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Abstract

We present an object-based semantics for informative question answering
in the University domain. Semantic rules specify how the internal repre-
sentation is built from the parse tree for a sentence. A collection of rules
is given for generating internal representations for the natural language re-
quests that arise in the University domain. The action of the semantic
interpreter is also illustrated by showing how it applies the rules to a par-
ticular sentence to produce an internal representation.

1 Introduction

In software engineering education, one of the most challenging problems is
to teach students how to go from an informalized description of a prob-
lem domain to a precise conceptualization. The informalized description is
usually, in whole or in part, expressed in natural language (e.g., English).
To assist training in the area of software specification (see also Johnson &
Johnson 1992 [7]; 1994 [8]) we wish to capture some aspects of the role
that natural language plays in the process of explicating a conceptual or
mental model. The student (or the domain expert) must distinguish be-
tween concepts and referents and between concepts and words that appear
either explicitly or implicitly in the informalized description of the problem
domain. A referent is a socially created and in that sense, real world entity
“that exists out there”, whereas a concept exists in the informant’s mental
model of the phenomenon about which knowledge is being acquired (Ford
& Agnew, 1992[2]; Regoczei & Hirst, 1990({14]).
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A natural language interface is proposed as a useful system for training
in the area of software specification. In such a system, a referent is explic-
itly represented as a surrogate or an internal system identifier. All lexical
entries and all concepts in an expert’s mental model must also be associ-
ated with surrogates. The natural language interface is designed to prompt
the domain expert for lexical entries and information about concepts that
would permit referents to be associated with surrogates. In this sense part
of the job of the system analyst, that of forcing the domain expert to dis-
tinguish between concepts, referents and words, is being automated. The
operations result in information about the referent domain (the facts) being
recorded in the database. It is this process of identification of referents (by
associating them with surrogates) that drives the production of a precise
description of an informalized reality.

A typical architecture for a natural language interface (NLI) consists of
three main components as illustrated by Figure 1 from [12]:

natural Ianguigq parser Pafsel semantic | internal query |formal database
input tree [interpreter| representation generator query

Figure 1: A Typical Natural Language Interface from Kao et. al 1988

As linguistic coverage increases the computational complexity of answer-
ing a natural language request is expected to increase. If a natural language
interface is designed for a variety of domains then the efficiency of processing
will be reduced compared with a design for a single domain. We have ar-
gued in [9] that an approach to customization based on designing databases
for transportability should avoid the coverage/efliciency tradeoff.

(Ford & Agnew, 1992[2]; Regoczei & Hirst, 1990{14]) suggest that two
domains of discourse are needed for knowledge acquisition: the domain ex-
pert’s “private view” and the “facts”. In this paper, we attempt to become
more concrete about these proposals. The domain experts private view is
conceptualized by means of the SET model and the natural language me-
diated interaction between expert and analyst by means of an object-based
semantics for question answering in natural language.

The object-based approach serves as an integrating formalism for se-
mantic and procedural aspects of natural language processing. Johnson
and Rosenberg[10] describe an object-based semantics for translating a nat-
ural language request to a formal database query. A semantic modeling
capability is provided by a conceptual model (Gilmore’s SET model [4])
and a procedural modeling capability by a deductive relational database.

Here we adopt Wood’s method [15], for translating the parse tree for a
natural language database request to its internal representation. Wood’s
method is adapted to a new target language (the language DEFINE for the
SET model rather than the functional calculus). The advantage of DEFINE



@% Transactions on Information and Communications Technologies vol 10, © 1995 WIT Press, www.witpress.com, ISSN 1743-3517

Software Engineering in Higher Education 383

over the functional calculus is a greater economy in the length of the seman-
tic rules used for translating the parse tree to its internal representation. A
facility of the SET model to define a set in terms of previously declared sets
permits the name of a set to be used in the semantic rules rather that its full
definition, simplifying the process of rule definition. The language DEFINE
and the SET model are useful for conceptual modeling and a theoretical
foundation exists for them [3, 6].

A graphical representation of a University domain appears in [11]. It
will be used to facilitate our presentation of an object-based semantics. A
sample rule follows:

1-(G8: (1) = Student) and
2 - (G10: (1) = in and Dept((2)))
= |[For some <2-2>:Dept] <X,2-2>:5D

The rules refer to partial tree structures which serve as templates for
language structures. The syntactic component produces a parse tree for
the natural language input request. Partial tree structures are matched to
subtrees of the parse tree. The right hand side of a rule gives a partial query
expressed in the context of a particular SET schema.

Our partial tree structures differ from those originally proposed by Woods
by the addition of only one partial tree. The ease with which Woods’ par-
tial trees could be adapted to a new domain suggests that they are domain
independent and hence useful for transportable natural language interfaces.
Since the rules provide an integration of procedural and semantic aspects
of language processing, we refer to them as object — based semantic rules.

2 Object-Based Semantics for the Univer-
sity Domain

The rules are based on Woods’ procedural semantics approach [15]. The ac-
tion of the semantic interpreter is also illustrated by showing how it applies
the rules to a particular sentence to produce an internal representation.

2.1 Semantic Rules for the University Domain

The rules refer to the partial tree structures. The reader is referred to
Wood’s original paper for diagrams of the partial tree structures. An ex-
ample of a rule follows:

1 - (G8: (1) = Student) and
2 - (G10: (1) = in and Dept((2)))
= [For some <2-2>:Dept] <X,2-2>:5D

The syntactic component produces a parse tree for the natural language
input request. Partial tree structures are matched to subtrees of the parse
tree. The numbers in parentheses in the semantic rules match the numbers
in parentheses in the partial tree structures. Arguments for the predicates
are specified using a pair of numbers <nl-n2> where nl refers to a numbered



@% Transactions on Information and Communications Technologies vol 10, © 1995 WIT Press, www.witpress.com, ISSN 1743-3517

384 Software Engineering in Higher Education

part of the left side of the rule and n2 to one of the parenthesized numbers
in that part.

Conditions in the semantic rules are expressed in terms of the type
checking predicates and the relation ‘=’". The condition “(n)=W” is true
if string W is identical to the terminal string of the subtree of the parse
tree rooted at node n. This is to say that node n dominates the string
W. Type checking predicate P((n)) is true if n denotes an object of type
P. Type checking predicates Student(x), Course(x), Dept(x), Dname(x) for
arguments are assumed to be available.

The subconditions on the left-hand side of a rule are numbered, and
each refers to exactly one partial tree structure. At any given moment the
semantic interpreter is working on a given node in the parse tree which is
called the root. The partial tree structures identified by subconditions on
the left-hand side of a rule must match a subtree of the parse tree starting
at the root. Each subcondition must be true of its matched subtree for the
rule to be applicable.

Subcondition 1 of the given rule refers to the partial tree structure la-
beled G8. It is satisfied if G8 matches the parse tree starting at the root, and
the node in the parse that matches the node labeled (1) in G8 dominates
the string “student”.

The type of arguments is determined by a top-down analysis of the
structure of the object definition. When the given rule is applied to the
natural language fragment “students in the Computer Science department”,
for example, variable 2 in subcondition 2 refers to the noun phrase (NP)
“the Computer Science department”. It remains to be determined if that
NP denotes a department. Further semantic analysis yields a definition
the structural properties of which are sufficient to determine if the object
defined is a department.

The semantic rules used here differ from Woods’ in the right hand side
which contains a query fragment expressed in the language DEFINE rather
than a functional calculus. The left-hand side is still expressed in a func-
tional calculus. For example, Student((1)) on the left and <1>: Student
on the right have the same meaning but are expressed in different languages
and serve different purposes.

S-Rules for the University Domain

S1

1- (G1: Student((1)) and ((2)=enroll or (2) = register)) and
2- (G3:(1) = be and ((2)=enroll or (2)=register)) and

3- (G4:(1) = in and Course((2)))

— <1-1, 3-2>: SC

e.g.s.

“Jones is enrolled in CPSC 101”

“Jones is registered in CPSC 101”7

S2

1- (G1: Prof((1)) and ((2) = teach or (2) = instruct) and
2- (G2: ((1) = teach or (1) = instruct) and Course((2)))
- <2-2,1-1>: CP

e.g. “Dr. Lee teaches CPSC 101”

S3

1-(G1: Course((1)) and ((2)) = teach or (2) = instruct and
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2-(G3: ((2) = teach or (2) = instruct) and (1) = be) and
3-(G4: (1) = by and Prof((2))

= <1-1, 3-2>: CP

e.g.s. “CPSC 101 is taught by Dr. Lee”

54

1-(G1: Student((1)) and ((2) = receive or (2) = earn or (2) = obtain or
(2) = get)) and

2-(G2: (4) = receive or (1) = earn or (1) = obtain or (1) = get) and
Grade ((2))) and

3-(G4: (1) = in and Course((2)))

= <2-2, <1-1,3-2>>: SCG

e.g.s.

“Smith received A in CPSC 101”
“Smith in CPSC 101 received A”

Note: An order on the prepositional and verb phrases is not specified by
rule S4. To impose an order a different tree structure from G4 would be
needed which includes a PP for each of the direct and indirect objects.

S5

1-(G1: Student((1)) and ((2) = take or (2) = study) and
2-(G2: ((1) = take or (1) = study) and Course((2))

= <1-1,2-2>:5C

e.g. “Jones takes CPSC 1017

Determiner Rules (D-Rules)

D1

1-(G7: ((1) = some or (1) = aor (1) = any) and (2) = SG)
= ([For some X: A

e.g.s. “any student enrolled in CPSC 101”

“some professor in the computer science department”

D2

1-(G7: ((1) = each or (1) = every or (1) = all) and (2) = SG)
= ([For all X:v/] A)

e.g.s.

“all students enrolled in CPSC 101”

“every professor in computer science”

D3

1-(G7: (1) = no and (2) = SG

= (not [For some X: 7] A

e.g. “no student in CPSC 101”

D4

1-(GT7: (1) = not every and (2) = SG)

= (not [For all X: 7] 4)

e.g. “Not every student taught by Dr. Lee”

The symbol 7 in the D-rules will be replaced by a set name resulting from
an N-rule. The symbol A will be replaced by an assertion resulting from R-
rules (and applications of D-rules, N-rules, and R-rules to NPs lower down
in the parse tree).



@% Transactions on Information and Communications Technologies vol 10, © 1995 WIT Press, www.witpress.com, ISSN 1743-3517

386 Software Engineering in Higher Education

Noun Rules (N-Rules)

N1

1-(G8: (1) = student or (1) = pupil)
= Student

e.g. “a student”

N2

1-(G8: (1) = graduate)

= Graduate

e.g. “a graduate”

N3

1-(G8:(1) = professor or (1) = instructor)
= Prof

e.g. “a professor”

N4

1-(G8:(1) = course)

= Course

e.g. “a course”

N5

1-(G8: (1) = department)

= Dept

e.g. “a department”

2.2 Additions to Wood’s Framework

The N-rules are applied differently depending on whether the head noun
is universally of existentially quantified. For existential quantification, the
symbol <7 is replaced by the right-hand side of the applicable N-rule. For
universal quantification the NP-processor generates the name of an embed-
ded set which replaces <7 in the working string, and the initial part of an
embedded set declaration replaces the symbol A.

Example:

If the working string generated by the D-rules is [For some X: 7 ] A
where X is a variable that denotes the NP, then application of an N-rule
will replace 57 with the name of a set appearing on the right-hand side of
the N-rule. If the working string is

[For all X: 7 | A
then the N-rules will produce a string such as

[For all X:S]
(S def
select X:T
where A)

where X is a variable generated by the NP-processor to represent the NP,
S is the name of an embedded set declaration also generated by the NP-
processor, and T is the name of a set which appears on the right-hand side
of the applicable N-rule.
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Restriction Rules (R-rules)

R1

1-(G8: (1) = student) and
2-(G9: (1) = average) and
3-(G10:(1) = in and Course((2)))

= <<<3-2>: CourseAvg:>, <X,3-2>>: SCG and A
e.g. “an average student in CPSC 1017

R2
1-(G8: (1) = student) and
2-(G9: (1) = average

= X:Avg Student

e.g. “an average student”

R3
1-(G8: (1) = student) and
2-(G9: (1) = graduate)

= X: Graduate
e.g. “a graduate student”

1-(G8: (1) = student) and

2-(G10: (1) = in and Dept((2)))

= [For some <2-2>: Dept| <X,2-2>: SD and A
e.g. “a student in the computer science department”
R5

1-(G8: (1) = department) and

2-(G9: DName ((1)))

= <X,2-1>:DN

e.g. “the computer science department”

R6

1-(G8: (1) = professor) and

2-(G10: (1) = in and Dept((2)))

== [For some <2-2>: Dept] <X,2-2>: PD and A
e.g. “a professor in the computer science department”
R7

1—EG8: (1) = computer science course

2-(G9: CName ((1)))

— X:CPSC_course

e.g. “a computer science course”

The symbol X in the R-rules stands for the variable that the NP-processor
has created for the noun phrase which it is looking at when it applies the

R-rule.

2.2.1 Example: A constraint in the University domain

This example describes the processing of the sentence “Every student in the
Computer Science department takes a Computer Science Course”. A parse
tree for the sentence is given in Figure 2.

The S-processor begins with a working string A. The NP-processor is
called to process the quantified noun phrase “every student in the computer
science department”. The NP-processor applies the D-rules, N-rules and R~
rules in succession. A in the working string is replaced by rule D2 resulting
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Figure 2: Parse Tree for the Sentence “Every student in the computer
science department takes a computer science course.”
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in the new working string ([For all X1: 7 ] A). X1 is a new variable
created by the NP-processor for the noun phrase. Next the N-rules are
applied. The result of applying rule N1 is the string

[For all X:S]

(S def

select X: Student
where A)

Finally, the R-rules are applied. Rule R4 substitutes A in the working
string producing

[For all X:S]

(S def

select X:Student

where [For some Y:Dept] <X,Y>: SD and A)

X is a variable generated by the NP-processor to denote the embedded NP.
The NP-processor is called again to process the embedded NP. None of the
D-rules or N-rules apply. The R-rules (R5) substitute A in the working
string producing

[For all X:S]

(S def

select X: Student

where [For some Y:Dept] <X,Y>: SD and <Y, ‘Computer
Science’>:DN)

The NP-processor is called on the NP “a computer science course” produc-
ing

[For some Z: Course] Z:CPSC-Course
by applying D1, N4. and R7.

The S-processor applies S5 substituting A in the working string to pro-
duce

[For all X:S] [For some Z:Course]

(<X,Z> SC and Z:CPSC_Course)

(S def

select X: Student

where [For some Y: Dept] <X,Y>:SD and <Y,'Computer
Science’>:DN)

This concludes our example of object-based semantic processing. Our
rationale for selecting the object-based approach is founded on the belief
that it provides the power to link declarative and procedural aspects of
natural language processing.

This belief 1s supported by the results of investigations by Beringer and
Wandmacher into object-based action planning[l]. In that paper, it is ar-
gued that the object-based approach can serve as an integrating formalism
for semantic and procedural aspects of human-computer interaction in gen-
eral.

We have provided an integration of semantic and procedural aspects of
modeling for semantic interpretation of sentences and noun phrases. The
semantic modeling capability has been provided by the SET conceptual
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model and procedural modeling by Wood’s procedural semantics. Seman-
tically structured object representations provide meaningful arguments for
predicates in production rules which model procedural aspects of language
competence.

The ability to change the schema[5, 13] (e.g., the University domain
graph) permits an NLI to be customized to the particular mental model of a
given expert. The interface for updating production rules is easily expanded
to accept new lexical entries and referent concepts by permitting them to be
associated with surrogates. There is a need for this form of customization
because our notion of expertise evolves based on societal factors[2].
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