Robust Sentence Analysis and Habitability

Thesis by

David James Trawick

SBE?4:TRIE3

In Partial Fulfillment of the Reguirements
for the Degree of

Tloctor of Philosophy

Computer Science Department
California Institute of Technology

Pasadena, California

13832

(Submitted February 17, 1983



_ii_
Acknowledgements

There are many people that I would like to thank for all
their contributions that have influesnced this work.
Unfortunately, I carnot mention everyoneg personally here, but
all of you should know that you are much appreciated.

My first tharks go to my adviser, Ir. Frederick Thompson,
Even befors he knew me very well, ke was able to =zuggest a
course of research that was particularly appropriate for my
interests, My work in this theszis has been greatly influenced
by his guidance and experiernce. His encouragement along the way
and enthusiazsm when things started working has also been a major
contribution,

, 1 have been most fortunate in having the influence and help
of virtually & second adviser in Dr. Bozenza Thompson. She has
kept me focuzed on the central issues of the language phenomena
within my area of rezearch. Farticipating in her experimental
rezearch has helped to explicitly define thizs area. Interaction
Wwith her has aluays increased my facination with languages.

The other members of the zociolinguizstics class of “79-°8@
dezserve many tharks for their work in the experimental analysisz,
Margaret Cox, Cathy Marshall, and Kelly Roach have all
contributed ideas to the results of the experimental research,

A great deal of influence has been made on this work from

my azsociations with my roommate and cofficemates. 1 have
benefited much from the exposure to other culturez they have
given to me. Many thanks to Young-il Choo, Tai-Ping Ho, and
Alexandros Papachriztidis.

I would like to alsc thank the other members of the
research team for their friendship throughout my stay at
Caltech.

Thanks are alsc due to my friendz at Rose Drive Friends
Church and the U5 Center for Horld Miszion. VYour encouragemsnt
arnd pravers have been very helpful in keeping me going and in
remembering what is important.

I am very appreciative of the suppport and encouragement of
my parents, They have been fine examples in all wavs throughout
&1l of my ztudiez, Their advice and guidance will always be of
great value.

This work wasz accomplished while the writer was a Member of
the Technical Staff of the Hughes Aircraft Company, Ground
Systems Group, and a halder of a Fellowship under the Hughes
Staff Doctoral Fellouwship Program. The generosity of this
fellowship program has been a great benefit during my vears of
study., Contacts with the administration of the program and
other relationships with Hughes hawe always given encouragement.
Some supplementary support was provided by the Hewlett-Packard
Company, Desktop Computer Division, under & contract with the
California Institute of Techrnology.



ARESTRACT

Sustemz for using subzets of Englizh with computers have
progressed much in the area of linguistic coverage of well-
formed sentences for a specific task. Some methods have also
been devized for the treatment of input that is aimost well-
formed., HNeverthelesz, it is 2t1i1] guite easy 1o stray over the
bounds imposed by current natural language systems., MWithout
proper diagrosis, this leads to interactive swstems that are
habitable, i.e., systems that are not pleasant to use because
they are not able to perform up te the user’s expectations.

not

This theszis presents an overall svstem for the treatment of
several areas normally outside the limits of natural language
systems, and for the diagnhosis of any input. The =system, Robust
Sentence fAnalysis, includes procedures for handling ambiguous
input, resclwing input with anaphors (e.g. proncuns), making
several kinds of major and minor corrsctions to input, and the
interaction of all of these areas. The system dogs not treat
suery aspect of thesze methods of human interaction, but does
arovide for the more prevalent forms as found in simulations of
uzer interaction in several modes! face-to-face, terminal-to-
terminal, and human—to-computer (using a previcusly inplemented
natural language swstem), Thus the swstem incorporates the most
likely forms found in human performance. Diagnostics are
dezigned to lead the uzer back into the boundaries of the
system.

The Robust Sentence Amnalwsis swstem iz implemented as a
part of the ASK System, A Simple Krowledgeable Sustem.
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Chapter 8: Introduction

8.1 Habitability

What happens when the designer of a na;uPaI language system
steps auway from the system and lets zomeone unfamiliar with the
intricacies of its design try to do some real work? After the
novelty has worn off, will there be any advantages to using the
capahilities of natural language? What are the characteristics
of an interactive system that make it a good enviranment to use?
Theze are all questions pertaining to the habitability of a
systen. The term "habitable" was coined by Watt, who gave a
first definitiont

"A “habitable’ language is ane in which its
can express themselves without strayving over the

language’s boundaries into unxllowsd sentences."
[Waty &8, p.

<
in
m
-~
n

L2}

]

e
-

(1))

Some examples of usger interaction with the REL System
[Thompzon 75) indicate how eazy it is to sidestep the boundaries
Cimposed by a natural language system! (explanations are given

off to the side in louwer case)

*HOW LONG IS THE ANCHORAGE?

INFUT ERROR: FLERSE RE-ENTER REGUEST <{(wocabulary!"long'?
*WHAT IS THE LENGTH OF THE RKCHORAGE?

£744
YHHAT 18 IT“S BERW?

INFUT ERROR: FPLEASE RE-EHTER REQUEST d{zpellingi®it’s")
>WHAT 1§ ITS BEAM?

ig1e

*HOW MANY SHIFS HAYE R BEAM GREATER THAN loBg?

19
>HOW MANY HAVE A BEAM LESS THAN 1867

INFUT ERROR: FLEASE RE-EHTER REGUEST <(swntaxiellipsis) .
SHOM MANY SHIPS HRVE R BEAM LESES THAKW iaaa?

13
>LIST THE SHIPS WITH WATER.

NOUM RELATIVYE CLAUSE PHRASE IS VACUOUE. (poor diaghostic)
>LIST THE SHIPS THAT HAYE WATER.

HOUHN RELATIVE CLAUSE PHRARSE IS VACUOUS. (poor diagnostic?
>LIST THE SHIFS THAT HAYE MWATER LOADED.

IMPUT ERROR: FLERSE RE-EHTER REQUEST <(zwvntaxd
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SHOW MANY SHIFS CONTARIN WATER?
INFUT ERROR: FPLERSE RE-ENTER REGUEST <dwoczbularvicontain')
>WHAT 1S WRTER? -
WATER

In the sewveral wears since the publication of Watt’s paper
describing the lack of habitability in natural language
systems, much progress has been made both on idertifying the
individual aspects of this problem, and on working toward
correct swstem processing of some of these areas., These areas
of rezearch include! advancing the grammatical range of
acceptable input, several approaches for the correct handling of
zbbreviated reference within context, processing of ill-formed
(urigrammatical or extra-grammatical, as in [Kwasny 281> input,
and dezign of appropriate responses to submizzions that wiolate
some aspect of the system’s reguirements for swvaluation. R11 of
theze continue to be active research topics and have contributed
to making natural languags systems better envirconments for the
user.

It must be pointed out, as Watt deoes, that increasing a
language’s boundaries to this extent will produce subsets of
Englizh that are impassib1y Targe Yand also iﬁpogsib1y slowr,
Thus the goal for a habitable system should be to incorporate
the most probable forme of input, and where rnecezzary, give
appropriate mezsages on the limitations of the system. Simple
interactive zwstems do just this) thsy prowvide only those
constructs necessary for exerciszing the capabilities of the
program, sometines making the form of input similarly tarse.‘
Theze are often quite habitable, becauze no one expects them to

do anything other than the lizt of commands they provide,



8.1.1 The Missing Factors

Az a variant of HWatt s definition, a habitable zystem is
caonsidered to be one in which there is 2 low probability of
Users trying to express themselves in a manner bevond the
language’s boundaries, and when exceeding these boundaries the
user receives a diagnostic that will lead back into their
confines., Thus the tasks of the system designer deziring to
improve the habitability of a natural language system are first,
to decide on an ordering of the likelihood of input forms;
second, to divide the forms into those that will be processed
and those that will be diaghnosed; third, to prepares algorithmns

to procezs the former zet of forms; and finally, to prepare

m

algorithms to gernerate appropriate diagneostics for the latter
set of forms.

Hotice that this zet of step

n

assumes that the syustem
designer has adesquate knowledge of ths forms a user may decide

S to submit to a2 swstem. Thus design for improved habitability
often conzists of adding some of the newly discovered forms of
input that were not at first caensidered probable encugh to
include, A habitable system is one that includes theze "missing

factors", that are more likely than one might first expect,

8.1.2 Competence and Performance Theories

To find these mizzing factors, there must be study of human
performance both with systems and with other people. These
rezultz are diztinguished from theories of competence, or formal
theories of what is generally considered to be correct grammar.
The relation of competence to performance was first considered
in [Chomsky 65].. This "curious and indirect relationship"

[Watt &8, p.348]1 is behind many of the habitability problems of
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natural language systems. Theories of competence usually give
the most often occurring syntax forms, but not alwawvs, One would
like the system to accept the more likely forms cbzerved in

human interaction, and vet the system should hot reject the

forms reflecting competence.

8.1.32 General and Specific Habitability

The kinds of input to be expected by natural language
systems varies with the subject matter. A chemical formula may
have syntactic variations that will not be expected to occur in
the application area of the imventory of a furniture showroom,
Thus ztudies of human performance for improved general
habitability (forms common to most application areas) will be
different from studies for improving the habitability of a
zpecific application area, and different application areas can

be expected to reguire the gproceszing of different forms.

8.2 Robust Sentence Analysis

Robust Sgntence Analysis is the name given to the svstem
developed in this thezis for improved general habitability. It
consists of a structure for the processing of forms that wil)
not be included in the larger syspem’s grammatr. The add{tiOﬁa1
input forms to accept were taken from studiez of pecple
interacting about a prohfem suitable for idemtifying the general
nature of performance as it differs from competence. Correct
system processing of thess kinas of imput is guaranteed by the
algorithms within the structure. The forms treated by the
system include several types of anaphoral, ambiguous,

ungrammatical, armd extra-grammatical input. Diaghnosis is

provided for forms beyvond the capabilities of either the
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underlying svstem or the Robust Sentence Analwsis section.
Rebust Sentence Analysis is implemented within the ASK (A Simple

Knowledgeable) System [Thompson &2bJ.

8.3 Outline of Remaining Thesis

The study of humanh interaction and znalvzis of forms for
improved general habitability is in chapter 1. The capabilities
implied by these forms are considered along with the design
requirements for habitability in chapter 2. Chapter 3 presents
the structure of the Robust Sentence RAnalysis swystem. An
overview of the larger environment containing the system is in
the fourth chapter. Chapter 5 deals with the pr@cessing
techniques for more than one egqually likely interpretations of
the zame input! ambiguity. The common forms of abbreviated
reference, their treatment and place within the ouverall system,
are preszented in chapter 6. The svztem capabilities for
modifying input into forms that are acceptable by the grammar
are in the seventh chapter. Chapter & describes the fital
diaghostic, giwven for input remaining outside the system’s grasp
after trial of all the other procedures, and presents the
algorithm for the creation of that diagrostic. The last chapter

givez a szummary of the work and some concluding remarks.
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Chapter 1: Protocol Rnalysis
1:You have to sit back and listen to this whole tape?

A!lucky guy, the things wou do for a grade. Transcribe.
1:¥You sure it s worth it, Dave?

1.1 Intreduction (Motivation)

There is ultimately conly one source of infoﬁmation about
riatural languags systems, and that is the speakers of a natural
language. There is also only one source where information about
habitable systems may be gathered, and that is observing these
speakers acting cooperativelw to solue a given problem.

Howgver, there are several ways of gaining this information from
informants., The desigher may use his intuition and supplement
this with ad hoc examples, or may observe the interacticn and
methads of experimental subjects in a problem zolving

situation, Protocols are the transcripts of the interaction
betuween subjects of such experiments.

Frotocol analysis offers several adwvantages over other
methods, H]thqugh it might ke assumed that design by intuition
is the best if the desigher is to be the only user, it will
always be incomplete and w1]1‘probably rnot include all the
capabilities that the desigrer would find useful., HAzszuming that
there will be other users, it becomes neceszary for the

desi

L}

nte account for their needs. Some correction in design
can be done through ad hoc examples, but this approach is
clearly limited., Linguistic théories C am prouidé a basze for well
understood phenomena, and by analwzing protocols, patterns of
natural and habitable communication can be ocbszerved in an
objective context. Language uses may be found that couwld not

have been found any other way. This method will alszo tell the
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relative frequency cof the patterns found, which tells the
designer where his efforts zhould be spent to provide the
greatest advantage to the users,

Another advantage to be gained by analyzing protocols is
the chance to study the use of language that is mot in
grammatical sentences. This part of the study js the most
enlightening to the subject of habitable system design, because
these fragments include the natural wawvs of streamlining
interaction and examples of the kind of error processing that
takes place.

Study of the kindz of "errors" people make in communicating
and the tupes of responses these errors generate will help in
the design of useful and informative error meéssages and error
correction. Classifying and recoghizing the tuvpe:s of fragments
that can be safely ignored is also of importance to the system
designer, |

The fragments encountered that are for the purpose of
streamlining the interaction between the individuals provide
insight on some of the primary differences between the caommon
uses of English and high level "natural language" swystems. DOne
of the prevalent criticisms of systems that try to model human
interaction is that they are of necesszity too verbose
[Shrneiderman 881, Nhen it is realized that “"people do not
rnaturally speak in sentences" [Chapamis 75, p. 481 but often use
their ocuwn forms of terse commuﬁication, and when most of these
forms can be sinilariy used with natural langusage swstems, this

will cease to be a legitimate complaint.



1.2 Experiment Description

A zet of experiments was carried cut and supervised over
the pazt fsw wvears by Dr. B. Thompson of Caltech, using several
different tasks for the simulated problem. In the 1979-19%28
academic vear Dr. Thompson’s socicolingquistics class was invalved
in this experimental research including the subsgquent analysis
of the generated data. This was a part of the larger project of
developing the ASK Svstem. We wanted to see how language was
used by people communicating about a problem that inveoleved
interaction such as was needed in using a data base.

The experiment involued two parties communicating ocver the
real life task of loading Nawvy ships, using data from fome ships
bazed out of San Diego. Information was available on the kind
and amaunt of cargo to bhe stowed, the deck sizes and their hatch
cizes, and the dimensions of the cargo. This information was
split betweern the two participants so -that interaction was
_hecessary for them to solve the problem. Ferson 1 was given the
data about thg ship’s decks and the types and amount of cargo to
be stowed, while Ferson A was given the data akout the cargo
items. {1 and A were used because someorne complained about
beirng conzidered a second-class participant when called person 2
in one of the previous year’s experiments, ) The actual data as
giwver to the participants are shown in appendix 1,

The sexperiment was also done in three modes of
commanication. The first was a‘face-to—Face mode, with the
subjects face to face, usually across a table but far enough
apart so that they must talk te solve their problem.  The
subjects were given an hour to work on the problem, and the

rezultz proved uzeful even though only one pair was able to
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complete it. A tape recorder was placed betweern them and the
conversation recorded, This was later transcribed by
secretaries, and corrected by the experimenter. The protocols
were then typed with sufficient zpace for notes and analysis.,
Eight of these face-to-face protocols were made, and the reszults
are truly enormous. The average length of one oP.these protocols
was 38 pages. Analysis of these protocols could give interesting
results for many other applications.

The second mode alsoc involved two pecople working on the
identical problem with the zame data, only thiz time they had to
commuinicate using a program which simulated telstypewriters
while they were located in different rooms, Thiz was called the
terminal-to-terminal mode. Four of thezg protocols uwere
gererated, The time limits were the same, with a little time
used before the alloted hour to undersztand how the zystem
worked,

Our third mode had only cne human participant, with the
ot her subject‘being the REL System, the Rapidly Extensible
Language System deueﬁoped by Dr. F. Thompszeon and Ir. B, Thompson
at Caltech, The inputs were slightly different, with the handout
given to each user zhoun also in gppandix 1, which was a
curtailed version of FPerson 173 data before (only the number and
type of items to be stowsd.? Several manuals were available to
the subjectz for reading before using the svstem! “Loading Ships

Using REL", and the manual REL English for the User

[Thompson 7215 plus, there was an experimenter available for
consultation. After the zubject had learned how to use the
interactive loading zequence, not much help was necessary,

About a half an hour was given to the subjects to familiarize
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themselves with the spstem, and then the experiment was to
proceed for an hour and a half, but some stayved longer to trv to
complete the task., This ihird mode was called the humarn-to-
computer mode.

It might be argued that we zhould hawve done this third mode
with the szame data as given in the first two modes, with the
person taking in one case the part of Ferson 1 and in another
case the part of Person A. The other extreme might have had
the human participant with no data, only knowledge that the
svstem has all the data. The first of these possibilities would
have given a more thorough comparison of the three modeszs, while
the second wouwld have given a more thorough test of the REL
Sys;em. EBoth of these were among the goals of the experiment,
and the method chosen was able to give informaticon on both of
theze areas. A more in depth evaluation of the REL svstem
should include both of theze modes for comparison with the other
_person-to-person modes.

Py studying protocols of user interaction with the REL
spstem, very practical reszultz were generated on how people
actually use this system. 0OFf particular interest is the number
and type of errors, and the methods of terse communication that
were tried by the subjects. But care must be takern in making any
generalizations about how people actually use such systems from
viewing these results. HMHe can only zay how people actually use
the zystem under evaluation. ﬁny other conclusions are
influenced by the capabilities of the tezted zystem. This iz why
the errors are =0 important, They tell us what was expected of
the zwvstem that could not be dorne. EBut they do not tell the

freguency of use of these conztructs as thew would appear in a
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setting where they would be correctly procezzed. Thiszs iz why
the other modes are necessary for habitability design.
Hevertheless, the freguencies of srrors are important in terns
of how strongly the uzers would like to have such capabilities
available,

The design and guidance of this experimenta} research
is due to DIr. EB. Thompzon. The experience with earlier versions
and a different zetting of the experiment has greatly influenced
the resuylts here. Dr. Thompson’s qualifications as a linguiszst
and familiarity with the REL System from its incepticon helped
the team aveid results that could otherwize have been bogus
gither linguistically or ﬁomputationa11y. The definitive report

on thiz research was published in the paper [Thompson 2587,

1.3 Resultz! Explanation of Categories, with Samples

In order to make zome sense out of all the results that
were generated, we heed to find a way of classifing the eiementz
of communication that were observed. The natural breaks in
converzation, indicated by various methods in the various modes,
divide the protoc01§ into these elements that we want to
classify. These breaks include! pauszes, changes of speaker,
changes in tone, punctuation and zubmiszion of an input to
either the teletwpewriter program or the REL system. This
gsectichn will describe the categories that were developed from
cbservation of the protocols, which will include the larger
divisions of senterces and fragmenrts.

Typez of meszsages and dialogue patterns [Marzhall 281 will

also be dizcuszed., Th

1

e are highesr lewel concept

and provide
some insight as to how people generally structure

converzations. A meszage 12 the term that will be used to
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indicate any speech or typeuritten communication that has been
sent by one indiwvidual, without interruption by the ather
participant. Examples of all the types of fragments in context
will be seen in the examples of type:s of messzages, which will be
given after the definition and discussion of fragment types,
A1l the examples in this chapter (including the one at the
opening? are from the actual protocels that were generated in

the experiments.

1.3.1 Sentences

What iz & sentence? For our analysis, we took zenterces to
be the strings that were grammatically sentences as determined
by the individual experimenters, A1l of the experimenterz had
had experience with transzformational grammar, and the notion of
sentence in primarily syntactical terms was used to promote
consistency among the gathered data. A fact that is perhaps
linguistically interesting and certainly comforting for the sake
" of the experiment was that there was virtually rno disagresment
25 to what constituted the syntactic part of spesch sentence. H
few exceptions werebmade to this general rule, which will be
dizscussed in turn.,

There were two primary types of sentences considered in

"

gathering statis;ics in the first two modes. These types were
further subdivided in the third mode in order to gain more
infoermnation on the REL system. The two primary tvpes were (12
the standard sentence including statements, commands and
questions) and (2} a variant which almost fit (1) but seemed to
be scomehow transposed. The first tupe was like one of the

following:
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A:As far as uwe’'re concerned it‘s efficiently packed.

R:lWhy don’t we just puree all these things?

1:Put them in a blender,

The transposed sentences are the segments of communication

that have all the right parts to be & sentence, but are just out
of the standard order, £o0 that they seem slightly transposed.
Theze bring to mind the kind of speech uzed by the character
Yoda in the movie "The Empire Strikes Rack" [Kasdan 881:

AiInches it says on the front.

1:Those I need nine of.

A:lWhat vou need, I can‘t give them to you.

Both types of sentences were counted as sentences in the
statiztics for the person-to-person modes.

The exceptions to the general syntactic rule about
sentences were whole sentences that make up certain common
"whatic” phrazes (to be defined specifically later.)d Examples of
this are phrazes such as "vou know" and "wait a minute".

The further subdivisions of zemtences that were made in the
third mode for ztatistics were division of sentences into
commands, statements and questionzs. Subdiviszion of each of
these was made into categories using pronouns, gquantifiers,
conjunctions and relative clauses. Each of the gquestions was
further subdivided into classes indicating whether they were

wh~-queztions or not. The transposed sentences that occurred in

L

the human-to-computer mode were hot considsr

mn

az sentences, but
were counted as swuntax errorsz, which included both the ideas of
extra-grammatical (bevond the érammar of the system) and
ungrammatical {outside the grammar of the experimenter?
elements, Only the sentences that worked werse counted as
sentences. Here are several examples of good sentences!

WHAT IS THE REMAIHING AREA OF THE MEZZANINE DECKE OF THE ALAMO?
LIST THE DECKS OF THE RLAMD.
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LIST HEIGHT OF ERCH CONTENT WHOSE CLASS IS5 CLASS IV.
WHRT IS THE SGUARE FOQT CAFPACITY OF EARCH DECK OF THE ALAMO?
LIST LENGTH, WIDTH RHD HEIGHT 0OF EACH COHTENT WHOSE CLASS
IS AMMUNITION.
1.3.2 Fragments

Fragments include all those elements of communication that
do rot count as sentences. This labeling of Fragment types has
been developed by the socicolinguistics classes at Caltech
invalued in these experiments, under the guidance of Dr. B,
Thompzon., The fragment types fit into three categories:
sentence fragments, tersze fragments and phatic fragments,
Semtence fragmentz are the fragment types Interruption,
Truncation, False Start and Completion. For the terse fragments
we hawve Tersze Question, Tersze Reply, Added Information, Terse
Infarmation, Echo and Correction. The phatic fragments are
FPhatics, Fhatic Connectors and Talking to Self.

PFecause anything that did not parse in the human-to-

computer mode was not censidered to be a sentence, there were

m

several categqries of errors. These are not necessarily
fragments, and some would be sentences if the REL swstem
accepted all of English. These are comsidersd as error
fragments, Statisztics for these fragments were compiled only
for the human-to-computer protocols.  Error fragments are

vocabulary, spelling, syntax, punctuation, tranzmission,

unexpected input, definition format and bug.

1.3.2.1 Fhatic Fragments

Phatic communication has in this context & modified motion
of Malinouzki’s [Malinowski 461 term. Me have extendsd this to
mear any form of communication that is primarily for kesping

open the channel of communication. Thiz may be with one wvord
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responses that do not answer guestions, or it may be with full
sentences that have acquired a phatic status from their common
usage {as in the sxceptions to sentence above.) There are three
fragment types that have been classified as phatic fragments,
due to their phatic nature in communication.

Malinowski’s term is very similar to our nation of phatic
meszages (zee below.) This distinction was made because even
within phatic communication many of the other types of fragments
and also sentences occur, The fragments discussed here are
those that generally have no cother usze than the phatic one.

The first of these fragments that we will discuss is what
has been called the sinple phatic, or phatic for zhort. This
consists primarily of interjectionz that are not part of a
sentence, but often precede a sentence. Such interjections
include: ok, well, wveah, um, uh, and all the zo called four
letter words., Hames are often used as phaticzs also., Theip
oprimary function is to acknowledge reception of a message or to
keep the "floor" to one’s self. They may also zerve to indicate
some shading of meaning to the current sentence,

Theze simple phatics ares often clues that differentiate
between various sub-dialects, with certain ones Qoing in and out
of fashian over the years. Some popular phatics of the past and
prezent are listed here to give a better idea of the notion of &
phatic word or phrase! swell, groowy, far out, ok-fine, totally,
for sure.

The next fragment twpe is the phatic connector. Fhatic

connectors are words uwused to string zentenc

m

s or other fragments
together into run-on ssntences. They are used in a phatic

sense, to maintain the “floor® for the zpeaker between semtences
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that could have atherwise been separatsd. MWords that are used
as phatic connectors include! and, or, since, becauze and so.

The final fragment that can be considered phatic is talking
to self. This is wverbiage that the speaker may or may not have
intended the other participant to hear. It iz thinking out
loud, and may serve only the function of keepingvthe hearer from
talking while the sender is thinking. In this senze it serves a
phatic purpose. Talking to self was generally encountered when
one of the participants was doing calcultations and was talking
to himself about this. This fragment cccurred (or more correctly,

was recorded) only in the face-to-face mode.

1.3.2.2 Terse Fragments

The terze fragments are the elliptical fragments. Thew
conzist primarily of noun phrazes, but cccasionaly have more of
the ellipted zentence presgnt., Terse fragments are sometimes
differentiated by their use rather than their syntax. In their
respective different contexts, the different terse fragments
will elicit appropriate responses in the receiver, in spite of
their syntactic similarity.

The use of tersze fragments is one of the main differences
between current matural larnguage swstemz and human interaction,
It is the way people adapt to their problem and streamline
conversational interaction., Studwing thesze fragments has
given an idea of the general uze of elliptical comstructions,
These fragments cover the areas of elliptic guestion, ansuer;
modification, confirmation and cortection.

The tetrsze qQuestion is simply an elliptical guestion, and
the terse reply is just an &lliptical reply. Added information

is & kind of elliptical modification, an addition of & relative



-17~-
clause or other modifier to make more explicit a previous
statement. Echoes are an elliptical form of confirming the
reception of previous information., {(Echoes of whole sentences
were not counted as echoes.? A correction is what follows a kind
of semantic false start; rather than editing the structure or
repeating parts of the current sentence, it changes the
information that is being given by replacing one of the previous
noun phraszes that it contradicts.

The other terse fragment is terse information, It is best
understood it context, There are several instancesz in the
examnples of message types and the extended analysis exanple in
appendix 2, It may be a kind of tersze reply to an assumed
question, or just a noun phrase prior to a full zentence that

serves to set the foacus of th

W

sentence.

]

1.3.2.2 Sentence Fragments
The zentence fragments are the fragments that have more to
"do with zentences than the noun phrases found in the terse

1

"

o not used as the

fur

fragmentz, Thé sentence fragments are
phatic Fragménts are; but often serve to keep the channel of
communication open as the sendesr endeavours to form a complete
sentence or the receiver to compléte an abandoned sentence.
These fragments carn be subdivided into abandoning and completing
typeEs,

The abandoning types are interruptions, truncations and
false starts., (These are the only categories that qualify as
actual speech errors,? An interruption is when & speaker iz
interrupted by the second speaker and abandons his sentence,
This refers to tge fragment of a sentence that was interrupted,

rnet the orne that imterrupted, A truncation is when the speaker
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abandons his sentence without any provocation. The difference
betwezen these two was usually clexr, and in places of confusion
the tapes could be used to decide which was the proper
category. False starts are thosze fragments left out when a
speaker abandons the first start of a sentence and then
completes the sentence. This may involive any variety of ways of
backing up and the completion may start in the middle of the
sentence. |

The only completing type of sentence fragment is the
completion. A completion is just what the name implies, with
the restriction that the completion is not made by the original
speaker, unlezs interrupted by the other. Completions are
completions of truncations, or in the rare case, of

interruptions.

1.3.2.4 Error Fragments

In the human-to-computer mode the szubmizsions that did not
parse and evaluate to completion were considered error fragments
and were claszified as such even when some would be considered

complete sentences in one of the other modes. The categorie:

1113

give some indication az to the reazon why the input did not
reach completion, Since all of these could be called syntax
errors, with the exception of the tranzmission and bug errors,
the category of syntax error was ressrved for those errors that
did not fit into any other category.

R punctuation error was one that involued only
punctuation. The definition format error was any error that
occurred when the subject was attempting to add a definition.

Unexpected input errors happened when the subject failed to
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answer a prompt that expected a particular format, e.g. "There
are 128 lines in your answer. How many do you want?".

Vocabulary errors were any errors resulting from the usze of
a word that was not in the vocabulary, whether or not this word
was misspelled. In order for an error to be a spelling errar, it
must have been a misspelling of a word in the vocabulary.

Several transmiszion errors uwere generated due to the fact
that in some of the human-to-computer experiments the parity bit
on the terminal was set incorrectly. Once the source of thesze
errcrs was located, they ceased to occur. Errors generated from
the user encountering a bug in the system were called bug
errors, These returned a different diagnostic from the other
grrors, and thus could be distinguished from them, Seversxl
interezting phatics were recorded when the user hit a more
serious bug, i.e. one that would not let him escape, and theze
were tecorded as phatics.

It should be menticned here that thetre were several
categories of fragments that gave errors but were rot considered
error fragments, with the phatic already being menticoned., QOther
fragments that produced errors but were recorded as in the other
modes were false starts and truncaticons. These can be
diztinguizshed from =ach other only in context. If the user
continued with & similar sentence it was a false ztart; if this
sentence was abandoned, it was a truncaticn. There were also
two fragments that worked in a reasconable first-attempt manner

for which statistics were taken! terse gquestian and terse reply.



1.3.3 Mezsage Types

In a more extensive paper about this same experiment
[Marshall 881, messages have been classified into four types in
a study of dialogue patterns. Theze tupes are data,
metalanguage, phatic and mixed, The distinction between the
types is the nature of the dialogue. The data-type meszages are
primarily for the transfer of data. The metalanguage-type is
for meta-level discussion, consideration of various wavs of
approaching the problem. FPhatic messages are messages of a
zocial nature, that often serve as transitions between other
message types. Thus the phatic type messages zerve the phatic

furiction asz di

W

cuszed above, Mixed messages are those message

"

that are not predominantly any of the other types.

fi knowledge of the nature of message types is neceszary for
the intelligent design of hakitable swstems. This is becauze of
two conclusicns from Marshall’s paper. First, that all message
Ctypes use fragments and the data types have the highest
percentage of fragments. Secondly, that the protocols that
firnished most of the task had-the highest percentage of data
type messages. From this it may be concluded that habitable
systems should provide for the common fragment forms.

Examples are given here of all the message tvpes, showing
gach of the fragmermt forms in context. The commentary in curly
brackets is the type of fragment.

Abbreviations:

S Sentence AI Added Information
P Fhatic Tl Terse Information
PC Phatic Cornector CR  Correction

SF Talking to Self 1 Interruption

TR Terse Budestion TH Truncation

TR Terszse Response FE False Start

E Echo CM  Completion
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METALANGURGE

A:So, vou’ve got a list aof stuff aver there.
1:That’s right. 1I7ve got a list of, I7ve got,
A:2 pages.

1:Yeah.

A:I7ve gaot 3 pages.

1180 it won’t fit.

R:Three pages can’t go intoe two pages.

1:0h yeah, the super deck is. I have a deck
here with no minimum clearance. So...

R: It must be the cutside.

1:¥eah, that’s obvious.

RiRs long as you don’t go above the mast.
Perhaps we should use that for the largest
objects and then we could stack thousands of
little objects in those large ones.

1:17ve got an idea. HWhy don’t we just put

everything -- yvou know -~ cover the floor
with super deck and stack everything on
top of it -- we’re done.

A:After we stack the pyrotechnics thing
1:let’=z go on and use a different approach.

A:3932 minus 4 times .., here, do vou want to hand

the calculator over here?
FHRTIC

1i¥es, I krnow I‘m making a mess.

. AiHe must have learned to eat in Fleming House.
That’'s all vou can expect,
1:Andy, vou have a job to do.

that deck.

Keep filling up

LIRTH

1:The Rlamo, huh, where are we going with this boat?

A:Just ship them to, uh,

1iRemember the Rlamo?

A: 0K, how about a, how about utility truck METE?
1:1 need two of those.

A:You need two. A1Y right, one thing left
1:0nly one vehicle left?

A:One vehicle left and that s a trailer utility F2HW.

10Trailer utilite? I7ve got & truck utility FZW,
A:0h, well, that’'s different. TRLR FZHW.

A Two without,

1iYup.

A:0ne semi-trailer.

1:Semi-trailer, vup one,

A: 1@ holister 8 inch 3 tractors M4Ee with RUP.
1:M46, uh, ME4, you mean.

A:Ak, yveah, vou're right. I wrote it down wrong.

{PC, S}
{S,FS, TH)
(CH3

(P}

(83
(PC,S?
(S}

{F, S5
¢s,PC}
{53
{P,5)
(A1}

(S}
(s
(TH,P,S?

{8}

(P, S)
(5}

{8}

{P, 5,5}

{TI,P,S)
{TH,P}

(S)

(P,FS, TG}
(S)
(3,F,AI}
(76>
{E,PC,S}
{E, S}
(P,F,S,AI}

(TI}

{TR}

(T13

{E,P, TR}
(T3
{E,P,CR,P}
{P,F,5,5}



1.4 Statistical Results

The primary objective of the experiment from the point of
view of habitable svstem design was to categorize the obzerved
utterance fragmerts and‘determine their relative frequencies,
Now that the categories have been described, the number of
cccurrences and percentages will be given below in tables 1.1-
1.8. Table 1.1 zhows the breakdown intec sentences and
fragments., Definitions in the human-to-computer mode are also
included in this table. In table 1.2, the relative frequencies
are given for the fragment types. Tables 1.3-1.€ give the data
for phatic, terse, sentence and error fragments. Eresakdouns of
the senterces in the human-to-computer mode are presented in

tablez 1.7 and 1.8.

Table 1.1: Sentences and Fragments

Mode F/F T,7 H-C
Total 8763 7E3 ie1@
Sentences 34608 39 |382 4%9%| 8TE S4¥%
Jefinitions 35 3%
Fragments 5203 61%1461 S1%| €79 42%

Table 1.2: Fragment Types

Mode FrF TsT HsC

Total 5383 481 E79

Phatic 3467 ESK|182 45%| 45 X
Terse 1258 24%|18€ 46€% 1151 22%
Sentence 586 11%]| 33 E&%| 38 4%
Error 453 €74
Table 1.3: Fhatic Fragments

Mode F-F TT H-C
Total 34€7 ia2 45
Phatics 2714 7eX|144 795145 1paX

Phatic Cornector &7E 28X 38 21¥%
Talking-to-Self 7724
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Tatle 1.4: Terse Fragments

Mode FrF T/7T H-C
Total 1258 i8¢ 151
Terse Reszponse 347 28%| €4 24%| 24 S56&%
Terse GBuestion 264 21%{ 3% 19%| &7 44%
Terse Information 123 18%| 51 27v%

Added Information 271 z2%| 27 15%
Correctian 8 1z

Echo 237 19% 9 5%

Table 1.5! Sentence Fragments

Mode F-F 17T HAC
Total 5g8¢ 33 36
False Start 283 46% |22 674|255 g3
Truncation 252 43% |18 38X} 5 17%
Completion 38 5% 1 3%
Irnterruption 21 4%

Table 1.6: Error Fragments

Mode H-C

Toval 453

Vocabulary 153 34%
Punctuat ion 79 17%
Svntax 69 1S¥%
Spelling 66 15%
Transmission 33 7%
Definition Format 25 &%
Unexpected Input 14 3%
Bug 14 3%

Table 1.7: Sentences (by Complexityl

Mode HsC

Total ere

Simple €68 76,3%
Conjunction 91 18.4%
Buantifier €z v.l%
Pronoun 28 3.2%
Ruant., amnd Conj. 18 2.1%
Relative Clause 7 . B%
Guant, amd Rel., C. 1 1%
Buarnt.,,Conj.and R.C, 1 1%

Table 1.8: Senterces (by Format’

Mode H-C
Total 8TE
Wh~Buesticns 656 74%
Commands 1€ 19Z%
Statements 47 S%
Guestions (non-Wh 11 1%
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The primary implications of theze results to habitable
natural language systems desigh are that these are the kind of
inputs to expect, the kind of outputs to model, and the kind of
errors to prepare to correct, The specific details of what this
has meant to RASK Swstem design will be dizcussed in chapter 2,
after describing the other goals relating to improved
habitability. In the rest of this chapter several other
experiments invalving protocol analysis and their application to

this work will be discussed.

1.5 Other Protocol Analysis

It iz fortunate that there are several reports on
experiments involwing protocol analysis in the literature,
Comﬁarisaﬁ with this work will provide the benefit of cther
perspectives on this part of system design. The work in this
area breaks down imto four major divisions, =sach with differing
goals and each with something to contribute to habitzble natural
language swstem design. These four divisions are: other reports
oh the same experiment described im thiz chapter, various
simulations of naturél language systems, earlier linguistic
categorizations bazed on protocol analwsise, amd previous

evaluations of existing matural language syztems.

1.5.1 Same Experiment

Much more has been written about the same experiment
reported on here in the papers‘[Thompson 28] and [Marshall 281,
The first of theze papers is the primary report on this
experimental research, and contains a wealth of anzlyvsis and the

germ of many of the ideas deuweloped in this thesis. The rezults
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of the second paper and the important conclusions about message
tupes have been discussed earlier.

Phatics words were first described in [Marshall 7631, a
Peport/on an early version of this experiment. Four types of
phatics are distinguished with varying shades of meaning. Theze
types are tupified by the examples ok, well, wait and no,
mearning tacit acceptance, doubtful acceptance, asking for time
and a preface to contradiction, respectively. These different
uses dictate how phatic fragments should be viewed by the
system.

In a forthcoming paper [Thompson 831, the zame experiment
has been performed for analysis of the use of pronouns.

Statisticse have been gathered on noun phtra

"

e £

y Pronouns and

—

their refations. This study gives important valuss for the
initiation and updating of the degrees of activatedrness of a noun
phrase, whith will be called the salience.  These walues will be

.discussed in the chapter on anaphora.

1.5.2 Simulations

There are several simulations of interactive human
communication for the purpose of improwved interaction with
computers reported about in the literature. In an introductory
paper [Chapanis 753, several different communicaticon modes were
considered, with the primary result being the dependence of the
time of comp]eiion on the mode. The time increases as feuer
mears of communication are available. This zhous that the
addition of other communication forms will aid the user, such as
graphics. The aﬁa1ysis of this experimental research is

expanded in the reports [Chapanis 721 and [Chapanis 771I.
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The dependence of task completion on the limitations of
vocabulary was the topic in [Kelly 7?71, with the major result
being that the subjescts who worked with restricted vocabularies
soluved their problems as successfully as those with no
restrictions. However, frustration and occasional anger was
prevalent among the participants working with 1imited
vocabulariez, showing at the very leaszst the need for systen
adaptation to users’ idiosyncrasies.

An extensive simulation for design of & specific system is
the subject of [Malhotra ¥51. The results here confirm the
fragmentary nature of human interaction, and provide design
requirements for the application area of a marnagement svstem.
This paper is an example of the kind of study that should be
made to finmd out what capabilities users would desire iﬁra
system for a particular domain.

Aricther =simulation comparing several different modes of
Ccammunication is [Cohen 82]. The analvsis is in terms of the
(taszk) furction of the utterances, as opposed to the
concentration oh utterance form in our experiment. The primary
result is to highlight the differences betuween speech and
typewritten interaction, thereby showing the needs of s=peech
processing systems that are bevond the rneeds of tuped
interaction,

The emphasis on an utterance’s task function makes this
study lezs applicable to gener%l system design, although it is
more applicable to the design of svstems for the sinulated

problem {assembling a water pump, which might be generalized to

"

assembly procedures.) The smphasis on form in this thesis and in

[Thompszon €681 has highlighted the similarities betuesn speech
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and typed communication, even when some of cur formz have Eeen
differentiated by {(dialogue) function (e.g., all of the terse
fragments are often elliptical noun phrase fragmsnts but occur
in different locations within a dialogue, each performing a
differing dialogues function.> Qur emphasis on form helps to
determine the dialogue function of a given fragment, rather than
the task function, so that the nature of humar interaction can
be studied rather than interaction about & specific area. Eoth
of theze areas are important to the overall habitability of a
svstem, as Wwill be seen in the discuszion of evaluations below.
Interaction of & general nature hasz been the emphasis here in
order that a habitable baze for any applications area may be

designed.

1.5.3 Categorizations

There hawve been several linguistic studies irmveolving
protocol analysis that have wielded various categorizations of
the non-zentence utterances prevalent in speech. In an
extenzive ana1ysis t.o categorize words by the positions they may
assume in sentences, Fries [Fries 53] confirms sewveral of the
netions of phatic words. In [Bowman S71, minor amd fragmentary
sentences are studied and most of the tupes of fragments as
described here can be found, with some interezting results on
the dependency of minar ssntences on major (Full) zentences,
The zplit iz roughly half and half betuwsen dependent and
independent minor sentences, This savs that of the minor
senterces (including elliptical forms), some may not have &

context for expansion to & full sentence,



1.5.4 System Evaluations

Evaluations of natural language systems will usually
produce a list of sztatements submitted by users as at least part
of the evaluation, which is a proteocol available for analysis,
A long 1ist of submizsions is included in the appendices of
[Damerau 811, which show the utility of the TOA system as
applied to the data base of the Planning Department of the City
of White Plains, Hew York. There is & list duplicating the
submizszsionz that did not reach completion, with the ones that
worked after a revision of the system marked. This revision,
proempted by the viewing of the protocols, displays the utility
of such aralwveiz as many of the previocusly nar-uworking user
inputs were completed by the later wersion.

Threse major areas of

n

L0

vetems evaluation are given in a
thesis devoted to this topic [Tenmant €81, Two of these areas
involue taking user protocoals! habitability and completeness
.analyzis, The other area is abstract amalvsis, which is an
evaluation from the designher‘ s point of view of & more
theoretical linguistic nature. The first two aveéi consider
habitability from different anglesz, ome the habitability of
interaction and the other the task habitability. This
distinction has been seen in the comparizon betuwsen the rezults
given in the present thesis, concentrating on Thteraction
habitability, and the work of for example [Malhotra 73] and
{Cohen &2], which emphasize a ﬁarticular application and hence
task habitability. Tentant’s incjuding both of thesze areas 1in &
general evaluation method shows the need for both tupes of
anzlwvzis to achieve true habitzsbility for 2 given applicationsz

ared.
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1.6 Sunmary

At the end of this tour of protocol analysis in the given
experiment and in the literature, it can be seen that there iz
much to be gained from this kind of study from many points of
view. There is also no end to protocol analysis. It is always
a useful tool in design}ng, testing and eua]uatiqg interactive
computer systems. It gives the experimenter the valuable
hindsight needed to do all of these tasks relating to system
development, plus the satisfaction of certain intangiblez, such

as having paid che’s dues.
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Chapter 2: Design Requirements for Habitability

2.1 Introduction

This chapter presents a set of goals for design of natural
language systems with improved general habitability. Input forms
that have been viewed in the protocol analysis are considered
from the standpoints of! what non-sentence forns should be
accepted as good input, what forms can be appropriately ignored,
what forms can be cohsidered erronecus, how they should be
corrected andsor diaghosed by the system, what other system
actions require explianation, what pricrity should be aszigned to
different forms, what forms have equivalent pricorities, ard what
lTimitations on these considerations are introduced by the mode,
Theze are the capabilities that need improvement in most matural
language systems. Both the processing by the syztem and the use
in output messages of the various forms found in protocol
analysis will be considered. The overall design for meeting
these goals is presented in the next chapter,

Cerﬂéiﬂ1y the goal of a2 habitable natural language system
in regard to grammatical sentence input should be to accept any
well formed input relating to the knowledge base. Thiz is a

major thrust of meost of natural Yanguage systen

0

. research. But
grammatical completeness is not the concern here. Even applied
to specific domains, natural language has long resisted attempts
at formalization. Rather, the lack of grammatical completeness
ie a strong motivation for this work. Systems should respond in
a reasonable manner to extra-grammatical input, which is
anything that exgeeds the swstem’s grammar. In the absence of
grammatical completeness a habitable sustem should try to

maintain & responsive completeness, giving ansvers that
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delineate for the user the limitations of the zystem when and
where they are exceeded. This is the desigh goal concerning
completeness,
AR habitable system should also complete each request in a
reasonéb1e amount of time. Keeping rezponse time down is a major

concern here, and this is kept as a design goal throughout,

2.2 Norn-Errconeous Hon-Sentence Forms: Terse Fragments

The fragment forms found in the protocol analysis that are
not sentences but contribute specifically to the zolution of the
problem are the terse fragments. These forms of abbreviated
reference serve as a natural way to streamlinme the interaction
between individuals, Study of message twpes shows that the
terse fragments predominate in the data message types, where
problem zolving principally happens. The tersze fragments occur
mare frequently when the participant:s have agresd on the
approach to the problem, and thus the interaction with the terse
‘Fragments reflects the choice of this approach by using a sub-
language that follows thizs method.

A habitable sy;teh should provide for the specification of
such knowledgeable sub-dialogues, instantiatimg a particular
approach to a given problem, MWithin the ASK system, this topic
has been discuszed in [Ho £32] and [Thompson 82al. Transcripts
of uzer interaction with Ho’s dialoguesz will show that most
system and User messages are terse fragmwents (primarily terse
queztions and responsesy. Here is an annotated example, with

user inputs in lowsr case:

>load {terze request?’

YEHIP: alamo {terse question, terse reply’
>CARGO SPACE! mezz deck {terze guestion, terse replul
>ITEM: culvert {terse questicon, terse reply?

STOWED. ] {terse reply}
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Similar analysis of systems using icons, menu zelection, form
filling, etec., will show the widespread use of systems using
terse fragments as a primary means of communication with the
user. The naturalness of these interaction methods has prompted
severél researchers to think that natural lTanguage swvstems are
too verboze ([Shrneiderman 28J.5 But the uze cof terse fragments
in the protocals before the explicit declaration of an
interaction method shows that these meszzages must be understood
in a general setting, providing a bridge betwsen interaction in
full sentences and knowledgeable (of specific tasks) terse
dialogues.

It shouwld be conceded that for a specific task that will
not change ower time a knowledgeable application dialogue is
the mozt natural form of interaction (after any instruction
needed for its use.’ But for new applications of an existing
data base, exploring new techniques for scoluving an old or rnew
Cproblem, or just perusing data to get ideas of how to go about
solving a problem not yet formalized, & natural language geared
toe the data base acdepting both sentences and the terse
fragments is the more habitable choice.

How should a system respond to terse fragments encountered
cutzide the context of a previocuzly defined dialogue? Responszes
to terse gquestions would be computed by interpreting these
gueztions as elliptical fragments relating to previcous input:

>who 1= the mother of Johﬁ?

Mary
>Bil17? {i.e.y, who iz the mother of Bil17}
Joan

There should also be appropriate anzwers made to t

m

rEge qUEstions
outside the context of any previcus input, and terse questions

that could be interpreted either way., The swstem should he able
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to accept terse responses to any questions it asks., Corrections
will change the right data, Terse informationm will make the
right changes in focus, and added informatien will add its
information correctly. Echoes will just repeat the same
processing.
R habitable system may also make use of terze forms. The

ansuwers Lo mMost o

B

er questions can be in tersze reply form,
rather tharn in complete sentences. There should be no need for
corrections. Terse questicons, tersze information and added
information will occur in swstem dialoguss., Echos may be used

for diagnostic purposes (see below.)

2.2 Igrnorable Forms!: Phatic Fragments

The fragments that are for keeping the channel of
communiication open or for keeping the "floor" are usually not
rneeded for interaction with computers, and whern encountered can
be safely ignored. This is due to limitations of the setting,
diecussed below. Because a perscn will often think about what
to say next while another is talking, and because either
individual may initiate in the discussion, phatic fragments help
keep discussions orderly, at leazst to an extent. The shades of
meaning conveyved by phatic Fragmehts are of a very subtle nature
if they are to be truly understood, but forturately are only &
sccial aspect of problem solwing interactions. Thus if phatics
ard phatic connectors are recognized they can be ignored, and
the syztem will perform correctly whether the user is cursing or
praising it. The talking-to-szelf fragments, while wery rare in
modes other than speech, demonstrate the need for a svstemn
capability for ignoring various portions of input while

attempting corrections.
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The process of ignoring phatic fragments is considered in
the sequel as a type of correction. This if because while
ighnoring phatics is very close to & correct interpretation of
phatics, no attempt was made to really use what little
information they might convey., Instead, the imput was corrected
to a wholly executable input containing no phatig fragments,
This change in the input is reflected in an echo without the
phatics, s0 the user will not be mislied into thinking they have
been "understood" (although scmetimes this echo may be
suppressed):

PHelly I really don’t want to do that.

I don’t want to delete all files.
no files deleted.
Some use of phatics by the suvstem may be worthuhile,

Fhrazes such as "thank wvou" are used by

n
L2}

gveral systems, and
politeress should be a part of habitability (but not carried too
far.?> Other meszages such as "ok" are an appropriate response to
_requests for output that are not verbal (or tupewrittend such as
plots or graphics, either before or after thes request has been
conpleted (but after language processing.? For gquestions or a
system that takes very long to process input (38 seconds is wvery
leng if you are used to dealing with pecpled), some phatics to
indicate continued system processing would keep the user from

thinking that it will never return.

2.4 Erroneous Forms! Sentence and Ertor Fragments

Several forms were identified in the protocols which aré
really fragments of abarndoned sentences. Thesze are the
truncation, falsze start and interruption forms. The
understanding of these forms and even their definition requiresz

at leaszt & guess as to what the abandoned sentence was.
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Completion fragments also reguire knowledge of this implied
sentence. System acceptance of thesze forms thus requires
finding the full sentence, which is considered to be correction
of the input.

The sentence arcocund a false start may be found by
selectively deleting parts of the falze start, Truncation”
completion pairs will give the implied sentence, and user
interruptions by the system should not take place, (D? course,
the user may interrupt the system anytime.) Otherwisze, only zome
kind of expectations or inference can help return to the
abandoned sentence. Fortunately, finding the abandored zentence
iz not really necesszary if it was abandoned by the uszer. Eut
since abandonment is even more difficult to determine from the
system’s point of view, attempting to find the abanborned
sentenrce for execution is a recommended zolution for improved
habitability, since the system cam expect to encounter some of
thece forms. Otherwise, the part of the input that doesz work
may be accepted:

*uhat s the léngth of culvert, post 2ft, and

what is the length of culvert, post 2ft7?
culvert 48 inches
post 2t 3@ inches

The error types identified in experimentation with the REL
system give & list to the sustem designer of common input errors
that should be carrected. Acoctual metheods of error correction
for vocabulary, punctuation, syntax and zpelling errors will be
discussed in the algorithm descriptions given in later V
chapters. A1l errors should be diagnoesed., Definition format
errors should only be diagnosed, because additions should not be

made to the system ba

if]

2d on

m

LIS %

m
B

gueszes. Definitions could

be made more easzily by allowing several formats, thus imnproving
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habitability. Urnexpected input errors are corrected by having
the semantics that requested the input accept other forms also,
Transmission errors were errors of the experimenter and not the
user, and so should not recur. Correction of bugs is the
responsibility of the system implementers, but a diaghostic will
be helpful to the user for bugs that have been identified but
not corrected.

There is no appropriate system use of these forms, except
petrhaps completion as a diagnostic, but it is more appropriate
and clear to the user to echo the entire abandoned sentence if a
completion has been found. Habitability is rot improved by
errors in system rezponses.  RAny system with enough capabilities
to be interesting will hawve enough bugs to take care of this if

it were desirable anyway.

2.5 Diagnestics: Who Heeds Then?

| Diagnostics are any messages generated by the system that
'exp1ain syetem behavior rather than ansuwer the specific input of
the user. A general rule will be adopted here that anything the
svstem doss that is.not explicitly requested in the input should
be explained in a suitable diagnostic. This includes ambiguous,
itl-formed, and incomplete input or input requiring the
resclution of a reference. Any input that is ambiguous regquires
diagnosiz, 20 that the uzer will know how the input was
interpreted, I11-formed input. iz diagnosed in order that any
corrections made and how to make well-formed input in subsquent
submissions will be understood by the user, Incomplete and
referential inputs need the explanation of what was actually

executed, how the references were resolwed.
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There are other situations commonly occurring in natural
language systems that require an explanation of what happened
when a user regquest was executed. A good example is the
response to inputs that are semantically vacuous:
>How many students took linguistics 181 in 19817
Noething in data base.

Vacuous noun phrase.
There was no Tinguistics 181 in 1981,

O D

Certainly answer C is more helpful to the user than either of
the first two, This situation is studied more fully in

[Kaplan 78,79], and in [Trawick 791 appropriate answers are
considered as applied to the REL sstting (which have besn
incorporated into ASK system design.? These kinds of diaghostics
will be called zemantic diagrnosticz, to distinguish that the
input form was correct and no references needed to be reszolved.

The purpose of a semantic diagnostic iz t ive a more

Q
w

urderstandable answer rather than explain what was done, The
other kind of dizghoztic will be called a syntactic diagrostic,
as it seeks to explain what was lacking in the form ovr

specification of the user’s input,

2.5.1 Rules for Good Diagnostics

Since so many areas of concern to habitability design need
explanation, an understanding of what makes for & good
diagrnestic iz important. Good diaghostics contribute to
improved habitability while bad ones detract from sustem
habitability., Here iz a list of characteristics that should be

true of ideal diagnosticse. They do the following for the user:

1)Give help in forming correct imput;

2 Help uzer avoid makinmg similar mistakes;
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32Avoid "computerese" or other technical vocabulary, such
as linguistic or system specific terms;

42f8re constructive rather than critical of the user;

55Do hot dehumanize the user or suggest system contrel over
the usery

&€>Do not anthropomorphize the system;
7200 not exceed the svstem’s vocabulary;

8Use the forms commonly found in protocols that serve a
similar function;

93Rre brief;

18)Are correct.

Unfortunately, it is seldom that 11 of these goals can be met,
and in given circumstances some may be contradictory, The
design decisions invelwing the selection of a specific
diagnostic are important and will be discusesed when they are
presented.

Several cother admonitions for swystem messzag

e

design tan be
. found in [Shneiderman €21, which have influsnced the selection
of guidelinmes given here C(rules 1~-5>. Rule & reflects & desire
to have a professicnal system rather than a "cute" system,
although messages should not appear hatrsh or cold to the user
(rules 3-%5>. Rule ¥ is of particular interezt to the setting of
rnatural Yanguage =vstems, becausze it iz reasonable for a user to

expect that amny word used by the syste n be accepted by the

=2
1
fus

gvstem. However, thiz is often very difficult to do in practice
when explaining to & user the nature of the problem with his
input.

The form found in the protocels most wseful for diaghostics
Csatisfying rule 8 iz the echo. In the protaocols, an echo

usually zerwves the function of repeating for confirmation the
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lazt mezsage of the other speaker. Thus a natural language
system would do well to use an echo as a diaghostic of what the
system did if that was anything other than the (explicit) input,
as in the case of errors and references,
Rule 9 is included so that the interaction will not be
hindered by too much diagrnosis., Perhaps the most important is

rule 18, which must be true for a diagnostic to be of any use.

2.6 Priority

Priority questions arise in good input because of
ambiguities. (Sentences and the tersze fragments are conzidered
to be good input.> Until chosen by the uszer, each ambiguous
interpretation of the input has =qual likelihood of being what
the user wanted and is given equal pricrity. Sustems that are
fazt enough may carry out all of thesze interpretations and give
each result to the user, but any habitable zvstem should have
messages explaining the differences for the user’s selection,

Ceither along with the output or before evaluati

i

Pl

=)

Several design goals apply to the priority of error

correction., PDBecause the primary use of any svstem 15 with well

formed input, extra time should not be spent by correctors
operating on good input. Secondly, corrections mear the
original input should be tried before other more radical
caorrections are attempted. Thus a check for potentially
mizspelled words will take place before & charge in the input’s
syntax. Finally, each possible correction at a given level QP
change away from the original input should be tried before
moving on to furthsr levels. This notion of diztance dictates

the priority that the correctors hawve, If there iz more than
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ohe correction at a given level, then the input is= considered to
be correctionally ambiguous, giving the corrections equal

priority,

2.7 Limitations Due to Setting

This chapter has been more general than was actusally
necessary for the discusszion of ASK System habitability design,
Some forms found in the protocols will not occur due to mode
limitations and system capabilities. Because ASK is a system
using typed input, and becauze the computer it iz implemented on
allows a certain amount of editing of anm input before
submission, false starts are far less likely than they were with
the REL svstem. A type-ahead feature keeps zvstem output from
intérrupting subsequent uzer input. Terse rezponses can be
expected only after gquestions asked by the svstem, which cccur
much less often than gquestions of the user. Phatics zeem less
necessary uwithout the need to arbitrate between leadership
within the problem solving team, However, they are very
frequent in the presence of bugs, which amourt to a nasty way of
describing the =ystem’s limitations. (Most phatics prompted by
the prezence of bugs do not contribute to problem sclution, and
are probably not it for Fepetition in polite company.) Sustems
that operate in different modes, particularly ohes proposing to
handle spesch as a method of input, will have to give more
thought in their design to ths fragment forms that are reduced

by the typeuritten setting.
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Chapter 3! Design Structure for Habitability

2.1 An Duverall Framework: The HMetric, in?orma11y

How can the proceszsing of good, ambiguous and i1l1-formed
input and input reguiring resolution of references be combined
into a dezign with mere unity than a bag of tricks? A1l of the
seemingly disjoint areas to be covered in this design are
brought together by an informal metric to be described here.
Completes, good input is input that can be parsed by the system’s
grammar to the part of speech sentence without any pronouns or
other needs for reference resolution. FAny other input must be
transformned into such a sentence, either through correction or
rezclution of a tyupe of reference. The nature and humber of
chatiges made to a giueh input to make this transformation gives
rise to the idea of distance between input strings. FAmbiguities
arise whenever an input is equally cloze to more than one
complete, good input.

The metric is never computed and only serves to give

i
"

intuitive structure to the design. It =zerv the zame purpose
that the aphroximate string matching of the Damerau-Levenshtein
metric [Hall €8] does for spelling correction. It zhows how an
erroneous input or string may be modified in order to first get
the corrections hearest to the input and later proceed to
corrections further away from the input, making explicit the
priorities assigned to input forms. The design of robust
senterce analysis is essentially a description of the percei;ed

metric between input strings.
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3.2 Design for Robust Sentence Analysis

Hithout giving the implementation details of specific
algorithms the structure and sequence of "corrections" an input
are described here. The metric iz an extensicon of the Damerau-
Levenshtein metric incorporating a krnowledge of the grammar
involved and operating on the words of an input string. Thus
instead of inserticn, deletion, replacement, and interchange of
adjacent letters, these operations are on the words,

punctuation and other special characters of an input string.

Insertion:

*What is the destination of the Maru? {context?}

London

>af the Alamo? {rmeeds inzertion?
What is the destination of the Alamo?

New York

Jeletion:

YWhat is the destination fo of the Alamo? {delete "fo'}
What is the destination of the Rlamo?

New York

Replacement:

sWhat is the destination of the ARlemc? {"Rlamo" for
What iz the destination of the RAlamo? "Alemo"?
Hew York

Interchangse!

>Hhat the is deztination of the Alamo? {"the" amd "is"}

What is the destination of the Rlameo?

Hew York
The walue of the disztance (and herce the order of correction
attempts) is influenced by the part of speech of the words
subject to these opsrations., Thiz is to incorporate a knowledge

of the forms found in protoceol analysis into the structure.,



3.3 Well-Formed Incomplete Inp

A11 input parsing wholly

considered to be well formed,

carrections,

part of speech sentence needs

conzidered incomplete because

pronoun is the interchange of

This interchange

=

stands for.

that can be done. Folleowing t

Input that contains
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ut

into cne part of speech is

and thus has pricrity ocver

a pronoun ar is not in the

rezolution of a2 reference and is

of this. The rezo[ution of a

a pronoun for the noun phrase it

is the nearest change to the input

his is the expansion of other

parts of speech to sentences by the addition of appropriate

words from the

filling out of a1l elliptical

Hourn phrases are a

treatment of the terse fragments.

phrase parzes a sentence

can be replied to without expanzion

is uzed to determine which

e s

the complexity of the noun phr

3.4 I11-Formed Input
If the parser fails to fi
error correction takes place.
cortections that should all be
are the correction of spelling
deletion of phatice and phatic
word not
spelling correction.
deletion.,
done is

in a manner that

be obtained after resubmission

interaction context.,

special

in the vocabulary by one that
Correction of punctuation
The deletion of punctuation and phatic fragments

optional,

Thesze additions include the
fragments.
case because of the goals for
The part of zpeech noun
that

&0

i)

tand alone noun phrases

into sentences., The comntext

aonze e appropriate, depending on

ase.

nd any well-Fformed input, then

There are several minor

given the same priority. These

arvd punctuation errors and the

connecto

=,
==

Feplacement of a

is a

constitutes

iz by
is
so that a1l good results may

to the parszer. This is desired
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also because phatic words may be lexically ambiguous with other
interpretations not being phatic, A1l well-formed corrections
are then procezsed, which may potentially involve the resclution
of references. If a word was found that was not in the
vocabulary, a diagnostic to this effect iz generated. HfAs a
second step optional deletion of words not in the vocabulary may
take place. ARny correction is diagnoszed by echoing the
corrected input as it was executed.

If these near corrections fail to produce well-formed
corrections or a vocabulary diagnostic, others are invoked,
First, several attempts are made to see if replacement of words
by ather formz of the same word will correct the input.

Multiple replacement of certain parts of speech to all words

with the same part of speech <such as prepositions

W

iz al

N

o
included at this stage, These correspond to the feature and
part of speech (test and category? relaxation: of [Kwasny 261].
. f zecond level spelling corrector, that considers all input
words subject to spelling correction is the next furthest
medification of the input, Finally, correctors attempting
changes in word order and the optional deletion of input words
are called, Any correction is diagnosed as before.

If no correction is foumd and there was no vocabulary

mes

i

age generated, then a diagnostic is generated informing the
user of the situaticon. Another more detzailed analysis of the
input is awvailable to the user'on request if more informaticon is
needed to explain the nature of processing as completed on the
input. This more detailed diagnostic s an gxtenzion of the
dizgrostic recomnended in [MWeischedel 881, using the heuristic

of the deepest parse., It communicates to the user the fragments
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that were identified in the input and retains the full
ambiguity of fragment combinations, not being prejudiced by a
top down approach. Thiz message will be called the maximal

covers analysis diagnostic.

3.5 Ambiguity

The equal treatment of individual ambiguities that are the
same distance from complete, well-formed input is maintained
throughout the system. If the ambiguities are correctional,

thern the corrections serve

m

s disambiguating meszsages, and the
syntactic diagrostic precedes this other output., Otherwise,
diagnostics are generated explaining the different
interpretations of the ambiguity, whethsr structural, lexical or
definitional. A1l ambiguities are processed through to

t

completion, and ar

m
M

rn presented to the user. Some

il

interpretations may produce semantic diagnostics. If there are
ary ambiguities giving a good result, a1l of the semantic
diagrnostics are suppressed. Al diagnostics are ocutput if there

is no good interpretation.

3.6 Compariszon with Other Sustem Designs

Rriother zvstem dezign using the rnotion of a metric between
well- and il1l1-formed input is Bradford‘s ETR (Error Tolerant
Rnalysis? system [Bradford &§2a, 82bl. This considers word
deletion, insertion and adjacent interchange in order to find
vell-formed input. (Substitutgons are deletions followed by
insertions.? The measure is defined formally. The svatem uses

the grammar to find the closest =ent

mn

rce in the grammar to the

input, and preserts the alternatives found to the user one at a
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time. This proceeds until the correction is found or the user
terminates the process.

Weischedel and Sondheimer have a structure for dealing with
i1l1=-formed input within the ATN setting by using metarules that
change the swstem’s grammar to accomodate correctable errors
[Weischedel 811, This gives an elegant format to the ideas in
[Kwasny 861 on rule relaxation, and coupled with Kuwasny’s
pattern arcs would go far toward improved habitability.

Hawes and Reddy have a dezign for a "graceful" svstem,
which is a design for improved habitability [Hayesz 79]. Their
paper gives the design goals for a forthocoming system in which
they expect to include the speech mode. Their study

concentrates on limited settings desi

[n]

nated "simple services",

171}

U

[n)
—

h as rezervation systems for air

3

4 L ¢

m

8 alrant

(11}
o
"

i .
Theze other sustem designs hawve been studied and the
present design has attempted to include the good features of
.each and to add many new capabilities to the state of the art.
The major differences are the treatment of the fragment forms
fourd in protocol analysis, primarily the phatic and terse
fragments, and an organized treatment of ambiguities and
diaghostics. In addition, each method of correction and the
resolution of referesnces has been carefully studied in terms of
response time, generation of all appropriate chariges a given
diztance from the input, and the interacticn of the various

charges made to the input,



Chapter 4: ASK Svstem Environment

4.1 Introduction

R vocabulary will be necessary in the remainder of this
thezis describing the language processing routines availakle
within the ASK Syztem. Execution of these procedures on an
input string constitutes an evaluation of that string. The
programs for correction of input to that which iz well-formed
and complete make use of thosze described here. A1 of the

correctorsdiagnostic algorithms to be discuzsed later are

1]
[a]
e
W
in
(]
L]

d a2 required by the degree of completeneszs of the
rezults cbtained from the language processing procedures.  Thus
an understanding of what the language processing routines do is
necessary before the explanation of the corrector/diagnostic
portion of the system. Furthermore, each of thesze procedures

contributes to the overall swvatem habitability because of their

underlying ambiguity handling capabilities.

4.2 Languages in the ASK System

First some description of ASK ZSustem philozsophy is
necessary to understand these descriptions., The underlying
swstem implements a processor for formal languages as defined in
[Thompson €61, Concisely described, this iz & general rewrite
rule grammar with asscciated semantic procedures that are
invoked az required by the application of the grammar rules. The
language proceszsing routines perform functions corresponding to
the divizions in this definition. FAn applications methodology
is maintained as deszcribed in [Bigelow 7?31, where individual
applications receive their own language. A language consists of

a2 lexicon and a grammar with its asszociated semantic routimes.

o]
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Semantic routines are called in the order prescribed by the

grammar, atd may be executed either zt suntax or zemantics time

«]

as stated in the grammar ruls. Input that is syntactically wel)
faormed guarantees that ths zemantic routines corresponding to
the grammar rules used will have the right types of input at the
time of their execution.

A language is specified in the ASK System framework by
grammar rules with associated semantic routines., Individual
wﬁrds are added to the lexicon either by lexical rules in the
grammar or by definitions, The language processing routines are
independent of any particular languages. PBase languages are
maintained, such as ASK English, for the purpose of building
applications languages above them. These bazing facilitiez are
described in [Yu 88]. Because of the rapid}y changing rature of

languages and the possibility of the base language

"

. being other

tharn English (others are presently under construction?, languag

e

processing, correction and diagnosis must only depend on what

can be found in all languages.

4.3 Overview of the Language Proceszsing Environment
The lTanguage processing environment of the ARSK System
consists primarily of five procedurez. These are the

prepro

(]
m

2s0r, parszer, whole arcs, semantics and cutputter
routines. The basic function of these programs is illustrated
in the following diagram. It indicates how the programs add to
the parsing chart, and is presented in a bottom-up manner
reflective of the bottom-up nature of the parser. This example

is a definitional ambiguity.
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{comments}

Qutputter
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Semantics
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"Smith" defined az “"John Smith"

John Smith
22Who is Smith?

"Smith" defined as "Bill Smith"
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verb~phrase
roun-phrase
punctuation
wh-word (e.g., who, what, when, where, why,

relative pronoun (prefaces relative claused

copula verhb

R



4.2.1 Preprocessor

The prepracesaa# iz the first procedurs of the language
processors to analyze the input string. It forms the initial
parszing chart. This iz a izt structure that contains the
parses of characters, words in the lexicon, identifiers (Mwords"
not found in the lexicon), and real and whole numbers. If a
ward is in the lexicom with more than one part of speech or with
differing features, it is added to the parsing chart
aﬁbiguously. Ay affixes to words that were included in the
texicon also appear in the initial parsing chart., An exanple of

these are the prefixes for units! milli, pico, kilo, and so on.

4.3.2 Parser

The parser appliez the grammar rules to input of the form
of the preproceszor’s output, This iz done in a manner
retaining any ambiguities of the input. Each arc in the parszing
chart returnsd by the parzer has links to both the svntax and
semantice of the arc. The syntax of an arc consists of its part
of speech, features and the underlying literal string that has
parsed into the arc. The semantics may be a variety of things:
poitters to semantic routines, numserical walues, free or bound
variables, or defimitions. The structure is inherent in the
pointers comnecting the arcs. Any semantic routinegs to be
executed at surtax time happens during the application of the
corresponding grammar rulesz. A1l of this structure is

available after the parser’s

103

wecution for analwvzis by other

SRR AR

. of the input’s

]

routines, which can then determine the

well-formednesz.
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4.3.3 Hhole HArcs

The whole arcs ﬁrocedure searches the output of the parser
for any arcs covering the whole input. Freference is given to
arce with the part of speech sentence, 2o that if any zentences
are found, only ths zentences are kept. If no sentences are
found, al1 arcs covering the whole input are kept. If no arc is
found that covers all the input, then the zearch iz redone to
look for arcs not covering the trai\iﬁg punctuation, This iz
because sentences include the end punctuation Coptionally),
while other parts of speech do not. Elliptical fragmernts with
trailing punctuation will thus be found. In the caze that there
are still no whole arcs found after relaxing the reqguirement to

cover the final punctuation, a nil list is returned,

4.3.4 Ambiguity and Anaphora

If the whole arcs program finds more than one arc to retain
for further processing, then diagneostics must be prepared
explaining the interpretaticons found., The routines for the
generation of disambiguating messages are called in this case,.
The procedures for the resclution of referencez are called after
finding the whole arcs s=o that the syntactic relationship
betueen the elements of the input may be used for this
resoclution and the updating of the potential referent liszt.

Another reason for anaphora processzing at this time is =zo
that reference resolution may take place in conjunction with
cther corrections. Thiz remark also applies to the
dizambiguation procedures. They are called whenever thsre is
more than one gQood whole arc so that they may diagnose both true

and correctional ambiguities.
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4.3.5 Semantics
Ary remaining zémantic routines are executed by the "semn®
program. This receives a list of whole arcs as input and
calls the semantic routines as indicated in the parsing chart.
It returns a lizt of phraszes prepared for the outputter called
QUT phrazes. If there are no good results at the end of

semantic processing, this list is nil.

4.3.6 Dutputter

A 1ist of OUT phraszes with disambiguating messages is zent
to the outputter as the last step. The outputter takes this
information and generates a list of lines for output. The line
list made contains all good outputs if there are any, and
otherwise has all zemantic diagnostics. FfAny swntactic
diagreostic is zlways included at the begining of the list. A1)
interpretations (dizambiguation meszages? giving the same ansuegr
are lizted before that answer. If the line list is longer than
what iz considered reasonable (usually 26 lines), the user is
prompted as to how much of the cutput is dezired., If there are

more than three ambiguities, & different prompt is given along

-

with the interpretations for user selection. The user ma
always see the reszt of the line list, any other limne range in

the line list, or the other ambiguitiesz that were not reguested

in the first response.

4.4 Diagnosis and Correction: How and When

Variouszs failures of the language proceszsing procedurss will
prompt execution of correction and diagnostic programs.  Failure
of the preprocessor only happens on a nil input string, and the

input of nothing is givern the appropriate responze of nothing.
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Parser failure invokes the program administrating the correction
and diaghostic routines. The goal of these routines is to

either get good results through the semanticse stage or to at

least give a good diagnostic. Each level of corrections

consists of calls to all of the larguage processor routines
other than the cutputter interspersed with the execution of the
modification programs, Higher levels of correction are
performed upon the failure of the lower level correctors. In
this manner, the input is reevaluated with changes successively

more radical in nature,
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Chapter 5! Ambiguity

Jane:l know a man with a wooden leg named Smith.

MichasliWhat’s the name of his other leg?

(from "Mary Poppins" [Walsh €412
5.1 Introduction

Ambiguity arises whenever input has more than one equally
Tikely interpretation. This may happen with both well-formed
and il1l-formed input. Hell-formed input is ambiguous when the
input corresponds to sentences normally considered ambiguous in
natural conversation, either due to syntactic, semantic or
referential considerations. I11-formed input is ambiguous if
there are more than one equally l1ikely corrections, and also if
ary correction vwields a well-formed ambiguous sentence.

Several natural language systems do not treat ambiguity
(PLAHES [Tennant 861, CO-0P [Kaplam 7?91, LUNAR [HWoods 7321 and
SHRDLU [Hirograd 711>, claiming that at mest ohe interpretation
was actually intended. These systems generé11y assume that the
Cfirst good interpretation found is the one desired. Other
systems have used ambiguity in the way the REK System does for
similar reaéonz, but postpone semantic processing until after
digambiguation by interacting with fhe user CINTELLECT C(ROBQT)
[Harrie 7?71, LIFER [Hendrix 781, RENDE2YOUS [Codd 7?81 and TGA
(REGUEST [Damerau 21312, Because of the overall svystem
quicknesg, the ASK Swystem can perform semantic processing before
querving the user for a particular choice. Thizs has the
advantage of using the semantic information for disamhiguatian,
and the interpretations that will not work (or would give
semantic diagnostics) are not presemnted to the user unless those
atre the only interpretations available. However, no semantic

processing takes place that would change either the language or
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the underlying knowledge base if the input iz ambiguous. How
the user can make unambiguous input will be evident from the

me

n
"

n

.ages given for disambiguation.

The RASK Swvstem has used ambiguity for sewveral reasons.
First it iz very natural to have one word with several meanings
within a given setting. For example, the word "multiply" has
several meanings even within several mathematical settings,
depending orn the type (integer, matrix) of operands that are
being "multiplied". Both of theszse definitions would be expected
in a math package, and the system would be expected to knou
which applies, Thus "multiply" iz often disambiguated in
context by grammar rules or semantic reguirementsz, but remains
ambiguous for the contexts that do not disambiguate it, such as
"What is the definition of multiply?". Ambiguity is important
secondly, because matural language is ambiguouszs (comsider the
exanple at the beginning of the chapter.) Thirdlu, ambiguity
. handling capabilities are wvery helpful in kesping the various
correcticons on an =qual footing. Because the ASK Svitem uses
ambiguity, messages‘are needed to explain the different
interpretations made by the system. Furthermore, sven within
systems that do not allow ambiguity or try to find the
interpretation intended, diagnostics are needed to explain input
that is either rejected because of ambiguity, or would normally

have multiple interpretations. Diaghosiz is necesszary whenever

there iz a chance of misunderztanding what the system has done.

S.2 Tupes
Six types of ambiguities may occur in the ASK Svsten
environment and these are the ones that must be diagriosed. The

£ix types are structural, lexical, definitional, semantic,
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anaphtioral and correcticonal. A structural ambiguity comes from
input that gives parsing charts that differ in their structure.
Lexical ambiguities have similar structures but ha@e elementzs of
that structure differing in their part of speech or features,
The structure is also the zame for definitionally ambiguous
input, but a defined word of the input has multiple
definitions, Input that paszses through all svyntactic processing
unambiguously but has several interpretations semantically is
semantically ambiguous. If the input has a type of reference
and there is more tham one equally appropriate referent then the
input iz anaphorally ambiguous. Input is considered to be a
correctional ambiguity if more than one correcticon has been
succeszsfully applied to it within the current lewel of

correction.

5.3 Treatment of Individual Types

A1l ambiguous interpretations of a giQen input are
conzidered equally., Diaghostics are prepared by the
disambiguaticon routjnes to distinguish betuween these
interpretations. Each type of ambiguity has a particular type
of disambiguating diagnostic, which will be described here along
with the method of its generation} How the different tupes
interact within the overall framework of the disazmbiguating
procedures will be discussed after the indiwidual tupes are

presented.

5.%3.1 Structural Ambiguities
Farsing charts that differ in structure will be generated
by sets of rules that do not give a clear precedence to their

order of application., Thigs may happen in natural language with
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combinations of nore than orne relative clause or prepositional
phtrase. H szimple example to illustrate differing parzing chart
structure is integer four-function arithmetic without precedence
of the operations, In this environment, 1+2+%3 could be
interpreted as either 1+(2%32) or (1422%3. Although there iz an
agreed upon precedence of these operations (that is included in
the rules of the RASK System? there are other cperations in both
mathematics and English that have no well defined precedence.

In the arithmetic example, parentheses were uszed to
dizstinguish betugen the tuwo interpretations. This is the method
that will be used to disambiguate structural ambiguities.
Continuing this example, the following figure shows how the
structure of the parsing chart can be captured by placing
parentheses in the input. Here # indicates an integer and #op
is an integer opetator. Parentheses are added to the input
string at each place where a rule application has cccurred. The
disambiguating message is then made by eliminating the
parentheses that reflect the same structure in each

interpretation,

sentence ~ sentence
roun ihrase roun ihrase
‘ :
.

1
|

# #Hop H# #op # # #Hop # Hop &

I R R [

1 + 2 * 3 1 + 2 ¥ 03
COCLDC+2C(RICEICIIIDD COCCIDIHC2DICEI(32ID

14(2%3) (1+25%3



Unce the dizambiguating messages are generated, the output can
be formed. The resulting interaction with the user would look
like:

>1+2%3
There are 2 answers:
1) 1+{2%32
7
2 (1+23%3
S

For an example using English, a wvariant of the exchange at
the opening of the chapter has this kind of ambiguity!

SWho is the man with a small cat named Lion?

There are 2 ansuers:

1) who 1is the man Cwith a small cat named Licni?
George Feabody

2y who is the man (with a small cat) named Lion?
Rlfred Lion

The dizambiguating message

114

. are formed as in the previous
example, using the differing structure of the parsing charts to
provide parenthezes to show how the grammar rules were applied.
Here the parentheses indicate whether it is the man or the
. emall cat that is named Lion.

It should be menticned here that the knowledge base and
semantic rules will‘o?ten eliminate some interpretations. IF
there was no "small cat named Lion" in the preceding example,

.

but there wasz a "man (with a small cat> rnamed Lion® then the
first interpretation would give the semantic diagrnostici "There

iz ne small cat named Lion." This interpretation would then ke

SURBpres

ed by the ocutputter precedure, and disambiguating

=

-4

I
w

ages would be unneceszsary and hence zuppressed also. By
thesze means the user iz left uwunencumbered by interpretations
that are semantically undezirable. This is how the "I rode down

the stregt in a car® example of [Winograd 71, p. %) is treated.

m



5.3.2 Lexical Ambiguities

Lexical ambiguities will often give rise to structural
ambiguities, but occasionally will not. In thiz case, the
parsing chart is searched for lexical ambiguities, Once tested
for structural ambiguities, the structure of the various
interpretations of the input may be assumed to be the same. To
find the difference between lexical ambiguities then, the parts
of speech and features are checked to see if they are all in
agreement. Any differences found become the basis for the
disambiguating message=z. These messages just give the ward in
question along with its part of speech. This azsumes some
linguistic capability on the part of the user, but fortunately
it iz rare that lexical ambiguitiez sver wield more than one
good semantic intsrprstation. It iz not aszumed that the user
krows anything about features, thus zuch ambiguities may go
undiagnosed. |

Meszagez describimg lexical ambiguities have the following
form: for the input of “"ships?":

s part of speech "noun-phrase”
"ships" has part of spesch "verb-phrase"

Since only one of these interpretations will go through semantic
processing correctly, the messages turn out not to be nesded for

thizs example.

5.3.3 Defimitional Ambiguities

Whern one word is defined hore than once potential
definitional ambiguities come into the system. This happens
particularly with abbreviations, function names (which are often
really abbreviations? and with wordsz that have a zpecial meaning

within the ASK System envirconment such as object or class,
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Differences between definitional ambiguities are found the
same way as lexical ambiguities. Parsing charts that are not
structurally ambiguous are searched for diztinct definitions.
Theze definitions then give the meszage diztinguishing the
interpretations of the input:

Who is the spouse of Smith?

There are 2 atiswers:
1> who is the spouse of Smith?
"Smith" defined as "Bill Smith"
Wilma Smith
23 who is the spouse of Smith?
"Smith" defined as "RIifred Smith"
Freda Smith
The ztring that was retained from the original definition
praovides the meaning of the defined word. It is expected that
the form of this definition as input by some user prowvides
sufficient diagnosis of the nature of the ambiguity in an
understandable manner., If an input is ambiguous becauze of
underlying ambiguities, for instance if Smitty was defined asz
Smith in the preceding example and the guestion was "Who is the
spouse of Smittw?", then the underlwing definition will be in
the parsing chart which will again provide the disambiguating
information, but the intervening definition will also be

mentioned.

S5.3.4 Semantic Ambiguities

Semantic ambiguities are the ca

t)

es where there are multiple
interpretaticons because of something in a semantic routine

execut

m

d after syntax proceszing (preprocessor, parser and
whaole arcsl).  An example of this is the intervening attribute
procedure, where an attribute relating two noun phrases that
are not directly related must be found, The dizambiguating

mezzages for any ambiguity arising within a zemantic routineg
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after syntax time iz the responzibility of that semantic
procedure. The way this works with the intervening attribute
procedure iz illustrated with the following example, where the
message comes from the attribute which was found.
>What are Boston ships?
There are 2 answers!
1>what are Boston C(home port:y sh1ps7
Maru
Alamo
2»what are Boston (location) ships?
Oceana
5.3.5 Anaphoral Ambiguities
Wher elliptical fragments or input with pronduns can be
resolued into complete sentences without anw references in more
than ocne way, then the input iz anaphorally ambiguous. There
are several symtactic, semantic and contextual considerations
that limit what makes for a good reference rescluticon. These
eliminate most of the posszibilities. But occasionally there
will remain more than one good result. Since diaghostics are
rneeded to explain exactly what substitution was made, anaphoral
ambiguities are distinguished by these same messages. The
generation of these mezzages is accomplished by including
whatever waz migsing frem the input in the echo of what was
evaluated. . An example is given here to show how the
interpretations are disambiguated.
>Who are George Peabody and Alfred Smith?
George Peabody
R1fred Smith
>Whe is he?
There are 2 answers!
1>uho is George Peabody?
George Peabody

2)who is Alfred Smith?
Alfred Smith
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The full discussion of how the meszages are generated dependzs on
how the referenceszs are resclved, which is covered in the chapter

ot anaphora.

5.3.6 Correctional Ambiguities

Since corrections need diaghosis even in the absence of
other corrections, these diagnos%ic meszages zerve the function
of disambiguating multiple corrections. Each walid correction
of the input is echoed before its corresponding ansuwer.

>List emales.
The following word is not in the vocabulary! em:
Corrections: '
There are 2 ansuwers:
1)List females.

Bertha Peabody

Wilma Smith

Freda Smith
2)List males.

Bill Smith

George Feabody

Rlfred Smith

les

g

Theze messages are obtained from the literal strimgs in the

. parsing chart located with the syntactic information about the
sentences that the individual corrections produce. This example
of an ambiguous spelling correction also szhows the vocabulary
diagnostic. FAny such syntactic diagnostic will be given before

echoing the corrections made to the input.

5.4 Putting Them R11 Together

A input may be ambiguous in more than just one of these
i ways, In this case, several meszages will be neseded to
communiicate 1o the user the different interpretations of the
input made by the system. The disambiguating routines are
structured so as to first give the messages required by

corrections or anaphor resclutions, and afterwards giwve further

messages as necessary to fully capture the nature of the
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interpretation. Messages for semantic ambiguities are gererated

independently within the appropriate semantic routine, and the

other disambiguating procedures have been written knowing that
such further message creation may take place after their
execution.

Correctional disambiguation comes first. If the input has

been corrected and is ambiguous, then the literal =trings

explaining the corrections are gathered for ocutput. Duplicate

messages indicate the need for further disambiguation. Hext

there is the rescolution of references, which happens first if no

corrections have been made. Rny anaphoric constructions

present will genesrate an explanatory message, diagnosing any

anaphoral ambiguities in an interpretation. Remaining

undistinguished ambiguities have their parszing charts searched

for potential structural ambiguities. After this, ambiguitiesz

with zimilar structures are examined for lexical or definitional

.ambiguities. The following example shows several of these

messages working together:

>Whe is eh?

The following word
Corrections:

There are 4 answers:

iz not in the vocabulary! eh

1)who is he? _
who is the man (with a small cat mamed Liconm»?
"Lion" defined as "Siamese Lion"
George Peabody

2)who is he?
who is the man (with a zmall cat rnamed Lion>?
"Lion" defined as "Persian Lion"
Hed Jornes

3Ywho is he?
who is the man (with a =mall cat) named Lion?
"Lion" defined as "Rlfred Lion"
R1fred Lion

4iuwho is he?
who is the man (with a small cat? named Liaon?
"t ion" defined as= "Bill Lian"
Eill Lion
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Fortunately, ambiguity in such conbinations very rarely
happens, Still, the capabilities were deemsd necessary. It is
not unreascnabhle to expect ambiguities to appear as a lanquage
is extended, but they need to be diaghosed zo that the user may
curtail the language or chogose definitions more wisely if too
many ambiguities start to occur,

Certainly there is something wrong with input that results
in a large number of interpretations. If there are more than
thirty interpretations, the disambiguation routines proceed no
further than to attempt to diagnose the first thirty of theze,
The ambiguous inputs found in the protocol analysis never had
more than two interpretations. Thus there should never be more
than the number that has been chozen. If there ever is, the
input causing this would make for interesting study itself, if
the language had not been extended just for this purpose. But a
diagnastic explaining all of the thirty intergretations does not
. seem to agree with the intuitive notion of habitability. This
is a case where the language has become unhabitable, rather
than the system.

This chapter will be closed with one fimal example. This
example zhows that while sentences that are in many ways ambiguous
are of highly dubious walue to interactive natural language
systems, they may be gquite entertaining.

"I wondered what the neighbors would think

Ut & man chasing a cat with a broom in his
£." =-Jack Smith [Smith €1]

b

a
pa

Cn 1
[y

ma&

Thiz also shows that, as the author points out, "some idesa

0

simply can’t be expressed in perfect syntax", and "grace and

euphony may be more desirable than logical arder.” It is
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interesting to consider how many ideas (interpretations!
syntactic, semantic and anaphoric) this piece of syntax does

indeed bring to mind.
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Chapter 6! Anaphora

6.1 Introduction

"Anaphora is the device of making in
discourse an abbreviated reference to zome
entity (or entities) in the expectation that
the perceiver of the discourse will be able
to disabbreviate the reference and thereby
determine the jidentity of the entity."

[Kirst 81, p. 41

In light of this definition of anaphora, the major task of
anaphora resolution mechanisms is to find the identity of the
entity to which abbreviated references were made in a particular
context, HAfter determining such a reference’s identity,
processing must usze this identity and any further information
added in the means of abbreviation to perform a complete
execution of the input. It is desirable to be z2ble to handle as
many of these natural types of abbrewviated reference az poszible
to improve the habitability of natural languages zwstems., Thiszs
is because thesze abbreviations are made Faf simplifwing the form
of the things that participants in a conversation say to each
other. Gereral habitability is improved by treating the most
common types, and sﬁecific applications may heed their own extra
methods.

User input requiring anaphora resolution has beern deszcribed
earlier in this thesis as well-formed, incomplete input. The
incompleteness is s=emantic, and comes from the abbreviated
referencez. To form complete input, replacing the abbreviated
references with complete references is neceszary, These
mechanizms are thus replacements in terms of modification of the
original input, except in the ellipsis case. Elliptical
fragmentsz are co$p1eted by replacing the empty reference, which

is an inzertion inte the user’s original input.
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Pronouns:

>Who is the spouse of [John|? {context}
Mary

<<

>Who is z her?

Who iz John’s mother? {fillz out reference "hig"}
Jean

Elliptical Fragments:

>IHbo i the spouse of | John? {context?
Mary

>
> {empty reference’ | Jean?
Who is the spouse of Jean? {fills out empty reference’
Bill

Filling out incomplete well-formed input was described

[}}

before az the "nearest” changg that can ke made to input. Thi
chapter will further refine thiz idea by giving a (partiall
order to a list of potential referents. The distance from the
original input is then greater for potential referents found
farther down the 1ist. The ordering is paftial to account for
S potential ambiguity in reference. FHAttempts at completing input
will of course be made using closer changes first.

Guestidns pertaining to thé treatment of anaphora in
natural language systems have been the sole topic of several
other theses, dizcussed below, Thus neither a thorough

discussion nor treatment of all of thesze issu car be made in

(11}
1]

orne chapter of this thesis, if at all. Howewver, a subset of the
types of anaphora, selected on the basiz of their prevalence
within the protocoliz, will be considered. These are the types

that are most necessary for habitability within the general

o

kK Sveste How

Qs
=
[ll
W
m
U]

direction of applicatiom aresas for R
anaphora resolution takes: place within the larger system iz alszo

a primary consideration. The treatment of the chosen types
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serves as a baszis for the proceszing of other tupes, and some
ideas for the processing of the other important anaphors will be
presented. The method of reta{ning information for future
refererice is applicable to most of the other twpes, which then
need ornly recogrize that a particular type of reference has been

made.

€.2 Types of Anaphora Considered
The primary anaphora forms considered are referential
pronouns and elliptical fragments. The referentizl pronoun

category consiszts of s

m

veral subdivisions., This includes
proncuns that reference a nhoun phrase within the same sentence
or in a preceeding zentence. Pronouns may cccur before the
referent noun phrase in a sentence. Pronouns may reference a
variety of noun phrases, such as the data structure provides,
including temporal and locative references. Anwthing with the
part of speech noun phrase is a potential Eeferent for a

" pronoun.

Special attentjon is given to nouﬁ phrase elliptical
fragment s, ﬁarticuIar1y terse questions. Other tersze fragments
encountered will do the expected thing, such as added
information, terse information, corrections and echeoes. These

will give a response even though a rezponze iz not really

-
[n]

ecessary in these cases. Terse responses are taken care of by
gach routine of the syvstem that asks & question.

Elliptical fragments that are not noun phrases are al:zo

W

hardled, but with zomewhat less sophisztication (2 simple part of
speech matching)., The proncouns "I", "wvou" and “we", and their
variocus forms Myour', "mine", "our" etc.), are processed

correctly within the ASK System, but are not currently part of
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arnaphora processinmg. This is because they are clearly defined
noun phrases within the system’s interactive =setting, since
there are only tuwo participants in the dialogue. "I" will always
refer to the curtent user, "yvou" refers to the system and "we"
refers to the combination. These pronouns would not be as
clearly defined in a setting with more individuals involved. As
the system develops to a multi-user, multi-conputer environment
allowing interaction among all parties, the treatment of
these formerly well defined pronouns must be expanded.

Other types of anaphora not treated will be dizcusszed n

1]

-ar
the end of this chapter, along with the proszpescts for processing

them within the described setting.

£.% The Theoretical Approach
The method of retaining information about the posszible

referernts is the principal portion of the analwsis and de

»mw

ign
relating to anaphora., The hecessity of discourse orientation,
retaining selected parts of the contexty of interaction and its
major themesz, is developed inm [Hirst 811, Hirst points out that
a simple noun phrase r;cegcy list ie insufficient for anaphor
resolution by using examples to demonstrate this point. This
result is confirmed empirically by the uze of pronouns in the
protocols, even in the human-to-computer mode. In thizs mode,
there was only one instance of using & pronoun with its referent
in the same sentence!

*LIST ERCH CARGO AWD ITS DIMEMSIONS OW THE MWELL DECK OF
THE ALAMO. ’

Eut there were several examples of using pramouns to repeatedly
refer to one nouri phraze, which would have been #lininated

bkefore the later references from a recency list of noun phrazes:
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>1% THERE A DECK WHOSE PRIMARY USE IS AMMUNITION AND
WHOSE LENGTH IS 3967
YES

>LIST IT.

MAGARZINE 3-37-1-M
MAGRZINE 3-37-1-M
>LIST THEIR SHIPS.

Ugs PECORIR

USS SAN BERNARDINO
>LIST THEIR LOCATIONS.
THERE ARE HONE.

>LIST THEIR TYPES.
THERE ARE HNONKE.

By far the most common usage was to refer to a noun phrase in
the preceding sentence., These conclusions were also true of
the other experimental modesz, although the other modes

cccasionally had more cbscure reference types such as references

m

to concepts related to the discuszsion but nat previcusly
explicitly mentioned. These cther tupez of reference further
point cut the inadequacy of the recency list approach. How a
nour phrase list may be maintained, updated and supplemented to
reflect the themes of the discoursze is thus what is most lacking
. from the noun phrase recency l1ist approach.

How can the proper concepts for potential reference be
selected? This has Eeen the tapic of 2 few recent important

theses in computaticonal linguistics., These approaches will be

L))
fu)

contrasted here with the chosen (theoretical) method that the
algorithm to be presented is based on. For a more complete
survey of other work in thiz area, the reader 1z referred to
[Hirst 811.

Twe woerds that have special meanings within the lTiterature

of arnaphora will be definsed here. First is focus, which is

m

the get of concepts available for reference in a given context.

The zecond is theme, which is what a discussion iz about. This

n
0]

w
(5

is the usual idea of theme, and the focusz iz that part of the
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theme that is currently dominating the interaction, the part
being focused on. These words will rnot be any more explicitly
defined, as they have different meaningz depending on which
raper vou read. Within the computational setting, the focus can
be thought of as the list of concepts available for refererce.
A particular theory of araphora treatment is determined mostly
by how it maintains such a list,

The approach taken here is a combination and extension of
the methods presented in [Hajicova 21 and [Roach &81. The
latter describes how proncuns may be matched to their referents
by primarily syntactic conditions. The procedure uzed for this
process, knowun as chaining, iz eszentially the zame az in
Roach’s thesis, with some changes made to the data structures.
Other programs in the amaphora resolution algorithm
(particularly interpret) have beern influenced by his work. The
vocabulary describing nodez, relations betuwesn nodes and the
osyntactic conditions on chaining are all derived from his
thesis,

The former paper [Hajicowa €21 is where the ideas for focus
maintenance come from. The notion of the salience of a concept
iz defined here along with rules for computing and updating
values representing the salience. Thiz will be called the
salience weight in the sequel to try to mininize the confusion
arising from using increasing salience weights to coarrespond to
concepts with lower salience. lThe rules have been adapted to
the ARSK Swztem setting by making explicit the notion of
"immediately azszociated", and some rulez hawe been added to

curtail the size of the focus.
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Thus the pronoun portion of the algorithm to be described
is rooted primarily in these two papers, along with a few
contributions from the ones mentioned below. The contributions
of Roach have been the syntactic conditions needed mainly for
resolution of pronouns referring to noun phrases within the
same sentence. The paper by Hajicova and Ybrova gives most of
the rules for maintaining the ordering on the list of potentizl
referent noun phrases, and hence forms a basis for the discourse
orientation of the anaphora reszclution mechanizm.

The curremnt thesis puts all thesze things together with some
refinements (such as the treatment of underlwing noun phrases
ard the addition of several salience weight ruleszd, within a
setting considering an overall treatment of modification of user
input and diagnoesiszs. Methods for the pronoun parser and
cemantics have been developed, allowing for ambiguous
interpretations that may arise either before or during
processing. The resulting algorithm for proncun resolution is
then applied to many cther types aof anaphora, particularly

elliptical fragments (including the terse fragmentso,

£.4 Comparizon With Other Methods

A1l the approaches cansidered here are modern in the zense
of [Hiret 811, as is the choszen algorithm, Traditional anaphora
resclution, consisting of a noun phraze recency list with
heuristice of warying degrees of zophisztication, have already
beerh shown to be lacking.

The first method considered is that of Grosz ([Grosz 77a,
77b, 721». Foctus is determined here by the results of ztudying
protocols simulating a task oriented dizcussion. These protocols

show what concepts are available for reference within given
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sub-dialogues corresponding to sub-taszks of the problem. Focus
management is structured on the basis of the analysis of these
sub~tazks. This kind of deszign is useful for specific
habitabilitu, and confirms the idea that protocol analysis is
the bezt way to prepare for and evaluate the habitability of a
syztem. But it is clear that this approach i= 1jmited to the

tasks that hawe been studied. Studiesz such =

w

this may provide
valuable supplement to the focus (e.9., concepts not found in
the dialogue it=elfd, and should be kept in mind by the
language designer.

A generalization of Grosz’s work is that of Sidner
(LEullwinkle ?7a, 7vbl, [Sidner 78a, V&b, 7912, which uses
situational knowledge already fncorporated into the system to
mariipulate the focus. This treatment of focus reliss heavily on
the form of knowledge representation. In the sarlier papers,

framesz served a

[}

. both the focus and the khowledge
reprezentation. The concepts available for reference were those
available in phe active frame. Later [Sidner 791 anm association
network is proposed instead of frames. Thesze methods point out
the ties between focuz and knowledge representation. They alzo
show that focus shifting and initja]ization are at least as
troublesome asz choosing which partz of a krnouwledas
representation to activate in a changing dizcussion. Thus extra
care is needed when this kind of shift takes place. This
corresponds to changing applicéticn languages in the ARSK

Svztem. $Since thisz is a more radical change than shifting

frames, & change clearz the set of potential references and set

"
[}

far

up a new one, adding anything necessary for that language.,
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Sidner has continued study in this area, described in
[Sidhner &1]. This gives a set of pronoun interpretation rules
that cover a wide range of pronoun usage. Many of the
requirements that these rules specify are met by the zaliernce
marnagement rules., One primary difference is the uszse of separate
foci for different cases in Sidner‘s theory. H1ghough
available for use within the theory prezsented here, resclution
methods presently incorporated have hot needed overt case
information.

Ancther current method for focus management developed by
Webber ([Hask-HWebber 76, 771, [Hebber ¥2a, 78012 uzez previous
sentences in a text to generate the set of potential referents
Pathar than pricr knowledge as in the first two approaches,

This method uses logical forms of input =

ntences Lo consider

m
n

in detail some of the subtle problems of specific entities for
reference. These =zpecific entities are then avzilable for
future reference, but unfortunately are not for the current
sentence. Several formal rezsults about the uze of anaphora with
quantifiers have been contributed by these studies.

In [Hayes 21al, an anaphora handling approach is presented
which also considers reference trgatment within the larger
setting. The aim has been to provide uzsrs with an "equivalent
furctionality" rather than complete modeling of human
performance, whenever this performance was "impractical to
reproduce.” It is neceszary thén to provide teaching and
explanation facilities for the user about these rnew methods for

reference.
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The idea of the activatedness of a concept is described in
[Kantor 77¥1, where thiz is uszed to explain the difficulty in
resolving some promnouns. This is quite similar to the salience
of a concept. Salience has its roots in communicative dynamism
(see [Sgall 7715, which Kantor distinguishes from activatedneszs.
Kantor also gives some ideas of primary and secondary competence
in using and resoclving pronouns, which may be used to gauge a

system’s capabilities.

6.3 The Practical Rpproach

The approach taken here is more of a practical one than
most of the other work that has been considered (except
[Hawves 81al)., This is becauze while a complete sy=tem modeling
anaphoric reference in natural language would be preferred, there
are other things that ggt in the way even if such a goal wers
achieved., 0One of these is that people do not necesszarily behave
according to theory, AR system might rescolve & reference in the
mozt reasonable way, but this does not guarantee that this will
agree with the user‘s intent (thus the necessity of echoes),
Furthermore, actuallerrors may be made in the use of anaphoric
reference, violating either the particular theory or normnal
humarn performance. Hence anaphora should be considered as it
fits into an overall setting of modifwing user input. For a
system that is to be used, too much time in both design and
computation can be easily ‘but not habitablyd szpernt attempting

to vield & "perfect” (in term: of competencel system.
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6.5 Prornouns! Overview of the Algorithn
Description of the anaphora mechanizme will begin with the
pronoun harndling capabilities, as these subszequently serve as

routines available for use in treating other reference types,

1
n

These might also be called the noun phrasze anaphora routines,
noun phrases represent the concepts available Poh abbreviated
references that are manipulated by thesze routines, There are
five major portions of the pronoun resoclution procedure: the

pronoun parser, chaining, interpret, semantics and update. The
pronoun parser finds and saves noun phrases. It alzo determines

relationships betwesn noun phrases and assigns initial zalience

>

[a]

weightz to them. The chaining program links noun phrases to
pronouns that may pronominalize them. The interpret algorithn

finds all legitimate (non-confliicting? combinations of the:

c
links to form interpretations. The semantics procedure modifies
and evaluates user input to see if any of the interﬁretatians
~make zenze. The update routine updates the zalience weights of
the retained noun phrases and thern determines whickh noun phrases
to save, The individuzal parts of the algorithm are dezcribed in
detail in the next sections, Their functicons are illustrated in
the following diagram (sw indicates the salience weights and pl

means plurall.

1John and EBill [2w=3dp1>
[John]su=5 [Bi11]zsu=s TJengireers|zw=2¢pl)
Context: > John and Eill are engineers,

Inputi » Hho is he?

Fronoun [hesuw=1

Parser: he sentence-with-pranoun (type?
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Chaining: John {5 Bil1¢3) hedl’
33y {
>3
Interpret! 15 John-==3>35%---he(é>

2 Bill--=2>s---he(&)

Semantics: 1> Who 18 John? John
27 Who is Bill? Bill

Update: [John and Bill[sw=5¢pl> [erigineers [sw=dlpl)

IJohn‘sw=3 IBi11|sw=3

€.6.1 Main Dispatching Procedure

These procedures are coonrdinated by a calling program which
is principally for ambiguity management. Input may be ambiguous
gither before or after proroun resolution, or both before and

after. This routine alsc controls accezs to the othersz, as anly

(1)

the pronoun parser and the update programs are necezsary if
there'are no anhaphors in the input. Rlso, there are a few
~zpecial commands that need exceptional treatment, such as those
for entering and exiting from different languages, that are
taken care of by the administrating procedurs.

The main calling program works as follows. It is called by
the whole arcs procedure which gives to it the list of the
interpretations found (thus fard) of the user’s input. For each
of these ambiguitiesz, the pronoun parser, chaining, interpret
and zemantics are called. If there is no pronoun or elliptical
noun phrase in the input, only‘the proncun parser is called. .
After each of the ambiguitiesz hawve besn proceszed this way, the
update procedure is invoked with a li=t of the good
interpretations of any anaphors that hawve been resolved.

Updating is performed differently during language changes, which
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normally clears the 1izt of potential referents but may force
new ones onto the list while entering particular languages. Some
final editing of the list of ambiguous interpretaticons is dore

before returning control to the whole arcs program.

£€.6.2 Pronoun Farser

There are four primary responsibilitiesz of the pronoun
parser, It must decide on the general type of anaphora, if
any. The nodes of the parsing chart that are important to the
resolution procedure must be found and the relationzhips
between them determined. Lastly, the initial values for the

salience weight of the noun phrazes in the input nesd to b

m

computed. A1l of thesze things take place tqgether, but can be
thought of as =zeparate taszks of the program.

The pronoun parser distinguishes between four general types
of inputl sentence withowt pronoumn, sentence with pronoun,
fragment without pronoun and fragment with pronoun.  These types

influerce the processing by the other routines.

€.6.2.1 Nodes
Certain elements of the parsing chart are of particular

interest to the pronoun routines and will be called nodes,

Theze are determined by the parts of speech (anmd in some ca

&5

the featureszl in the parsing chart., There iz alzo a nods twpe

1]

used only by the algorithm itself in the chaining process.

Hodez are used to find the relationship betwsen noun
phrases in preparation for the testing of svntactic conditions
by the chaining routine. The node twpes are!

S-niod

- Sentence or underlying sentence nodes!
includes such parts of speech as "sentence",
"werb-phrasze”, "relative-clausze".
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C-nodes Conjunctions of other nodes:
intludes only the parts of spegech “"noun-phraze”

and "verb-phraze” with the conjunction feature
set.

N-triodes Noun phrase nodesz! anything with part of speech
"houn-phrase",

E-nodes Hodes uszsed for chaining.

NHotice that some arcs may be more than one node.  There will be
ari H-node made for each noun phrasze in the parsing chart, which
will contain all the information needed for pronoun resolution,
Ever without any anaphors in the input the N-rnodes are reeded

for adding to the potential referent list.

£.6.2.2 Relations Between MNodes

The relations between N-nodes for testing syntactic
conditions are given here. These relations need oniy be
calculated for NH-node pairs with at least one N-node
correspaonding to a pronoun,  The valuez for H-nodes not from the
current input in relation to any in the input are given as
default ualues (consider node A to ke any member of the
potential referent list and node B to be an H-node of the
current inputl.

1) Dominate: (False)

A mode A dominates arother node B ifl
B iz & contributing (urnderlwing? node of A.

Each of the following relations betwesn nodes A and B
require that neither A nor B dominates the other:

2y Precede: (Truel
R node A precedes arnother node B Oif)
A occurs before B in the input.

2y Command: <(Falsed
A node A commands amother node B if:
the S—rnode that most immediately dominates
AR also dominates E.
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4) Separate! (True>d
A rnode A is separate from another node B if:
the lTowest node in the chart dominating both
A and B is a C-node.

5> Same Simplex: (False)

A node R is in the same simplex as anocther node B if!
the lowest node in the chart dominating A is
the lowest node in the chart dominating B.

These relations can be thought of as positicons within a
parsing graph or tree representation of the parsing chart.
Dominate is then the same as ancesztor node, and same simplex is
having the same immediate parent node. Separate is when the
lowest common ancestor of both nodes i= a C-rode, Precede means
that one node occurs before the cother in an inorder tranzversal,

and command means that the first parent S-node is also an

ancestor of the other node.

€.6.2.3 Salience Weight Assignment

The pronoun parser computes the initial values for the
~zalience weight of noun phrazes found in the input. This is
done on the b;sis of several szalience weight rules, Theszse rules
are listed here along with the number of the correzponding rule
in [Hajicova 821. Where no number ies indicated, this is a new
rule. The names of the rules have also been added for future
reference. The actual weights assigned are giwven, but cccur as
parameters in the program so that they may be calibrated for
specific applications. The namezs following thess weights are
the parameter names. First thé topic and focus of a sentence

are defined,

Senterice Topic-Focus

The Topic of & sentence is the s

ace subject.
The Focus of a zentence is the cE

predicate.,
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Initial Salience Weight Assignment

Focus Rule (22! A noun phrase in the focus position will
receive a salience weight of 8 (=initial focus salience)d.

Topic Rule (32! A noun phrase in the topic position will
receive a salience weight of 1 (=initial topic salience)d.

Other Non-IDominated HP Rule:! Any other noun phrases not
dominated by another noun phrase (e.g. indirect object)
Wwill receive the initial topic salience also.

Other Dominated HP Rule {(cf. 42! Any noun phrase that is

-

dominated by another noun phraze will receive a salience

weight equal to the salience weight of the dominating noun

phrase plus 2 (=salience increment).

The topic and focus rules are the =zame as in [Hajicova £21.
The other non-dominated NP rule iz for noun phrasss that are
neither in the focus or topic position, hor undef]ying one of
thesze positions. This is necessary for the ASK Swstem setting
because the formal grammar representation iz somewhat different.,

The topic rule also applies to noun phrases that occur by
themselves or in fragments, and thus includes the functions af
rule (57 of [Hajicova £82). This sets= saliéhce weights for such
'beginning fragments as "as for x", and "concerning x". Terse
information fragments also commonly occur for the purpoze of
setting the sa1iencé weight of a noun phrase, and the topic rule
given here covers this kind of action.

The other dominated NP rule iz for underlying noun phrases.
This may be compared with rule (4> of [Hajicova 821, which says
that if an object receives a salience weight of n, any object
"immediately associated” with it cbtains & zalience weight of
n+2. Underiving noun phrasez are conzidered to be one kind 6?
immediate associaticn, but by no meanz cowver all associated
cbjects. Other rules may be hypethesized to cover the
azsociation necessary for referents not found in the input, such

as the Follouing;



-8~

Immediately Rzzcociated NP Rule (cf. 42! fAny noun phrase
that is orne link away in the khowledge base from a noun
phrase in the input receives a salience weight of that noun
phrasze’s salience weight plus 2 (==zalience increment).

Associated HF Rule (cf. 43! RAny noun phr
link in the knowledge base to a roun phra
azsigned salience weight will receive a =
that noun phrase’s salience weight plus 2
increment? until such a point that azsigns
be greater than 7 (=maximum salience’.

ase related by some
sz with an
&

"S"

i e
-1 11ence
zaliences would

i

Neither of these rules has been Tmplemented, but show that
rules can be devised to make more explicit to & given krowledge
base setting the notion of "immediately aszzociated" objects.
Some association is covered with the other dominated HP rule,
and in a setting where this type of reference occcurs more
frequently the hypothesized rules may be added. It waz decided
that these were unnecesszary for mest agpplications, and within
the structure could be added to the systenm fairly eazily later

if deemed useful in some applications langua

ﬂ'|
h’l

Application of each zalience weight rule iz demonstrated

in the following example, where again sw iz the zalience weight.

| John and Bill |sw=!
lJohﬂlSN=3 lBi11]5w=3 [FIouerslsw=8 Mary|sw=1
> John and Eill gave {§lowers to Mary.

Topic Rule: “"John and Bill" has susl

Focus Rule: "flouers" has sw=@

Other Horn-Dominatsd NP Rule! "Mary' has sw=1

Other Domirnated HPF Rule: "John" and "Bill" have sw=3

It should be pointed ocut that ambiguous interpretations of
input form ambiguities in the list of noun phrases by wielding
equivalent salience weights. Egual salience weights are also

often azsigned within the structure of the other dominated HF

rule. This is to achieve the appropriate anaphoral ambiguities.
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A1l incorrect ambiguous interpretations are sxpected to be

deleted when semantic processing takes place.

£.6.2.4 Example of Hodes and Salience Weights

The example given below showz nodes and initial zalience
wzight asszignments for & sentence. How this information is
uzed i3 discussed in the parts describing the chaining and
semantics programs. Salience weights (suw) are indicated along
with the rules giving the individual assignments. The relations
between the nodes can be seen from thisz representation., 0Only
the dominate relation is of interest here. Hodes are dominated
by nodes abowe them, but not bezide them or beszide nodes abowve

them.

S {John zaw the man who stopped him.)

N
~
~
Y
~
~
N
~
N
N === (EaWN)=-=——— H tthe man who stopped him?
(Johnd ‘ N~ {(sw=B>» <{Focus Rule}
(sw=1) N
{Topic Rule’} ~
~
N
N
N
.
~
N =——-—emm e S C(who z=topped himd
{the man? . ~
(sw=2) “
{Other Dominated HF Rule? N
N
N
~
~
N
Twho stoppeddi-— H Chim?

Czw=42
{twice applied Other Dominated NP Rulel
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The following diagram shows how the noun phrases saved from

previous input fit into this scheme (as nodes)!

c
PN
s ~
s ~
S S {current input)
s ~ ~
s ~ \
(old NPs) N N ... N -

This form motivates the assignment of values to relations

between nodes given above.

6.6.3 Chaining

Chaining is the procezs of linking noun phrazesz to pronouns
that may refer back to them, according to suntactic conditions,
This is done by creating an E-node attached below the
appropriate N-node, and then 1inking the E-nade to an E-node
below the pronoun’s HN-node, Several E-nodez from the zame noun

phraze H-node may be made this way, and the ambiguous

Cdinterpretations this represents are collected by the interpret

routine.

£.56.32.1 Syntactic Conditions on Chaining

Three requirements must be

(0]

atisfied for a pronoun to be

subject to chaining to & noun phrase. These ar

m

tested by the

chaining procedure, and the chaining E-node iz generated when

1))

these conditions are met. They arse lizted herel

Precede and Command Cor Separate) REule
A pronoun P may be used to prorominalize
a noun phrase NP unless both:
a)> P precedes NP, and
B> P commandzs HP or P is separate from NP,
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Feature Agreement Rule
A pronoun P may be uzed to pronominalize
a houn phrase NP if:
P agrees with HP on the following features, or
P is explicitly relaxable on disagresging features!
a) animate,
b> genrder, and
€) plural.
Reflexive-Hon-Reflexive and Genitiwe Rule
A proroun P may be used to pronominalize
a nouhn phrase HP if: '
for reflexive P!
NP is in the same simplex and not genitive,
for non-reflexive P!
HP is outside the same simplex, or genitive.
Theze rules contain the bazic syntactic conditions for
pronoun resclution. The feature agreement rule iz fairly loose,
in that it might be explicitliy oueridden by other parts of the
system, The other rules are mainly for specific types of
pronominal usage. The precede and command rule telis when &
pronoun may precede the noun phrasze it refers to.  The fina)
rule is for the interpretation of reflexive pronouns. The use
~of these rules can be zeen from these examples Cadapted from

[Roach &815:

1>The man who called to it caught the barking dog.

23John took Jurne to dinner, but he isn’t sure she liked it.

GxMarv’s mother voted for herself,

41Marv’‘s mother voted for her.,
The first rule applies to the first example by showing that
although "it" precedes "the barking dog”, the prornoun neither
comnmands or is separate from the referent noun phrase, Thus
this pronoun use iz permissible. The second example is of gender
ard animate restrictionz. The final tuwo examples demonstrate

the uze of the third rule, where "herszelf" refers to "Mary’s

mother" and "her" refers to "Mary".
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Notice that these chaining conditions alzo distinguish
appropriate usages for pronouns referring to noun phrases in
earlier input. (The precede and command rule is always

satisfied for the noun phrases of an esarlier inputl.

£.6.4 Interpret

The interpret program finds all legitimate fets of
interpretations of pronouns in the input. The reguirement for a
valid interpretation is that all pronouns are resolued. This
ie determined by counting the number of N-nodez first, and
comparing this number with the number of H-nodes interpreted by
a combination of E-nodes. If these numbers are equal, then the
E-rode combimnation iz & valid interpretation. A list of such

interpretations iz generated for use by the semantics routine,

6.6.5 Semantics

The semantics procedure of the anaphora resclution
mechanism makes the changes in the input as required by the
interpretations found., It then evaluates the modified input,
ard determines which interpretaticns were good for later
modification of the potential referent list. Messages
explaining the resolution of aﬂaphors are generated for the good
interpretations. If more than one interpretaticon (or ambiguity
of the input before resclutiond produces the zame string for
evaluation, it will rnot be resubmitted. The program maintains a
izt of attempted submissions for evalyation, to keep from

repeating work and to treat ambiguity correctly.
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£.6.5.1 Order of Evaluation

The (possibly several) interpretations producsed by the
chaining and interpret algorithms are evaluated in the order
given by the total of the salience weights of the noun phrazes
in each interpretation. This is becausze thoze interpretations
with lower salience weights are more likely to be the correct
ores, according to the theary. An abbreviated reference, orce
passing syntactic conditions, is more likely to refer to a
concept of higher salience. MWith this ordering, more evaluation
attempts are necessary for the more obzcure (less salient) tupes
of reference. HAmbiguities occur whermever more than one
interpretation has the zame szalience weight. Once a2 semantically
ua]jd interpretation is found, only thoze with the same zalisnce

t

11

weight are tried, and no more. If an interpe

m
o~
o
=5
w)
<
m
"
il

(semantic) diagnostic, then the search continues, but it will be
output if rno good (non-diagnostic) rezults are found., In this

Cway semantically invalid interpretations are eliminated.

[}

£.6.5.2 Generation of Explanatory Messzages

Wheneuver anaphars exist within a user’s input, explanatory
messages must be generated to make explicit what was evaluated,
or if nothing reached completion semantically, a diagrostic iz
rnecessary, Anh echo serves to explain resolutions of abbreviated
references.

If there was no senantically good result then the
diagnostic mezzage for the pronoun im gquestion will be of thé
following form:

{empty Ccontext}

>what is it?
There are no good interpretations for the pronoun "it",
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If there was a good result from semantics then an scho of the
input sentence reflecting the change is ocutput:
*what is the HP983&7 {context}
HP9836
what is it?
what is the HF98367
HFS238
The diagnostic may be followed by interpretations giving
semantic diagnostics:
>uhat is the area of a sheet of paper? {context}
93.5 square inches
>what is the volume of it?
There are 2 answers:
1what iz the volume of it?
There are no good interpretations for the promoun "it",
2iwhat is the volume of a sheest of paper?
There is no volume of a sheet of paper.

These meszages are made from the strings contained in the

interpretations.

6.6.6 Update

The update procedure performs the neceszsary functions for
Cmanagemnent of the discourse focus (the roun phraze potential
referent listd. First the focus will be described, and then the
execution of rules for updating the focus will be discuzsed.

The discourse focus consists of a list of H-nodes, with an
attached first E-node. EBetween each pair, the information about

the noun phrase necessary for future reference is kept. This

e

information isi the string for the noun phrase, thes input string
in which it was found and its location within that string, the

salience weight and the relevant featurss., The f

i3
w
1]

at ure

11
"w

are
ez no bits for genetiuve reflexive animate, gender and
= s ] b =

neuter., There is also a feature tno indicate the need for an

n

apostrophe-s construction in the output meszsage, which turns

out to be slightly different from the genetive feature., Two
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other features are kept for the noun phrase elliptical fragment
resolution portion of the algorithm, the complex and ho-ellipsisz
features. Their functions will be described later.

At the begining of the update routine, the 1ist of noun
phrases in the current input are added to the discourse focus.,
Duplicates are removed by keeping the most recent noun phrase
and giving it the minimun of the salience weights., A1l pronoun

N~nodes are deleted.

6.6.6,1 Update Rules

After the completion of processing by each of the previous
anaphora programs on each ambiguity of the irput, the update
routine is executed. Interpretations that produced good output

semantically are in a list of good interpretations. The

|T|
n

g are

the update rules:

Pronoun Rule <12 If a noun phraze cccurs in a good
interpretation, then the zalience weight of the noun
phrasze is replaced by the zalisnce weight of the pronoun
referring to the noun phrase as the pronoun oCcurs in the
input (if more than one, uze the minimum.>

Fading Rule (€31 If a noun phrase does not occur in & good
interpretationy then the salience weight of the houn
phrase is increased by 2 (=zaliehnce increment.)

lience weight
he zpplication of
otential referent

Trimming Rule: Houn phrases that have a =a
1

“

greater than 7 (=maximum saliencel after

211 the other rules are removed from the p

list.

The pronoun and fading rule are from [Hajicowva 23, where
the number corresponds to the rule number given in that paper.

The praoncun rule is for keeping concepts referred to =alient,

ever when that reference is abkbrewviated., The fading rule i

in
ot
[«]

gaze concepts out of focus by increasing the salisnce weight.
The trimming rule is to prevent the potential referent list from

growing toc large, and to eliminate rnodes that are no longer
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coensidered to be szalient. These rules are zalzo parameterized for
calibraticocn to specific applications., The following example

illustrates the application o¢f the Pronoun and Fading Rules,

Reference List! {empty?}

Input: »>John gave flowers to Mary.

Reference List: John(ll flowers(@) Mary(il
{Fading Rule}

Reference List: John(3> flouwers(2) Mary(3>

Input: >He 1iked her very much,.
Reference List: He(1> her (@
N ~ {resoluticon}

John(3> Mary(3) flowers(2)

l |

{Pronoun Rule}

Reference List: John(l)d Maryd@ flowers(2)
| {Fadiig Rulel}

FReference List: John (3> Marw(2l flowers(4)

Next Input: >

£.56.7 Some Fiha1 Remarks about Pronouns

The description of the pronoun resolution mechanism iz nou
complete, ﬁ complete list of the pronouns treated and the
features asscciated with each is given it appendix 3. Some of
these prorouns may be lexically ambiguous, but inm instances
where they are intergpreted as pronouns &1l are treated equally
by the anaphora algorithm.

Ar example is given here éhc-wing how the salience,
semantic, and syntactic considerations work together for the

resclution of pronouns:
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>What is the destination of the Oceana?

Tokyo

>What is its country?

What is the destination of the Oceana’s country?
Japan

>What is its speed?

What is the Ocearna’s speed?

22 knots

»ls that the speed of the Maru?

Is the Oceana’s speed the speed of the Maru?
ves

£€.7 Elliptical Fragments: MNoun Phrases

The next example highlights the similaritiesz betueen
proncuns and elliptical fragments that are noun phrases., The
algorithm for processing elliptical noun phraze fragmermtszs is
based on the cbzervation that a solitary rnoun phrase can often
be interpreted as a pronoun {(to find & referentd, and then
subztituted into the referent s location in the previous

sentence.

Fronouni
>Is John a profeszor at ? {cantext}
yes

$<< {"foward" substitution?

*1s Pas‘adena?

I« Caltech in Pasadena?
VES
Elliptical Fragment! (Houn Phrase)

>1s John a profeszsor at |Caltech|? {comtext?}

Yes

> {"backuard" substitution}

>£?

Is John & professor at USC?
no
The treatment of eglliptical fragments that are noun phrases
iz greatly facilitated by the pronoun algorithm and discourse

focus. The discourse focus has all the relevant information



_92_
about previous noun phrases for future abbreviated reference.
R golitary input noun phrase is proceszed by making it look like
a pronoun to the rest of the procedures. Once referents have
been found for this psuedo-pronoun, then this noun phrase can be
subztituted into the previous input at the location of itz
referent. The semantics routine knows that subspitutions may
cccur either forward (in terms of the link, not the order of
inputy for pronouns or backward for iszolated noun phraszes., The
rezt of the description of the treatment of noun phrase
elliptical fragments is just listing the other exceptions to
thizs general rule of backwards subsztitution of these psusdo-

pronouns.,

€.7.1 Differences from Pronouns

Elliptical fragments are assumed to somehouw fit into the
previous input, but to change that input in a useful way by
making a new reguest, Often this will meaﬁ only & slight
ﬁhange, such as mowing from one member of & class to ancther,
or changing & small porticn of the syntactic features. Thus
feature cheﬁks are not made when attempting to chain noun
phraze elliptical fragments. HNeither are substitutions

attempted that would repesat the processing of a previou:

sentence.
The messages for =l1liptical fragments echo the completion
of the input, If rno resclutions are found for the psuedo-

pronoun, then the noun phrase iz

1%

@
o

Twated just as it is

input.
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»who is spouse of John?

Mary

*Mary?

who is spouse of Mary?

John

>Bil17s height?

S feet 11 inches
This example shows noun phrase elliptical fragment resolution in
context. It also shows how a change in feature can be expected
in elliptical fragments (gender in this case?, the rezclution
echo, and the evaluation of an iscolated noun phrase with no
elliptical fragment resclutions.

It could be claimed that there was & resclution of the
elliptical fraagment in the last input of the previcous example.
This demonstrates another important part of the noun phrase
elliptical fragment processing. Neo substitutions are made that
would give the same rezult as evaluation of the noun phrases by
itself. This kimd of elliptical resolution is implied by the
way isolated noun phrases are evaluatsed by the sustem. The
no-ellipsis feature of N-nodes in the discourse focus indicates
whether or not the input containing the earlier noun phrase just
evaluates that noun-phrase or does szomething more.

Whern a solitary input noun phrase is2 composed of more than
one noun phrase, it is considered.to be complex. This

distinction from zimple noun phrases iz n

CEs

m

ary because there
iz some ambiguity when & complex noupn phraze is input.  The user
may want elliptical re£01ution or evaluation of the noun phrase
by itself. This ambiguity is &ade bu the swstem uhenever an
isolated complex noun phrase is input., This example shows the

ambiguity in context, with the resulting oautput.
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>who is John?

John

>spouse of John?

Mary

*what is the height of the spouse of John?

5 feet 5 inches

yspouse of Bill?

There are 2 answers:

1)spouse of Bill?
Sue

2what is the height of the szpouze of Eill?
S feet 4 inches '

The complex feature on N-rnodes in the potential referent list
is a flag for complex noun phrases.

Ancther type of complex noun phrase is one containing a
promoun.  An input noun phraze containing a pronoun is anly
evaluated as a noun phrase, with no elliptical resoclution
attempted. The proncun is of course rescluved. Thus isolated
input noun phrases with pronouns are treated the szame as
sentences with pronouns:

>who is spouse of Mary?

Bill

>his mother?
Bill“s mother?
Martha

Calience weight management iz ezsentially the same as with
profnouns, except that now good interpretations contain noun
phrases chained to noun phraszes. Thus when the pronoun rule
applies to a good interpretation, the H-node that was found for

substituting the isolated moun phrase into receives the same

"
Lad

zalience as the &lliptical fragment. The initial salience
weight assigrment to an elliptical noun phrase fragment is given

by the topic rule as before,

€.8 Other Whole Phraszes
Irnput that does not wholly parze inteo eithsr of the parts

of

w

peech sentence or houn phrase but s coversd completely by
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a single arc of the parsing chart is conszidered to be
elliptical. This kind of fragmentary input iz less common than
the noun phrase =lliptical fragment types. The mechanism for
rezalving fragments other than noun phraszes works for all parts
of speech, but will not be called for sentence or noun phrase
input. It serves as the final measzure for treating elliptical
forme for which there is no proceszsing slseuwhere. Thus as more
theory is developed about these other elliptical fragments,
other routines may update the system performance while any
leftover forms will continrue to be handled by this ﬁrocedure.

The neoen-sentence whole~-fragment program is invoked by the
whole arcs procedure. It works by searching the parsing charts
of previouszly input semtences for arcs with the same part of
speech. Having the same part of speech iz the only swntactic
requirement for the analogue of (psuedo-> pronounshoun phrase
chaining. If more than one arc with the zame part 0? speech is
found in one of the previous ientencés, then the different
interpretatiohs are considered to be equally Tikely ambiguitises.
Semantic evaluation 'is attemptsd on each interpretation, after

substitution in the previous input. Salienc

)

- of concepts is
maintained by recency and by retajning only conplete, well-
formned sentences in the sentence list. Thus elliptical
reference by other parts of speech keep these concepts salient
by saving only the rescluved input.

An example of the output hessagez, like thoze of elliptical

noun phrase fragments is given here for & prepositional phrased

R

Juhio is the mother of John?
Martha

yof Mary?

who is the mother of Mary?
Rlice )
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A case ewven more rare than the norn-roun phrase elliptical
fragments iz the elliptical fragment that is riot covered by a
whole arc. Although it is fairly easy to make up an exanple,
only one instance of this usage was fournd in the human-to-
computer protocols (shown here as it should work):

?How many ships have a beam greater than 180687

1s

*How many have a beam less than 16887

How many ships have a beam less than 18087

15
Selected cases like this are treated by additionz to the grammar
to form the whole arcs necessary for resolution by the whole arc
ron-sentence algorithm. This example works by uzing a grammar
rule that adds gquantifierz C(how many) onto verb phrazes in the
cerrect way. This deoes not interfere with other processzing
except for the time regquired to use an extra grammar rule, which

only affects the parser and is minimal.

£€.2 Prospects for Rnaphora Types not Treated

There is a great number of types of abbreviated reference
that have not been treated by the anaphora mechanisms presented
here. NoneroF these has been conzidered to have a great encugh
fregquency of use within the practical approach for general
habitability to be neceszary for implementation. To zhow the
sturdiness of the system as implemented, the prospects for
additions to treat some of these remaining twpes will be
described. Mo claim iz made that the sum of theze proposzalz and
the implemented algorithm constitutes a full treatment of
anaphora or of the indiwvidual anaphora types. Rather, this
discussion shows that many amnaphora typess can be fournd with

intriguing properties of their own, and alzo serves to indicate
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the kinds of anaphora that have been considered for use in
improving habitability.

The other types to be mentioned fall into three cateqories:
thosze handled by addition of special routines possibly invoked
by features on the pronouns, parts of speech for which a pro-
formselliptical fragment algorithm may be generalized from the
noun phrase one, and thoze requiring greater "semantic”
knowledge possibly along with inference (which amounts to being
a long way offd. The names for the reference types given here
are from [Hirst 811 (with the exception of =et selection, which

iz from [Haves 81al).

£.9.1 Special Furpose Routines

The addition of several special purpose procedures would
allow the anaphora algorithm to process correctly a few more
types of abbreviated reference, R way to disztinguish some of
these from the uzual referential pronoun is by the use of
syntactic featurez., Three kinds of anaphora are considered
here.

Set sefection pronouns ([Hawvesz 2813] and [Thompson 78,

pp.42-471> are pronouns to refer to elements of a set that i

in

currently salient. These include the pronouns "other",

"arather", "some" and "next", and are uszed az in "Hhat are the

(3]
i

other shipzs?" or "Hhat are the others?". A flag on theze
profouns would distinguish that they need special processing.
This procezsing would take the form of incorporating the noun
phraze following the pronoun into the chaining regquirements for
the type with a following noun phrase (the "other ships" typed.

Ther & =et subtraction will find the referent:
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1ist the submarines.
list the other ships.

The type with only the set selection pronoun must apply the
promoun resolution mechanism twice, first to find the already
selected portion of the set, and then the s=2t itself:

1ist the ships.

list the submarines.

list the others.
(This second application may be accomplished by careful
examination of the less salient interpretations.) In both
examples, the referent is "ships not submarines".

Hon-referential pronouns also need special treatment., This
conzists of usages like "It i=s fortunate that the food is good”
or "It is one o¢‘clock”. Fronouns that can be uzed in a non-
referential way would be lexically ambiguous, with the one
marked a3 non-referential being ignored if an interpretation can
be found. If no referent is found, an attempt iz made to see if
the pronoun is a place haolding subject im a cleft sentence. Thisz
would produce "That the food s good s fortunate” in the Fi?st
example, after suitable syntactic manipulation. If this fails,
then the prdnoun would be assumed to refer to the general
gnvironment. This is similar to the uze of the praonouns "I" and
"you", although it is a bit more ezoteric tao keep track of thisz
information.

Some forms of strained anaphora can be handled by careful
addition of some "immediately associated" zalience weight
agzignment rules. An example of strained anaphora is taken from
[Hirst 8131 "John became a guitarist becauze he thought that it
waz a beautiful instrument." Here the it refers to "gQuitar",
Thiz would be brought inteo the discourze focus by "immediately

azzociated" rules applying to "guitarist".
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€.9.2 Generalized Pro-Form/Fragment Algorithm

There arg several pro-forms other than pronouns. Theze
forms may be amenable to the use of the pronounsnoun phrase
glliptical fragment algorithm, with modifications for part of
zpeech., This would also have to include separate foci for each
additional part of speech formsfragment combination.

The part of speech most suitabkle for thiz is the verb
phrase., The pro-verbs for abbreviated reference are the forms
of "to do". For example, "We like to play ocutside. John does
too.", and "Whenever we play cutside, John deoes toco.”, where
"dogs" refers to "like to play ocutzide” and "play outside”,
rezpectively. HNotice that the verb in the referent uerb phrase
doez not agree in number with "John", though.

Otker pro-forms include pro-adijectives (Msuch"), pro-
actions ("do it", "do so"), and pro-sentences ("it", "such"J’.

Each of these forms has different exceptional cases arnd would

g

. reguire individual study.
A generalization of the elliptical handling portion for

noun phraszes to each part of speech couwld be made with less

e

effort. This would retain foci for each selected part of speech
and perform salience weight upkeep on the concepts reprezented
in these foci. This may ke the preferred solution for commonly
cccuring non-sentence elliptical imput, such as prepositional

phraszes.

W

£.2.2 Greater Semantic Krnowledge
Three types of anaphora are menticorned here as being very
difficult areasz., Thesze are noun phrases that could be

independently interpreted, but are instead beimg used for

referring to other rnoun phrases that have occurred elsewhere in
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dizcoursze. It may be debatable in some cases whether this usage
constitutes "abbreviated reference", since zome of these
reference types add information about the referent cobject.

Definite reference is the name givenm to the use of a
definite noun phrase ("the ball") to refer to a specific object
within the focus of the discourse ("we weres p]ayjng football®),
This type of anaphora certainly needs "immediately asszociated"
rules. It alsc raises questions about natural language systems
with regard to intenticnality and extenzionality.

Some progress may be made in this area by noting that in a
cohtext of discussion about "the Alamo® (a zhip? the follouwing

tuo sentences wield the same resultsl "HWhat is in the aft hold?®

)]

and "What is in itz aft hold?"

Similar to the defimite reference praoblem iz reference to

e

& =pecific noun phrase by paraphrazes and epithets., A full
processing of these types must include adding the information

about the referent that is given in the reference.

£€.1@8 Summary: The Hature of Reference

The problem of preference will alwawvs be very important 1o
the design and implementation of natural language syvstemz. This
is becausze the zemantics of a sentence iz what the sentence
refers to, be that things or actionz, real or imagined. H
natural language knowledge base swstem canm only refer to

elements in the knowledge base, except to add data or for £ill-

i

in-the-blank diagnoztics about what is not found., Study of some

of the forms of abbreviated reference found in kuman

m

communication reveal a great distance betweern human

understanding of 2 situation and the formalized zyvstems that
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have been devised for interpreting natural language. Anaphora
would be much easier to resolue if theze systems "knew what we

were talking about" before arn abbreviated reference is mads.
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Chapter 7! Corrections

7.1 Intreduction

Several kinds of corrections are attempted by the portion
of the system for processing ill-formed input. IM1-formed input
for the purpose of this chapter is defined to be input for which
there is no arc covering the whole input, or input with a non-
noun phrase or non-sentence arc wholly covering the input
without any elliptical resclutions. Ill-formed input reguires
diagnosis to aid the user in forming well-formed input, and alsc

to indicate that any processing that ha

m

1 ak lace was not

(11}
T

1

n

pad

exactly a= originally reguested.

In this chapter the corrections that are attempted will be
dezcribed. Towards the end a comparison with treatments of 111-
formed input by other systems will be made. The vocabulary
diagrnostic and diagnostics for explaining changes to user input
are also given here. The final (suntacticy diaghostic reguires
" some discussion of its own, and will be considersd in the next
chapter.

A primary distinction in the corrections attemﬁted is made
betuszen major and minor correcticns. Minor correctichns are
tried first., Only two submissions for evaluation are required
becauze most of thesze corrections cam occur simultanecusly.
Major correcticns are a group of other corrections, each with
gssentially its own evaluation because little interaction is
possible among them.

Examples of Minor Errors! "what are gships?"

what afe ships?
whatare ships?
0K, what are ships?

what are shir ships?
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Examples of Major Errors! "what are ships?"

what is ships?
what rare ships?
what ships are?

iz what are ships?

The correction process iz initiated whenever the conditions
indicate that the input is ill-formed. Thiz is either when the
whole arcs program finds novuhole arces, or when uhole arcs
found that were heither sentences nor noun phrases fail to
rezolueg az elliptical fragments. The correction process
termninates either when some modification to the original input
iz found that evaluates correctliy, or when a syntactic
diagnostic is fourd that sufficiently diagnoszes the situation.

The actual correction procezs normally consists of placing
new arc(s) into the parsing chart after the parsing chart has
beern generated by the preprocessor. The form of the new arcis?
will be indicated in the examples by the arcisd over the ill-

formed input.

7.2 Minor Corrections
Corrections to be made by the svatem that will be
conzidered minocr are! the spelling corrections, and the deletion

of several usages of words and punctuation cccurring in input

In

that cam be interpreted as phatic. Fecausze zpelling correctiaon
will initially be inveoked by words found that are either not in
the lexican, or hot coveresed by the application of grammatical
rules, the diagnozis of uocabujary errars 1= a natural byproduct
of zpelling correction attempts., Thus z)lthough thess
corrections are minor in the sense of the changes made to the
original input, they treat the majority of input srrors found in

the protocals; vocabulary, spelling and punctuation errors
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accounted for a total of two-thirds of the error fragments
founrd.,

First the individual mechanizms for making the small
cortections will be described. Then how they fit together in
the evaluation process will be covered. A discuszion on the
syhtactic diagnostic potentially resulting from the minor
corrections programs finishes the description of the treatment

of theze tupes of errors.

7.2.1 Spelliing
Ary =tring of letters (pozsibly with numbers) separated by

iz made

[a}

e

1

other delimiting svmbols (such as punctuation or =z=pa

14
[a]

into an arc of the parszing chart with the part of zpeech
"identifier" bw the preprocessor, 1f the string waz not found in
the lexicon, Thesze strings will be called identifiers in the
zequel. The spelling correctar operates on identifiers which
have not been covered by any other arc in the parsing chart.
Rfter the parser has applied the rules of grammar to the input
and the input has been determined to be il1l1-formed, the zpelling
corrector attempts to match the strings of uncovered identifiers
1o the words in the lexicon., Thus spelling correction iz & form
of the approximate string matching problem.

Two types of spelling correctioms take place within the
minor correction stage of ill-formed input proceszsing. These
correct errorse within words amd srrors between words. This
diztinction is conwvenient because of the preprocessor’s dezign;
corrections of miszing space errors may be made asz the words are
beirg looked up in the lexicon. Amother kind of spelling
cortection will be dealt with in the section on major

corrections.
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7.2.1.1 Within Hords

A Dameprau-Levenzhtein kind of metric [Hall 28] is used as
the measure of =tring similarity. Thus a given string is an
approximation of amcther if modification of the =tring by
editing changes of one addition, one deletion, one substitution,
or one trahnsposition of adjacent letters createz'ah exact match.
(If modifications of more than one editing operation are
considered, the opsrations should be limited to additicns and
deletions, as the others are combinations of thezed, The
spelling carrection aigorithm thus must generate all strings
found in the lexicon that are similar to the uncoveéred
identifier. This collection of strings is referred to as the
neighbowhood of the spelling correction candidate. Since the
heighborhood is highly dependent on the lexicon, the string
matipulation portion of the mechanizm produces a set of strings
in which the neighborhood is contained, rather than the
~neighborhood itself. Then the lexical lock-up routines are used
to reduce this et to the neighborhood,

Pounds can be given for the zize of the =zet of strings for
lexical look-up. For an identifier of length n and & language
with an alphabet (number of chara;ters) of size k, thiz st will
have at most M elements, where:

M <= {n+12>k + (n> + ntk-12 + (n-1>

=(additicons)+{delstiaonsi+{zubstitutionz2+(tranzpozitions).
It is extremely rare that this.maximum will be attained. If
gvery one letter addition, deletion, substitution, and

tranzposition weres attempted, adjacent letters couwld not be the

[0}

aln

m

- to achieve this maximum., The lexical look-up method
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further eliminates many of the unneceszary elements of this
set.

The lexicon containsg the information recessary to build the
arcs corresponding to the words of the input. This information
is amccessed by passing through two tables of Eoolean wvalusz, A
sequence of characters ig "hashed" by a function on the
characters that applies to one letter at a time, from left to
right. This function gives a unigque result for each (finitel
sequetice of letters, which is then uszed az the index to the tuwe
Boolean tables. The first table indicates whether or not the
value of the hazhing function on the zequence of characters
is equal to the value of the hashing function on the imitial
portion of some word in the lexicon., The second table indicates

whether or not the value of the hashing fumcrion on the sequenc

4]

of characters is equal to the value of the hashing function on
some word that actually is in the lexicon, The information about
. how to complete the arcl(s? correszponding to that word can then
be found by completing the hashing method, which will not be

described here. A few szelected strings illuztrate this:

String: Haszhing First Second Correszponding
Furictiomn: Table: Table: Arcis>:
qq higqg’ false  false -——
Jah hitJohd true false -
John h{Johnd true trueg John| (rioun?
shi hishil true false -
shiip hizhip? true true ship] (noun?
inote lexical ambiguityl ship| (verb?

Thizs method eliminates many urnneceszary slements of the zet
for lexical look-up because modification of the zpelling

correction candidate proceseds from left to right. Thus it can
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stop when the first table indicates that the portion of the
string before the point of modification is not in the lexicon.
No modification beyond thizs point wi%; result in corrections.
Ar example using deletion a3 the on1y’possib\e modification

helps to clarify this process: ( deletes character XJ

Candidate! bfear
Attempts: f‘ e ar Found: fear
be ar Found: bear

Stops Before: b FI:Ia r
Cas "bfY is not the initial zequence of any lexical wordl,

This eliminates any modification attempts after one error
has already been detected{ Therefore both the look-up process
and the =tring manipulaticon portion are kept from wastsd effort
by the first hash table. Of course this curtailed set =til)
includes the neighborhosd of the uncoversd identifier,

fAfter neighborhood generation, the arcs of the words in the
neighborhood are placed in the parsing chart above the uncoversd
identifier. Spel1ing correction within words i& complete when
this has been finished for each candidate. The parser will use
theze arcs to form all pozsible grammatical combinations of the

input and its modifications,

| males ]
lFemales[

>lizt emales .
The following word is mot in the vocabulary: emales
Corrections:
i21ist females,
Joan
Jean
2)list males.
Bili
John
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7.2.1.2 Betuween HWords

In the normal operation of the preprocessor, which assume

n

well-formed input, arcs are put into the parsing chart wherever
a string has been found in the final segment hashing table.
Sometimes this may be within an identifier, so that prefixes may
be accepted: "milli", "centi", etc., are Pecogni;ed this way.
Hash{ng will begin again at the end of the prefix, after hashing
is complete on the current identifier. Thus all ambiguous
interpretations are cobtained. For "picometer", the arcs for
"oi", "pico", and "meter" are all generated. (The "picometer"
arc iz generated from a grammar rule by the parser).

Executicon is different when the preprocessor is called

after the input has been determined to be ill-formed. HWhen

10

hazhing indicates the end of a word which iz not at the end of
an identifier, the arc Foh a space is put into the parsing
chart after the initial word., This iz done in a way that
_appears as optional to the parser, so that this modification
will not inteﬁfere if it is not a correction. Insertion of a

space may create ambiguities:

Teod] T T TisT Trow] [" "] [here]

| -1
|

;lodil nowhere?
The fellowing word is not in the vwoczbulary: Godiz
Corrections:
There are 2 answers:
15God is nowhere?

no
2)God is now here?

ves

(Thiz example is attributed to an atheist, who wrote &
I s

W

e
W

=

similar to the input, intending the first interpretation. His

young child promptly read the second [Osborne 77, p. 4710,
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- Aubiguities of this =sort are no problem, as the imerpretations
are clear from the echoes of the executed input. Multiple

spelling corrections within wordse are diagrnosed the zame waw.

7.2.2 FPhatic MWords, Phatic and Errcocneocuz Punctuation
Treatment of phatics occurring in user input is alzo

considered a minor correcticon. Individual words or phrasez that
are phatic have already been described in chapter 1. Phatic
punctuation has the same function; repeated punctuation and
other sumbol strings ("I1@#$%~&=*") were observed in the terminal-
to-terminal mode being used as phatics. It was further pointed
cut in chapter 2, that although not precisely correct, ignoring
phatics is very close to the proper interpretation of these

kinds of fragments.

7.2.2.1 Optional Deletion
Igrering of phatics is accomplished by modifying the
Cparzing chart., Arcs are inzerted over the deletion candidates

(the phatic arcsd. These deleting arcs may be either space arcs

il

or other delimiting symbols used at the boundary of the phatic,
Modification takes place in & fully ambiguousz manrner, and the
parser has the option of wsing th; phatics zo modified in any
combinatioen, includimg wsing nome of them. This iz important
becausze phatic words will often hawve other interpretations.

Ieletion of phatics receives no diagrosis except in the

mce of other errors or ambiguous input. The

m
W
m

pre

1n

e examnple

u

illustrate this:

H H i n

> BK, is John ok 7
YEs -
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]u n‘ IJohnl lu n‘
> ok. Is Yehn ok 7

The following word is not in the vocabulary: Yohn
Correction:

Is John ok?

VES

1 1
> well, who iz Smith?
There are 2 answers!
1>who is Smith?
“Smith" defined as "Bill Smith"
Bill Smith
2>who 12 Smith?
"Smith" defined as "John Smith"
John Smith
This ability to opticonally delete arcs from the parsing
chart forms the baszis for some other corrections., Words or
phrases can be made phatic, and then the deleting program will
do the rest. A minor correcticon that uses this capability iz
the deletion of zpelling correction candidates.
The deletion procedures can also C(optionalliv) delete all
punctuation. Coupled with robust grammar rules for punctuation,

this provides for the correction of most purnctuation errors (31X

of those in the protocols).

7.2.2 Evaluation with Minor Corrections

Tuo evaluation equivalents may take place within the minor
corrections portion of the swstem. These consist of parser and
semantics calls after szuitable modification of the input. The

first group of attempted changes consi

n
m

tz of s=pelling corrsction
both within and between wordzs, and deletion of lexically phatic
words and phatic punctuation., This produces a parsing chart of

the form of preprocezsor output., This is submitted to the

L]

parszer. After parszing, the whole arcs routine determines th

-

well-formedneszss of the resultis? amd calls amaphora resolution

arnd ambiguity diagnosizs as necessary. Good output from whole
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arce is evalyated semantically,

Before phatic delstion within the first evaluation, the
parsing chart with both kinds of spelling corrections is szaved.
If the first attempt has failed either zemantically (a sémantic
diagnostic is not considered bad output for a correction’ or
syntactically, this saved parsing chart iz modified differently
for a second try. Hew modifications are the optional deletions
of phatics as before, along with all punctuation and spelling

corrector candidates, Evaluation then proceeds as before.

7.2.4 Minor Error Diaghosis

AR few examples hawve been giwen of the syntactic diagrnostic
indicating a word outside the system’s wvocabuwlary, Thiszs iz
slightly different for more than one wordl

Twhe] Tis| [John]

7 woh =1 Yohn 7

The following words are not in the vocabularw!
woh si Yohn

Correction:

who is John?

John

If the minor corrections do mot produce any good rezults or
semantic diagnostics, then contrel would mormally pass to the
roudtine zupervizing the major corrections. The excepticon is
when there is a word not in the ubcabulary.

Frocessing terminates after trial of the minor corrections
when a vocabulary diagnostic may be given. There are several

v

m

azonz for this, The vocabulary diagrnostic gives the uzer
concrete help in understanding the problem. Rlso, if other
errors are involued, correction of this error must take place
before further diagrnosis. True vocabulary errors are far more

commor (24% of input erraors in the protocols) than the =pelling

errors that will mot be corrected by the routines presented here
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(2% of the input errorsz’>. Thus a spelling corrector with a more
relaxed definition of similarity will not be a part of the major
corrections, because of the rarity of its usefulness and the
previous diagnosis of the problem. <(Hithin the major
cotrrections, it may therefore be aszumesd that all words in the
input are in the vocabularyd. For all these reasons, no further
processing after attempting the minor corrections will be

performed on input requiring a vocabulary diagrostic.

7.3 Major Corrections

The major corrections are more concerned with the words of
the input rather than the characterz. A1l words in the input
are in the vocsbulary at this stage, thus the problem has nore
to do with the grammar. Most of the major corrections
subztitute & word for one in the input., The following program
descriptions explain how the zubstitute words are found, These
words are put into the parsing chart the sams way that the
possible spelling corrections were earlier, The other major
corrections tried are word deletions. After describing the
individual pieces for major corrections, it wil)l be explained

how they fit together.

7.3,1 Rule Relaxation

The first word substituticons come under the heading of rule
relaxation because thesg substitutions constitute relaxations of
the requirements of zelected gfammar rules. Instead of relaxing
the rules during their application, word substitution is done

]

14

Cau

W

(n)

e of the need to redo all parzing abowve (after) the
application of the relaxed rule, and for the sake of improved

diaghneostics. Thus an scho of the modified input s wsed as the
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explanatory diagnostic, rather than a message explaining which
tests were violated (as in [Kuwasny 88, 811, where many of the
ideas for rule relaxation come fromd.

Two general relaxation methods are exemplified here by two
procedures that find wards for substitution. These were the
ones chosen for implementation, both as examnples of this type of
correcticon and because of their apparent usefulness. The task
of filling out the rest of this meta-grammatical portion of the
gvstem needs the results of protocol analysiz that is not

plagued by errors subject to the minor corrections.

7.2.1.1 Different Forms of the Same Hord

There are many words that have a recegnizable root.  This
can be seen in the conjugations and declenziorns of verbs and
nouns., By saving the information on selected conmonly
encountered roots, one word hawving a given root can be expanded
to 211 the words with that root. If ore word occocurring in i11-

Cformed input can be used t

3
13

generate this new kind of
neighbarhood, then the addition of these other formz to the
parzing chart will ﬁrcduce the equivalent of relaxation of
various feature tests on grammar rules,

The example giwven here is of relaxation to 211 forms of the
verb "to be". Thus if number or perzon features have impeded
parsing of the input, these requirements will be relaxed by
theze substitutions:

am
is

>who  are Bill?

Ho sentence was found including the whole input,
Correctiont

who iz Bill?
Bill
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Aricther word that would be good for this kind of relaxation is
the verb "to hawe". These two verbs have a special place within
the ASK Swztem, as they are used for defining other verbs. Thus
these two relaxations would be more useful than cones for other

verbs,

7.3.1.2 Different Words with the Same Part of Speech

A few parts of speech have a limited rumber of elements.
For 2 word with one of these parts of speech, relaxations may be
made to each member of that part of spesch., The exanmple of this
kind of part of speecﬁ is preposition, When other prepozitions
are added to the parsing chart where one was already located,
any parsing blockages dus to incorrect usage of prepositions
will be avoided:

T ef 7
T en T
T in T

>who is the parent between John?

Hoe zentence was found including the whole input.

Correction:

who iz the parent of John?

Martha
Limited subsetz of the part of speech pronoun may also be good
for this type of relaxation, to cover pronoun usage violating
animate, gender, or number regquirsmentsz.

Within the present structure of the corrections perfarmed
by the swstem, it is proper to perform all of these rule
relaxations tagether. Since Féw other rules are likely to be
applied as often a=z these for Englist fuszed with native
speakerslr, ambiguities resulting from the interaction of these

corrections will 'be within reazon. A1l possible corrections
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will be found thiz way, to demonstrate how good sentences may
be formed.

The rules given for relaxation here are dependent on the
use of English as the natural language. It iz hoped that these
examples will translate well into other base languages, or at
least serve to give the idea of what kinds of changes can be

appropriately made at this stage of execution,

7.3.2 Spelling, Again

Another major correction is the zecond level spelling
corrector. MWords from input reaching this point are already
known to be in the vocabulary., Spelling errors do not aluays
remove wordsz from the vocabulary, though., Grammatical errors
that are really spelling errors come about thiz waw., Second
level spelling correction is begun by a routine that makes all
words of the input satisfy the uncowered identifier property,
Then spelling correction proceeds as before, thiz time
gererating the neighborhood around sach word of the input. The
diagrostics giuen for this and the remaining major corrections

are of the same form as those for the rule relaxations:

Bl

1

is
>uho  in  John?
Mo sentence was found including the whole input.
Correction :
who iz John?
John

7.2.3 Hord Order
Chahges in crder of words of the original input is

accomplished by placing the arc of each word over each other
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word., Thiz makes for all pozsible combinations of word order
after parsing. Fortunately, the evaluation’s =yntactic and
semantic considerations will eliminate many of the generated
permutations. This is one of the more radical changes within

the major correcticns.

| is | [John]
>who  John is 7
Ho sentence was found including the whole input.
Correction:
who is John?
John
7.3.4 Deletion, Again
The most radical change that iz attempted iz the optional
"deletion" of each word in the input.  Deletion takes place in &
manner that the parser sees as optional, =0 that the parser will
try gach combimation of the words of the input, with noe change
in the order of the words, This s considersd the greatest
change necessary because it will alwawvs obtain at leaszt the noun
. phrazes, for which a reasonable responze can be given. Bordering

on too much modification, this change i

I

retained primarily to
show the user that something canm be done with almost any input.
Processing of the noun phrases will put them on the potentiza)
referent list, 2o that they may be referred to in the next

input,

> is, who iz John?

Ho sentence was found including the whole input.
Correctioni

who is John?

John

7.2.5 Evaluation with Major Correcticons
Four evaluation egquivalents are pozsible within the major

corrections portion of the system. Theze apply different set

1113
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of correctors to preprocessor output before submitting the
parsing chart to the parser and the whole arcs programs, and
the semantice program if it passes these. The correctors are
attempted in order of increazing degreese of change to the
original input: first the rule relaxations, then the second
level spelling corrector, the word permutator, and the word
deletor. Frocessing stops whenever a correction iz found,
retaining the full ambiguity at that lewel. It alzo stops when

there are no more correcticns left to try,

i_n

Hhernever ill-formed input pr ng reaches the major
correctionz, the diagnestic "Ho sentence was found including
the whale input." s put on before any corrections.  The next
chapter dizcusses the suitability of this svntactic diaagnostic,

and the optional maximal covers diagneostic for further

information about reasons for ill-formedness.

7.4 Corrections Made in Other Systems
Several of the corrections made by the ASK System were
motivated by the study of cther systems, both for natura)l

Yarguage processing and for word processing. There have alsc

m

bgen a few recent papers that discuss similar issues, reflecting
independent wark.

Word procezsing swstems have contributed some ideas for

"

spelling correcticon. [Damerau €41 implemented & spelling
correctar producing the four bazic chamges to input strings. In

[Morgan 7RI, the notion of wzing z2pelling correction with zvstem

[x %

programs was discusse Inplementation of a program for
spelling correction was the topic of [Peterszon 881, asz an

gxample of an experimsnt in programing design. This final
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report also has an annotated biblicgraphy for reference to other
literature.

There are zeveral novel ideas for zpelling correction that
were ruled out., The use of stored information about n-grams,
for the possibility of cccurrence of szequences of letters in
English, as in [Riseman 741, was not used. Thislis because it
iz desirable that the system correct strings representing
variables, which are often chosern because they do not occur in
Ernglish, The method of [Mor 821, of saving the neighborhood of
words (the common spelling errors themselvesd in the lexicon,

would put extreme demands on the zize of the lexic

O

f.

The ill-formed input methods dezcribed by Heischedel,
Sondheimer, and Kwasny have influshced the rule relaxation
portion of the system., The rule-based Framework {or pﬁaﬁessing
errars in grammar of the rule relaxation form was reported in

[WMeischedel 811, [Sondhsimer 881, and is rooted in zome early

w

~work [Weizchedel 721, Seweral rules to relax were analyzed in
[Kwasny &8, S;J, motivating the rule relaxation exanples given
earlier,

There are two primary swstems that have dewveloped in
parallel to the REK System and prguide zome of the correctional
and habitability capabilities, The first of thesze is the
flexible parzing work of Hawes [Hawes £1bl. FPased on the ideas
of graceful interaction presented in [Hawves 73], system
correction of a wvariety of errérs takez place withinm the parsing
mettiod, These correcticons include spelling correction within
and betuwesn words, some processing of fragments, and selective

deletion in particular cases.
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The other =zvstem with an overall approach to i11-formed
input processing is the error tolerant analysiz (ETA-Interface)
of [EBradford 82a, 82bl. This does insertions, deletion:z, and
rearfangements of words in an input. A neighborhood of
grammatical sentences is generated from these changes. These
are presented to the user individuzally for contirmation. The
distance between English sentences is defined, and corrections
proceed in the order of increasing amcunt of change to the
input. The system does not appear to have a notion of

ambiguity, which is implied by modifications of egual distarnces.

7.9 Final Comments

The evaluaticon order of the minor and major corrections
combletes the description of the progreszion of modifications to
user input that was begun in the previcus chapter. The implied
measure of editing chamges, depending om consziderations from the
study of protocols and syntax, will be discussed more fully in
chapter 9, The evaluation method shous how the system uses both
syntax and seﬁaﬂticg to make corrections. The ambiguity
capabilities of the svztem are used on sach of the levelszs of
corrections, to prawvide an overall structure to the partial

order of changes made to i11-formed imput.,
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Chapter 8: Final Diaghoztic

8.1 The Paradox of Diaghosis

How carn ill1-formed input that does not give a2 vocabulary
diagnostic be diagnosed habitably? The need for diagnosis
assumes failure to process the input to completicon, &£o that the
input may have been either cutside the system’s grammar or
outzide the grammar of the natural language itself. In either
instance, the original input should exceed the swstem’s grammar,
although perhaps not the meta-grammar, which is the possible
corrections that afe to be attempted. Input beyond the zystem’s
grammar proper should be diagnosed. Input within the meta-
grammar can be caorrected as well as diagnosed. The input bevond
the meta-grammar can only be diagnosed, which may be limited to
simply the recognition that it is bevond the swatem’s
capabilities.

Diagnosis attempts to explain more tham just that the input
"waz ill-formed. Ideally, diagnostics should be helpful in
forming well-formed, complete input. Therefore, the idea)
diagrostic is c]nse]Q related to a kind of correction.

The paradox of these considerations iz this: if the system
either knowsz or can suggest a method of modification to the
user ‘s input that might produce well=-formed C(and completed
input, then why not have the zystenm try the modification
itself? This is the problem behind such diagnostics as!

>wuho is John
syntax errort question mark expected

Clearly, system replies of this character are hot within what

would be conzidered habitable interaction., EBut thiz diagnestic
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does indeed accurately dezcribe the problem, and suggest the
appropriate method for its correction.

The paradox of diagrosis is & strong motivation for
hardling anaphora and making corrections in the ill-formed and
incomplete input encountered by natural language systems.
However, processing of anaphora and corrections make the
diagnostic problem ever more difficult: what can be suggeszted to
the user if all attempts at correction have failed? The approach
tzaken here is to give a short, quick diagrnestic in all cases,
and to provide an opticnal deeper svntactic analvsis of the
ingut i¥ the user desires more information., The first
diagnostic will not interfere with users familiar with the
system, and will rmotify all uszers of the further diaghnosis
available. This deseper analysis s called the maximal covers
analysis diagneostic.

The primary exception to otherwize futile diagrostics is

Cthe vocabulary diaghostic. It i

m

an example of & diagnostic
that isolates the problematic portion of the input, and the user
can be expected to try svnonyms, or a different approach,.
Either way, the word in violation should not be repeated by
intelligent users. Some ather SYStEmMS may try to uSe synonyms
as a correction, but if there are svhonvms available in the
system then the troublesome word wasz in the vocabulary,
Spelling correction and deletion are the cnly recourse for words
out=ide the vacabulary {other ihan more general swbstitutionsh,
but the diaghostic is worthwhile if these attempts fail.

The rezponze to pronouns with no rezolutions is another
exception. These are the only two exceptions within the sSustem

design, Imput that fails al)l attempts at correction and
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anaphoric resolution and canmnot be given either of these
diagrnostics will receive the final diagnostic: "Ho sentence uas
found including the whole input.” (Thiz will be called the no
whole-sentence diagnostic). The maximal covers analysis will be
avajilable for any input producing the no whole-szentence

diagnostic,

8.2 Generalized Deepest Parses Heuristic

The maximal covers analusis of il11-formed input is based on
the deepest parse heuristic of [Heischedel 881, which iz an
outgrowth of ideas in [Weischedel 77). The deepest parze of the
input is found asz a basis for diagnosis. A report on test cases

in the first paper zhowed that over 98X did stop parsing at the

a

point of difficulty. Eut this was only 36 te

£
(1]
i)
3
a
v
10

t cases,

-

reported in [Kwasny 88, p. €51 there are problematic cases. The

w

ATH formalism, at least as conwventially implemented, is biased
towards left to right parses. The particular method in the

" first paper alzo igrores the fragment:zs not in the deepest
parse.

The deepest paﬁse heuristic is expanded in the maximal

covers analysis tco

account for the problematic cases and to
eliminate the bias towards left to right parses. FAmbiguity is

ed

W

il

£ a tool for preszenting multiple equally Tikely deepest

A
1]
3
e
m
[153

The remaining porticons of input not within one of the

degpest parses will be subject to the same analysi

w

.3 Definition of a Maximal Cowver
The description of the maximal cowvers diaghnostic and its
generation depends on the formal definition of & maximal cover,

The maximal covers diagnostic consizsts of the lTisting of each
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maximal cover over the input., The terms maximal cover and
maximal covering will be used interchangeably. The definition
proceeds by defining! arc, range, containment, maximal arc,
cover or covering, and maximal cover or maximal covering.

These d;Finitions are illustrated in the following example.
Here, the lower case letters refer to names of the arcs, and
upper case letters are elements of the input string., It will

always be assumed that the input string is finite.

bc

ab

1 I

-3

TOTT 1T
B C
z2 3

n

Input string: A
Indices! 1

Tefinition: Arc: An arc ouver a portion of the input 1=
of the arcs of the parsing chart. Thiz includes the ar
information about part of speech, swuntactic feztures, and
literal strings. (Each of the individuzl slements of the
input string constitutes an arc, whose part of speech iz the
character if no other is given).

Rrce: a, b, c, ab, bc.
Definition: Fange! An arc x has & range of [n,ml, where n

and m are (integer? indices into the input string, (n <= mJ,
if x i am arc over the input string from n to m.

3
[ 2]
e

Ranges: range:
[i,11
[z,21
3,31
[1,21
[z,31

Ao p

o
N oo

Iefinition: Cantainment! An arc x is contained in ancther
are v if the range of % is a proper subset of the range of
Y ‘

Containment:

ab contains both a and b
bc containse both b anmd «
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Defimition: Maximal Arc: An arc x i a maximal arc if there
is no arc v containing x.

Maximal Arcs: ab, bc.

Definition! Cover, or Cowering: H set of ar
covering of an input string if the range
mutually disjoint, and the union of the ra
the indices of every element of the input

the arc:zs are
ez includes
string.

Covers: {a,b,c}, {ab,c}, {a,bc}.
Definition: Maximal Cover, or Maximal Coverimng! R covering
of an input string is a maximal cowering if no non-maximal
arc appearing in the covering is contained in a maximal arc
whose range does not intersect a maximal arc in the
coveting.

Maximal Covers: {ab,c}, {a,bc’.

These definiticons make zpecific the intuitive notions

relating to a despest parse for the ASK System environment. A

=8

sat-ze 18 am arc; a dee

-
[y

-

est parse is & maximal arc; a cowver s &
set of parszes including the wholes input; arnd & maximal cover is
a cover containing as many deepest parses as possible after the
choice of one of the deepest parses. The complete set of
naximal coverings will have each maximal arc represented in at
leazt one of the coverings.,

Since each element of the input string is an arc, there
will always be a covering of the input =tring (just the
collection of these arcz). This further guarartees that there
will alwaws be 2 maximal cover:

covering ouer an input string,
a maximal cowering.

Froposition: If there iz a
then there is
Froofi Suppose there is a covering £ that contain:g an arc a
violating the maximality condition, i.e., there is a3 maximal arc
m osuch that a is contained in m oand m intersects none of the
maximal arcs of 2 (if there is none then 2 is maxkimal a1ready>;
It may be assumed that m is not in 2, since if it was then 2

would not be a covering because m interszect a iz non-zero.
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Thus 27 can be formed by adding m to 2 and removing all
elements of 2 that are contained in m. If there are no
remaining arcs violating the maximality condition, then 27 is a
maximal covering. Otherwise, thiz process may be repeated
until a covering is found that is maximal. The process must
stop becauze the input string iz finite. {End of proof}

This shows that the search for maximal cowers is not in
vain. FAlthough the proof could be used as a basiszs for forming
maximal covers, the actual algorithm to be described will work
differently, It starts with the maximal arcs and fills in with
the cothers where mecesszary., Thus the large chunks are couvered
guickly, and the algorithm works more quickly than the proof’s
approach.

The set of maximal coverings is ambiguocus if there is more
thar one maximal covering. Ambiguity may arise for either
structural or lexical reaszons, The example above illustrates a
structural ambiguity., The following one shows a purely

lexically ambiguous set of maximal coverings:

bel

|

[

T
C

bec2

n

Input string:
Indices!:

- :[bjm
f— p—
ow o

Maximal Covers! {a,bcll}, {a,bcz’

£.4 Description of the Algorithm

There are three major parts of the algorithm for preparing
the maxima)l covers analysiz diagnostic, These are! finding arcs
representing the’ranges fournd in the parsing chart, finding the

forms corresponding to the ztructural ambiguitises of the set of
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maximal coverings, and preparing the output for the user by
adding the lexical interpretations of the arcs into these
structural forms and adding explanatory messages.
The first and third portions are gquite simple and will not
receive as much discuszsion. The first part just looks through
the parsing chart to find what ranges sexist that are covered by

arc

1w

. The rangs information iz essentially contained in the
arcs, so that thiz routine anly needs ta chbserve each arc. This
information iz then available to the second step, so that the
algorithm for that portion may ask 1f an arc with a given range

is in the parsing chart.

2.4.1 Finding Structural Ambiguities

The major section of the algorithm finds the forms

m
O
-+
b
o

structural ambiguities of the szet of maximal coverings. A

zingle structural ambiguity of the set of maximal coverings is
Jjust the =zet of ranges that forms= a maximal cowvering. FAn array
representation of the ranges of arcs found in the input will be
usetful for the algorithm’s description. This is the array for

the structurally ambiguocus examnple earlier

1

1 [x{2
2 [®ixls
3 e

The numbers ower the columns represent the initizal number of a
range, atd the numbers of the rows are for the final number of a

rarge, An X in a location of the arrayw indicates that an arc

1)

®isgts with the ramge from the initial mumber to the final
number, with the range from the column number to the row humber,
Hotice that ran ¥ in the lowsr left-hand corner indicates

that there exists & whole arc covering the input, An X in any

b
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location indicates an arc containing all the arce representsd by
the X’s either above in the zame column, to the right in the
zame rouw, or both in a row above and & column to the right of
that position. |

This array is searched by the algorithm starting at the
lowsr left-hand corner, and procesding down the diagonal C(upper
left to bottom right) immediately above the ztarting point, and
then proceeding to succeszively higher diagonals, In this manner
the maximal arc:s are found first in the process of constructing

maximal covers. This diagram indicates the ordsr of search!

W R -

e AP P f e

WA
(03]

The zearch continues until esvery range represented in the
diagram has been searched or contained in an arc found in prior
search. Ranges are eliminated from the search by arcs

containing those ranges or recursive calls on those rang

M

S.
" Thus all the ranges found in the search correspond to maximal
arcs.

When & maxima1‘arc is found, a maximal cover is developed
by applying the algorithm recursively with the starting point at
the rangeds? that would complete the cover. Thus for an input
ztring of length 3 with no whale arcs, finding a range of [1,2
will invoke a search for "relatively” maximal coverings over
the range [3,3]. (Rfter thiz, the range [2,3] must be searched
before all the ranges will have been attempted). At most two
otber sub-searches are required, for any given lewel. For
instance, two would be necessary in a string of length S where

the range [2,4] was found first. This would initiate further

e

earches in the ranges [1,1] and [5,5]. FRanges sesarched by



recursive calls are eliminated from the ranges for zearching
within the calling routine, because thiz sub-portion will have
already been covered by the returned (sub-) maximal covering.

If a structurally ambiguous sub-covering is returned, it iz
checked to make sure that each arc of the zub-covering that iz
not maximal does not wiclate the maximality condition. Hon-
maximal arcs of the covering may not be contained in maximal
arcs not intersecting any other maximal arc of the covering.
Rhy viclating sub-coverings are removed,

The algorithm can be proven correct by course of values
induction an m, the number of elements in the input stringi

Theorem: The algorithm finds a11 arnd only the maximal
structural coverings.

Froof: For m=1, the only range an arc may hawve is [1,13],
thus this is the only maximal structural cowvering. The
algorithm first searches for [1,1), finds it because the
definitions guarantee its existence, and terminates. Thus it is
correct for n=1.

For m=r, n > 1, assume that the theorem holds for all k,
where n > k >= 1. The algorithm begins its search. If [1,n]
is found, this is the only maximal structural covering; the
process stops, 23 all other arcs are contained in this first
one, and the proof is complete. If [1,n] is not found the

search continues., Suppose [i,J] is the first range found. This

m

iz a maximal arc, because no arc was encountered before it It
eliminates searching in the ranges corntained inm [i,3). The

program is recursively called for the range [1,i-11 (if i iz rmot
equal te 12, and for the ranges [j+i,nd {if j iz not equal tao nd.

Sirce these ranges correspond to input strings with

Tengths lezs than n, all and only the (sub-)> maximal coverings
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will be returrned, by the induction hypothesis., Any structural
ambiguities that are not maximal at the higher level are
eIiminated.‘ The gprogram will not search again in the ranges
contained in the ramgez uszed in the recursive calld(s), The sub-
maximal structural coverings remaining are combined with L[i,j]
to form maximal structural coverings., The same arguments hold
for the other [i,J] ranges found in the remaining search. Thus
orly maximal structural covers will be found.

To show that all maximal structural covers are found,
hotice that only maximal arcs are found it the search, and are
combined with all possible combinations of other maximal arcs by
the recursive calldsd. All possible combinations of filling
with non-naximal arcs are alsc added by these calls, and
eliminated where maximality on the higher leuel is vioclated.
Thus all and only maximal structural coverings are found.

{End of praof}

2.4.2 The Diagnostic as Output

The final section of the algorithm is for preparing the
output from the 1is£ of structural ambiguitiez. Underliying
structural ambiguities are left that way to avoid repeating the
arc: in the output. The lexical ambiguities of the parsing
chart are added asz underlying ambiguities to the =tructural
forms.

The diagneostic indicates the relative structure of arcs by
indentation. For each range of arc cccurring in a structural
ambiguity, the fragment of the input string indicated by that
range is used as a label for those arcs., A1l arcs are

individually labeled with their part of speech, and this serus

m
N

to disambigquate arcs with identical ranges. Some =limination of
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lexical ambiguities takes place when one part of speech
indicates deeper parsing. For example, nouns underlying rnoun
phrases with the szame range are supprezszed from output., This
example i1lustrates several of these points. (Corrections
taking place are not shown hered.

»is the John?
Ho sentence was found including the whole input.
The following fragments were identified:
Fragments of: "is the John?"
Ambiguous
the fragment:"is the John"
Ambiguous
has part of speech! verb-phras
has part of speech! verb-phras
the fragment:i"?"
has part of speech! pct
Ambiguous
the fragmenti"is"
has part of spesch! verb-phrase
the fragment:"the John?"
hias part of speech! sentence

€
-4

The indices . imto the input string are given for referencel

s t h = J o h n ?
1 2 3 4 S & 7 & 918 11 12

This example has a structurally ambiguous set of maxima)
covers, The maximal covers in structural form are: {[1,1113],
[12,121, and {01,212, [3,23, [4,121}., The range [1,11] is
texically ambiguous, although the ambiguity iz in the features,

so it is not differentiated. The range [1,2]1 iz also, but the

arc with part of zpeech copula was eliminated becauses verb

o+

phraze is a d

reated a

m

L)

gper parse, The space character [3,3]
irn the second structural maximal cover was not included in the
output. The different structuFa1 ambiguities are prefixed by
the "Ambiguous! message. This alze precedes lexically ambiguous
rariges. Hotice that there was a sentence in the inputi "the

John?"., The major correction that opticnally deletes words will
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try this and reszpond accordingly, but it by no means constitutes

full processing of the input,

8.5 Usefulness of the Maximal Covers Diaghostic

Is it worth the effart to produce the maximal covers
diagnostic? Some linguistic knowledge is required for it to be
valuable, (This brings up another paradox! the people who nesd
it least, understand it bestd. It iz helpful in debugging
grammar specifications. It is in soms senze the best that can
be done with the situation. It indicates the extent to which
the input was proceszsed, and locates the point of blocking in
the parsing process (often the point of difficulty in the

input)>. Mo suggestions can be made that have not zle

h

ady heen
attempted by the system.

The decision was made to retain the capability to produce
the maximal covers diagrnostic, but to make it opticonal, as the
individual user decidez. The user may specifyl

ymaximal covers analysis

maximal covers analysis has been turned on.
or '

>maximal covers analysi

maximal covers analwsis has besn turned on.
or

rmaximal covers amnalysis off

maximal covers analysis has been turnsd off.

with the expected results. The full diagrostic will follow the

no whole-zentence diagrostic when theze meszag

i

"

are dezired.

1"
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Chapter 9! Final Topics and Conclusions

2.1 Sunmmary

The need for improved habitability has precipitated several
active research areas within the Computer Science field. Thiszs
thesis represents contributions to most of these areas
pértaining to the remaining questions of habitability. Studies
were carried out observing human performance in an interactive
setting to determine the most necessary Constructs to process
for general habitability improvement. HAn oversall structure was
proposed for the coordination of all these new constructs, and
equally likely different interpretﬁtions of input. The
interaction of different kinds of charges made to input is
incorpeorated inte this structure. Aduances were nade in the
proceszing of each of the following tupes of input: ambiguous,
anaphoral, ungrammatical, éxtra—grammatica]. A theory of
diaghosis was devised for the cverall structure, performing
"natural diagnosizs om any input requitring processing beyond the
explicit input request. A diaghostic was proposed for the
explanation of Fragméntary input for which no recommendations
for correcticon can be found., A1l of the structure and
algorithms developed have been implemented as a part of the REK

System.

9.2 Lonclusions

Four topics are considered in conclusion. The rezults of

the implemented swztem as applied to the initial human-to-computer
protocols gives an approximate evaluation of the improved
habitability of the swvstem. The metric on pozsible input

strings can how be developed more fully, simce each of the input
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modifications that might take place have been described.
Finally, =some discussion is presented about the future work and
more thorough habitability evaluations that continue this path

of research.

9.2.1 Rezults! Implied Statistics on 01d Protocols

Table 9.1 presents the results of the Robust Sentence
Analysis system within the ASK Swstem as applied to the initial
human-to~-computer protocols, (Percentages in the last column
refer to the percentage of that error fragment corrected, not

to the percentage of error fragments.)

Takkle 9.1: Error Fragments! Corrections

Total Corrected
Totals 453 287 6&3%
VYocabulary 152 34% 68 44X
Punctuation 79 17% 72 8l%
Synt ax €9 15% 47 &8%
Spelling 66 15% 53 80%
Transmission 33 7% 33 166%
Definitiaon Format 25 6% ?
Unexpected Input 14 3% 14 186%
Bug 14 3% -7

Some comments are necessary about these results.  Robust
Sentence RAnalysis hés concentrated on the first four fragnent
types., The others are more a function of the zvstem. The
cccurrence of bugs and definiticon format errors cannot be

predicted. Some improvement can b

m

gxpected in the number of

m

definition format serrors bescausze of rnew form:s that are

available. It iz hoped that there will be no bugs. Unexpected

input errors are avoided by swste

=

n changes for defaulting.
Transmission errors were errors on the part of the experimenter,
rot the user’s input.

Vocabulary errors are not exactly corrected, but it was

assumed that after a vocabulary diagrnostic the same vocabulary

Ui
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error would not repeat again within the same context. Al
voc abulary errors would be diagnosed, as would all =spelling
errors that would not be corrected by the system. Punctuation
errors that were not corrected consist mainly of places where
added punctuation was rneceszzary, rather than less. This is seen
to be a2 much less frequent case.

The number of syntax errors corrected does net reflect all
the forms that are strictly speaking syntax errors that would be
corrected. Two of the false starts would be corrected, for a
total of 8% of these forms. 0Of the asyntax errors corrected,
four would become correct sentences with pronouns,

Diagnostics wouwld be giwven in all cazes of errors or zyustem
modj?icatiom of the input. Dizgrnostics would also be given for

gach of the ambiguous input forms.

9,2.2 The Metric, More Fully! Evaluation Equivalents

The distance of ill-formed or well-formed incomplete input
Cfrom well-formed complete input can be thought of as the number
of evaluations reguired to produce a correction. Thus the use

of more zalient means of abbreviated reference iz closer than

w
m

the use of lesz salient means, and input reguiring only minor
corrections is closzer than input reguiring major corrections or
input that is not correctable at all, Orderings were given
within the major and minor corrections expressing decisions
abiout the probability of a kind of change, and theze also
express variations in the diztance from the original input tﬁ
well-formed complete input,

This ordering was made dependent on the swntax of the
erncountered fragments; words with the phatic part of speech are

deleted asz part of the minor corrections, and variamts of the
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same root word are exchanged as one of the major corrections.,
It was also made dependent on the semantics, by reguiring
semantic evaluation before concluding on & particular
medification., The ordering on evaluation attempts can thus be
cormsidered as a refinement of the metric in [Bradford 82a,
g2bl. It further considers the methods of abbreyiated reference
within the same overall scheme,

No formal specification of this implied metric will be
giwen, The part of this metric suitable to mathematical
formalization (a Damerau-levenshtein metric on words) was
presented in [Bradford 82a, 82b1, and to expand to the full
metric suggested in this thesis would necessitate complete
grammatical and semantic analysis., While thiz would be of
theoretical value, it only szerves here to give a motivation

behind the ordering of evaluation attempts.

9.2.3 Future Work

There are many arsas for future work in improving the
habitability of interactive natural languages systems.
Ptrozpects for the tﬁeatment of zome other kinds of anaphora wers
cansidered sarlier., Even the complete proceszing of each of
theze tupes will not cover all kinds of abbreviated reference.
Refinement of the rule relaxation methods and application to
ot her words and parts of zpeech will increase the potential of
this step for correcting il11-formed input. The grammar must be
extended to accept all of the nor-sentence non-whole arcs that
conztitute likely elliptical forms.

The search for better diagnosticz should comtinue. HAs long
as it is esasy for users to excesed the boundariez of the szet of

irmputs acceptable to the system, diagnosizs will be neceszsary.



How to best diagrnose the radical departures from these
boundaries will depend on the experience and opinions of the
user, but will always play a part in the habitability of &
system.

New types of input modificatioms producing potemtizl
cortrections can be considered within the larger g¥stem now, and
how these may interact with other corrections would be zeen by
how they fit inte the ocverall scheme. Their likelihood would
determine their position in the ordering of evaluation
attempts,

Some areasz of well-formed, complete input are still

probliematic. Conjunctian iz ane of these. These kinds of ar

1]
i

as
have not been considered in this thesiz, as it is hoped that
they will he treated within the grammar. This should be true at
lTeast for the commonly occcurring cases., A pattern matching
technique is proposed in [Kwasny 881 for treatment for several
Cmore general conjunction forms, but is described as =111l being
incomplete.

Habitabkility remains to be considersd from the points of
view of specific application areas. This needs to take place in
terms of both the well-formed forms of input specific to the
problem context and in terms of the common exceptional forms.
Pratocel analysis of people working on the given task area is

necessary in both cases,

2.2.4 Habitabilitwl The Final Evaluation

Can the desigrers of natural lamguage zyvstems evaluate
their work? In termz of abstract covsrage of linguistic
phenomena, thecoretically ves., In terms of completeness with

regard to an area of application, to an sxtent. In terms of
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habitability? The svztem should at least pazz the dezigher’s
test for habitability. The only real teszt foar the completeness
and habitability of a natural language system is with people
tryuing to use the system, Rfter gathering data from the

intgraction of users with the system, design and implementation

1]

for improved habitability will begin again. MWhen this proce

n

i)

reaches a "fixed point" system, one not changing with further
protocol analysis, then it may be concluded that the system is

Cat least a local) maximum in terms of habitabkility, It is

hoped that this thesizs constitutes a major step in this

direction.
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Appendix 1: Handoutsz for Experiments

The following pages are the handouts giwven to the subjectz
for the protocol analyszis experiments. FPerszon 1| oand Person A
for the face-to-face and terminal-to-terminal modes are given
first., The harndout for the human—-to-computer mode follows

theze.
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{Al.1 Face-to~Face and Terminal-tc-Termimnal Handout}
FOR FERSON 1

Data about the decks of the Rlamo.

deck name minn., cl. €. ft. hatch primary use
magazine 3-1B88-2-m 85 z2ee 2ExIE amnmumition
magazine 2-53-2-m 83 367 TEx2E  ammunition
magazine 3-84-2-m 74 212 JE6x2D ammunition
pyrotechnic locker 48 36 -——- pyrotechnics
super deck - 3132 —— vehicless/pallets
well deck 128 18573 - vehiclesspalliets
mezzanine deck 138 S9e8 -—- vehicles/pallets
special weapons magazine 68 1606 -—- special weapons
Cargo items! name and number to be stowed.

chg demo 18 Loaderscptrac 1

conwire 84 Tub o©il 2

ctg 185=snk 8 MCI 132

ctg 185uwp S mine Mle 14

ctg 185he(l) 32 nwl 2

ctg 185hel2) 48 nwa iz

ctg 18&ape 12 hw3 2

ctg 4@he 18 post 2ft i4

ctg 5@ 38 recvryveh 3

ctg 3.5¢6 18 rollertowshpft 1

ctg 68 18 sandbag el

ctg 7.62 35 semitrlr 2z0tstk 1

culvert 5 smoke pot 4

flare sur 1 ‘tank 98mm M48S 1

fuel oil 4 trac MEd w/rup 5

fuze M364 48 trk crash MB-5 2

fuze smk 1 trk fire pump 1

gen set 1 trkfk1ft €BBGrt 3

gren imc 4 trk trac MZ2eD 1

gren smk 9 trk trac M52 W 5

how 155mm towdll S trk util METE 2

how 155mm tow(2) & trk util F2ZH 6

how 8in 8P Mll@ 18 water 45

ign 1 wire 358 &

LVTEL 4 LVTPS5A1l wsdzr &

LYTPSAL 2
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FOR FERSOM F

Cargo items, listed by class, with!: name, 1, w, h, wt, areax.
(1, wy, h in inches; area in sq ft2

SUBSISTENCE (class i):
MCI, 48, 48, 45, 1344, 14
water, 48, 40, 24, 918, 14

FORTIFICRTION (class iwul!i
conwire, 48, 46, 38, 358, 14
wire 258, 48, 48, 41, 1537, 14
culvert, 48, 48, 39, %45, 14
post 2ft, 5@, 42, 13, 1378, 15
sandbag, 48, 48, 41, 658, 14

POL Cclass iiid:
lub oil SAE Se, 32, 18, 24, 128, 4
fuel oil, 48, 48, 5@, 1580, 12

CEHERAL SUPPLIES (class jil:
gen set PU&78BG, 48, 48, DSa, 15e@, 16

AMMUNITION Cclazs wdi

ctg 5.56, 36, 2@, 21, 633, 8
ign, 35, 25, 19, 148, &

cvg 7.62, 36, 28, 17, 217, S
ctg 58, 36, 38, 21, 885, 8

FYROTECHNICS (class wpii

ctg 18Ssmk, 38, 38, 29, 885, 7
gren smk, 36, 3B, 13, 182, ¥
gren imc, 48, 46, 14, 274, 14
smoke pot, 36, 3IB, 34, %@, &
ctg 185wp, 38, 28, 38, 1888, 5
flare sur, 48, 48, 31, 532, 14

DEMOLITIONS (class wvdi:

fuze smk, 11, 8, &6, 1@, 1

ctg 186ape, 30, 25, 38, 673, €
fuze mS64, 32, &8, 15, 238, 7
chg dome, 32, 28, 16, 158, S

ctg 16Shedl), 36, 3B, 29, B8z9, @&
ctg 183hed2>, 25, 21, 29, 425, 4
ctg 48he, 29, 25, 27, 354, 4

ctg &Bhe, 38, 3B, 35, 458, 7
mive mié, 36, 25, 38, 792, 7

SFECIAL WERFONS (class vswl:
nwi, 48, 4@, 28, 1568, 14
hwz, 47, 45, 17, 1208, 13
nwd, 48, 48 21, 1267, 14
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VEHICLES (class wiid:

LVTEL, 474, 151, 129, 96280, 497

LVTFSAL, 356, 141!, 115, 82506, 349

tank 98mm M42, 292, 144, 123, l@4mea, 292
trk trac M2ed, 262, 96, 99, 17166, 175
how 2in SP Mitle, 293, 124, 111, 58560, 25
how 135mm tow(ld, 292, %7, 93, 1z884, 197
how 15%mm towl2), 288, %6, &1, 1z7@L, 192
LVTPSA1 wrdzr, 462, 148, 114, 855068, 413
recvryvel MS1, 399, 143, 129, 128886, 396
trk util ME7E, 188, 78, &7, 4587, 98

trk crash MB-5, 292, 98, 128, 12186, 199
trk fire pump, 267, 91, 184, 15388, 169
trkfkl1ft é@esértv, 284, 86, 124, 185oR@, 122

2

trk trac MS2 W, 274, 98, 182, 19138, 18&7
trlir util F2W, 122, 3%&, &4, %988, 82

trac Med worup, 257, 129, 116, 49388, 221
semitrlr ZAtstk, 488, 95, 55, 12258, 328
rolertowshpft, 198, 97, &8, z873Sae, 134
loaderscp trac, 313, 24, @6, 28788, 183
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{ARl1.2 Human-to-Computer Mode Handout!:}

Cargo to be loaded onto the Alamo

item name number

MCI 28

water 32

conuwire 27 meanings of clazzes:

wire 358 )

culvert 5 clazs 1 = subsistence

post 2ft 14 class i1 = general supplies

sandbag 38 class iii = POL
class iv = fortification

lub oil SRESS 2 (The above 4 are considered

fuel oil 4 "walletized cargo"d
class v = ammunition

gen se&t PUEYEG 1 class wp = pyrotechnics
class vd = demolitions

LYTEL 4 class vsw = special weapons

LVTFSAL P class vii = vehicles

tank 98mm M48 1

trk trac M268 1 e e e

how &in SP MiiB ig

how 155mm towdl) 5

how 133mm towd(2) &

LYTPSARY wrdzr g riwl Z

recuryveh . 3 mine mle 14

trk util METE 2 ctg £Bhe 1@

trk crash MB-5 2 ctg 4@he 1

trk fire pump 1 ctg 185Shel2) 28

trkfk1ft 60868rt 3 ctg 183hedl) 22

trk trac MS2 W ] chg demo 18

trlr util F2UW & fuze M54 28

trac Mecd w/rup 5 ctg 1B6ape 12

semitrlr 28tstk i fuze smk 1

rollertoushptt 1

ctg 5.56 18

ign |

ctg 7.62 35

cty S@ 36

ctg 18S=mk 8

gren smk e

gren imc 2

smoke pot 4

ctg 18Sup S

flare sur 1
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ARppendix £ Arnnotated Terminal-to~-Terminal Protocol

One of the terminal-to-terminal protocols taken in the
experimental portion of the work is presented here with full
analysis. The typez of fragments are labeled in the protocol,
Rbbreviations follow the conventicns of chapter 1. In addition,
TC stands for termination character. This is a type of phatic,
but wasz not counted in the analysis. TCs were used to indicate
an end of transmission, a convention which all subjectsz in the
terminal-to-terminal mode developed and szubsequently vicolated,
The first number indicates the message number. The letters P,

M, Iy or ¥ come after the message number and correspond to

=
m
n
n
12}
w
Ll
<+

vpes of phatic, meta, data, or mixed. The 1 or A

preceding the actual message is the szpezker, either person {1 or

fie

person A.

The statistical amalysis, begining on page 158, gives the
distributicn of the individual fragment tyﬁe’z lengths. This
“analyzis is for the anmnotated protocel.  There is a graph for
each category other than phatic and phatic cornnector. In the
graphs, the Uerticaf axis indicates the length in words of the
fragments., The horizontal axis indicates the number of
occurrences of fragments with that length. The mean and
standard deviation are of tﬁe fragment’s length. The phatics
and phatic connectors are just listed along with the number of

cccurrerces of each.



A2.1 Terminal-to-Terminal Protocol (DT T-T»

Sentence
‘SpeII.l
iM 1:IN CASE WE USE MULTI-LIME MESSAGES, TYFE EQT AT THE END OF EARAH

!TC‘
2P Al
|Sentence T T7c]

3M 1:1HAS MY MESSAGE IWTELLIGIEBLE? EOT

Sentence
Fh [Spell. | EEREE
ES RS INTELLIGLEE AZ EHWMGLISH CAM EE GR GA

[Tc ]
aM RITTYiG3VY ¥

Sentence

Ispett. | [Spett. | [ TreT

GA MEARNS I-M DOHE, S0 GO ARHERD WITH WHATTEWER YOU/VEGOT TO SAY GR

¥

Sentence

[epet] |TC]
SD 1:GIVE ME DIMENSIONS OF CHGDEMO GH

Sentence
iPronl ITC[
6M AIIS THAT CHEMICAL DEMOLITICHWS? GHA
Sentence Sentence
Sp.

M 1:1 HAVE AN ENTRY FOR ES0OMETHIWMG CALLED CHG DEMO. YOU SHOULD HAY A

[False St.] [Fe]]Pn]
CORRESFOMDING ENTEY WITH DIMEHSIONS DIMEWHSIOWMS FOR IT IT SOMEWHERE GA
Sentence , Sentence
Spell.| [Spell. ] [Fra. | [False Start|
80 A:CHGDEEMO DEMENSIOHME= 32, CHECKE. THEY ARE 32, 28,

LENGTH 322WIDTH 28, HEIGHT 1& INCRES,

7o T T7eT
GR

3D 1:CONFIRM 32, 287

:;_,j



186D A:CHECK. EBOTH IN INCHES. HEIGHT OF 16, WEIGHT OF 132

11D 1

TTR 1 lRdd. Info. | |Echo 1T ICompletion

LG
SGUARE FEET. GA

[FS|Sentence T 17c]
DISDID YOU RECEIVE THOSE DEMOLITIONES GH

TC

tYES GR

|Sentence | 17¢]
WHAT 1% THE CLASS OF CHG DEMO? GA

|Terse Response I TTte]

12D A:VD CLASS DEMOLITIONS GR

13F 13

[Echo | |TC]
CLASS ¥D GA

(Fha. |

T
|
T - HANG OH

o

o

-4
fo

[Sentence | [TC]

14F RII7M HAKGIHMG GR

150 1:

[sentence LE
LIST ALL CLASSES GA

[Sentence

16D R:CLASS I I8 SURBSISTENCE STUFF

Sentence

|Spelling
CLASS IV IS FORTIFICATIOONS

1Sentence | TRddInfe]
CLASS 11 IS GEWERAL SUPPLIES (GEN SET?:

JSentence G
CLASS II1 IS POL (~0IL>

Sentence
LASS V IS AMMO

ENCE | |Added Information

|
c
1
C

Sent
LRSS VP IS FPYROTECHNICS <SMOKE EBOMES AWD THE LIKEX

LES.

ARER OF

=
pw |
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Sentence

|Spetling | [epell. lAdded Information
CLARSS %D IS DEMOLITIOHNS EQUIFMENNT (SOMEEQEY‘S IDER OF R JOKED

|Sentence
CLASS VEW IS SFPECIAL WEAFOHS

1Sentence I
CLASS VYII IS VYEHICLES GA

|Sentence 1 jTc]Te]
17D 1IREPEAT CLASS III1 GAR GA

[False St.]| [Sentence T T7c]

leéx AIPFOL IS OLI CLASSS 111 IS POL DR OIL SUPPLIES GA

Fhatic
[FS | [spell.|Spelt. | |TC]
STILL STTILL HRHGGIMG GAR

1Senternce

Spell. | [TC]

IESCRIE E THE HOLD ARRERS GA

JTruncation ]
1SM 1:I°M NOT SUFFOSED TO GIVE

18entence [ T7¢]
2@ AIWHAT DO YoU HNEED? GR

|Terse Rezponse . kil
210 1:DIMENSIONWS AND CLASS OF CONWIRE GA

1Sentence | |sentence | 17c]
22X AICOMWIRE IS CLARSS 1Y, DIMEMSIONS RRE 42,48,38,3508,14 GA

Sentence

[Sp. | | Sentence

I HAVEE ALL DIMEHSIONS AHD CLASSES YOU JUST TELL ME WHAT YOU HEED.

|Sentence T TtcT

I JUST FIGURED THE LIST 2UT. GH

|Sentence | |Terze Guesticon |
23D 1:WHAT ARE THE DIMENZIOHS IN ORDRER? LEMGHT, WIDTH, HEIGHT, AHD WHAT?

[Serterce
]Sp. 'Spl
240 FAITHE FIRSST N LEHGTH



:

=

IDTH

T1
HEIGHT

T T

WEIGHT

[FS]Terse Information| |TC|
ARREAREA IN SQURRE FEET GH

|Pha, | |TC]
25P 1:HANG OM GA

lPha. l ‘TDI

ZEP AISTILL HERE GH

[gentence

[1e]
270 1:ARE ALL CTG THE SHME CLASS? GA

PG —

ITruncation |
A:D0 YOU WANT OHO> CTG %<%

P
w
L

entence j17C
G 5.%6 IS CLASS vV AMMOEOT

|Sentence ' ITel
CTG ?7.€2 AND SB RRE ALSO EOT

Sentence

Spell. | ‘ TreT

CTG 1@5 CHK IE CLRSS VP PYRO EOT

[Sentence | |TC|
80 I§ CTG WP EOT

Sentence
)
CTG 18€ERFPE IS CLAS YD DEMO

[Sentence _
Z0 MRE CTG1BS HE <13 AWD CTG 185 HE (2 AWD CTG 48 HE, CTG

{Terse Guestion ] T7e]

23D 1:DIMENSIONS OF CTG S5.3€% GR



)
o
Lo}

[
o«
=

[©3)
o
(=)

A

1

A

1

A

R:

1

A

1

A

[Terse Response | |TC|

:136,36,30,21,633,8 GA

TTerze Question | [TC]
:36,36,308,21,633,87 GA

lTRllTCl

‘YES GR

|Phatic
WRIT A MIHUTE

-154-

Teentence
:1 OHLY EXPECTED S

[Tr. Res. |

11cd
:ONLY ONE 36. GA

|Terze Question
DIMENSIONS OF CTG 7.

| I7c]

[Ter=e Res.
:36,28,17,217,5 GA

[Pha. |
tHAMG ON

JTer=e Questicon
DIMENSICONS

| IT¢c]
OF CTG 587 GA

TTerse Rez. | [7C]

136,308,21,885,8 GH

lPha. |

HRHG ON

Senterice

17¢]
WHRT ELSE IS GR

|
CLASS v7

TrcllTrR]|7C]

177+ IGH GH

MEASUREMENTS.

|8entence K
WHAT ARE THOSE HUMEERE? GA

T



41D

44D

47M

45D

o
A8l
©
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[Terse Gu.| |TC}|
1:DIMENSIONS? GH

17c] Terse Res. | |TC|
Ai7e@+ 25,25,19,148,6 GR
|Phatic |
Jsentence | [Trunc.|

1:CONFIRM IGHN DIMEHSIOHS 35,25,19,1408, I REPEAT

17c) [Trun]

A:7BB+ 35,25,

|gentence | T
1:CONFIRM IGH DIMENSIONS 33,25,19,148,67 GA

cl

[Sentence
1 WHAT MERNS Y@e+ 7

TTerse Rezponze R
A:SAME AS YOUR TTY 182 EWCEPT FOR ME GH

|Pha. I

11 HAHG ON

Sentence 1 ]Tcy
WHAT ELSE IS CLASS ¥? GA

Trel

GH

Trel TR T [7¢]

R:1788+ HOTHING GH

|Terze Questicon | TC]
1:HOW RBOUT CLRASS WYFP? GAR

TFalze Start| [TC|  [Sentence
A:CLASS VWP INCL 7@B+ THIS IS A LIST OF CLRAES
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TI
GREN SHMK
T1
GREN IMC
TI

SMOKE POT

Sentence
171 | [FC]|Terse Information | |Fh| | Sk [TC]
FLARE SUR ANWD THE CTG’S ALREADY MENTIOHED YES, IT S0 SMOKE FOGT. GH

[Terse GQuestion I ]71¢]
1:DIMENSIONS CTG 185 SMK? GH

[TC] JTerse Res. | |TC|
A:7B@+ 30,30,29,885,7 GA

|Sentence
i:LERYE OQOUT HWEIGHTS

TTct]TR]]TC]

A:788+ OK GH

|Terse Buestion | |TC]
1:DIMENSIONS OF CTG 185 WP? GA

JTer.Res. | |TC|
A138,28,508,5 GA

| Terse Question [ JT1c]
1:DIMENSIONS OF GREN ZHMK? GR

T7c] [Fs ] [|Ter.Res. | |TC]|
A:7EG+ 36,3208,1  3@,38,13,7 GA

[Ter.Ques.| |TC|
1:30,30,13,77 GA

TTeTT7RT Te]

A:7BB+ YES GH

|Terse GQuestian 1 J1c]
1:DIMENSIONS OF GREM IMC? GHA



64D

PiF

-~
Y
%

|

TC|] [Ter.Res. | [TC]

A: @8+ 48,408,14,14 GA

1Terse Guestion 1
1:5&. FT. OF SMOKE POT?

cl

ki
GA

l

Ter.Ques. | |TC]|

1:0F FLARE SUR? GA

110KAY, YOU TURKEY,

Al7vaa;

Sl

17| TR|TC]

Ri788: 14 GA

Fh.| |Fhatic | |Serntence RE
I THINK THEY RE TRYIHMG TO TELL ME WE“RE DONE A

]

ntence

TC | |Se |
THAT’S FINE, HERE

11c]
GA

iPhatic |

1:G00D EBYE!

Sentence

TreT IFs | JFs JFs]]Fs | Ttel
765100 YOU WANT SOME TRKET TURKET TY TURKET TRY TURKEY? GA
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H2.2 Statistical Rralysis

messages DT T-T
mean= 7.87Y5 std dev= 9,831 total= v2.8

1 2 3 4 5
8 @ %) a a @

I'4 B
8 8

[ua i)Y

=S=S=s=s==s

nannmn
woa

 ad
[oy)
I

._.
)
il




sentences DT T-T

mean=s 5,852 =std dev= 2.765 total= 54,0

1 2 3 4 5 ) 7 g
5] B 5 5 a 8 5] 5] 5]
2 -
3l==
4|z~
Sl====-
Bl====-
Tle===
8=
9=~
1B
11~
'
15]-
'
18]-

completion DT T-T
mean= 9,080 =zt1d dev= B.0088 total= 1.6

1 2 3 4 =) 3 4 &
a g 5 =) 8 B %) g B

truncation DT T-T7

mean= 3,758 std dev= 1.785 total= 4.0

false =tart DT T-T
mean= 1.500 std dev= B8.824 total= 14.8

1 2 3 4 5 € - 7
3 5] @ 8 8 4 @ 8

o W




echo DT T-T

=160~

mean= 2,560 std dev= 8.580 total= 2.0

i 2 3 4 S € 7 =
g a 4] a8 a 8 5] 5] 5]
2-
3..
terse question DT T-T7
mean= 4,808 std dev= 1.895 total= 15,0
1 2 3 4 5 € 7 g
B 8 3] 2] a 8 8 5] %
1_
2
3=
dl====
S|=-
6_
terze reply DT T-T
mean= 2.8945 ztd dev= 2.8%% total= 22.6
i 2 3 4 3 3 T g
@ 5} a a B 5 @ 5 5]
j|=====
2
3=
4=~
Sl=s=-
6-
7
8_
terse imformation DT T-T
mean= 2.111 std devu= 1.188 total= 9.8
1 2 2 4 g & T =
4] 5] 5] 4] 5] %) 5 & 5]

s (0 PRS-
non
W
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added information ‘DT T~T

mean= 3.288 std dev= 1.668 total= 5.8

1 2 3 4 5 & 7 8 9
@ B @ a 5] B a 8 8 5
11-
2_
3-
4
Si=
phatice IT T-T word, (rnumber of occcurrences) total 15.8
hang on (6 check (1> wait a minute (15
Q0K (25 ves (1) {zymbols} (1>
still hanging (2> vou turkey (1)
got it (20 good bye (1)

phatic conmectors DT T-T total 2.8
so (1) and (17

fragment total 93
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Appendix 3: Pronoun List
Thiz is the lizt of prorouns as they appear in the lexical
rules. Explanation of the features is given in the table
preceeding the lexical values., RI1Y of these words have the part

of speech "pronoun” as at least one of their parts of speech.

Features:

anf animate feature
nanft neuter animate feature (animate not checked?
gnf gender feature (indicates femalel
reu neuter feature (gender not checked)
pof posseszive features
ref reflexive feature
pif plural feature
nplf neuter plural feature (plural not checked)
{promoun? <anf > <nanfd> {gnf?> neu> <pof> <refs <plfr <nplf>
"hE‘" 4 — - — - - - -
"She" + - + - - — - -
"o sl + — - + - - - -
Yhigh + - - - + - - -
"him! + - - - - - - -
"himself" + - - - - + - -
Vhep + - + - + - - -
Vet + - + - - - - -
S therself" + - + - - + - -
"himsherself" + - - + - + - -
"himsher" S+ - - + - - - -
"higsher" + - - + + - - -
nygn - + - + - - - -
"it'S" - + -— + + - - -—
"itzelf" -~ + - + - + - -
"they" - + - + - - + +
"their" ~ + - T+ + - + +
"them" - + - + - = + +
"themselues® ~ + - + - + + +
"one" - + - + - - - -
"this one" - + - + - i - -
"that one" - + - + - - - -
"those" - + - + - - - +
"these" - + - + - = + +
"those" - + - + - - + +
"that of" - + - + - ~ - +
"those of" - + - + - - - +
"same of" - + - + - - - +



