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Letter from the Editor

The term “natural language” has certainly generated controversy in the database area.

Even taking aside the staunch supporters and opponents of natural language as an interface to

databases, we have seen waves of praise, hope, and promise, followed by disappointments
and condemnations.

I believe that the relationship between natural language and databases is now in calmer

seas- we are seeing an upswing of interest in natural language and much research activity.
This new interest may be explained by three recent developments: (1) the technical improve.
ments of natural language systems following knowledge base technology, (2) the considera

tion of natural language not on’y in isolation as a query language but also in combination

with other forms of interfaces (e.g., menus), and (3) the commercialization of natural

language - always a strong indicator of research interest.

This issue of DBE is on Natural Language and Databases. It investigates not only
natural language as a query language, but also free-text analysis and mapping of text into

databases. A large number of research projects and development efforts using natural

language in conjunction with databases are currently under way in North America and

Europe. The goal of this issue is to collect and present some representative work from both

continents, from both industry and academia, and for both natural language processing and

natural language system evaluation.

The first article, Databases and Natural Language Processing by Zenon Pylyshyn and

Richard Kittredge, introduces the topic and points to the major research projects. This article

is followed by descriptions of two systems which are in advanced development stages. First,
Paul Martin et al describe the project TEAM at SRI International (TEAM: An Experimental
Transportable Natural Language Interface), a state-of-the-art natural language query system.
Second, Hubert Lehmann et al present the USL project at IBM Heidelberg (A Multilingual
Interface to Databases), a research effort that uses a more global definition of natural

language (not only English!). The latter system has been the subject of extensive empirical
evaluations, the results of which are summarized in the article by Matthias Jarke et al

(Evaluation and Assessment of a Domain-Independert Natural Language Query System). Map
ping English text in technical domains (e.g., medicine) into a database for further processing
is the topic of the article by Naomi Sager et al (Modeling Natural Language Data for Automatic

Creation of a Database from Free-Text Input). To put things into perspective, limitations of

current natural language systems, as well as two suggestions for future research directions to

overcome some of these limitations, are given in Alternatives to the Use of Natural Language
in Interfacing to Databases, by Zenon Pylyshyn. One of these research directions is exempli
fied by the last article of the issue (Menu-Based Natural Language Interfaces to Databases) by
Craig Thompson.

I wish to thank all the authors of this DBE issue for accepting my invitation, for the

time they devoted to produce quality contribudon~, and for meeting all deadlines with no

complaints.

Yannis Vassiliou

July 1985.



Databases and Natural Language Processing

Zenon W. Pylyshyn, University of Western Ontario, London, Canada

Richard I. Kittredge, Universite de Montreal, Montreal, Canada

Progress In the computer analysis of natural language (NL) text offers a number of promising

new directions In database design. For example, the use of unrestricted NL queries to

interrogate databases offers an attractive option to artificial query languages or menus

especially for nontechnical users. Recent successes in developing such “front- ends” to

databases represent an Important commercial application of NL processing. Other potential

applications are also briefly examined, Including automatic text analysis for indexing,

abstracting and formatting of textual Information. Several accomplishments and shortcomings

of this technology are sketched.

1. General Introduction

Databases for general office, management and consumer use, present special

problems both in terms of challenging computer science techniques for dealing efficiently

with large databases and in terms of the design of user interfaces. Because such

databases are intended to be used by nontechnical people it is crucial that accessing

these databases be convenient and natural, or at least easy to learn. One of the largest

obstacles to the widespread acceptance of consumer and management databases Is the

resistance of the average user to the relatively cumbersome method of access, or at least

to the perceived rigidity of the Interface between the user and the stored information.

In this overview we will consider some actual and potential contributions of Artificial

Intelligence technologies to the alleviation of some of these difficulties, with particular

regard to developments in natural language processing.

A slogan In the commercial use of artificial intelligence is that we must make the

machine know more about the user so that the user will need to know less about the

machine. This slogan highlights an Important general point, namely that if a user is to

continue to operate the way he or she normally would, then the machine will have to

adapt to that way. Since the usual way that we seek Information is by asking questions

in our native language, this implies that a natural language query system may be the

most natural way to access information. Furthermore, since a great deal of the

information that we need Is In the form of natural language text, the analysis of such

text could be an important component of database processing. Below we examine a

number of developments in the processing of natural language, with a view to its

relevance to database technology.

2. Natural Language as a Database Query Interface

W00D83] presents some persuasive arguments for the importance of natural

language as a communication channel between man and machine. They are based on

the observation that (1) People already know natural language, so they do not need to

bear the burden of learning an artificial language nor of remembering its conventions

over periods of disuse, and (2) UsIng a natural language spares the user from having to
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translate his requests from the form in which they presumably occur to him into a

restricted artificial form. These two reasons alone can be the bases of a major

justification for developing natural language interfaces. Even when users have the time

and patience to learn an artificial language, and even when they become experts In the

use of an artificial language, these two reasons remain Important. Even with

experienced users there arise occasions when they know what they want the machine to

do but cannot recall how to express it in the artificial language, or find It difficult to do

so, or attempt it and make errors. Furthermore, even in those cases where the user does

remember how to express the query in an artificial language, and can do so with little

error, the mismatch between the conceptual structure of a computer query system and a

human natural conceptualization of problems and intentions presents a serious problem

which leads users to prefer to consult with a human interlocutor -- even when that

course appears inefficient -- than deal with the conceptualization of the machine. This

is especially true when the data being interrogated are intrinsically natural language

data.

Woods argues that the fundamental difficulty with artificial query languages does

not lie in their superficial syntactic form, but in their underlying conceptual structure --

e.g. their failure to use devices such as anaphora, ellipses, metalinguistic references -- in

other words, just the sorts of constructions that typically make natural language

processing difficult. Many (e.g. HAYE81], COHE81] have also made similar points. As

a consequence, some have suggested that artificial languages or a restricted subset of

natural languages should preserve the Important conceptual properties of natural

language (e.g. HAYE81]).

The use of natural language to query databases is not without its problem,

however, especially if the language analysis system is lImited. Some difficulties with the

use of natural language and several alternative interface strategies are discussed in the

articles in this issue by Pylyshyn and by Thompson.

2.1. State of the Art

The use of natural language to interrogate databases has been one of the most

successful and most visible areas of application of artificial intelligence in recer~t y jars.

The commercial success of products such as INTELLECT, which is currently being

marketed by IBM (see ARTI81]; HARR77]), ENGLISH and Francais (Natural
Language front ends to the RAMIS II database, Marketed by Mathematica Products

Group), Themus (a Natural Language front end to the Oracle database system which

has a learning capability -- marketed by MBS) and products being developed for

personal computers by companies like Symantec, has made many people look to such

interface systems as a potential answer to the problem of allowing computer-naive

consumers access to large-scale databases.

Current natural language systems not only have the capability pf answering

complete self-contained grammatical questions, but In some cases can also understand

user inputs containing simple pronoun references to words in earlier queries, inputs with

misspelled words or minor grammatical errors, certain cases of ellipses (queries that are

incomplete and rely on reuse of words from a previous query -- e.g. How many grocery

stores are there? Hardware stores~?), and certain definitions Introduced by the user.

Current systems allow only limited updates of the database by the user in Interaction
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with the Natural Language system, incorporate only a very limited theory of the domain

of application, do not translate the query into a general logical form from which

inferences can be carried out, and in general are not capable of analysis at the level of

discourse pragmatics, which requires that the system maintain a model of the user’s

needs and intentions. HEND82] calls such systems ‘level 1’ systems.

While current ‘level 1’ systems are broader in the range of queries they can accept

than the research systems of 10 years ago (e.g. W00D72], W1N072]), most of them

are, in fact, based on grammatical and parsing ideas that differ little from those early

systems. Indeed, most of them use parsers based on the augmented recursive transition

network system developed by Woods, Kaplan and others (see W00D72]). They

accomplish their more impressive performance by narrowing their domain of application.

As well as using a separate grammatical module (a highly desirably architectural feature

which makes it easier to change and fine-tune the system to different applications), they

generally make heavy use of the lexicon in order to add a variety of tricks that apply In

limited domains. Such devices can be used, for example, In order to resolve certain types

of anaphoric reference as well as to eliminate certain potential ambiguities. In addition,

most of these systems require some customization for specific databases. This is the

case, for example, In the INTELLECT, which requires a customized module for mapping

entries in its lexicon directly onto data fields.

Even the best current commercial systems are poor at handling expressions with

two or more quantifiers (Does every shop supervisor earn more than any of the

craftsmen who works under him?). In addition, they do not contain a model of the

user. Some such model Is necessary to deal sensibly with a variety of queries -- for

example, in order to correctly handle questions which result In a null answer (e.g. if

asked Do union members earn more than non-union workers? when all workers in a

certain company are either unionized or none of them are, a system which had no

representation of what a user needed to know would simply provide the unilluminating

answer no).

Several substantial level 1 systems are in the advanced prototype state. Among

the better-known Ones are the following:

• The TQA system, under development at Yorktown Heights since the early 1970’s, has

undergone a constant evolution, but is still based on a transformational parser developed by

Petrick and Plath. During 1978-79 the system was given an extensive test by the White Plains

municipal office for querying their database on zoning and land use. Statistics collected during

that trial DAME81] showed that some 65% of the 800 queries to the system were correctly

parsed and answered. Users sometimes had to reformulate a query to stay Inside the artificial

limits of the system’s syntax and vocabulary (a typical problem for present query systems).

• The USL system at IBM-Heidelberg represents about the same degree of advancement as the

TQA system, although It uses a different parser and semantic approach. Its market advantage

lies in the fact that there exists a version for German as well as for English, Italian, French

and Spanish (see the article in this Issue).

• The ASK system is being developed at the California Institute of Technology THOM83] for

commercialization by Hewlett-Packard Corporation. ASK uses semantic networks to give a

simple knowledge representation of the database domain. In addition to rapid parsing and

analysis, its features include a facility for tailoring an existing database to a particular user’s

‘Context’ through an interactive dialogue. This Includes the ability to add new definitions and

extend the database structure through dialogues.

—4—



The only large scale working systems are level 1. Many research systems contain

significant improvements over commercial level 1 systems, and there are also fragments

of level 2 desIgns In various stages of development. These will be mentioned briefly in

section 4. Below we discuss some applications of developments in natural language

processing for other than providing a natural language query capability.

3. Natural Language for Updating and Maintaining a

Database

A major problem arises in natural language ‘updates’ to databases. Even though

natural language is not necessarily the most convenient medium for bulk data entry, it Is

important to have some facility for making limited changes. At the very least, one wants

to be able to add or modify individual facts. But unless very carefully controlled, natural

language updates are potentially dangerous. The potential ambiguity of update

commands may not be obvious to the user, and allow damage to data which is hard to

undo.

In addition to such on-line updating capabilities, a major area of research involves

the preparation of natural language text for inclusion in a database. This requires the

analysis of extended text to extract its meaning so that efficient database techniques and

indexing methods can be applied. Systems which analyze extended text usually cannot

be interactive, since the author of the text may not be on-line. In any case, the

demands of high volume processing normally make Interaction prohibitive. Because of

this, extended text systems must usually be richer in linguistic detail, since there is no

‘second chance’ to rephrase the input.

One of the most significant advances in text analysis over the past decade has been

the refinement of techniques for mapping texts from specialized subject areas into

‘information formats’, which are tabular representations of the data contaIned in the

texts. These ‘informatting’ techniques have grown out of work done at New York

University (e.g., SAGE78I) which has concentrated on scientific and technical writing in

medicine and related fields. This work has several applications for information science.

One of the most important ones is in creating a database from full text.

For example, HIRS82] report on the conversion of hospital discharge summaries,

written by an attending physician in telegraphic style, into a relational database. This

access to information contained in the text opens up a new source of medical data for

statistical analysis. GRIS78] also reports on the use of such techniques for query

systems, where the query can be processed into semantic form using the same techniques

(more details of this work are given in the article by Chi et. al. in this issue). Central to

this approach is a detailed linguistic study of the particular technical ‘sublanguage’.

Although a number of experiments have been carried out on converting

subIanguage~ texts~to Information-formats~-t~his~technlque appears~to~ be-~at least~ a few

years from substantial commercial application, at least for complex medical texts. The

reason for this is that while a large percentage of sentences in a typical report can be

mapped into a structured format, not all sentences can be formatted. In part, this is

due to the fact that even technical reports will typically contain material which lies

outside the particular subianguage for which the system was specialized (e.g., remarks

on the personal history of the patient and his family in a hospital record). Because of
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this one needs a much larger grammar and lexicon, perhaps one that begins to approach

that of the language as a whole.

One of the more ambitious goals In the area of text analysis, and one that could

potentially have a large impact on database design, Is automatic abstracting. Much of

the work on this problem was carried out a number of years ago, and hence does not use

state-of-the-art techniques. However, there are several recent revivals of interest, which

approach the problem from quite different perspectives. One Is some recent work at the

U.S. Naval Research Laboratories on the automatic dissemination and summarization of

telegraphic messages concerning malfunctioning electronic equipment on board ships at

sea. A system has constructed a system which uses the NYU string parser and

sublanguage techniques to convert paragraph-length messages Into information formats.

Format entries are analyzed for revealing combinations of semantic classes, leading to

the choice of one entry (the equivalent of a sIngle proposition) which best summarizes

the whole paragraph. The NRL team has built a prototype system which successfully

produces single-sentence summaries for many of the simpler paragraphs, though Its

performance is at present very limited. It appears that much more research is needed on

the linguistic problems of telegraphic sublanguages.

Another approach to abstracting, is the work on summarizing news reports,

carried out by R. Schank and a number of his former students from Yale (e.g.,

DEJO7Q]. They have used ‘sketchy scripts’ to represent the structure of stereotypical

events and their subevents. The hierarchical structure of scripts allows a summarization

(on the topmost level) of a story which has been ‘understood’ (I.e., matched) according

to the script representation. This approach has only been applied in very limited

domains at present and its generalizability to less restricted text is open to debate. One

interesting recent application of these ideas is the NOMAD system at the University of

California at Irvine GRAN83]. NOMAD is designed to analyze telegraphic ship-to-shore

messages In ‘command and control’ situations. The system uses script-based

expectations to interpret messages and paraphrase them Into full standard English.

Specific ‘syntactic’ patterns of the sublanguage are also used. This system is still in the

early experimental stage.

4. Research Issues. in Natural Language Analysis
Level 1 systems can sometimes be improved in a number of ways without requiring

representation of very large amounts of general knowledge of the domain and the user --

as would be required for higher level systems. For example, one of the most promising

techniques for allowing natural language interfaces to be transported to new database

domains (with their associated differences in input vocabulary) is to have the system

acquire this linguistic information during a dialogue with a database administrator who

has no knowledge of computational linguistics. The TEAM system at SRI GROS83]
(see also the description in this issue) has an acquisition component which queries the

database administrator about the data types to automatically set up a grammar and

dictionary usable by the interface component. Another Improvement, still in the

research stage, Is a faculty for providing ‘concise responses’, so that instead of answering

a question like “Who drives a company car?” with a list of people (an extensional

reply), the system would give a more meaningful response (the Intenslonal reply) such as:

“The president and the vice- presidents”.
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