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Functional Representation of Query Sentences and

Meaning Determination of Elliptical Sentences

Abstract: A dialogue model is provided to déscribe the contents of a dialogue process
between a user and a database management system. This model can be used as an
intermediate representation between query‘ sentences in a natural language and the
underlying database query language. It is also. capable of keeping the dialogue infor-
mation, including user query sentences and the associated responsés, for later process-

ing of elliptical sentences.

A query séntence is deéomposcd into two components, a query phrase and a data
description phrase. The functional representations of both components are analyzed in
detail. Five types of representations for elliptical sentences, including subsetting, ordi- -
nal, remaining, projection, and substitution, are presented. We also detailedly discuss
~ the determination of full meanings of elliptical sentences based on both the dialogue

convention and functional representations.

Keywords: dialogue model, query sentence, functional representation, elliptical sen-

tence
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1. Introduction

To provide a friendly user interface in a database management system for infor-
mation retrieval is an important task. Database query languagcs[l] are commonly
adopted for information retrieval. They do provide rigid notations for a user to state
his query sentences précisely without worrying about t‘hé physical structure of the data-
base. But in order to express query sentences skillfully, the user must have some
knowledge about query languages and the structure of the underlying datébase systems.
It is som'etimes very inconvenient'f'or a novice. Therefore, it is necessary to provide a
presentation more intuitive than database quéry languages. According to the experi-
ments of Hendrix er al.[2], natural languages as user interfaces for information
retrieval can satisfy this need. They can also shorten learning time and thué
encourages the using of database systems. In addition to providing more intuitive
expressing method, natural languages can save the user from the trouble of dealing

with the physical and even logical structure of the database.

When we use natural languages, it is necessary to provide a model to describe the
meaning of a query sentences in a natural language and to organize the dialogue infor-
mation so that query sentences and system responses can be kept. In this paper, we
present a dialogue model to describe the information involved in a dialogue process in
a Chinese Intelligent Database Assistant (CIDA) for retrieving library information.
This model contains a list of items composed of user query sentences and system
responses. The purpose of keeping information of the dialogue process is to enable
the user to state query sentences referring either to previous responses or to elliptical
sentences, whose meaning can be determined from a previous query sentence. | For

example, after the user issues the following query,

1) qing xianshi A.I. fangmian de gikan.
(Pleasé display the title of journals related to Artificial Intelligence.)

he can state the following elliptical query sentence,
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2 DBMS?

instead of

3) ang xianshi DBMS fangmian de gikan.

The problem about representation of sentences, usually very éomplicatcd, is a typical
issue in natural language processing. So long as the universe of discourse is limited in
a special domain, it is possible to devise a compact, precise and perspicuous represen-
tation. In the model proposed in this paper, the representation of a query sentence is
called a functional fortfz, which takes into account mainly the function of a query sen-
tence. The syntactic structure is also reserved for resolving the full meaning of an

elliptical query, which can be exemplified as follows.

4) qing xianshi ACM chiiban de qikan zhong yu A.L you guan de.

(Please display the title of journals published by ACM and related with A.L)
&) ACM chuban de qikan zhSng you naxi€ yu A.L youguan ?
6) yu AL you guan de qikan zhong you naxi€ shi ACM chuban de ?
The semantics of these three sentences are the's'ame. For the representations in func-
tional form, abbreviated as functional representatiohs hereafter, sentenées (4) and (5)
should have the same representation since the processing about either the current sen-
tence or subsequént sentences are all the same. However, they should have‘ different

representation from sentence (6). It can be seen from the situation when sentence (7)

below follows them. -

D naxie shi IEEE chuiban de ?
(Which are published by IEEE ?)

If sentence (7) follows sentence (6), it means

(8) yu AI youguan de qikan zhong you naxi€ shi IEEE chuiban de ?
(Among the journals related to A.L, which ones are published by IEEE ?)
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But it is meaningless if sentence (7) follows sentences (4) and (5).

All sample sentences in CIDA, as shown in Fig. 1, are classified into two classes:
basic sentences and elliptical sentences. In the class of basic sentences, those without
"e" in the sentence number, their meanings can be interpreted from themselves. On the
other hand, in the clasé of elliptical sentences, those with "e" attached to the sentence

number, their meanings must be interpreted by rcfefring to the previous context.

(1) liechu sudyou ACM chiiban de qikan.
(2) licch¥ 3 zhong IEEE chuban de zizhi zhong yu réngdng zhihugi youguan de.
(3) qing xianshi zhiliaokuxitong fangmian de shifji de jiaqian ji chibanshang.
(4e) liechT naxi€ ju zhuanjia xitong youguan de zdzhi de chiiban niéndai.
(5e) liechw qizhong Knuth xie de.
(6e) liechu tamende neirong.
(7e) liechu qizhong di 4 ben de neirdng.
(8¢) qing liechT qiyfde.
(9e) liechi qiyn yu réngong zhihugi youguan de.
(10) y‘c’m naxie Winston xie de shi ?
(11) naxi€ zizhi shi ACM chiban de ?
(12) North Holland chiiban de zdzhi zhong you naxi€ yu réngdng zhihugi youguan ?
(13e) gizhong you naxie IEEE chuiban de zézhi ? :
(14¢) qizhong you naxi€ zazhi shi IEEE chuban de ?
- (15¢) haiyou naxie shi Knuth xie de ?
(16€) hiiyou naxi€ réngong zhihugi fangmian de zizhi shi IEEE chuban de ?
(17) The Art of Computer Programming de zhudzhe shi shef ?
(18e) neirong shi shéme ? '
(19) The Art of Computer Programming shi shef xie de ?
(20) The Art of Computer Programming fangzai nali ?
(21e) chuiban dau dijigi ?

Fig. 1. Sample Sentences in CIDA

The intelligent information systems incorpO{ating natural languages as a front end
of database systems include GUS[3], TEAM[4], KID[5], LUNARJ[6], LDC[7],
FRED[8] and LADDER[2]. Among all the aspects of the above systems, we are
interested in the meaning representations and their treatments of elliptical inputs. Only

‘GUS, LUNAR and LADDER, among these Systéms,'éan accept elliptical inputs.
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LADDER uses syntax tree based on the semantic grammar as its meaning
representation. An elliptical input can be accepted only if its syntax tree is analogdus
with a partial tree of a previous sentence. This is the most common type of ellipses.
GUS uses frames to represent query sentences and controls the processings. The sys-
tem asks the user a planned sequence of questions in order to obtain the full
specifications of user query sentences. Though it can understand a few mixed initiated
utterances by key-word matching, the overall interaction is guided by the system.
LUNAR uses extended notational variants of the ordinéry predicate calculus as a
meaning representation language; it determines the meanings of elliptical and ana-
phoric expressions according to both syntactic structure and the language, which is in

logical form.

There are some researches, though not ‘real systems, | focusing on meaning
representation for information retrieval and on appropriateness of the meaning
representation for determination of ellipses. Nash-Webber[9] proposed a formal mean-
ing representation, and argued that logical meaning representation is superior to seman-
tic network, especially in determination of ellipses. Horrigan[10] tested his dialogue
model for the real dialogue Between passengers and a clerk at an information booth in
a train station. Spiegler[11] proposed avnotation to represent user query sehtences but

he did not address the problems of ellipses and anaphora.

For an elliptical sentence, we should determine its full méani_ng by applying the
syntactic and semantic information of both previous and current sentences and the
domain knowledge. The approaches for the determination problem can ‘be classified
into three kinds. The/ﬁrst approach, adopted in GUS[3], is to construct the complete
sentence from a sentence fragment and then parse it. The second one, adopted in
LADDER a'nd INLANDI2], is to match the elliptical syntactic structure of an elliptical
sentence with that of a previous meaning complete sentence. After an analogous pat-

tern is found, it is used to replace the current syntactic structure to construct a com-
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plete syntactic structure. The last one, adopted in this system as well as LUNAR[6],
infers the meaning of an elliptical sentence from the functional representations of the
context and the current input. In the determination process, source sentences and syn-

tactic trees are not involved.

Sec. 2 describes the method to represent query sentences in the functional form.
The analysis of utterances based on their functions is also presented. Sec. 3 shows the
functional representations of ellipical sentences. Sec. 4 describes the determination of
elliptical sentences according to their fuﬁction types. The fuli meaning of an elliptical
sentence is evaluated by taking into account the structures of the current and previous

context, responses and the dialogue convention. Some conclusions are given in Sec. 5.

2. The Dialogue Model

The dialogue model is actually a representation of the dialogue process. A typi-
cal dialogué process contains a series of exchéngcs, each of which composed of a
query sentence and its corresponding response. Following the principle in the design
of functional form, two sentences should be mapped into the same meaning representa-
tion if there is no difference in the processings of subsequent query sentences; con-

versely, they should be mapped into different representations.

2.1 Overall Description

The full specification of the dialogue model is givén in Appendix. The top level
specifications are :

DialogProcess == [Exches]

Exches == Exch | Exch, Exches

Exch == [Query, Response]
That means a dialogue process is composed of a series of exchanges and each
exchange contains a query part and a response part. The response part, containing

responsed information of the query sentence, is used to reduce the need of repetitive
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access to the database and to resolve elliptical expressions with numeric deternmniners.

This can be seen from the following two successive query sentences.

©9) qing xianshi shuoyou ACM chiiban de qgikan.
(Please display all titles of journals published by ACM.)
(10)  gingwen di 3 bén i‘ang-zai nal} ? |
(Where does the third one put?)
In this paper, we focus mainly on the representation of the query part. It is
specified as
Query == basic(Complete) | elliptical (Ellipsis, Complete).
It means that a query sentence may be either a basic sentence or an elliptical sentence.
There are two constituents in the functional representation of an elliptical sentence,
"Ellipsis" and "Complete". "Ellipsis" denotes the original meaning-incomplete
representation of an elliptical sentence and "Complete'; represents its corresponding

meaning-complete representation, derived from "Ellipsis" and the context.

Generally speaking, a query sentence is composed of two Components: a query
phrase and a data description phrase, where the latter phrase determines entities from
which some information should be retrieved, and the former phrase determines the
query type of the sentence; that is, it determines the information which should be
retrieved from entities described by the data description phrase. For example, in the

following sentences :

(11 Artificial Intelligence céng na—yi—qf ding—qi ?

(What is the issue number from which Journal of Artificial Intelligence is

subscribed ?)

(12) On Conceptual Modelling fang—zai nali ?

(Where does *On Conceptual Modelling’ put ?7)

(13)  you ji zhong réngbngzhihui fangmian de z4zhi ?
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(How many kinds of journals. are related to Artificial Intelligence ?)
the underlined phrases are query phrases and the others are data description phrases.
In the design of functional form, it is very important to decompose a sentence into a

query phrase and a data description phrase.

2.2 Representations of Query Phrases

As mentioned above, the functional form is mainly used for describing the func-
tion of a query sentence. In the following, we will describe three functional types of

query phrases: presentation, aggregation and predicate.

2.2.1 Presentation Query Type.

A presentation query phrase is spéciﬁed to show some information on line. This
is the most typical of qliery phrases for information retrieval. Some examples of the
presentation query type are "qing xianshi" (please display), "qing liechu” (please list),
"you naxie" (which ones), “you na ji zhong" (which kinds), "you na j‘f_b‘én" (how
many books), etc. This type of query sentences can be specified as

Complete == p_r@sent(DataSetDes_cﬁptqr,_ Attributes), -
where "DataSetDescriptor” -denotes the representation of the data description phrase
and will be described in. the next subsection, and "Attributes”, denotes the. information
1o be .rr:el_tric_yed from,itcms of the data constrained by "DataSetDescriptor'... The fol-b

lowing sentences are typical examples.

(14) qingwen Natural Language Processing shi shéi ‘xi‘é‘,dq‘?_«_; R
(Who is the author .of Natural Language Processing ?). ..

(15) qing xianshi Natural Language Processing de zhuzuo .

(Please display the author of Natural Language Processing ?)

(16) yu Computer Graphics youguande zézhi yZ)»uxn‘é)‘(ié" ?

(How many journals are related to Cc;rriﬁutér Gréphiés N



a7 yBu naxie guEny‘ﬁ Computer Graphics fangmian de z4zhi ?

(18) qing lizch@ yu Computer Graphics youguan de zzhi.

2.2.2 Aggregation Query Type

An aggregation query phrases is usually used to enquire the number of items in a
data set. It is specified as

Complete == count(DataSétDescriptor, Unit),
where "Unit" may be an element of the set { zhong, ben, qf, I&i, . . . }. Query sen-
tences of this type include, for example, "you ji ben", "you ﬂ zhong" and "you ji qi".
The following sentence is a typical example: |
(19) you jizhong A.L fangmian de shi ?

(How many -kinds of books are related to A.L 1))

2.2.3 Predicate Query Type

Predicate query phrases usually appear in Yes/No qu¢stions, and are represented
as predicates in functional form. In this paper, we provide only a few predicates
because most Yes/No questions can be replaced pragmatically by WH questions[2].
This fact will be explained in Sec. 3 in more detail. A sentence containing
"youméiyou" is represented as "exist(DataSetDescriptor)”, "shibashi Borrower jie de"
as "lentBy(DataSetDescrithr, Borrower)", and "y‘éuméiy‘éu bei jiezéu" 6r

"shibashi bei jie le" as "lent(DataSetDescriptor)". The following is a typical example:

(20) youméiyou A.I. fangmian de shi ?

(Is there any book related to A.L. ?)

2.3 Representations of Data Description Phrases

There is a difference between the representation of a data description phrase and
that of a query phrase: the mapping from a query phrase onto its representation in

functional form ignores the syntactic structure information while the mapping from a
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data description phrase preserves some syntactic structure information. The data

description phrases are divided into five types as illustrated below.

2.3.1 Restriction Type

The restriction type of data description phrases is the most common type which
can be. specified as

DataSetDescriptor = restrict(DataSetDescriptor, Constraint) | cida | dataSet(N),
where "DataSetDescriptor” is defined recursively and may denote either the overall
database, "cida", or a data set corresponding to a previous sentence specified by a
number, "dataSet(N)"; "Constraint" denotes the conditions derived from the data
description .phrasc. For a basic sentence, the typical "DataSetDescriptor" is
"restrict(cida, Constraint)", which means the daia in the underlying database satisfying
the constraint "Constraint”. If a "DataSetDescriptor” contains "dataSet(N)", it denotes
an elliptical sentence; for example, "restrict(dataSet(5), Constraint)" denotes the data in
the data set of the fifth é1uery sentence satisfying "Constraint”. The full specification
of constraints is given in Appendix. Two phrases of this type and their corresponding

representations are shown as follows.
(1) "suoyou ACM chiuiban de zézhi *
(All journals published by ACM)
restrict(cida, and([publisher(ACM), bookType(journal)]))

(22) "yu A.lL youguan de shii zhong 1980 nian hou chiiban de "
(All books related to A.l. and published after 1980)
restrict(restrict(cida, and([field(ai), bookType(book)])),
gt(publishedYear, year(1980)))

Compare the following two phrases and their corresponding representations.

(23) yu A.L youguan de zizhi zhong ACM _sué chﬁb‘én de
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(Among the journals related to A.IL, which are published by ACM?)
restrict(restrict(cida, and([field(A.L.), bookType(journal)])),
publisher(ACM)),

(24) ACM su0 chitban de zizhi zhong yu A.l youguande
(Among the journals published by ACM, which are related to AL ?)
restrict(restrict(cida, and([publisher("ACM"), bookType(journal)])),
field(ai)).
From this comparison, we can see that the syntactic structure of data description
phrases is preserved. The reason why the two phrases Have been-.. mapped onto

different representations has already been explained in Sec. 1.

2.3.2 Indefinite Specification Type

In English, "some" is used to express indefinite specification. In this paper an
indefinite specification phrase is defined syntactically as

<Indef-Spec> :== ji <unit> | <Number> <Unit>,

<Unit> :== ben | zhong | c& | qf,
Phrases like "5 ben", "3 zhong" and "4 qi" belong to this catogory. In functional
form, it is specified as

DataSetDescriptor == some(DataSetDescriptor, Unit, Number),
where "DataSetDescriptor” in the right hand side denotes the data set modified by the
indefinite spéciﬁcation phrase. For example,
(25) qing xianshi 5 bén Knuth sudxie de sh.

(Please show 5 Knuth’s books.)

is represented as

DataSetDescriptor = some(restrict(cida, and([autho_r(Knuth), _

bookType(book)])), ben, 5).
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2.3.3 Ordinal Specification Type

An ordinal specification phrase appears only in an clliptik_:al sentence and is used
to specify one or more definite items of the responsed part of a previous sentence. It
is described as

DataSetDescriptor == ordinal(DataSetDescriptor, Unit, Orders)
where "Orders" is a list of numbers, each of which denotes an ordinal or an index of
the referred sentence in context, and "DataSetDescriptor” is derived by considering the
context and will be explained in Sec. 4. The phrase, for example,

(26) di 3 bén yu AL youguan de shil.
(The third book related to A.L)
is represented as

ordinal(dataSet(N), ben, [3]),
and the phrase
(27) qizhdng di 4 bén

(Among these, the forth one)
is represented as -

ordinal(dataSet(N), ben, [4]).

2.3.4 Remaining Type

A remaining data description phrase also appears only in an elliptical séntence
and is used to specify the data which would be determined from previous sentences. It
is specified as

DataSetDescriptor == diff(BaseSet, Complements)

BaseSet == DataSetDescriptor

Complements == dataSet([Numbers]).

This specification means that the remaining data description phrase specifies the data

derived by substracting the data in "Complements" from "BaseSet". Some phrases of
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this type are shown as follows.
(28) hai you naxie

(How many remained ?7)
(29).  qiyn yu A.L youguan de

(Others related to A.I. ?)
(30) qiya de

(Others ?)

Let us look at the following scenario.

(31) A.L fangmian de zdzhi zhong you naxie shi ACM chuban de ?
(Among the journals related to A.IL, which are published by ACM ?)

(32)  naxi€ shi IEEE chuiban de ?

(Which are published by IEEE ?)
(33)  nixie shi NorthHolland chibin de ?

(Which are published by North Holland ?)
34) qiya de ne ?

(How about the others)
The remaining phrase of sentence (34) obviously means all the journals related with
A.l. except those published by ACM, IEEE and North Holland. Thus it is represented
as

diff(restrict(cida, and([field(A.L), bookType(journal)])),
dataSet([31,32,33])).

3. Functional Form of Elliptical Sentences

The strategy for representing an elliptical sentence is to map it onto an elliptical
functional form with partial meaning and then construct its complete functional form
from the functional forms of the context. There are five classes of ellipses in CIDA,

including subsetting, ordinal, remaining, projection, and substitution. They are
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categorized according to their functions.

3.1 Subsetting Ellipses

A subsetting ellipsis speciﬁes a subset of the responses of a previous sentence.
The subset satisfies the additional constraints in the elliptical sentence. For instance,
the phrase "qizhong naxie shi ACM chuban de" (Which are published by ACM?)
designates the books or journals published by ACM in the responses of a previous sen-

tence.

The representations of subsetting ellipses are derived from the cllipticai sentences
containing such subpatterns as "qizhong naxi€ ...yu ... youguan" (Among these,
which are related to ... ?) or "qizhong . . . suo0 xie de shi naxie" (Among these, which
are written by ...?). The phrases are represented as |

RefExp == subset(Constraint, Attributes),

where "Constraint" and "Attributes” mean the same as before.

Two sample phrases and their corresponding functional representations are shown

as follows.
(35) qizhong naxie yu A.L youguan ?
(Among these, which are related to AL ?)

subset(field(A.L), ?Attributes),

where "7Attributes” denotes omitted specification.

(36) qizhong ACM sud chubin de fang—zai nali ?
(Among these, where do the ones published by ACM put 7)
subset(publisher(ACM), location),

3.2 Ordinal Ellipses

Ordinal ellipses are derived from elliptical sentences containing such subpatterns

as "di N ben" (the nth one), "di N zhong" (the nth kind) and "gizhong di N I&i" (the
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nth type among these). Phrases of this type identify one or more items in the
responses of a previous sentence, either basic or elliptical. They are represented as
RefExp == ordinal(Constraint, Orders, Attributes, Unit).
In the following, some sample phrases and their representations are shown.
(37) qizhdng di 3 zhong fang zai nali ?
(Where is the third kind put on ?)

ordinal(?Constraint, [3], location, kind)

(38) di 4 ben A.L fangmian de sht
(The 4th book related to A.L ?)
ordinal(and([field(A.L.), bookType(book)]), [4], ?Attributes, ben)
(39) di 3,4,6 beén
(The third, four‘th and sixth books)

ordinal(?Constraint, [3, 4, 6], ?Attributes, ben)
2.4.3 Remaining Ellipses

Remaining ellipses are the elliptical sentences cdntaining such subpatterns as
"qiylide" (others), "qita (others), "héiyéu naxie", (others ?),etc.. A remaining phrase
specifies the differences of two sets. It is formally represented as

RefExp == complement(Constraint, Attn'butes). |
A case in which the phrases of remaining type appear has been illustrated in Sec.
2.34. Other cases will be illustrated in Sec. 4. Here we show some sample phrases
and their representations.

(40) qiyade zudzhe
(Other authors ?)

complement(?Constraint, author)

(41)  héiydu nixie DBMS fangmian de shu
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(How many other books related to DBMS ?)
complement(and([field(DBMS), bookType(book)]), ?Attributes)

3.4 Projection Ellipses

A projection ellipsis projects an attribute of an item of a previous response. The
function of this type of phrases is analogous to the projection in relational algebra, a
data base model. The representation is specified as

RefExp == atriName(Attribute).
Some sample phrases and their representations are shown as follows.
(42) fangzai nall

(Where are they ?)

attriName(location)

(43) shi shéi xie de
(Who write it ?)

attriName(author)

3.5 Substitution Ellipses

Any sentence of this type consists of just a noun phrase which denotes an

. instance of an attribute. This phenomenon is very common in most natural languages,

such as English and Chinese. It is the type of ellipses which ¢an be processed in
LADDER[2]. To give an example, if an ellipsis, "ACM n€", follows the sentence
"you naxie IEEE chban de zizhi," it means "you naxie ACM chuban de zdzhi." The
representations are specified as

instanceOf(Attribute, Val).

Two typical sentences and their representations are shown as follows.

(44) Knuth

instanceOf(author, Knuth)
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(45) 1986 nién 8§ yue
instanceOf(date, date(1986, 8))

4. Determination of Elliptical Sentences

vWe have divided the elliptical functional form into five classes. Here, we follow
this classification to discuss the dctermination.of the full meanings of elliptical sen-
tences. Since a query sentence can be decomposed into a query f)hrase and a data
description phrase, the determination of the full meaning also employs two processes
to determine these two phrases. In this paper we mainly focus on the determination of
the data description phraées, which are based on both the dialogue convention and |

functional representations.

4.1 Subsetting Type
Case 1.

Consider the following sequence of query sentences.
(46) Knuth su0 xie de shu zhong you n‘z’ud € yu Algorithm youguan ?
(Among the books written by Knuth, which are related to algrithms ?)
47)  nixie yi DBMS ybuguan ? |
(Which are related to DBMS ?)

s

Sentence (46) is a basic sentence while (46) is an elliptical one. According to the
dialogue convention, the elliptical sentence is interpreted by replacing the constraint
phrase with that of the corresponding basic sentence because both sentences are analo-

gous syntactically. As an example, the sentence (47) is interpreted as

(48) Knuth su0 xie de sh@ zhGng you naxi€ yu DBMS yougua ?

(Among the books written by Knuth, which are related to compiler ?)
Formally, sentence (46) is represented as

presqnt(restrict(restrict(cida, and([author(Knuth), bookType(book)])),
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field(Algorithm), ?Attributes),
and sentence (47) is originally represented as
subset(fieldDBMS), ?Attributes),
From the substructure of the representation of sentence (46), it can be seen that
“field(Algorithm)" is the representation of the additional constraint phrase, "yu Algo-
rithm yOuguan". Thus we can replace it with "field(DBMS)" to construct the complete
representation of sentence (46) because they are analogous. In summary, the con-
structed complete representation of sentence (46) is
present(restrict(restrict(cida, and([author(Knuth), bookType(book)])),
field(DBMS)), ?Attributes).

Case 2.
Consider the following sequence of query sentences.
(49) youméiyou A.I. fangmian de shiji ?
(Are there books related to Al?
(50)  ybu il bén shi Rich xi& de ?
(How many books are written by Rich?)
In the above, sentence (49) is a basic sentence while (50) is an elliptical one. This
case is different from case 1 in that no constraint in sentence (49) can be replaced with
that of the elliptical sentence. Ideally, the complete ‘data description may be con-
structed by concatenating the data description phrase of sentence (49) with the con-
straint phraSc of sentence (50) such as
count(restrict(restrict(cida, and([field(A.l.), bookType(book)]))
author(Rich)), aBook)
* In practice, however, the complete representation of sentence (50) is
count(restrict(dataSet(49), author(Rich)), ben).

It is because the former representation is not efficient during the period of retrieving
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the data from the underlying database.

Case 3.

Now, we illustrate a more complicated case which will indicate the necessity of

matching analogous patterns. Consider the following scenario:
(51) you naxi€ A.L fangmian de shuji ?

(Which books are related to A.L?)
(52) yu Expert System youguan de you naxie ?

(Among these, which ones are related to expert system?)
(53) qizhdng nixie shi 1980 ni4n hou chuban de ?

(Which ones are published after 19807?)
(54) naxie shi 1980 ni4n yliqi4n chiban de ?

(Which ones are published before 19807)
(55) yu Natural Language Processing youguan de you naxie ?

(Which ones are related to natural language processing?)

According to the domain hierarchy, sentence (52) refers to sentence (51). By the
dialogue convention, the sentence that sentences (53) and (54) refer to is (52) rather
than (51). Formally speaking, the constraint of sentence (52) is represented as
"field(Expert System)" while those sentences (53) and (54) are "gt(publishedDate,
year(1980))" and "lt(publishedDate, year(1980))" respectively. Thus, the latter con-
straint is concatenated with the former one to form a new complete functional
representation. As for sentence (55), it refers td sentence (51) according to the domain
hierarchy. The above illustrates that the semantics and domain knowledge may affect

. the results of the determination.

4.2 Remaining Type

The intuitive meaning of an elliptical sentence of remaining type is analous to

that of sentences containing the subpattern of "<primary data description phrase>
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except <some others>". Formally speaking, an elliptical sentence of this type is deter-
mined as the reéresentation containing a partial representation of "diff(BaseSet, Com-
plements)", where "BaseSet" Ais the representation of “<primary data description
phrase>" and "Complements" is that of "<some others>". Acordingly, the processing
of this type of elliptical sentences is to determine the two data sets, "BaseSet" and
"Complements".
Case 1.

Consider the following sequence of query sentences:
(46) Knuth sud xi¢ de shi zhong you naxie yu Algorithm yOuguan ?
(47) naxi€ yu DBMS youguan ?
(56) qiytide ne ?

(Others)

This case is extension of Case 1 in Sec. 4.1; the structure we will discuss here is sen-
tence -(56). By the dialogue convention, sentence (56) asks in what other fields than
Algorithm and DBMS the books written by Knuth are. Ideally, tﬁe data of this type
include | the data comresponding to the primary data description phrase,
'_'Knuth suoxie de shi™ except the data responsed for either the basic sentence (46) or
the elliptical sentence (47). Formally, the context pattern can be recognized from the
functional representations of these sentences. For example, the representations of sen-
tences (46) and (47) afe |

preSent(restﬂct(rcstrict(cida, and([author(Knuth), bookType(book)])),

| field(Algorithm)), ?Attributes)
present(restrict(restrict(cida, and([author(Knuth), bookType(book)])),
field(DBMS)), ?Attributes).

The author restricted in both the representations indicates this fact. So far, we can_
determine that the "DataSetDescriptor" of the functional representation of the current

elliptical sentence is
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DataSetDescriptor = diff(restrict(cida, and([author(Knuth), bookType(book)])),
dataSet([46, 47]). |

where ‘"restrict(cida, and([author(Knuth), bookType(book)]))" is "BaseSet" and
"dataSet([46, 47])" is "Complements". As for the query phrase, we can easily decide
~ that the queried data is the fields because there is a constraint - field(Field), where
"Field" is either "Algorithm" or "DBMS",'in_‘the representation of each sentence. Thus
the complete functional representation of sentence (56) is determined as

present(DataSetDescriptor, field),
where "DatéSetDescriptor" is described as above. |
Case 2.

Consider the query sentence followixig sentences (49) and (50):
(579  qiyade ng ?

(Others?)

The "dataSetDescriptor” of sentence (57) is determined as

DataSetDescriptor = diff(dataSet(49), dataSet(50).
where "dataSet(49)" is "BaseSet" and "dataSet(50)" is "Complements". "Fo.r the query
phrase, it is determined that the queried data is about the authors because the represen-
ta_tion of sentence (50) contains the constraint phrase representation: "author(Rich)".g
Thus the complete representation of sentence (57) is determined as

present(DataSetDescriptor, author),

4.3 Substitution Type

An elliptical sentence of the éubstitution type usually contains only a short noun
phrase or even just a noun. It is also a very common type in 'natural languages such
as English or Chinese. Consider the following sequence of query sentences:

(58) youaxi€ 1980 nisn gdurh de shuji

(Which books are bought in 19807)
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(59.a) 1981 nian n€ ?
(How about 1981?)
Intuitively, the second sentence means
(59.b)  younaxie 1981 ni4n gouru de shuji
(Which books are bought in 19817)
Formally, sentence (58)' is represented as
present(restrict(cida, and([eq(boughtDate, year(1980)),
" bookType(book)])), ?Attributes),
and (59.a) is originally represented as |
instanceOf(year, 1981),
By matching "year" in the two representations, we can determine the second sentence
as |
present(restrict(cida, and([eq(boughtDate, year(1981)),
| bookType(book)])), ?Attributes).

Next, compare the following two sequences of sentences.

(60) younaxie Codd suo xie de shi ?

(Which are the books written by Codd ?)

(61) Ullman ?

(60) younaxie Codd sub xit de shi ?
| (62) gizhong naxi€ yu DBMS youguan
| (Among phese, which are related to DBMS ?)
(63) naxie yu Expert System vaugl.fain |

(Which are related to Expert System ?)

The elliptical sentence in the first sequence belongs to the subsetting type and that in

‘the second case belongs to the subsetting type. It can be seen easily that the elliptical

sentences in the first sequence can not be stated in the way as those in the second
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sequence and vice versa.

4.4 Ordinal Specification Type

Ordinal ellipses are very useful as a user interface in a natural language. By
using these ellipses, a user can briefly state the constraints about his interested data
and then query about them closely. Consider the following sequence of query sen-
tences:

(64) qing xianshi youguany@ Natural Language Processing fangmian de sh.

(Pléasc display the titles of books related to natural language processing.)
(65) qizhong di 5, 6 , 8 ben fang—zai nall ?

(Where are the fifth, sixth and eighth ones ?)
(66)  qing xianshi di 3 ben de mulu.

(Please show the table of contents of the third one.)
For the sentence (65), the: ordinals specify the items in the data responsed for sentence
(64). By the dialogue convention, sentence (66) specifies the third item in sentence
(64).

Consider another sequence of query sentences vshown as follows:

(67)  qing xianshi youguanya Expert System fangmian de shi.

(Please display the titles of books related to Expert System.)
(68) qing xi‘é‘nshi‘yéuguﬁnyﬁ Natural Language Processing fangmian de shi.

(Please display the titles of books related to Natural Language Processing.)
(69) qing xianshi di 3 bén Expert System de shi.

(Please display the third one about Expert System.)
Obviously, sentence (69) specifies the third item in sentence (67) rather than sentence
(68). Comparing this example with the preceding one, we find that if an ordinal
specification is not followed by a constraint phrase, it is determined as referring to the

item in the most recent sentence without the ordinal specification. By matching the
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constraint of an elliptical sentence with that of the referred sentence, we can determine

correctly the ordinal specification.

Another convention about the ordinal specification should be addressed also.

Consider the following sequence of query sentences:

(70) younaxie N,,atﬁral Language Processing ﬁngmiﬁn de shﬁ.
(How many books are related to Natural Language Processing?)
(71) di 1 ben fang—zai nall ?
(Where is the first one?)
(72) qing xianshi qf ji2qian.
(How about the price?)
(73)  diSbénne?
(How about the fifth one?)
(74)  di7benne?
(How about the seventh one?)
The query phrases of sentences (73) and (74) are orhitted. By the dialogue convention,
the user must desire to know the locations and prices of the fifth and seventh books in
sentence (70). That is, sentences (73) and (74) must inherit the queried information or

attributes of the books mentioned in the previous sentence.

4.5 Projection Type

An elliptical sentence of the projection type may be just a predicate or a noun
- phrase which is the name of an attribute. It describes a new data set different from
any previous data. It is used primarily to incrementally query about interested data.
This type of sentences is always determined as referring to the most rccently.,activated
data set. /

The following sentences show some examples and their corresponding functional

representations.
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(75) - zudze shi shéi ?
(Who is the author?)

attriName(author)
(76)  shi shéi xie de ?

attriName(authbr)
(77) zudze ?

attriName(author)
Though the above sentences have different syntactic structures, they have a common

function; that is, they all project an attribute of the data of a previous sentence.

It is easy to determine the full meaning of elliptical sentences of this type since
they refer to the most recent data set. Consider the following sequence of query sen-
tences: |
(78) younaxi€ A.L fangmian de shu ?

(What are the books related to Al ?)
(79)  shi shéi chl ban de ?
(Who are the- publishers ?)
(80)  héshi chuban de ?
(What are they published 7)
The constructed complete functional representation has the format of
present(dataSet(N), Attribute),
where "N" denotes the index of the referred sentence in the dialogue model and "Attri-

bute" denotes the attribute name in the elliptical sentence.

S. Conclusions

In this paper, we have presented functional representations of query sentences.
The representations describe the semantics of query sentences and reserve some mes-

sages of syntactic structures. The problem of determining the data description phrase
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of an elliptical sentence based on the functional representation in Chinese dialogue has
been exploited. During the process of discussion, it is demonstrated that determining
the missing components in an elliptical sentence must consider both the semantic attri-
butes and the syntactic structure. The determination of query phrases remains to be a

topic for further research.

In summary, a friendly and high level user interface should conform to the fol-

lowing guidelines.
e It must be able to be accepted like a natural language.

e It should provide the mechanism to express rigid combination of logical con-

nectives.

e It should provide the mechanism for stating elliptical sentences to incremen-

tally query objects.

e The logical structure of database must be transparent and the knowledge

about task domain should be built into the user interface.

For the design of a good dialogue model, some conclusions are listed below.
First, the responses should be kept in the model so that the elliptical sentences can be
resolved correctly and repetitive access to the underlying database system can be
avoided. Second, the meaning representation muSt be able to describe the necessary
syntactic and semantic messages. Third, the ﬁlcaning representation must be powerful
-enough so that the dialogue convention can be easily implemented into the determina-
tion processes. Fourth, the meaning representation should be database independent and
language dependent so that the implementation can be independent of the underlying
database system. Finally, the dialogue model should provide a mechanism so that the

determined elliptical sentences can be expressed.
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Appendix Logical Specification of the Dialogue Model
DialogProcess == [Exches] |
Exches == Exch | Exch, Exches
Exch == [Query, Response] _
Query == basic(Complete) | elliptical (Ellipsis, Complete)

' Complete == present(DataSetDescriptor, Attributes) |

count(DataSetDescriptor, Unit) | exist(DataSetDescriptor) |
lentB-y(DataSetDescriptor, Borrower) | lendable(DataSetDescriptor) |
lent(DataSetDescriptor) |

DataSetDescriptor == cida | DataSetPointer | RefExp
some(DataSetDescriptor, Unit, Number) |
restﬁct(DataSetDescﬁptor, Constraint) |

diff(BaseSxet, Complements) | ordinal(DataSetPointer, Orders)

" DataSetPointer == dataSet(Number)

RefExp ==
complement(Constraint, Attributes) |
ordinal(Constraint, Orders, Attributes, Unit) |
subset(Constraint, Attributes) |
instanceOf(Attribute, Val) | attriName(A.ttribute)

Unit == ben | aJournal | kind | year

Constraint == ?Constraint’ | not(Constraint) | and(Constraints) |

or(Constraints) | RelOp(Attribute, Val)

Constraints == [Constraints0]

ConstraintsQ == Constraint | Constraint, ConstraintsQ

RelOp==eqlnelgelgtllellt

Attributes == [Attributes0]

AttributesQ == *?Attributes’ | Attribute | Attribute, AttributesO -
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Attribute == bookType | author | cost | contentTable | donator |
field | publisher | publishedDate | locatioh | id | borrower
bookNam¢ | journalName | beginDate | endDate
donatedDate | vol | journalNo | lentDate | date

Val == ?Val’ | Number | String | Date | Vol | JournalNo | Year | Month

Date == date(Year, Month)

Year == Number

Month == Number

JOumalNo == journalNo(Year, AjournalNo)

Val == Number

AjournalNo == Number

BaseSet == DataSetDescriptor

Subsets == dataSet([Numbers])

Numbers == Number,| Number, Numbers

Complements == dataSet([Numbers])

Orders == Order | Order, Orders

Order == OneOrder | OrderRange

OneOrder == Number

OrderRange == (SltartN umber, EndNumber)

StartNumber == Number

EndNumber == Number

Borrower == String

ElliQuery == Complete

Ellipses == Ellipsis | Ellipsis, Ellipses

Ellipsis == RefExp | ElliQuery

Attributes == Attribute | Attribute, Attributes

Response == [Informations]
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Informations == Information | Information, Informations
Information == (DataDescriptor, DataLisf)
DataDescriptor == [Attributes]

DataList == [ValLists]

ValLists == ValList | ValList, ValLists

‘ValList == [Vals]

Vals == Val | Val, Vals
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