir-A-D2-Y],
pr{publisher(Dl,X,D2,Y))) ==> ve(pub,N).

verb ([ (G-N)-typ(aut({])) -X,prep(em) -_-typ(pub(([]))-YI],
pr(pub_of_aut(¥,X))) =-> vel(pub,N).

verb(L,0) --> velaux,sin), verb(L,0).

verb{[dir-A-tit(V)-Y],pr(category(X,Y))) ==->
ve(cat,imp,sin) ;
ve(cat,inf, ).

verb([(G-N)=-cat([])-X,dir-A-tit(V)-Y],

pr{category(X,Y¥))) =--> ve(cat,pres,N).
verb ([ (G-N)-tit (V) -X,prep(em) ~A-cat([])~-Y¥],

plcategory(Y¥,X))) =--> ve(cat,pres,N).
verb([dir-A=-cat([])=X],pr(category(X))) =-->
velcri,imp,sin);

ve(cri,inf, ).

verb([dir-A-v-X],pr(destroy (X))} =--> velapa,imp,sin};
ve(apa,inf, ).

verb([dir-A-tit(V)-X],prlarchive(X})) --> velarqg,imp,sin);:
ve{arq,inf,_}.

verb([prep(scbre)=A=tit(V)=Y],pr{infol(X,Y))) =-->
ve(inf,imp,_ ).

verb ([ (G-N)-cat([])-X,prepl(de)-_-cat([])=-¥],
pr (under (X,Y))) --> veldep,N).

verb ([ (G-N)-cat([])-X,dir~-_-cat{[])-Y],
pr{upon(X,¥))) =-=-> ve{dom,N).

verb({[ (G=N) ~cat([])-X,dir-_-cat([])-Y].,
pr(cat_label(X,Y))) =--> ve(sig,N}.

verb([ (G-W)=-cat({])~X,prep(”“a”)-_=-cat([])~-¥],
or(cat_label(X,Y))) =--> ve(atr,N).

copula{_-N) =--> ve{ser,N).
copula(_-N} --> velestar,N).

/*¥ List of verbs */

ve(V,N) =-=-> [vel(Vv,N)].
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ve(Type,N) =--> [Verb], {vel (Verb,Type,N)J}.
ve{Type,N) =-=> [Verbl,Verb2], {vel(Verbl-vVerb2,Type,N)}.
ve (Type, Time,N) --> [Verb], {vel (Verb,Type,Time,N)}.

vel(“e”””,ser,sin).
vel (foi,ser,sin).
vel (sao,ser,plu).
vel (foram, ser,plu).
vel ("esta” " ", estar,sin).
vel (estao,estar,plu).

vel("ha””"“,haver,sin).
vel (existe,haver,sin).
vel (conhece,haver, sin).
vel (existem,haver,plu).

vel (tem, ter,_).
vel (tenho, ter,sin).

vel (escreve,esc,sin).
vel (escreveu,esc,sin).
vel (escrevem,esc,plu).
vel (escreveram, esc,plu) .

vel (publica, pub,sin).
vel (publicou,pub,sin).
vel (publicam, pub,plu).
vel (publicaram, pub,plu).

vel (depende,dep,sin) .
vel (dependem,dep, plu).

vel (domina,dom, sin).
vel {(dominam, dom, plu) .

vel (significa,sig,sin).
vel (diz,sig,sin).
vel (quer-dizer,sig,sin).

vel {(atribui,atr,sin).
vel (chama,atr,sin).

vel (quero,aux,sin).
vel {(conheco,aux,sin).

vel (concordo,afir,sin).

vel(V,afir,sin):-vel (V,aux,sin);
vel (V, ter,_):
vel (V,estar,_).

vel (desisto,des,_).
vel (deixe,des, ).
vel (mude,des, ).
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vel (sei,sei,sin).

vel {arquive,arq,imp,sin).
vel (arquivar,arq,inf, ).

vel (apague,apa,imp,sin).
vel (destrua, apa,imp,sin).
vel (esqueca,apa,imp,sin).
vel (apagar,apa,inf,_).

vel (destruir,apa,inf,_ ).
vel (esquecer,apa,inf,_).

vel (classificar,cat,inf, ).
vel (classifique,cat, imp,sin).
vel (classifica,cat,pres,sin).

vel (crie,cri, imp,sin).
vel (criar,cri,inf,_).

vel (informe, inf, imp,_).

/* Adjectivs: definitions */

adj([A-tit(V)-X,prep(em) -_-typ(pup([]))=-¥],
pr(pub_of_tit(¥,X))) =-=-> ad(edi,A).

adj ([A-typlaut([]))=-X,prep(por)-_-typlipubl([]))-¥],
pri{pub_of_aut(¥,X))) --> adledi,A).
adj([A-tit(V)=-X,prep(por)=-_=typl{pub([]))-¥],
pr(pub_of tit(Y,X))) =--> adledi,A).

adj([A-tit{Vv)=X]),pr(title(X))) =-> ad(pub,a).
adj([A-typlaut{[]))-X,prep(em)-_-yeal([])-Y],

r(year_aut(X,Y¥))) --> adl(pub,3).
adj ([A-tit(V)-X,preplem)-_-yea(l])-Y],
pr(year_of{X,Y))) --> ad{pub,A).

adj ([A-tit(V)-X, preplem)~-_~-yea(l[])~-2,
prep (por) -_-typ{pub({]))-¥], .
pr{year_tit_pub(2,X,Y¥))) =--> adl(pub.,a).

adj ([A-tit(V)~-X,preplapos)~-_=-yeal(l]l)=-Y],

pr (published_after(X,Y))) =-> ad({pub.,A).
adj([A-tit(V)-X,preplapos)-_-yeal([])-Y],

pr({published after(X,Y))) =--> ad(pub,A).
adj([A-tit(V)~-X,prepl{desde)~_ -yeal(l[])-Y],

pr(published_from(X,Y¥))) --> ad(pub,A).

adj([A-tit (V) -X, prep(e)-_-yeal(l])-2,
prep({entre) - =-yeal(l])=-Y],
or {published_ between(X,Y,2})) =--> ad{pub,a).
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adj([Aa-tit(V)-X,prep(por)~-_-typlaut([]))-¥],
pr{author(Y,X))) =--> adlesc,A).

adj([A-cat{V)=X,dir-_=-tit(vl)=-Y¥],
pr({category(X,¥Y))) =--> ad(cat,A).

adj([A-tit(boo([]))-X,prep(em)-_=-cat(Vv)-Y],
pr {book_cat(X,¥))) --> ad(cat,A).

adj ([A-tit(art([]))-X,prep(em)-_=-cat(V)-Y],
pr(paper_cat{%,Y))) --> adl(cat,A).

adj([A-tit(boo([]))=X,prep(com)-_=tit(Vv)=-¥Y],
pr (book_ref(X,Y))) --> ad{rel,A).

adj([A-tit(art([]))-X,prepl(com)-_-tit(V)-¥],
pr{paper_ref(X,¥))) --> ad(rel,A).

ad 5 (1A=t itiboolll) ) <¥spreploom) = ~tit(V)=¥1:
pr(ref_bock(X,Y¥))) --> ad(ref,A).

adj([A-tit(art([]))-X,prep(com)~-_-tit(V)-Y],
pr(ref_paper(X,Y))) --> ad(ref,A).

adj ([A-tit(boo([]))-X,prep(em)-_~-tit(V)-Y],
pr (book_ref(X,Y))) =--> ad(ref,A).

adj([a-tit(art([])))-X,prep(em)-_=-tit(Vv)-Y],
pr(paper_ref(X,Y}))) =--> ad(ref,a).

adjl[a~catl [J)=Xi_~_~cat({l]))=¥]1; :
) pr{link(X.,Y))) --> ad(lig.,A).
adj ([A-cat([])-X,prep(”"a”)-_-cat([])-¥],
pr(link(X,¥))) --> ad(lig,A).
adj([A~-cat([]j)=-X,prep(com)~-_=-cat([])=-Y],
pr{link(X,Y¥))) --> ad(lig,A).

sdil (a=catl [1) <x, preplde) - =cat ({1) =21,
pr(under (X,Y))) =-=> ad(dep,A).

adj([a-cat([])-Xsprep(de)~_~cat(l])~-X],
pr(upon(X,Y))) ==> ad(dom,A).

adj([Aa-cat([])-X,prep(”“a’)-_-cat([])-Y],
pr{near(X,Y¥))) =-=> ad(jun,A).

adj([A-tit(V)-X],pr(reference(X,{]1))) --> ad(ato,A).

/* List of adjectives */

ad(Type,GN) =--> [Adj]l, { adl (Adj,Type,GN) }.



adl (autonome,ato,mas-sin).
adl (autonomo,ato,mas-plu) .

adl (editado,edi,mas-sin).
adl (editada,edi, fem-sin).
adl (editados,edi,mas-plu).
adl (editadas,edi, fem-plu).

adl (publicado, pub,mas~sin).
adl (chamado, pub,mas~sin) .
adl (publicada, pub, fem=sin) .
adl (publicados, pub,mas=plu).
adl (arquivados, pub,mas-plu).
adl (publicadas, pub, fem-plu).

adl (escrito, esc,mas~-sin).
adl (escritos, esc,mas-plu).

adl (conhecido,cat,mas-sin).

adl (classificado,cat,mas-sin).

adl (classificada,cat,fem=-sin).

adl (classificados,cat,mas-plu).
adl (classificadas,cat, fem-plu).

adl (referenciado, ref,mas-sin).
adl (referenciada,ref, fem-sin).
adl (referenciados,ref,mas=plu).
adl (referenciadas,ref, fem-plu).

adl (relacionado,rel,mas-sin).
adl (relacionada,rel, fem~sin).
adl (relacionados,rel,mas=-plu).
adl(relacionadas,rel,fem-plu)f

adl (ligada,lig, fem-sin).
adl (iigadas, lig, fem=plu).

adl (dependente,dep, _-sin).
adl (abaixo,dep,_).

adl {dependentes,dep,_=-plu).
adl (dominante,dom, _=-sin).
adl (acima,dom, _).

adl (dominantes,dom, _-plu).

adl (junto,jun,_=-sin).

:—-end.
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/* Access to the data base */
/* search of all individuals */

find_all(_,_,_,_):- +elem( " 3top”,0),fail.
find_all([X,D],not(0),_ ,_):-
1, find_all_nOn (X: D, not(O) ) .
find_all([[Xx],_],01,02,B):~verify(0l,v),elem2(X,N),
incompatible(02,N,B),!, =all{elem(_,_)).
find_all(({x,_l,_,02,B):=-calcul(X,{]).,!,
(compatible(X,02,B),!;B=£).

7% for cases where negation is involved */

find_2l1l_non([X],D,not(0)):~-domain(_,D.X).
verify{not(0),v),
3 +elem(X, ), fail.
find_all non(X,_,_):-calcul(X.{]).,!}. '

/* calcul of all found individuals */
calcul(X,Y):- -elem{(A, ),
( A="%top” ,X=¥,!

member (A,Y),calcul(X,¥Y).,! :
calcul (X, [A,««¥]) ).

/* compatibility tests */
incompatible(if(O;_);N,u}:—incompatible(O,N,_),!.
incompatible{card(_., ,X),_,f):=var(X),!,fail.

incompatible(card{_,equal,0),N, f) :=-N==0
incompatible(card(_,equal,1).,N, f} :=-N==1

compatible(X,if(01.02),B):-presuppose(X,01,02,B).

compatible([],card(_,equal,0),t).



compatible([X],card(_,equal,l).,t).
compatible([X L],card(_,greater,0),t).
compatible(X, card(_,equal,J), t):-length(X,J).

elem2(X,N):- ?elem(_,M),!,N is M+1l, +elem(X,N).

/* getting individuals satisfying a relation */

pick_up(A,R):- P=..[R,A]), (P;domain(R,_,A)).

pick_up(A,B,i(R)):-!,pick_up(B,A,R).
pick_up(A,B,R):- P=..[R,A,B], P.

pick_up(A;B,C'R):— P=--[RpA;B;C]; P.

/* Primitives */
/* numeral of a set */

card(X,equal,¥):-card(X,Y).
card(X,greater,Y):-card(X,2), ¥<Z. .

card([],0).

/* operations upon sets */

member (A, [A,.._]).
member (A, [_,..L]):-member(A,L).

equal_lists([],[]).
equal_lists({X,..L1],L2):- delete(X,L2,L3),
equal_lists(L1l,L3).

delete(X, [X,..Y],Y).
delete(M®, [ Xewe bl [¥% « «E2)Yi= deletelM;L1+02).

gEt_till_n([]l[]I_I_)'

get_till n([X,..L],[X,..P),C,N):=(var(C),C=1;true),
C=<N,Cl is C+1,
get_till_n(L;P;Cl,N).

get_till_n([]:_;_: ).



get_t;ll_S([]:[):_rC)-

get_till _5([X,..P},[X,..L],R,C):=(var(C),C=1; true),
C<6, Cl IS8 C+]l,
get_tlll_S(P:L:RrCl).

get_till 5([},R,R,_).

compact([L,[]1],L).

compact([L],L).

compact{[Ll,[L2]],L):-concatenate(Ll,L2,L).

compact([Ll,L2,..LN],L):~-concatenate(r1,L2,X),
compact([X,LN],L).

concatenate([X,..L1],L2,[X,..L3]):-concatenate(L1,L2,L3).
concatenate([],L,L).

simplify(L,NL) :-compact(L,Ll),simplifyl{(L1l,L2),
simplify2(L2,NL).

simplifyl{[(X,..L],NL):-member(X,L),!,simplifyl (L,NL).
simplifyl ([X,..L],[X,..NL]):~simplifyl (L,NL).
simplifyl(([]1.([]).

simplify2(L,NL) :-simplify3(L,Ll),subtract(L,L1,NL).

simplify3([X,..L],NL):-compare(L,X,[]),simplify3(L,NL).
simplify3([X,..L],[¥,..NL]):-compare(L.X,Y¥Y),

simplify3(L,NL).
simplify3([]1.,[]1). /

compare(_, [}, []):-!
compare([¥Y,..L],X,[2,..NL]):-(1linked(X,Y),Z=X;
linked(Y,X),2=Y),
compare(L,X,NL) .
compare([Y,..L]},X,NL) :-compare(L, X,NL).
compare{([]l,_,I[]).

subtract (L, [],L):

subtract([H,..1],H,U)--nember(H L);Y,;subtract(T,L,U).
subtract([H,..T],L, [H,..d])--.,subtract( ¢ Lie Y0
subtract(_,_,[]).

/* logical operations */

and(_,u,u):=!.
an':'(U, ;'L‘l)'-'.
and(t,and(t,t),t):~



and(t,t,t):=1!.

and(f,t,f):-1.

and(t,f,£f):=1!.

and (01, ,u):-verify(Ol,u),!.

and(_,02,u) :~verify(0O2,u),!.

and (01,02, t):-verify(0l,t),verify(02,t).
and(_:_: f) .

presuppose(X,01,02,B) :-compatible(X,01, _).,!,
verify(02,B).
presuppose(_,_,_,u).

if(ol1,02,B):-verify(0l,t),!,verify(02,B).
if(_r_: ‘I.'I) .

set_equal(X,X):=-!.
set_equal(X,Y):- equal_lists(X,Y).
t.

not(f, t). not(t, f). not{u,u).

ifnot(not(_)):-fail.
ifyes(B):-var(B) ;B=t.

/* Verification routines */
/* logical verifications */

verify_d(X,and(Bl1,B2),B):-1look(Bl),and(B2,B1l,B),!;
; and (B1,B2,B).

look(pr(P)):=P=..[_,X,Y],var(X),.var(Y).
look(and(_,and(_,_))) :-fail.

look(and(X,Y¥)) :-look(X);look(Y).

verify(t,t):=1.

F i for singular treatment */
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verify(for([X,D],0l,if(card(X,egqual,1l),02)),B):~
and(0l,if(card(x,equal,l),02),B).

verify{(for([X,D],and(01,02),card(X,greater,0)),B) :~
ifnot(02),!.,
and(and(01,02),card(¥X,greater,0),B).

/> for plural treatment */

verify(for(X,01,02),B):-!{,find_all(X,01,02,B).

Yl for the treatment of general cases */

verify(not(0),B2):-!,verify(0,Bl),!,not(Bl1,B2).
verify(if(0i,02),B):-!,i£f(01,02,B).
verify(and{0l1,02),B):-!,and(01,02,B).
verify(pr(0),B):-!,pr(0,B).

verify (0O, t):=0,!.

verify(_,£f).

/* verification of relations */

pr(P,B) := P=..[R,X], (var(X),X=[A];X=coord(disj([Al)):
X=coord([A]);
X=disj([A]):xX=[A]),!, (pick_up(A,R),B=t;B=f).

pr(P,B):- P=..[R,L1,L2],!, _
(nonvar(Ll) ,Ll=coord{disj(X)),L3=disj(X),L4=L2 ;
L3=L1l,L4=L2 ),!, '
prl (R,L3,L4,B).

pr(P, B) s P [R:Llf L2, L3] s ! ,prl (Rler L2, L31B) .
pr{(P,B) :-definition(P,NP), pr{NP,B).

prl(_,_,X,u) :-nonvar(X),X
prl(_,X,_,u) :-nonvar(X),X

prl(set_equal,X,X,t):=-!. .
prl(set_equal,L,X,t):- equal_lists(X,L).

(1,:.
(1.,

L=ccord(Ll),!;relate_with(E,L1,R,B);
L=disj(Ll),relate_or(E,Ll1,R,B),!.

prl (R, [H,..T],{E],B):-nonvar(H).nonvar(E),!,
relate _with(E, [H,..T],i(R),B).
prl(R,L1, [E],B):-var(Ll),!,relate(Ll, [E].,R,B);
Ll=disj(L),relate_or(E,L,i(R),B},!;
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Ll=coord(L), !, relate_in{(E,L,i(R),B).
prl(R,L1,L2,B):-relate(Ll,L2,R,B).

prl (R, [L1],[L2],[L3],B):-relate_with(L1l,L2,L3,R,B).

relate([E],L,R,B):~!,relate_in(E,L,R,B).
relate(([(El,..E],L,R,B):-!,relate_in(E1,L,R,Bl),
relate(E,L,R,B2),and(Bl,B2,B).

relate_with(E, [E1l],R,t):=-var(E),var(El),!,
pick_up(E,E1l,R):;
pick_up(E,E1l,R).
relate_with(E,[E1l,E2,..L],R,B):=ifyes(B),
pick_up(E,E1,R),pick_up(E,E2,R),
( L=[], B=t ,!; relate_with(E,L,R,B) ).
relate_with(_,_,_,f).

relate_with(Ll,L2,L3,R,B):=-pick_up(Ll,L2,L3,R).

relate_with(_,_,_,_.£f).

relate_in(E,L,R, t) :-member(E1l,L),pick_up(E,E1,R).
relate_in(_,_,_,f).

relate_or(E, [El,..L],R,t):-( pick_up(E,E1,R),!;
relate_or(E,L,R,t)).
relate_or{(_,_,_.,f).

/* Routines for the archive of new facts */

archive_cat(X,Y¥,2%2,W):-asserta(cat(X,¥,2,W)).

archive_doc(livro,X,Y,%2,T,U,V,W):= .
asserta(book(X,Y¥,2,T,U,V,W)).

archive_doc(artigo,X,¥,2,T,U,V,W):~-
asserta(paper(X,¥,2,T,U,V,W)).

archive_pn(N,G,D) :~asserta(pn(N,G,D)).

erase_cat{X):-integer(X),retract(cat{_,_,_,X));:
retract({cat(_, +X._JY)»

erase_doc(X):-retract(book{_,_+Xs_s_»_+_))
retract(paver(_,_,X,_s_+_+_)
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/* Routines for the internal data base management */

+T:- recorda(T).

~-all(T):- -T,fail.
-all(_ ).

-T:- recorded(T,P),erase(P).

:—-end.

dbase.
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/* Declaration of the domains of the objects which
participate in user sentences ®f

domain(doc,doc(V),X):~domain(typ.V,X):
domain(tit,V,X);
domain(yea,V,X):
domain{(cat,V,X);
domain(ref,Vv,X).

domain(typ,typlaut(V)),X):-domain(aut,aut(Vv).,X).
domain(typ, typ{pub(V)),X):-domain(pub,pub(V),X).

domain(tit,tit(V),X):-domain(boo,boo(V),X):
domain(art,art(V),X).

domain(aut,aut([]},X):-author(Xx).
domain(pub, pub{[]),X):-publisher(X).
domain(yea,yea([]l),X):-year(X).
domain(cat,cat([]).,X):~category(X).
domain(ref,ref([]),X):-reference(X,_).

domain(boo,boo([]),X):-class{livros,X).



domain{art,art([]).X):-class(artigos,X).

/* Definition of properties */
titlE(X) :=book ( '__rXr P_r__¢t _) :paper(__:__: X,

tit_of_book(x)::book(:,_,x,_,_,_,_).
tit_of_paper(}{) :-paper(_: _:X:_: o ) .

author (X) :=-author(X,_).
publisher (X) :-pub_of_tit(X,_).
year(Y) :-year_of(_,Y)-.

class(X):-class(X,_) .

category(X) :-(integer(X), (cat(_,X,_,_}:
cat(x,_,_,_) :Cat(_f_; x:_) .

destroy(X) :-erase_cat(X);erase_doc(X).
archive(X):~-title(X).

number (N) :-book(_,N1, ,_ ,_,_,_).paper(_,N2,

(N1>N2,N is N1+1;N is N2+1).

/* Definition of relations */

av]
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__:__:X>)) H

dOC(N;T}:“bOOk(_; N,T,_;_:_;_):baper(_, N:T:__}__: ’ )0

) IR

class(livros,X):-book(_,_,X, _+_+_s»_)-
class(artigos,X):-paper(_,_+,Xs_o+_+_os_

cat_label(X,Y¥):-cat(X,¥Y,_,_);cat(_,_.X,Y).

info(K~N=X=Y=Z-W=V,T):-book(X,N,T,Y,2,W,V),K=livro,!;
paper(X,N,T,Y,2,W,V),K=artigo.

category(X,Y) :=var(X),
(bOOk‘_,_, Y, +r_+ x:__) :paper(_:_:Y.r_;
book_cat(X,Y):-(integer(Y),L=Y ;
cat(Y,L,_.,_) :
Cat(_:_: Y, L) ) ’

_u Xy

Y:t,fail).

book (__: _r X, —r_ c, _) ;member(L;C) .

paper_cat(X,Y¥Y):-(integer(Y),L=Y;
cat{¥,L,_,_):
Catl'__, ;YIL))!

paper(_,_+Xs_+_+C,_) rmember(L,C).



reference(¥,Y):=var(X).,
(bOOk(__;_; Yl__r_.r_! X):
paper(_:__' Y:_:_r_: X)I
Yo Fail) s

book_ref(X,Y):-(integer(Y¥),book(_,Y,_,_+_s_+R);
bOOk(__: _ Y:__r__:__r R) ) ’
book (_INIXJ s _r_¢ __) member (N'R) -
ref_book(X,Y):-(integer(Y),2=Y;book(_,2,¥s_s_s_+_))+
' book(_,_+X,_+_+_+R),member(2,R).

paper_ref (X,Y):-(integer(Y),paper(_ .Y, .+ _»_+_+R):
paper(_; rYI_.r_!_r R) ),
paper(_:N Xr_» ,_,__),member(N,R).

ref_paper(X,Y):-(integer(Y),zZ=Y;paper(_,2,Y,_+_+_+_))»
paper(_.,_+Xs _s_s_rR),member(Z,R).

author(X,Y) :-book(X,_,¥,_,_.,_+_):paper(X, _,¥s_s+_s_s_)-
aut_of_book(X,Y):=book(X,_ .Y, _+_,_»_).
aut_of_paper(X,Y):-paper(X,_,Y, _+_+_s_

).
aut_for pub(X,Y,Z) :-book(X, +Y,Z,_+_+_):
paper(X, _+Y,2,_+_s+_)»

pub_of_ book(X,Y):-book(_,_,¥,/Xs_+r_+_).
)

pub_of_ paper(X,Y):-paper(_,_,¥,X,_,

PUb_Of_tit (X,Y) :=book (_r _r Y, X:_: _r _) :paper(_: _r v,X, s )
pub_of_aut(X,Y):-book(Y,_,_+X,_,_s_):paper(¥Y,_,_+X,s_s+_r_)

year__Of(Tr ¥) :-bOOk(_,_,T,_, Y, _) ;paper (_J’_!TI_! Y:_r_} .

Year_aut(xr Y) :”bOOk(_r Y;__r _ Xr_o_) :Paper(_: YI_.I' __:x.r_r _) .

year_tit_pub(X,Y,2Z):-book(_._,Y,2Z2,X,_,_):
paper(_,_,Y,%2,Xs_s_)»

published_after(T,Y¥Yl):-year_of(T,Y), ¥>Yl.
published_from(T,Yl) :-year_of(T,X), ¥Y>=Yl. .
published_between(T,Y,2) :~year_of(T,W), W>Y, W<Z.

definition(publisher (typ(pub((])).,X,tit(V).,Y),
pub_of_ tit(X,Y¥)):
definition(publisher(_,X,_,Y),pub_of tlt(Y %3 ) .

definition(have(typ(aut([]))

tit(V).,Y),author{(X,¥)):-!.
definition(have(tit(V), X, typlaut{[])).,

Y),author(Y,X)).

definition(have(typ{pub([])).X, typlaut({l)),¥),
pub _of aut(X,¥)):-
definition(have(typ(aut ([1)},X,typ(pub(il)),¥),
pub_of_aut(v,X)).
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link(X,¥):={linked(X.,Y), +1lig{t):

13
linked(Y¥,X), +lig{b)).
linked(X,¥Y):-cat(X,_,¥Y,_).

linked(x: Z) :‘Cat(x:_;Y;_) r linked(Y; Z} -

above([X,..R],Y):-cat(X,_,Y,_).,above(Rk,X).
above([1l,_).

down([X,..R],¥):-cat(¥,-,X,_),down(R,X).
down([],_).

upon(X,Y):-cat(X._,¥,_).
upon(X,2) :-cat(X,_,Y,_),upon(¥,2).

under(X,Y):-cat(Y,_,X,_).
under (X, z) :-cat(¥, _,X,_),under(Y¥,2).

near(X,Y):-cat(X,_,Y,_):integer(Y),cat(X,_,_,Y).

/* File of documents: books and papers */

.

book (charniak, 45, “computational semantics”’,
“north-holland”,1976,[1215,312),(2,6,9,26,28,31,43]).
book({(winston,1l, “psychology of computer vision~,
‘mcgraw hill”,1975,([1214,1216,1222],([3,41).
bocok(nilsson, 2,
‘problem solving methods in artificial intelligence”,
“megraw hill®,1971,[1222,1223), [15,34]).
book (winograd, 3, “understanding natural language”’,
“academic press”®,1972,[111,1215,312},[22,31,34,43]).
book (schank, 4, “computer models of thought and language”’,
freeman,1973,[1215,1222]),[2,3,7,9,19,31,47]).
book (winston,5, _
“learning structural descriptions from examples”,
‘mit ai 1lab”,1970,([12162],[1).
book(sussman, 6,
“a computational model of skill and acquisition”,
elsevier,1975,[12162,1222],[5,7,22]).
book (newell, 7, "human problem solving”, “prentice hall”,
1872, §3223]1.,134] ).
book(bach, 8, “universals in linguistic theory”’.,
“holt,rinehart and winston”,1968,[111,1215]1,([1).
book(charniak, 9,
“toward a model of children”"s story comprehension”,
"mit @i 1ab",1972, [111,1215]),4§43]).
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book (weizenbaum,10, “computer power and human reason”,
freeman,1976,[1215],[3]).

book (schank,11l, “scripts,plans,goals and understanding”,
“lawrence erlbaum”,1977,[1222,12231,[2,9,21,27]).

book(winsten,12, “artificial intelligence”’,
“addison-wesley”,1977,([12],[2,6,7,10,23,25,27,31]).

book(allwoel,13, “logic in linguistics”®, cambridge press”’,
1977,[111,311].,1014]).

book(tarski,l4, “introduction to logic”’, “oxford press”,
1965, [3121].,[15)).

book{mendelson,15, “introduction to mathematical logic”,
“van nostrand reinhold”,1964,([31111,([14]).

book(loveland,l6,
“automated theorem proving:a logical basis”’,
“north~holland”,1978,[1212,3111]1,(2,15,19,34.,43]).

book(shortliffe,17,
“computer-based medical consultations:mycin”,
elsevier,1976,[1211,1222,1223],1[2,4,23,33,34])).

book (burstall,1l8, “programming in pop=2°, “edinburgh press”,
1971,[12241]1,[43]). .

book{slagle, 19, "ai:the heuristic programming approach”,.
“micgraw HAL1®.,¥971.[3221).11}).

book(lehnert,20, “the process of guestion answering”’,
“vale university”’,1977,(12232],(3,4,9,17,211).

paper (coelho, 46, “geom:a prolog geometry theorem prover”,
lnec,1976,([1212,12222,1223],[36]).
paper (minsky,21, “a framework for representing knowledge”,
“mit ai lab”,1974,[1214,12221],[31]).
paper (hewitt, 22, “description and theorectical
analysis (using schemata) of planner’,
“project mac mit”,1972,[1213,12242]1,[1).
paper(fikes, 23,
“strips:a new approach to the application of theorem
proving to problem solving”,ai,
1971,[1212,1223)1+,[2,43]1)
paper (schank, 24,
“identification of conceptualization underlying
natural language”, freeman,1973,[111,1215].[]).
paper{mcdermott, 25, "the conniver reference manual’,
‘mit ai lab”,1973,[122441,[1). '
paper{simmons.26, o
“semantic networks:their computation and use for
understanding english sentences”,
freeman,1973,[1215,12221],[31]1).
paper(sacerdeoti, 27, ‘
“planning in a hierarchy of abstraction spaces”,
ijcai,1973,[12234],[22,23]).
paper (schank, 28,
“margie:memory analysis response generation and
inference on english”,ijcai,1973,
{111,1215,12232],[3,26]))=
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paper{rulifson,29,
“gad:a procedural calculus for intuitive reasoning”,
sri,1972,[12243],[22,23,25]).
paper (reboh, 30, "a preliminary glisp manual”,
sri,1973,[12243]1,[29]).
paper(fillmore, 31, “the case for case’,
“holt, rinehart and winston”,1968, [111]1,[]).
paper (fikes, 32,
“learning and executing generalized robot plans”,
ai,1972,[1213,12234},1[1).
paper (bobrow, 33,
“new programming languages for artificial
intelligence research’, “acm survey’,
1974, [1224),[22,25,29,30]).
paper (robison, 34,
“a machine oriented logic based on the resolution
principle’, “journal of acm”,1965,[122331,31111,1[1).
paper (brown, 35,
“artificial intelligence and learning strategies”’,
bbn,1978,[12162],[]).
paper (kowalski, 36,
“logic for problem solving®,sai,l1974,
[1223,31111,1[2,6,22,23,29,30,341).
paper(tate, 37,
“project planning using a hierarchic non=linear
planner”,dai,1976,[12234),[6,23,25,27,331).
paper (eder, 38,
“a prolog-like interpreter for non-horn clauses”,
dai,1976,[12245,222,3111]),1[34,36]). -
paper (wilks, 39,
“making preferences more active’,dai,
1977, (311.1215,312]), [4.21) ).
paper (warren, 40, “
“implementing prolog-compiling logic programs”.
dai,1977,[12245,221,3111),[18,34,36])-
paper(warren,41,
“logic programming and compiler writing”,
dai,l%77,[221,3111},[34,36,41,42]1).
paper(colmerauer,42,
“les grammaires de metamorphose”,gia,
1975+ (1122215, 332) 5 [341 )
paper(hewitt, 43,
“planner:a language for proving theorems in robots’,
ijecai,r1969,[(1212,1213,12242]1,[1).
paper (bundy,44,
“exploiting the properties of function
to control search”,dai,1977,[1221,12231,[22,401).
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/* Document classification method */

classify(N,LR,C,M):-dialogue(clas,3,N,R),
?fr(u,N,aceita),N1 is N+1,
classification(Nl,LR,C,M),
+cv (M), (var(C),!;test_cat(c,Cl,_),
write(“0 documento ficou classificado 7),
write( nas categorias:”),
nl,output(cat([]).,Ccl)) ,nl,!.

classification(N,LR,Cl,0):-
write(“Vamos classifica”"-1o!”),nl,
M is N+l1,+dial(M),converse(clas=-1,A,LR,LC,B),!,
continue(LC,A,0,Cl).

continue([],A,0,Cl):~(var(A),!,fail;
write(“Como nao consegui obter nenhuma referencia,”),
write(” nao sei dar-lhe qualquer sugestao!”),nl,
N is A+l,dialogue(clas,3,N,_),N1l is N+1,
( ?2fr(u,N,aceita), +cv(Nl),
converse(clas-4,N1-0,_,Cl,_,_) : O=Nl, true),! ).

continue(LC,A,0,Cl):=-simplify(LC,C).method,
output(_,C),nl,nl,D is A+l, +cv(D),
converse(clas-2,D-0,_,Cl,_,_ ).

test_cat(Cc,Cl,C2):-accept(C,Cl,C2),(C2=(]1,!;
length(C2,N), (L=1,write(“A categoria ) ,output(_,C2),
write(” nao existe, e portanto e”” rejeitada!”),nl;
write("As categorias ) ,output(_,C2),
write(” nao existem, e portantoc sao rejeitadas!”),nl)).

accept([1,[].,[1).

accept([X,..P], [X,..L],R):-category(X),accept(P,L,R).
accept([X,..P],L,[X,..R]):~-accept(P,L,R).
accept([]l,_,_).

method:-write(“ Vamos utilizar o metodo de classificacao”’),
write(” que consiste em sugerir”),nl,
write(“como categorias para 7).,
write(“ o documento em guestao,”),nl,
write( as obtidas das "), ?rf{K).,write(K),
write(” referencias fornecidas pelo utilizador!”),
-rf£(K).,nl;
write( Assim,proponho que o documento fique”),
write(” classificado nas”),nl,
write( categorias seguintes: 7).
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/* Archive of new documents L4

archive(N,T):-dialogue(clas,5,N,T),N1 is N+1,
( 2fr(u,N,acei*a),number (D),
converse(Nl,Z%Z,d4(A,D,L,¥Y,C,R)),
archive(z,A,D,T,L,¥,C,R).,! ;
order(Nl,clas,{T].,£) ).

archive(P,T,C,R):-dialogue(arg,3,P,S),
( 2fr(u,P,aceita),Pl is P+1,
number (M) ,converse(Pl,d(M,A,L,Y,2)).,
archive(Z,A,M,T,L,¥Y,C,R}) ; true).

archive(z,A,M,T,L,Y¥,C,R):-archive_doc(Z,A,M,T,L,Y,C,R),
write(“ 0 novo documento no.”),
write(M),write(”, e a restante informacao”),
write(” adicional, foi arguivada:").,nl,
write(documento(Z,d(A,M,T,L,¥Y,C,R})),nl.

/* Generation of new categories */

generate_cat(N,C,M):-N1 is N+l,dialogue(crie,l,N1l,_).,
?fr(p,l‘ll; tltle‘_'Y) ) Il
cat(_ﬁ;_: Y. P) K is P*lO.
down({L,Y), length(L,S),W is K+S+1,
archive_cat(Y,P,C,W),
write( A nova categoria ficou inserida no sistema’),
write(® de classificacao, e recebeu ¢ numero “),
write(W),write(”.”),nl.

/* Classification system for Artificial Intelligence */

cat{“computer sciences”’,0,

“computer sciences applications”,1l).
cat( " computer sciences’,0,software,2).
cat{ computer sciences”,0, ‘'mathematics of computation’,3).
cat(“computer sciences applications”,1l,hummanities,1l).
cat( computer sciences applications”,1l,

“artificial intelligence”,12).
cat(software, 2, "programming languages”’,21).
cat(software,2, processors,22).
cat( mathematics of computation’,3,metatheory,31).
cat(humanities, 11,

“language translation and linguistics®,111).
cat(“artificial intelligence’,12,

“artificial intelligence applications®,121).



cat(“artificial intelligence’,12,

“artificial intelligence tools”,122).
cat(metatheory,31, lozic,311).
cat (metatheory,31, “formal languages”,312).
cat(logic,311l, “computational logic”,3111).
cat(“artificial intelligence applicatinnrs”®,121,

“mathematics,science,and engineering aids”,1211).
cat(“artificial intelligence applications”®,121,

“automatic theorem proving”,1212).
cat{(“artificial intelligence applications”,121,

robots,1213).
cat(“artificial intelligence applications”®,121,

“machine vision®,1214).
cat(“artificial intelligence applications®,121,

“natural language systems’,1215).
cat(“artificial intelligence applications”®,121,

“information processing psychology”,1216).
cat(“artificial intelligence tools”,122,

“theory of heuristic methods”,1221).
cat(“artificial intelligence tools”®,122, ;

“modelling and representation of knowledge®,1222).
cat(“artificial intelligence tools”,122, '

common=-sense reasoning,
deduction and problem solving”®,1223).
cat(“artificial intelligence tocols”,122,
“artificial intelligence systems and languages’,1224).
cat (" programming languages”®,21,
“artificial intelligence systems and languages”,1224).
cat(processors,22,compilers,221).
cat(processors, 22, interpreters,222).
cat(“information processing psychology”,1216,
“induction and hypothesis formation®,12161).
cat(“information processing psychology”®,1216,
“learning and adaptive systems”,12162).
cat( " modelling and representation of knowledge®,1222,
“frame systems”,12221).
cat("modelling and representation of knowledge®,1222,
‘predicate calculus”,12222).
cat(“common-sense reasoning,deduction ané problemsolving”,
1223, “puzzle solving”,12231).
cat(”common-sense reasoning,deduction and problem
solving©,1223, “"question answering’,12232).
cat(“common-sense reasoning,deduction and problem
solving”®,1223, “common-sense reasoning”,12233).

cat (" common-sense reasconing,deduction and problem
solving”,1223,planning,12234}.

cat(“artificial intelligence systems and languages”,1224,

“pop=-27,12241).
cat(“artificial intelligence systems and languages”,1224,

planner,12242).
cat{“artificial intelligence systems and languages” ,1224,

qlisp,12243).
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cat(“artificial intelligence systems and languages”,1224,
conniver,12244).

cat(“artificial intelligence systems and languages ,1224,
prolog,12245).

cat("common-sense reasoning”,12233, “resolution principle”,
122331).

cat("common-sense reasoning”,12233,
“ad hoc methods®,122332).

:=-end.
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APPENDIX 4: EXAMPLES OF DIALOGUES

1. SIMPLE QUESTIONS

i Qual e o autor da "Psychology of computer vision"?
[Who is the author of "Psychology of computer
vision" ?] '
winston.
i Qual o livreiro da "Logic in Linguistics"?
[Who is the publisher of "Logic in Linguistics"?]
“"cambridge press".

i E7 "Human problem solving” um livro ?
[Is "Human problem solving" a book?]
Sim.
[Yes.]

Quem e” o autor da "Artificial Intelligence” ?
[Who is the author of "Artificial Intelligence"“?]
winston.

i Pcr quem e” editada a "Computational Semantics"?
[Who is "Computational Semantics" published by?]
pela "north-holland".
{By "north=-holland".]
| Onde esta” editada a "Introduction to logic" ?
[By whom is "Introduction to logic" published?]
na "oxford press".
[By "oxford press".]
i Cnde foi editada a "A machine oriented logic based on
the resclution principle" ?
[By whom was "A machine oriented logic based on the
resolution principle® published?]
no "journal of acm".
[By "journal of acm".]
i Quando foi publicada a "Logic for problem sclving" ?
[When was "Logic for problem solving" published?]



em 1974.
[In 1974.]

i "Psychology of Computer Vision" tem como autor Winston.
["Psychology of Computer Vision has as publisher
Winston.]
Concordo.
[I agree.]

\ "Mcgraw hill" e” ¢ livreiro da "Psychology of computer
vision".

["Mcgraw hill" is the publisher of "Psychology of
computer vision".]
Concordo.

[I agree.]

i O "The case for case" e° um artigo escrito pelo
Fillmore.
["The case for case" is a paper written by

Fillmore.]
Concordo.

[I agree.]
i\ O "The case for case" nao e° um 1livro escritec pelo
Fillmore.

["*The case for case" is not a book written Dby
Fillmore.]
Concordo.

[I agree.]

i O "The case for case”" nao e o livro do Schank.
["The case for case" is not the book of Schank.]
Concordo.
[I agree.]
i Weizenbaum e’ o escritor do "Computer power and human
reason".
[Weizenbaum is the writer of "Computer power and
human reason".]
Concordo.
[T agree.]

Quais os titulcs da "Cambridge press"?
at are the titles o ambridge ress"?
[Wh h itl £ "Cambridge p R |
"logic in linguistics".

i Quais os titulos da Elsevier?

[What are the titles of Elsevier?]
"A computational model of skill and acquisition" e
"computer-based medical consultations:MYCIN".

Ha” algum livro escrito por Hewitt ?
[Is there any book written by Hewitt?]
Nao.
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[No.]
i Em gue ano foi publicada a "Artificial intelliigence ?
[In what year was "Artificial intelligence"
published?]
em 1977.

i "Scripts,plans,goals and understanding" e’ um livro do
"Lawrence Erlbaum".

["Scripts,plans,goals and understanding” is a Dbook
of "Laurence Erlbaum".]
Concordo.

[I agree.]

i Quem publicou a "Understanding Natural Language"?
[Who published "Understanding Natural Language" ?]

"academic press".

i Que livro escreveu Nilsson ?
[What book wrote Nilsson?]
"problem solving methods in artificial intelligence".

i Que livro escreveu HNilsson gque foil editado pela
Elsevier? -

[Wnat bock wrote Nilsscn that was published by
Elsevier?]
Nao compreendo esta frase.

[T don“t understand this sentence.]

Cue livro do Nilsson foi editado pela "Mcgraw hill"?
[What book by Nilsson was published by "Mcgraw
hil1*2] '
“problem solving methods in artificial intelligence".

i Que livros publicou a "Mcgraw Hill"?

{What books published "Mcgraw Hill"?2]
"psychology of computer vision", "problem solving methecds
in artificial intelligence" e "ai:the heuristic

programming approach".

i E° "The case for case" um artigo ?
[Is "The case for case" a paper?]
Sim.
[Yes.]

i Qual o titulo do Back ?
[What is the title of Back?]
"universals in linguistic theory".

, Quem e o autor de “Logic programming and compiler
writing" ?
[Whe 1is the author of "Logic programming and

compiler writing"?]
warren.
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y A "Artificial Intelligence” e um livro do Schank .
["Artificial Intelligence" is a book by Schank.]

Nao concordo.

[I don"t agree.]

i Quais os livros da Elsevier ?

[What are the books of Elsevier?]
"a computational model of skill and acquisition" e
"computer-based medical consultations:MYCIN".

i "A framework for representing knowledge" e um artigo
do Fikes .

["A framework for representing knowledge" is a paper
by Fikes.]
Nac concordo.

[I don"t agree.]

-

i "Artificial intelligence and learning strategies" e’ um

artigo do Brown .

["Artificial intelligence and 1learning strategies"”
is a paper by Brown.]
Concordo.

[I agree.]

i\ A "Artificial intelligence” e um livro do Nilsson que
foi publicado em 1971 .

["Artificial intelligence" is a book by Nilsson that
was published in 1971.]
Naoc concordo.

[I don“t agree.]

i Quais sao as publicacoes? ‘
[What are the documents?]
livros e artigos.
[books and papers.]

i Qual a classe da "MARGIE:memorv analysis response
generation and inference on english"?

[Wwhat is the type of "MARGIE :memory analysis -
response generaticn and inference on english"?]
artigos.

[papers.]

i Quais os titulos de Rulifson, Mcdermott e Burstali?
[What are the titles of Rulifson, Mcdermott and

Burstall?]

"QA4:a procedural calculus feor intuitive reasoning®, "the

CONNIVER reference manual" e "programming in POP-2".

+ Quais sao os titulos publicados em 19782

[What are the titles published in 19787?]
"automated theorem proving:a logical basis" e "artificial
intelligence and learning strategies".
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i Que artigos fcram publicados em 19762
[What were the papers published in 19767?]
"GEOM:a PROLOG geometry theorem prover", "project
planning wusing a hierarchic non-linear planner" e "a
PROLOG-1like interpreter for non-horn clauses".
i Quantos titulos estao argquivados?
[How many titles are stored?]
46.
i Quantos livros estao arquivados?
[How many books are stored?]

21.
i Quantos livros existem?
[How many books arethere?]
21.
i Quantos artigos existem?
[How many - . papers arethew?]
25.
i Qual e” o autor de "Artificial Intelligence" e
"Computer models of thought and language"?
[Who is the author of "Artificial Intelligence" and

"Computer models of thought and language"?]

A sua pergunta e’ indefinida!

Nao encontro nenhuma entidade gque a satisfaca.
[Your guestion is undefined! -
I don“t find any appropriate entity.]

i Qual e” o autor de "Learning structural descriptions
from examples" e "Artificial Intelligence"?

[Who |is the author of "Learning structural
descriptions from examples" and "martificial
Intelligence"?]
winston.

i E° "Holt,Rinehart and Winston" o livreiro da "Learning -
and executing generalized robot plans"?

[Is "Holt,Rinehart and Winston" the publisher of

u
"Learaing and executing generalized robet plans"?]
Nao.
[No.]
i Quais os livros publicados apos 19767
[What are the books published afiter 19762]

"scripts, lans,goals and understanding", "artificial
intelligence", "logic in linguistics", "automated thesorem
proving:a logical basis"® e "the process of question

answering".

. Diga-me se "Logic for Problem Solving" e’ um livro?
[Tell me if “Logic for Problem Solving" is a bock?]
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Nao.
[No.]
i Quais sao os livros cujo livreiro e a *"North-Holland"?
[What are the books whose publisher is
"North-Holland"?]
"computational semantics" e "automated theorem proving:a
logical basis"“.

1 Qual a data da "Exploiting the properties of function
to contrecl search "?

[What is the date of "Exploiting the properties of
function to control search"?]
1977.
i "Logic in linguistics" e "Artificial intelligence" sao
livros.

["Logic in linguistics" and “Artificial
intelligence" are books.]
Concordo.

[I agree.]

, A "Artificial intelligence" e a "A machine oriented
logic based on the resolution princiole" sao artiges.

["Artificial intelligence" and "A machine oriented
lcgic based on the resolution principle" are papers.]
Concordo.

[I agree.]
i Quais os livros publicados entre 1976 e 19787

[What are the books published  between 1976 and
19787?]
"scripts,plans,goals and understanding", "artificial
intelligence", "logic in linguistics" e "“the process of
guestion answering".
i Quais os artigos publicados entre 1974 =2 197672

[What are the papers published between 1374 and

19767?] '
"les grammaires de metamorphose".

' Nilsson nao escreveu a "Psychology of computer vision".
[Nilsson did not write "Psychology of computer
vision".]
Concordo.
[I agree.]
i Elsevier nao escreveu a "Artificial Intelligence".
[Elsevier did not write "Artificial Intelligence".]
Concordo.
[I agree.]

Ninguem escreveu a "Artificial Intelligence".
[Nobody wrote "Artificial Intelligence".]
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Nao concordo.

[I don"t agree.]
i "Planning in a hierarchy of abstraction spaces" nao e~
um artigo.

["Planning in a hierarchy of abstraction spaces" is
not a paper.]
Nao concordo.

[I don"t agree.]

i "Computational semantics" e "The process of gquestion
answering" sao dois livros.

["Computational semantics" and "The process of
question answering" are two books.]
Concordo.

[I agree.]

i Qual o livro gue foi escrito pelo Nilsson?
[What is the book that was written by Nilsson?]
"problem solving methods in artificial intelligence®”.

i Quais os titulos cujo autor e” Slagle?
[What are the titles whose author is Slagle?]
"ai:the heuristic programming approach".

i Sera’ que Charniak e’ um livreiro?
[Is it the case that Charniak is a publisher?]

Nao.
[No.]
v A "Artificial intelligence" foi publicada pela ‘"IHcgraw
Hill" em 1971. '
["Artificial intelligence" was published by "Mcgraw

Hill" in 1971.]
Nao concordo.
[I doen”t agree.]

i "Computational Semantics" tem a “North-Holland" como
livreiro.

["Computational Semantics® has "North-Holland" as
publisher.]
Concordo.

[I agree.]

i Quais os livros publicados desde 19772
[What are the books published after 1977?]

"scripts.,plans,goals and understanding", *artificial
intelligence®, "logic in linguistics", "automated theorem
proving:a logical basis" e "the process of guestion

answering".

i Quais sao as categorias da "Artificial intelligence"?
[What are the categories of "Artificial
intelligence" 2]
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l2--"artificial intelligence".

Classifique-me “Les grammaires de metamorphose"!
[Classify to me "Les crammaires de metamorphose®!]
"les grammaires de metamorphose" e° conhecido,e esta’
classificado nas categorias:
["les grammaires de metamorphose" 1is known, and 1t
is classified under the categories:]
ll1l1--"language translation and linguistics",
1215--"natural language " systems” e 312--"formal
languages".

Classifique a "Artificial intelligence"!

[Classify "Artificial intelligence"!]

"artificial intelligence"” e’ conhecido, e esta’
classificado nas categorias:

["fartificial intelligence" 1is known, and it is
classified under the following categories:]
l12--"artificial intelligence".

i De-me a classificacac de "Logic for problem solving"!

[Give to me the classification of "Logic for problem
solving"!] '
1223--"common-sense reasonina,deduction and
problemsolving" e 3111~--"computational logic".

i Quero classificar "Psychology of computer vision"!

[I want to classify "Psychology of computer
vision" ] :

"psychology of computer vision"™ e” conhecido, e esta’
classificado nas categorias:

["psychology of computer vision" is known, and it is
classified under the following categories:]
1214--"machine wvision", 1l2l6--"information processing
psychology" e 1222--"modelling and representation of
Knowledge".

. Existe alguma classificacac para "The case for case"?

[Is there any classification £for "The «case for
case"?]
Nao.

[No.]
i Conhece alguma classificacao para “"The CONNIVER

reference manual® ?
[Do you know any classifiication £for "The CONNIVER
reference manual"?]
Nao.
[No.]

. Crie PROLOG !
[Generate PROLOCG !]

"prolog" e” conhecida!
{"prolog" is known!
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Quero criar CONNIVER !
[I want to generate CONNIVER !]
"conniver" e’ conhecida!l
["conniver" is known !]

i Qual e’ a classificacao de "Artificial intelligence"?
[What is the classification of "Artificial

intelligence" ?]

l2-="artificial intelligence".

i Como classifica a "Computational semantics" ?

[How do you classify “"Computational semantics"?]
no 1215-=-"natural language systems" e 312--"formal
languages".

! Qual €° a bibliografia de "Computational semantics" ?
[What is the  bibliography of "Computational
semantics" ?]
Os cinco primeiros sao:
[The five first ones are:] ,
livro no. 3--"understanding natural language",

livro no. 6--"a computational model of skill and
acquisition”,

livro no. 9--"toward a model of children’s story
comprehension",

artigo no. 26--"semantic networks:their computa*lon and
use for understanding english sentences" e

artigo no. 28=-=-"MARGIE:memory analysis response

generation and inference on english".
Existem mais 2!
Quer mais?
[There are more two!
Do you want more?]
Nao.
(No.]
Esta” bem!
[All right!]

i Qual e” a bibliografia para a "Artificial intelligence"
?
[What is the bibliography for "Artificial
intelligence" ?] !
Os cincc primeiros sao:
[The five first ones are:]

livro no. 2-=-"problem solving methods in artificial
intelligence",

livro no. 6--"a computational model of skill and
acguisition”,

livro no. 7-="human problem solving",

livro no. 10--"computer power and human reason" e

artigo no. 23-=-"STRIPS:a new approach to the appliication

of theorem proving to problem solving".
Existem mais 3!
Quer mais?
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[There are more 3!
Do you want more?]
Nao.
[No.]
Esta” bem!
[All right!]

i Quais os livros classificados em 1224 ?
[What are the books classified under 12247?]
A sua pergunta e” indefinida!
Nao encontro nenhuma entidade que a satisfaca.
[Your question is undefined!
I don"t find any appropriate entity!]

i Quais os artigocs classificados em 1214 2

[What are the papers classified under 12147?]
"a framework for representing knowledge".
i Quais os artigos classificados em prolog ?

[What are the papers classified under prol og’]
"a PROLOG=-like interpreter for non~horn clauses" e
"implementing PROLOG-compiling logic programs". '

i Quais os livros relacionados com "Computaticnal
Semantics" ?
[What are the books related with “"Computational

Semantics" ?]
"understanding natural language", "a computational mcdel
of skill and acgquisition" e "toward a model of children’s
story comprehension".
i Quais os artigos referenciados em "Logic for problem
solving" ? ;

[What are the papers referred in "Logic for problem
solving" ?]
"description and theorectical analysis (using schemata)
of planner", "STRIPS:a new approach to the application of

theorem proving to problem solving", "GA4"a procedural
calculus for intuitive reasoning", "a preliminary QLISP '
manual"” e "a machine oriented logic based on the

resolution principle”.
+ Quais os artigos referenciados com "Logic for problem
solving" ?

[What are  the papers referred with "Logic for
problem solving"?]
"GEOM:a PROLOG geometry thecrem prover", "a PROLOG-1like
interpreter for non-hcrn clauses", "implementing
PROLOG~compiling logic programs" e "logic programming and
compiler writing".

Quais os artigos sobre prolog ?
["hat are the papers about prolog?]
*a PROLOG=-like interpreter for non~horn clauces" e



"implementing PRCLOG-compiling logic programs”.

, Qual o nome de 1224 ?
[What is the name of 12247?]
"artificial intelligence systems and lan guages“

i O gue significa 1214 ?
[What means 12142?]
“machine vision".

i1 O gque diz 1222 ?
[What says 12227?]
"modelling and representation of knowledge®.
i O gque quer dizer 111 ?
[What means 1117?]
"language translati-n and linguistics"

i O gue atribui “a 1223 ?

[What do you assign to 12237?]

"common~sense reasoning,deduction and problem solv1ng
, Que nome atribui “a 12222 ?

[What name do you assign to 122227?]
“predicate calculus".

i O gque chama “a 111 ?

[What do you call to 1117?]
"language translation and linguistics®.
i Existe alguma categoria para prolog. ?

[Is there any category for prolog?]

[Yes.]

v E° preclog uma categoria ?
[Is prolog a category?]

Sim.
[Yes.]
1 E7 1214 uma categoria ?
[Is 1214 a category?]
Sim.

[Yes.]

1 1214 e° uma categoria ?
[Is 1214 a category?]
Sim.
[Yes.]
i Estao "Artificial intelligence systems and lancuaces" e
prolog ligadas ?
[Are "Artificial intelligence systems and languages"
anéd prolog linked?]
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Nao compreendc esta frase.
[I don"t understand this sentence.]

i Estao ligadas "Artificial intelligence systems and
languages" e prolog ?

[Are "Artificial intelligence systems and languages"
and prolog linked?]
Nao compreendo esta frase.

[I don“t understand this sentence.]

i Esta” logic ligada com Prolog ?
[Is logic linked with Prolog?]
Nao compreendo esta frase.
[I don”"t understand this sentence.]

i Logic esta” ligada com Prolog ?
[Is Logic linked with Prolog?]
Nao.
[No.]
i A Loygic esta” ligada “a "Computational logic" .
[Logic is linked to "Computational logic".]
Concordo.
[I agree.]

i Quais as categorias dependentes de "Art€ificial
intelligence systems and languages" ?
[What are the categories under "Artificial

intelligence systems and languages"?]
pop-2, planner, glisp, conniver e prolog.

i Quais as categorias abaixo de "Common-sense reasoning"
2

[What are the categories below "Common~sense
reasoning" ?]
"resolution principle" e "ad hoc methods".

i Quais as categorias dominantes de Processors ?
[What are the categories above Processors?]
“computer sciences" e “"software".

: Quais as categorias acima de Prolog ?
[What are the categories above Prolog?]
Os cinco primeiros sao:
[The first five ones are:]
"computer sciences", ‘"computer sciences applications".
software., artificial intelligence" e "programming
languages".
Existem mais 2!
Quer mais?
[There are more two!
Do you want more?]
Sim.
[Yes.]
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Os restantes sao:"artificial intelligence tools" e
"artificial intelligence systems and languages".
| Quais as categorias que dominam Processcrs ?

[Which are the categories that dominate Processors?]
"computer sciences" e software.

\ Quais as categorias ate” "frame systems" ?

[What are the categories till "frame systems"?]
"modelling and representation of knowledge", '“computer
sciences", "computer sciences applications", "artificial
intelligence" e "artificial intelligence tools".

i Qual a categoria que domina "computational logic" ?

[Which is the category that dominates "“computational
logic"?]

"computer sciences".
i Qual a categoria que esta’ acima de Metatheory ?

[Which is the category that is above Metatheory?]
"computer sciences".

i Qual a categoria que esta’ junto “a "computational
logic"? : )
[Which is the category that is next to
"computational logic"?]
logic.
i Informe-me sobre "Psychology of computer visicn" !
[Inform to me about "Psychology of computer
vision"!] ;
"psychology of computer vision" e” conhecido, e possui a
secguinte informacao:
[“psychology of computer vision" is known,
has appended the following information:]
livro no.l;
autcr: winston,
livreire: mcgraw hill,
ano de publicacao: 1975,
classificacao: ' )
1214--"machine wvision", 1216--"information processing
psychclogy" e 1222--"modelling and representation of
knowledge"
referencias:
livro no. 3=--"understanding natural language" e
livro no. 4~-"computer models of thought and language"..
: Qual a informacao sobre “"Computational semantics" ?
[What is the information about "Computational
semantics" ?]
livro no.45,
autcr: charniak,
livreiro: north-holland,
anc de publicacao: 1976, classificacao:
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1215«=-"natural language systems" 2 3i12==-"formal
languages"

referencias:

livro no. 3--"understanding natural language",

livro no. 6--"a computational model of skill and
acqguisition",

livro no. 9--"toward a model of children’s story
comprehension”,

artigo no. 26--"semantic networks: their computation
and use for understanding english sentences",

artigo no. 28==-"MARGIE:memory analysis response
generation and inference on english",

artigo no. 31l--"the case for case" e

artigo no. 43--"PLANNER:a language for proving theorems

in robots"..
i Qual e a informacao sobre "PLANNER:a language for
proving theorems in robots" ?
[What is the information about "“PLANNER:a language
for proving theorems in rcbots"?]
artigo no.43,
autor: hewitt,
livreiro: ijcai,
ano de publicacao: 1969,
classificacao:
1212--"automatic theorem proving", 1213--"robots" e
12242-~-"planner". i
' Gual o titulo de Bach ou Schank ?
[What is the title of Back or Schank’]
"universals in linguistic theory".
{ Qualguer autor publica na Freeman .
[Any author publishes at Freeman.]
Nao concordo.
[I don"t agree.]
i Nem todos os autores publicam na "Academic press" .
[Not all authors publish at "Academic press".]
Concordo.
[I agree.]
i Todos os autores sac editores .
[All the authors are editors.]
Concordo.
[I agree.]

i Todos os autores sao livreiros .
[All the authors are publishers.]

Naoc concordo.
[I don"t agree.]

i Qual o titulo cujo autor e” Slagle ?
iWhat is the title whose author is Slagle?]



A sua pergunta e’ indefinida!
Nao encontro nenhuma entidade gue a satisfaca.
[Your guestion is undefined!
I don"t find any appropriate entity.]
i Kowalski e” o autor cujo artigo foi publicado em 1974 .
[Kowalski is the author whose paper was published in
1974.]
A sua frase pressupoe outros factos, logo um contexto.
[Your sentence presupposes other facts, therefore a
context.]
Como nao possuo informacao sobre o que foi dito
anteriormente, a sua frase e” ambigua.
[As I have no information about what was said
previously, your sentence is undefined.]
E, portanto, nao consigo responder=-lhe!
[And, therefore, I cannot answer you!]
1 Kowalski e” um autor o qual escreveu "Logic for problem
solving" ;
[Kowalski is an author who wrote "Logic for problem
solving".] )
Nao compreendo esta frase.
[I don"t understand this sentence.]

i Qual o livreiro onde foi editado "Artificial
Intelligence" ?

[Who is the publisher where
"Artificial Intelligence" was pablished?]

Nao compreendo esta frase.
[I don“t understand this sentence.]

i Que livros nao estao publicados na "Mcgraw Hill" .,
Elsevier , "North-Holland" e "Academic Press" ?
[What books are not published at “Mcgraw Hill"“,

Elsevier, "North-Holland" and "Academic Press"?]
Nao compreendo esta frase.
[I don“t understand this sentence.]

Que livro tem 1974 ?
[What book has 19747?]
Nenhuma entidade satisfaz a sua pergunta.
[(No entity satisfies your question.]

i Cada livro tem um autor .
[Each book has an author.]
Nao concordo.
{I don"t agree.]
;, Cada pessoca tem um titulo .
{Each person has a title.]
Concordo.
[I agree.]
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' Bach nao tem nenhum titulo .
[Rach has no title.]

Nao concordo.
[I don"t agree.]

1 Todos os livros tem um autor .
[All the books have an author.]
Nao concordo.
[I don"t agree.]
i Todos os livros tem autores .
[All the books have authors.]
Nao concordo.
{I don"t agree.]

i A data que "Logic for problem solving" tem e” 1974 .
[The date that "Logic for problem solving" has 1is
1974.]
Nao concordo.
[I don"t agree.]

i Quem publicou "Psychology of computer vision" P

"Understanding Natural Language" e "Programming in
POP-2"7?2 '

[Who published *"Psychology of computer vision",
"understanding Natural Language" and “Programming in
POP=-2"7] '

"mcgraw hill".

! Quem publicaram "A preliminary OQLISP manual" , "A
framework for representing knowledge" e "Human problem
solving" ?2 .

[Who publish "A preliminary ¢LISP manual", "A
framework for representing knowledge” and "Human problem
solving®?]
sri, "mit ai lab" e "prentice hall®.

i Quem e° o autor de "Artificial intelligence" ou
"Computational semantics" ? ; '
[Who is the author of "Artificial intelligence"™ or

"Computational semantics"?]
winston.

i Lehnert escreveu "The process of question answering" .
e Charniak escreveu "Computational semantics"

[Lehnert wrote "The process of guestion answering",
and Charniak wrote "Computational semantics".]
Parz a primeira proposicao: Concordo.

[For the first sentence: I agree.]
E, para a segunda proposicao: <Concordo.

[And, for the second sentence: I aagree.]

Que informacao tem sobre "Logic for groblem solving" 2?2

{(What information have you about "Logic for problem
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solving"?]
Nao compreendo esta frase.
[I don“t understand this sentence.]
i "Logic for problem solving" tem um autor .
["Logic for problem solving" has an author.]
Nao concordo.
[I don"t agree.]

1 Alguns autores publicam na Elsevier .

[Some authors are published by Elsevier.]
Concordo.

[I agree.]
i Alguem publica na "Edinburgh Press"

[Somebody is publlshed by "Edinburgh Press".]
Concordo.

[I agree.]
i Conhece algum titulo para Slagle ?

[Do you know any title for Slagle?]
Nao compreendo esta frase.

[I don"t understand this sentence.]
i Todos os autores publicados tem um livro .

[All the published authors have a boock.]
Nao cimpreendo esta frase.

[I don“t understand this sentence.]
i\ Foi o livrc escrito pelo Back ?

[Was the book wr¢tten by Back?]
Nao compreendo esta fras

[I don"t uri~rstand thls sentence.]
i Foi escrito o livro pelo Fikes ?

[Was written the book by Fikes?]
Nao.

[No.]
i+ O livro foi escrito pelo Winston .

[The book was written by Winston.]
Concordo.

[I agree.]

i\ A "Academic press” e” a livreira do artigo .
["Academic press" is the publisher of the paper.]
A sua frase pressupoe outros factos,locgo um contexto.
[Your sentence presupposes other facts, therefore a
context.]
Como nao possuo informacao sobre o que foi dito
anteriormente, a sua frase e  ambigua.
[As I have no information about what was said
previously, your sentence is undefined.]
E, portanto, nao consigo responder=-1lhe!



[And, therefore, I cannot answer you!]

i\ O livreiro e a “"Macgraw Hill"

[The publisher is "Mcgraw Hill"“.
Nac compreendo esta frase.

[I don“t understand your sentence.]
;1 Colmerauer nao escreveu um livro .

[Colmerauer did not write a book.]
Concordo. '
[I agree.]
i Brown e” o autor do artigo .

[Brown is the author of the paper.]

A sua frase pressupoe outros factos,logo um contexto.

[Your sentence presupposes other facts, therefore a
context.]

Como nao possuo informacao sobre o qgque foi dito
anteriormente, a sua frase e” ambigua.

[As I have no information akout what was said
previously, vour sentence is undefined.] -
E, portanto, nao consigo responder-lhe!

[And, therefore, I cannot answer you!]

\ "Computational semantics" e o livro .
["Computational semantics" is the book.]
Concordo.
[I agree.]

Quem e’ o autor do artigo ?
[Who is the author of the paper?]
A sua pergunta e° indefinida!
[Your question is undefined!]
Nac encontro nenhuma entidade que a satisfaca.
[I don“t find any appropriate entity.]

O livro foi publicado em 1978 .
{The book was published in 1978.]
Concordo.
[I agree.]

i Sacerdoti e’ o tipo que escreveu "Logic for problem
solving"

[Sacerdoti is the man who wrote "Logic for problem
solving".]
Nao concordo.

[I don"t agree.]
i A pessoa que escreveu "Logic for problem solving" e° o
Kowalski . ;

[The person who wrote "Logic for problem sclving" is
Kowalski.]
Concordo.

[I agree.]
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! Sacerdoti e” um autor ?

[Ssacerdoti is an author?]
Sim.
[Yes.]

2. DIALOGUES

, =ola.

ola“.
[Hello.]
Vamos iniciar a conversal!
[Let us start the dialogue!]
Por favor, escreva factos, ordens ou perguntas.
[Please, write facts, commands or guestions.]
i Michie e” um autor?
[Is Michie an author?]

Nao compreendo esta frase porque a palavra michie e”
desconhecidal

[I don"t understand this sentence because the word
michie is unknown!]

Por favor, preste atencao “a frase que escreveu!

[Please, observe with care the sentence you have
typed!] '
Existe algum erro sintatico na escrita da sua frase?

[Is there any syntactical mistake?]

1 Nao existe.
{There is none.]

Esta” bem!
[All right!]
A palavra desconhecida e um nome proprio?
[Is the unknown word michie a proper noun?)

: E'.
[It is.]

Qual e’ o genero de michie ?
[What is the gender of michie?]
i Masculino.
[Masculine.]

A gual dos tipos, autor, titulo, livreiro, ou categoria,
pertence a palavra michie ?

To which type, author, title, publishker or
category, does the word michie beslong?]
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s autor.
[author.]

A resposta "a sua pergunta sobre michie e’:
[The answer to your question about michie is: ]

Nao.
[No.]
E gue mais?
[And what else?]
i Adeus.
[Goodbye.]

OCk,esta conversa terminou!

[Ok, this dialogue ended!]
Adeus, e ate” “a vista!

[Goodbye, and see you soon!]

i :=-ola.

ola“.
[Hello.]

Vamos iniciar a conversal!l
[Let us start the dialogue!]

Por favor, escreva factos, ordens ou perguntas.
[Please, write facts, commands or questions.]

Qual e” a bibliografia para "Artificial Intelligence"?
[What is the bibliography of "Artificial
Intelligence"?]

Os cinco primeiros sao:
[The first five are:)]

livro no. 2--"problem soclving metheods 1in artificial
intelligence",
livro no. 6--"a computational model of skill and

acquisition",
livro no. 7-=-="human problem solving",
livro no. 10--"computer power and human reason" e
artigo no. 23--"STRIPS:a new approach to the application
of theorem proving to problem solving".
Existem mais 3 documentos!
[There are three more documents!]
Quer mais documentos?
[Do you want any more documents?]
i Quero mais dois documentos.
[VYes.I want two more documents.]

Os restantes sao:
[The remainder are:]
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artigo no. 25=-="the CONNIVER reference manual" e
artigo no. 27--"planning in a hierarchy of abstraction
spaces".
E gue mais?
[And what else?]
, Adeus.
[Goodbye.]

Ok,esta conversa terminou!

[Ok, this dialogue ended!]
Adeus, e ate” “a vista!

[Goodbye, and see you soon!]

i :=-ola.
Ola“.
[Hello.]
Vamos iniciar a conversal
[Let us start the dialogue!]
Por favor, escreva factos, ordens ou perguntas.
[Please, write facts, commands or guestions.]
\ Arquive "Experimental learning model"!
[Archive "Experimental learning model"!]

"experimental learning model" e’ desconhecido!
["experimental learning model" is unknown!]
Gostaria de o arquivar!
[I would like to archive it!]
Por favor, conhece a <classificacao de "experimental
learning model" 2
[Please do you know the classification for
"experimental learning model"?]
i Sim, conheco.
[Yes.I know.]

Por £favor, quais sao as categorias do documento?
[Please what are the categories of the document?]

i 111 e 1214.

Por favor,de-me o titulo de uma referencia do documento
em guestao. :

[Please give me the title of one reference from the
document in guestion.]
y "“Psychology of Computer Vision".
"psyvchology of computer vision" e° conhecido,e esta’
classificado nas categorias:
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["psycholcgy of computer vision" is known, and it is
classified under the categories:]
1214--"machine vision", 1216--"information processing
psychology" e 1222--"modelling and representation of
knowledge".
Por favor,de-me o titulo de outra referencia do documento
em guestao.

[Please give me the title of another reference from
the document in gquestion.]

Nao tenho mais nenhuma.
(I have no more.]

Esta” bem!

[All right.]
Por favor, qual o nome do autor do documento?

[Please what is the name of the author of the
document?]

i brazdil,dai e 1978.

Por favor, qual e” o tipo do documento?
[Please what is the type of the document?]

i Artigo.

[Paper.]
O novo documento no.47, e a restante informacao
adicional, foi arquivada:

[The new document no.47, and the additional
information has been stored!] :
documento(artigo,d(brazdil,47, experimental learning

mocdel,dai,1978,[111,1214]1,[1]))
E gue mais?
[And what else?]

1 Apague "Experimental learning model"!
Delete "Experimental learning model"!]

"experimental 1learning model" e° conhecido, e foi
apagado!

["experimental learning model" is known and was
deleted!]
E que mais?

[And what else?]
[}

 Adeus.
[Goodbye.]

Ok,esta conversa terminou!

[Ok, this dialogue ended!]
Adeus, e ate” “a vista!

[Goodbye, and see you soon!]
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:=o0la.

Cla“.
{Hello.]
Vamos iniciar a conversa!
[Let us start the dialogue!]
Por favor, escreva factos: ordens ou perguntas.
[Please write facts, commands or guestions.]
i Classifique "Explorations in cognition"!
[Classify "Explorations in cognition"!]

"exploratigons in cognition" e” desconhecido!
["explorations in cognition is unknown!]

Quer classifica’-lo? :
[Do you want to classify it?]

i Sim.
[Yes.]

Vamos classifica’=lo!
[Let us classify it!]
Por favor,de-me o titulo de uma referencia do documento
em questao.
[Please give me the title of one reference from the
document in guestion.]
y Desisto. -
[I give up.]

Ok .Vamos desviar—-nos desta conversa!
[Ok. Let us shift from this dialogue!]
E gue mais?
[And what else?]
; Adeus.
[Goodbye.]

Ok,esta conversa terminoul!

[Ok, this dialcgue ended!]
Adeus, e ate” “a vista!

[Goodbve, and see vou scon!]

, f-—ola.
Ola“.
[Hello.]
Vamos iniciar a conversa!
[Let us start the dialogue!]
Por favor, escreva factos, ordens ou perguntas.
[Please write facts, commands or guestions.]



i Classifique "Explorations in cognition"!
[Classify "Explorations in cognition"!]

"explorations in cognition" e” desconhecido!
["explorations in cognition" is unknown!]
Quer classifica”=lo?
[Do you want to classify it?]

EYes.]

Vamos classifica“~1lo!

[Let us classify it!]
Por favor,de-me o titulo de uma referencia do documento
em guestao.

[Please give me the title of one reference from the
document in gqguestion.]

. "Artificial intelligence"

*artificial intelligence"” e’ conhecido,e esta’
classificado nas categorias:

["artificial intelligence" is known, and is
classified under the categories:]
l2--*artificial intelligence".

Por favor,de-me o titulo de outra referencia do documento
em guestao.

[Please give me the title of another reference from
the document in gquestion.]

Desisto.
[I give up.]

Ok .Vamos desviar-ncs desta conversal!l
[Ok. ©Let us shift from this dialogue!]

E que mais?
[And what else?]

i Classifique "Explorations in cognition"!
[Classify "Explorations in cognition"!]

"explorations in cognition" e’ desconhecido!
["explorations in cognition" is unknown!]

Quer classifica’-lo?
[Do you want to classify it?]

i Sim.
[Yes.]

Vamos classifica’-1lo!

[Let us classify it!
Por favor,de-me o titulo de cutra referencia do documento
em guestao.
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[Please give me the title of one reference from
document in question.] '
i Nao tenho nenhuma.
[T have none.]

Esta” bem!
[All right!]
Ja® gue nao consegui obter nenhuma referencia, nao
dar-lhe gqualguer sugestao! '
[As I could not get any rcference, I don”t know
to give any suggestion!]
Quer classifica’=-lo?
[Do you want to classify it?]
i Nao.
[No.]

Esta” bem!
[Al1l right!]
L qgue mais?
[And what else?]

i Adeus.
{Goodbye.]

Ok,esta conversa “erminou!

[Ok, this dialogue ended!]
Adeus, e ate” “a vistal!l

[Goodbye, and see you soon!]

i :=ola.

Ola“.
[Hello.]
Vamos iniciar a conversal
[Let us start the dialogue!]
Por favor, escreva factcecs, ordens ou perguntas.
[Please write facts, commands or gquestions.]
i Classifique "Explorations in cognition"!
[Classify "Explorations in cognition"!]

"explorations in cognition" e” desconhecido!
["explorations in cognition" is urknown!]
Quer classifica’=-lo?
[Dbo you want to classify it?]

i Esta” bem.
[It is all right.]

Vamos classifica’=-1lc!

the

sei

how
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[Let us classify it!]
Por favor:de-me o titulo de uma referencia do documento
em questao.
[Please give me the title cf one reference from the
document in gquestion.]
i Nao tenho nenhuma.
[I have none.]

Esta” bem!

[Al11l right!]
Ja” gue nao consegui obter nenhuma referencia, nao sei
dar-lhe gualguer sugestao!

[As I could not get any reference, I don"t know how
to give you any suggestion!]
Quer classifica’=lo?

[Do you want to classify it?]

i Nao guero.
[I don"t want.]

Esta” bem!
[All right!]
E gue mais?
[And what else?]

i Classifique "Computational Semantics"!
[Classify "Computational Semantics"!]

-

"computational semantics" e conhecido,e esta

classificado nas categorias: . )
["computational semantics" is known, and is

classified under the categories:]

121 5=--"natunral language systemns" e 312--"formal

languages".
E gue mais?
[And what else?]
i Classifique "Explorations in cognition"!
[Classify "Explorations in cognition"!]

"explorations in cognition" e” desconhecidol!
["explorations in cognition" is unknown!]
Quer classifica’-lo?
[Do you want to classify it?]

Sim, quero.
[Yes, I want.]

Vamos classifica’=1lo!

[Let us classify it!]
Por favor,de-me o titulo de uma referencia do documento
2m guestao.

[Plecase give me the title of one reference from the
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document in guestion.]

"Computational semantics".

“computational semantics" e’ conhecido; e esta’
classificado nas categorias:

["computational semantics" is known, and is
classified under the categories:]
1215«~="natural language systems” e 312--"formal

languages".
Por favor,de-me o titulo de outra referencia do documento
em questao.

[Please give me the title of another reference from
the document in question.]
i “"Computer models of thought and language".
"computer models of thought and language" e° conhecido,e
esta’ classificado nas categorias: .

["computer models of thought and language" is known,
and is classified under the categories:] ' _
1215--"natural language systems" e 1222~-"modelling and
representation of knowledge".
Por favor,de-me o titulo de outra referencia do documentc
em guestao.

[Please give me the title of another reference from
the document in gquestion.]
i Nao tenho mais.

[I have no more.]

Esta’ bem!
[A11 right!] :
Vamos utilizar o metodo de classificacao gue consiste em
sugerir
como categorias para o documento em guestao,
as obtidas das 2 referencias fornecidas pelo utilizador!
[Let us adopt as classification method the one that
consists o©f suggesting as categories of the document in
guestion, the ones obtained from two references given by
the user!]
Assim, proponho que o documento figque <classificado nas
categorias seguintes: 312, 1215 e 1222.
[I therefore propose that the document be classified
under the following categories:]
Por favor,faca a sua escolha tendo em atencao as
categorias sugeridas e as gue julgar mais apropriadas.
[Please choose according the suggested categories
and the ones you think most appropriate.]
De-me 2 categorias no maximo!
[Give me a maximum of three!]

{ 312 e 1215.
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O documento ficou classificado nas categorias:

[The document has been classified under the
categories:]
312-~"formal languages" e 1215=="natural language

systems".
Por favor, deseja arquivar este documento na Base de
Dados?
[Please do you want to store this document in the
Data Base?]
i Nao.
[No.]

Esta’ bem!
[A1ll right!]
E gque mais?
[And what else?]

y f-ola.

Ola“’.
[Hello.]

Vamos iniciar a conversa!
[Let us start the dialogue!]

Por favor, escreva factos, ordens ou perguntas.
[Please write facts, commands or guestions.]

4

i Classifique "Experimental learning model"!

[Classify "Experimental learning model"!]

"experimental learning model" e° desconhecido!
["experimental learning model” is unknown!]
Quer classifica”-lo?
[Do you want to classify it?]

: Oko

Vamos classifica’=-lo!
[Let us classify it!]
Por favor,de-me o titulo de uma referencia do documento
em guestao.
[Please give me the title of one reference from the
document in guestion.]
-

"Artificial intelligence".

*artificial intelligence" e’ conhecido,e esta”
classificado nas categorias:

["artificial intelligence" is Known, and is
classified under the categories:]
l12=-=-"artificial intelligence".

Por favor,de-me ¢ titulo de outra referencia do documento
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em questao.
[Please give me the title of another reference from
the document in question.]
i Nao tenho mais nenhum.
[I have no more.]

Esta” bem!
[All right!] _
Vamos utilizar o metodo de classificacao gue consiste em
sugerir como categorias para o documento em guestao, as
obtidas das 1 referencias fornecidas pelc utilizador!
[Let us adopt as classification method the one that
consists of suggesting as categories of the document in
qgquestion, the ones obtained from one references given by
the user!]
Assim, proponho que o documento fique classificado nas
categorias seguintes: 12
[I therefore propose that the document be classified
under the following categories:] :
Por favor,faca a sua escolha tendo em atencao as
categorias sugeridas e as que julgar mais apropriadas.
[Please choose according the suggested categories
and the ones that you think most appropriate.]
De-me 3 categorias no maximo!
[Give me & maximum of three!]

v 12,111 e 1224.

O documento ficou classificado nas categorias:

[The document has been classified under  the
categories:] .
12--"artificial intelligence", l1lll--"language translation
and linguistics" e 1224--"artificial intelligence systems

and languages".
Por favor, deseja arquivar este documento na Base de
Dados?

[Please do you want to store this document in the
Data Base?] 3

i Sim.
[Yes.]

Por favor, qual o nome do aufor do documento?
[Please what is the name of the author of the
document?]

i Bradzil.
Por favor, gual o nome do livreiro do documento?

[Please what is the name of the publisher of the
document?]

: DAI.
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Por favor, qual e a data de publicacao do documento?
[Please what is the date of publication of the
document?]

i 1978.

Por favor, gual e o tipo do documento?
[Please what is the type of the document?]

i Artigo.

[Paper.]
O novo documento no.47, e a restante informacao
adicional, foi arquivada!

[The new document no.47, and the . additional

information, has been stored!]
E gque mais?
[And what else?]

i Adeus.
[Gocdbye.]

Ok,esta conversa terminou!

[0k, this dialogue ended!]
Adeus, e ate” “a vista!

[Goodbye, and see you soon!]

i :=ola.

Ola“’.
[Hello.]

Vamos iniciar a conversal!
[Let us start the dialogue!]

Por favor, escreva factos, ordens ou perguntas.
[Please write facts, commands or guestions.]

i Classifique "Explorations in cogntion"i
[Classify "Explorations in cogntion"!]

Nao compreendo esta frase.
[I don"t understand this sentence.]
Existem 2 casos possiveis para a incompreensao cda frase:
[There are two possible cases for the
incomprehensible sentence:]
l)-~erro(s) sintactico(s) na escrita da frase;
[syntactical mistake in writing the sentence;]
2)=-=-construcao sintactica desconhecida do programa.
funknown syntactical construction.]
Preste atencao “a frase gque escreveu, corrija a sua
sintaxe; e repita a pergunta, por favor.
[Take care to the sentence you wrote, correct its
syntax, and repete the guestion, please.]
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E gue mais?
[And what else?]
1 Classifique "Explorations in cognition"!
[Classify "Explorations in cognition"!]

"explorations in cognition" e” desconhecido!
["explorations in cognition"” is unknown!]

Quer classifica”=-10?
[Do you want to classify it?]

i Sim.
[Yes.]

Vamos classifica’-1lo!
[Let us classify it!]
Por favor,de-me o titulo de uma referencia do documento
em questao.
[Please give me the title of one reference from the
document in gquestion.]
i Nao tenho nenhuma.
[I have none.]

Esta” bem!
[All right!]
Ja® que nao consegui obter nenhuma referencia, nao sei
dar-lhe gualguer sugestao!
[As I could not get any reference, I don"t known how
to give any suggestion!]
Quer classifica’=lo?
[Do you want to classify it?]
i Sim.
[Yes.]

De-me 3 categorias no maximo!
[Give me a maximum of three!]

i 111,1214 e 156.

A categoria 156 nao existe, e portanto e’ rejeitada!
[Category 156 does not exist, and therefore it 1is

rejected!]

O documento ficou classificado nas categorias:

[The document has been classified under the
categories:]
l1l11--"language translation and linguistics” e
1214--"machine wvision".

Por favor, deseja arquivar este documento na Base de
Dados? '

[Please do you want to store this document in the
Data Base?



i Nao.
[No.]

Esta” bem!
[All right!]
E que mais?
[And what else?]

:=ola.

ola“.
[Hello.]
Vamos iniciar a conversa!
[Let us start the dialogue!l
Por favor, escreva factos, ordens ou perguntas.
[Please write facts, commands or guestions.]
i Classifique "A structure for plans and behaviour"!
[Classify "A structure for plans and behaviour"!]

"a structure for plans and behavicur" e’ desconhecido!
["a structure for plans and behaviour" is unknown!]
Quer classifica’-lo? :
[Do you want to classify it?]
i Sim, gquero.
f[Yes, I want.]

Vamos . lassifica’=lo!

[Let us classify it!] -
Por favor,de-me o titulo de uma referencia do documento
em guestao. _

[Please give me the title of one reference from the
document i cuestion.]
i "Computer power and human reason".
"computer power and human reason" e” conhecido,e esta’
classificado nas categorias:

["computer power and human reason" is known; and is
classified under the categories:]
1215--"natural language systems".
Por favor,de-me o titulo de outra referencia do documento
em questao.

[Please give me the title of another reference from
the document in question.]

]
L]

"Understanding natural language®.

"understanding natural language" e° <conhecidc,e esta’
classificado nas categorias:

["understanding natural language" is known, ana is
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classified under the categories:]
l1l11--"language translation and linguistics",
1215--"natural language systems" e J12=="foérmal
languages".
Por favor,de-me o titulc de outra referencia do decumento
em gquestao.

[Please give me the title of another reference £rom
the document in question.]

"Computational semantics".

"computational semantics" e’ conhecido, e esta’
classificado nas categorias:

["computational semantics" is known;, and is
classified under the categories:] ;
1215--"natural language systems" e 312--"formal

languages".
Vamos utilizar o metodo de classificacao que consiste em
sugerir como categorias para o documento em questao, as
obtidas das 3 referencias fornecidas pelo utilizador!
[Let us adopt as classification method the one that
consists of suggesting as categories of the document in
question, the ones obtained from three references given
by the user!] '
Assim, proponho gue o documento fique classificado nas
categorias seguintes: 1, 1205 & 3A2.
[I therefore propose that the document be classified
under the following categories:]
Por favor,faca a sua escolha tendo em atencac as
categorias sugeridas e as que julgar mais apropriadas.
[Please choose according the suggested categories
and the ones you think most appropriate.]
De-me 3 categorias no maximo!
[Give me a maximum of three!]

1471918 & 1214,

O documento ficou classificadeo nas categorias:

[The document has been classified under the
categories:]
l1ll1--"language translation and linguistics";
1215--"natural language systems" e 1214~--"machine

vision". )
Por favor, deseja arquivar este documento na DBase de
Dados?

[Please do you want to store this document in the
Data Base?] :

¢ Ok.
Por favor, gual o nome do autor do documento?

{Please what is the name of the author of the
document?]



i Sacerdoti.

Por favor, qual o nome do livreiro do documento?
[Please what is the name of the publisher of the
document?]
i Elsevier.
Por favor, qual e” a data de publicacao do documento?

[Please what is the date of publication of the
document?]

1977.

Por favor, gual e’ o tipo do documento?
[Please what is the type of the document?]

y Livro.

[Book.]
0 novo documento no.47, e a restante informacao
adicional, foi arguivadal!

[The new document no.47, and the additional

information, has been stored!]
E gue mais?

[And what else?]
i1 Crie uma categoria.

[Create one category.]

Concordo.
[I agree.]
E gue mais?
[And what else?]
, Crie uma categoria!
[Create one category!]

Por favor, gqual ¢ nome da nova categoria?
[Please what is the name of the new cateaory’}
, "Pattern recognition".
"pattern recognition" e” desconhecida!
["pattern recognition" is unknown!]
Por favor,debaixc de que categoria a pretende inserir?
[Please under what category do you want to insert
it?]
i "Machine vision".
"machine vision" e” conhecida!
["machine vision" is known!]
A nova categoria - ficou inserida ac sistema de
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classificacao, e recebeu o numero 12141.
[The new category has been inserted in the
classification system and received 12141 as a number.]
E que mais? -
[And what else?]
i Crie "pattern recognition".
[Create "pattern recognition".]

Concordo.
[I agree.]
E gue mais?
[And what else?]

Crie "Pattern recognition"!
[Create "Pattern recognition®!]

"pattern recognition" e° conhecida!
["pattern recognition" is known!]
E gue mais?
[And what else?]
i Crie "Speech understanding systems"!
[Create "Speech understanding systems"!]

"speech understanding systems" e° desconhecidal!
["speech understanding systems" is unknown!]
Por favor,debaixo de gue categoria a pretende inserir?
[Please under what category do you want to insert
it?]
: "Natural language systems".

"natural language systems" e° conhecida!
["natural language systems" is known!]

A nova categoria ficou inserida no sistema de
classificacao, e recebeu ¢ numero 12151.
[The new category has been inserted in the

classification system and received 12151 as a number.]
E gque mais?
[And what else?]
i Adeus. :
[Goodbye.]
Ok,esta conversa terminou!
[Ck, this dialogue ended!]
Adeus, e ate” “a vista!
[Goodbye, and see you soon!]



APPENDIX 5: GLOSSARY OF ABBREVIATIONS USED IN

PROGRAM IDENTIFIERS

A = variable for agreement

ad =
adj =
adj_g
adjs

adver

adjective

category of adjectives
= group of adjectives
adjectives

= category of adverbs

adverbs = adverbs

adv_g

adv_m

= group of adverbs

mocde adverb

adv_m_i = mode and interrogative adverb

adv_g

affir

arg

guantity adverb

]

affirmation

category of subjects (arguments)

arg_form = argument form

arq =

art =

art =

aut =

aut_for_aut

aut_of book

archiving scenario
domain of papers
category of articles

domain of authors -

I

author published by

author of a book

aut_of_paper = author of a paper
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B = variable for the truth value

boo = domain of books

book_cat categories of a book

book_ref = references of a book
card = cardinality
cat = domain of categories

cat category

cat_lab = label of a category

class = class of a document

class = classification

comm = commencement

compls = category of complements
cond_output = condiﬁional output

conj = conjunction of sentences

conj_c = coordenative conjunction

coord = coordination

crie = creating scenario

D = variable for documents and domains
def_ _art = category of definite articles
def_mark = definite mark

dest = destroying scenario

disj = disjunction

dom = domain

elem = elecment

exp = expressions



fem = feminine

find_all = find all individuals

find_all _non = find all individuals belonging to a
domain, and verifies for each one
whether the logical structure is true

G = variable for gender

gen = gender

info = information scenario

info informations about a document

impk = impress data

category of indefinite articles

ind_art

int_art category of interrogative articles

int_pron = category of an interrogative pronoun
int_prons = category of interrogative pronouns
int_rel = categcry of interrogative/relative prcnouns
interrog = interrogation

interrog_art = interrogative article

inv_mark = inversion mark

K = wvariable for case
L. = variable for list
lex = lexicon call

lexi = lexicon call

mas = masculine
mov_arg = moving argument
N = variable for number

nb = number
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neg = negation

nega = negation call

no = noun call

nom = noun call

nos = call of nouns

n_phrase = category of noun phrases

noun = category of nouns

paper_cat = categories of a paper

paper_ref = references of a paper

per_pron = category of personnal pronouns

plu = plural

pn = category of proper nouns

pns = proper nouns

pr = property

pre_loc = pre-locution

prep = category of prepositions

prin = principal sentence

pron = category of pronouns

pron_r_i = category of relative/interrogative
pronouns

prong_r_3i = category of relative/interrogative
pronouns '

prop = main proposition

pub = domain of p»hlishers

pub_of_aut = an author is published by

pub_of_ book = a book is published by

pub_of_tit = a title is published by
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ref = domain of references
r_i_pron = relative/interrogative pronoun
rel = relative
rel_pron = relative pronoun
said = output scenario
sent = sentence
set_equal = set equality
sin = singular
s_nucleus = nucleus of a sentence
sub = subject
tit = domain of titles
tit_of_book = title of a book
tit_of_ paper = title of a paper
todo_art = group of articles “all the”
ve = verb call
verb = category of verb phrases
vea = domain of dates of publication
year_aut = date of publication of a document for an
author
year of = date of puplication of a document

year_tit_pub = date of publication of a title for a

publisher
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