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Abstract 
Natural language sentences ansmg during NIAM conceptual modelling are analyzed 
grammatically, using a functional, descriptive grammar of English. The grammatical approach 
can expose object types that might otherwise be missed by the analyst. Some undesirable 
NIAM role-naming practices are highlighted. The importance of having exactly one verb in 
each fact type is emphasized. It is proposed that verbalization for validating conceptual schema 
diagrams can be improved by using grammatical analysis during schema creation. Many 
sentence components are shown to have a simple mapping to NIAM schema elements. 
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1 INTRODUCTION 

This paper presents some initial findings that support the idea that knowledge of the grammar 
of a natural language (in this case, English) can improve the application of NIAM (Natural 
language Information Analysis Method), a method of conceptual modelling used for analyzing 
information systems requirements. Good communication among the people developing and 
using an information system is vital to its success. A shared natural language is the basis of 
such communication (van Griethuysen, 1982). However, natural language is often used only 
informally for information systems work because it is thought to be unstructured, ambiguous, 
or imprecise. Motivating the work reported here is the alternative view that natural language is 
an extremely powerful instrument, capable of considerable precision and great subtlety, but an 
instrument that is frequently carelessly used. One perception about natural language that 
cannot be supported is that it is unstructured; the structures of natural languages are quite 
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complex and subject to change, but they do exist. The grammar of a natural language is part of 
the way that we describe its structure. 

Conceptual modelling using NIAM begins with relevant statements of fact about the Universe 
of Discourse (UoD), expressed in declarative, natural language sentences. However, 
knowledge of the structures of natural language is not explicitly part of the method. The main 
proposition put forward in this paper is that more use can be made of natural language in 
NIAM than is currently the norm. In particular, the focus of the work reported here is the 
initial step of NIAM, where the analyst is trying to convert natural language utterances into 
NIAM notation. 

Among earlier, related work, Abbott (1983) proposed a technique for developing programs 
from "informal but precise" English descriptions; Chen (1983) discussed links between English 
sentence structure and entity-relationship diagrams; Black (1987) discussed some of the issues 
arising in approaching NIAM from a natural language perspective, but left many questions 
unanswered; Dalianis (1992) described the generation of natural language descriptions of a 
conceptual model as a validation technique; Rolland and Proix (1992) reported on conceptual 
modelling using a case grammar approach; Dunn and Orlowska (1990) proposed automatic 
parsing software for analyzing NIAM sentences; Weigand (1992) discussed the use of a 
functional grammar for conceptual modelling; and Kristen (1994) described an object-oriented 
method in which grammatical analysis is an essential step. 

The structure of the paper is as follows. After an outline of some aspects of Fillmore's case 
grammar, sentence models found in the NIAM literature are briefly evaluated. Then a short 
introduction to English grammar is followed by a description of the sentence model used by 
Quirk et al. (1985). The body of the paper presents a grammatical analysis of some NIAM 
sentences taken from the literature. Finally, conclusions based on evaluations of the results and 
several suggestions for further work are presented. 

2 NIAM AND NATURAL LANGUAGE 

NIAM, a form of object-role modelling, is well-documented (Verheijen and van Bekkum, 
1982, Nijssen and Halpin, 1989, Wintraecken, 1989) and is not described here. It has been 
chosen for this study because (i) a NIAM analysis should begin with sentences expressed in 
natural language (albeit a rather restricted, stylized form of language), and (ii) there have been 
at least two earlier suggestions to use grammatical knowledge during NIAM analysis. Black 
(1987) proposed a mapping from surface syntactic categories (noun, verb, adjective, etc.) to 
NIAM constructs, but gave few details. Dunn and Orlowska (1990) outlined the design of 
software for automatic parsing of a limited range of sentence types. The present paper differs 
from earlier proposals in two respects. First, a surface mapping of the usual syntactic 
categories alone is rejected as being too limited in dealing with the ambiguities that inevitably 
arise during syntactic analysis. Second, instead of automatic parsing, the idea is to enable the 
human analyst to use some grammatical knowledge in a practical way. 
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Specifically, the focus is on two actiVIties in NIAM that involve natural language 
interpretation. The facts in a NIAM schema diagram are supposed to represent natural 
language sentences. During the initial stages of an analysis, the analyst will be concerned 
mainly with discovering relevant facts and arriving at suitable representations for them. 
Recommended practice in NIAM is that facts should emerge from analysis of natural language 
utterances that have been validated by a domain expert. Later in the analysis facts from the 
diagram are verbalized, i.e., converted back into natural language sentences, as part of the 
activity of checking the conceptual schema. Ideally this checking should again involve the 
domain expert. The two processes just described, the "forward" one of obtaining object types 
and facts from sentences, and the "reverse" one of verbalizing sentences from the conceptual 
schema diagram, both rely ultimately on the existence of some underlying sentence model. 

The nature of that sentence model will now be discussed. First, the case grammar of Fillmore 
(1968) is examined, as it has been cited by Nijssen and Halpin (1989) and by Nijssen (1989) in 
support of suggestions for a linguistic origin for NIAM (or at least for some linguistic 
connections). Then two sentence models from the NIAM literature, using logical predicates 
and database relations, respectively, are briefly reviewed and evaluated. 

2.1 Fillmore's Case Grammar 

Fillmore (1968) proposed that the relationships between groups of words and the verb in any 
clause in a sentence can be described in terms of a limited number of so-called cases, "a set of 
universal, presumably innate, concepts that identify certain types of judgments human beings 
are capable of making about the events that are going on around them, judgments about such 
matters as who did it, who it happened to, and what got changed". The notion of case is 
proposed by Fillmore as a language element that is more stable than surface-oriented 
grammatical terms such as subject and object. For this reason, the case grammar is sometimes 
said to reveal the "deep structure" of a sentence. For example, consider the two sentences: 

John opened the door. 
The door was opened by John. 

The sentences mean the same thing, but have different surface structures. Case grammar is 
intended to represent the common meaning by providing a single deep structure shared by both 
the sentences. For instance, in each of the sentences, John is in the so-called Agentive case, 
which Fillmore describes as "the case of the typically animate perceived instigator of the action 
identified by the verb." The other cases originally proposed by Fillmore were Jnstromental, 
Dative, Factitive, Locative and Objective, with the rider that "additional cases will surely be 
needed". In later work, however, Fillmore (1971) proposed a different set of cases. Other 
writers have criticized aspects of the case concept itself and the criteria on which cases are 
identified (e.g., Platt, 1971 and Nijholt, 1988). 

Two observations about case grammar are relevant to the research described here. Firstly, 
whatever role it might have played in the development of NIAM, its place in current accounts 
of the method is peripheral at best. Secondly, although its use in conceptual modelling has been 
reported (Rolland and Proix, 1992), it was rejected for this work chiefly because it is not in 
itself a complete grammar of any particular language (it arose from a search for concepts 
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applicable to natural languages in general). Its ideas have influenced or have been taken up in 
other, more complete descriptions of the English language, one of which is used in this paper. 

2.2 NIAM Sentence Models 

Sentences as Predicates 
The model for NIAM sentences most often found in the literature treats them as unary, binary 
or higher-order logical predicates. A sentence is modelled as a predicate associating a sequence 
of triples, each consisting of a non-lexical object type (NO LOT), a lexical object type (LOT), 
and a lexical object (LO). For example, the sentence 

The Person with name Mary drives the Car with number ABC123 
would be modelled as 

drives (<Person, name, Mary>, <Car, number, ABC123 > ). 

The name of the predicate (drives in the example shown) is normally obtained by removing 
objects and their reference modes from the natural language sentence. Verheijen and van 
Bekkum (1982) call this a sentence predicate. Nijssen and Halpin (1989) call it a sentence with 
holes. In accounts that either explicitly or implicitly adopt this model, such as Nijssen (1989), 
there is sometimes an attempt at grammatical interpretation in which nouns are equated with 
object types and some connection between verbs and roles is noted. 

Sentence Types as Relations 
Wintraecken (1989) defines a sentence type as a set of triples, each consisting of a NO LOT, a 
LOT, and a role name. For binary sentence types, a predicate of the sentence is used as one 
role name, and for the inverse role name another term intended to represent the "opposite" 
meaning of the first role is invented. Thus the sentence type of the previous example is 

<Person, name, drives>,< Car, number, driven_by> 

Note also that the type model is unordered, i.e., it is regarded as a relation, so that 
<Car, number, driven_by >,<Person, name, drives> 

is an alternative expression of the same sentence type. 

Wintraecken notes that each sentence type has a number of formally different, but semantically 
equivalent, sentences associated with it. On this view, the sentences 

drives (<Person, name, Mary>,< Car, number, ABC123 >) 
is_the_driver_of(<Person, name, Mary>,< Car, number, ABC123 >) 
driven_by (<Car, number, ABC123 >,<Person, name, Mary>) 

are all different (i.e., the predicates are different, the ordering is different, or both) but are 
considered to be semantically equivalent, i.e. to be represented by the same sentence type. 

2.3 Evaluation of Existing NIAM Sentence Models 

For the work described in this paper, the most important characteristic of a sentence model is 
its ability to facilitate the process of converting back and forth between natural language 
utterances and NIAM conceptual schema diagrams. From that viewpoint, the principal 
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objection to predicate-based and relation-based models is that they relate too much to the 
structure of facts in the NIAM diagram, or to relations in databases, and too little to the actual 
structure of sentences in natural language. The grammars of natural languages, on the other 
hand, are essentially structural models of sentences as they occur in those languages. Thus the 
potential value of some link between the two kinds of sentence models becomes apparent. 
Should some reasonably repeatable mapping exist, it should be of value during the initial 
creation of conceptual models and for the later retrieval of accurate verbalizations from them. 

3 ENGLISH GRAMMAR 

3.1 Approaches to English Grammar 

For a natural language, grammar is that aspect of its study concerned with describing the legal 
structures of the language, up to the level of the sentence. Although grammar deals with both 
the spoken and written forms of the language, it is not concerned with sounds (phonology), or 
with the division into words used in the language (morphology). Nor is it concerned with the 
analysis of larger contexts, such as the way that sentences might be grouped in conversation or 
in texts (discourse analysis). Its scope is the words, phrases and clauses that occur in sentences 
expressed in the language. What is now known as traditional grammar was based on the 
grammar of the classical languages, principally Latin. Latin grammar was regarded as the 
model of what a grammar should be, and its structures and rules were imposed on many other 
languages, including English. However it was found that this prescriptive approach was 
unsuccessful for describing some non-European languages. The prescriptive approach has now 
given way to a descriptive approach, based on the collection of samples of actual use of the 
language, and the search for regular structures and rules to describe those samples. 

The choice of a grammar for the present study was made on the basis that there exists a recent, 
extremely detailed, comprehensive grammar of the English language that happens to be 
descriptive, functional and generally surface-oriented in its approach (Quirk et al., 1985). An 
aspect of that grammar that turned out to be particularly useful is the carefully detailed nature 
of its descriptions; unlike many shorter grammars that present only general rules and omit the 
difficult exceptions, Quirk et al. give many detailed rules for analyzing the awkward cases, and 
they also offer a great many examples of words and grammatical constructions (although the 
work is not a complete lexicon of English). 

3.2 Descriptive, Functional Grammar of English Sentences 

Traditionally, the sentence has been regarded as the central part of grammar. The view taken 
by Quirk et al. is that a smaller unit, the clause, especially the independent clause, is preferable 
as the basic unit for study and analysis. All sentences are classified as either simple sentences 
that consist of one independent clause, or multiple sentences that consist of more than one 
clause, either through subordination (of relative clauses) or coordination (between independent 
clauses). Within the clause, a functional classification of constituents is adopted. The elements 
or categories of clause components recognized in the analysis are the subject (S), the verb 
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(V), the object (0), the complement (C) and the adverbial (A). These terms are illustrated in 
the following example from Quirk et al., in which it may be observed that the components can 
be either individual words or groups of words. 

Most people [S] consider [V] these books [0] rather expensive [C), actually [A]. 

The verb is regarded as the most important component of the clause, in that it is normally 
obligatory, its position is usually neither initial nor final, it cannot normally be moved to a 
different position in the clause, and it helps to determine what other elements occur. This last 
point is reminiscent of Fillmore's case grammar. Adverbials, on the other hand, are the least 
important components. They are often optional in the clause (although obligatory adverbials do 
occur with some verbs), there is considerable variation possible in their positioning within the 
clause (although they do frequently occur in the final position) and they do not determine what 
other elements occur. The other elements fall between these two extremes regarding their 
optionality, positioning, mobility and influence on the presence of other elements. 

NIAM deals only with declarative, simple sentences, so only finite, declarative, independent 
clauses should be encountered. As a consequence, all the clauses to be considered here should 
have a subject (in the initial position) followed by a verb. From this, the following clause 
"formula" emerges: (A) S (A) V (0) (0) (C) (A ... ). The subject and the verb are the only 
obligatory components ; parentheses indicate optional components, and the ellipsis indicates an 
indeterminate number of adverbials in the final position, as in this example from Quirk et al., 

She kept writing letters feverishly [AI] in her study [A2] all afternoon [A3]. 

If, in classifying examples of actual sentences, optional adverbials are disregarded, it turns out 
that a quite limited range of clause types exists. They are: 

SV, the simplest possible clause, 
SVO, SVC, SV A, an SV with one other component, 
SVOO, SVOC, SVOA, an SVO with one other component. 

The following examples, one of each type, are given by Quirk et al. (p.53). 
(I) SV Someone [S] was laughing [V]. 
(2) SVO My mother [S] enjoys [V] parties [0]. 
(3) SVC The country [S] became [V] totally independent [C]. 
(4) SVA I [S] have been [V] in the garden [A]. 
(5) SVOO Mary [S] gave [V] the visitor [0] a glass of milk [0]. 
(6) SVOC Most people [S] consider [V] these books [0] rather expensive [C]. 
(7) SVOA You [S] must put [V] all the toys [0] upstairs [A]. 

In examples (4) and (7) it may be seen that the adverbial is obligatory by observing the effect 
of removing it: 

*I have been. 
*You must put all the toys. 

The asterisk at the start of the clause is the conventional way of indicating an ungrammatical 
form. 
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The restriction of the scope of this study to sentences consisting of one finite, declarative, 
independent clause is not meant to imply that these are the only kinds of sentences that will be 
encountered during conceptual modelling. Sentences containing dependent clauses (and other 
complicating factors, such as the use of pronouns) will undoubtedly occur quite often. 
However, all such sentences must eventually be simplified in order to apply NIAM. In this 
paper it is assumed that this step has already been done. Methods for doing so are the subject 
of a related research project. 

4 A GRAMMAR-BASED SENTENCE MODEL FOR NIAM 

It is now necessary to investigate whether the descriptive, functional approach to clause 
classification described by Quirk et al. can serve as a grammatical sentence model for 
conceptual modelling using NIAM. The first point to be considered is the suitability of the 
model. Does it describe the kinds of sentences that will occur? Whether the model of Quirk et 
al. will describe natural language sentences is not at issue; it exists for just that purpose. What 
must be queried is whether the sentences typically used in NIAM analysis are genuine natural 
language sentences. That is, do people really utter sentences such as the following? 

The Student with name "BrightS' scores a Rating with rating# 7 in the Subject 
with code 'CS112'. [Nijssen and Halpin (1989), p.45] 

Employee has spent so far Amount of Time on Project. [Nijssen (1989)] 

If such sentences can indeed be modelled grammatically, the investigation can move on to the 
next point of interest, which is whether there is a stable mapping between the natural language 
model and the NIAM structural model. Such a mapping would be useful for two reasons. 
Knowing the classification of a sentence (in SVxx terms) should help the analyst to select an 
appropriate NIAM structure. The ability to verbalize from NIAM conceptual schema diagrams 
should also be improved, if the diagrams are obtained via a mapping from genuine natural 
language occurrences, rather than from predicates obtained from tables and reports, and 
verbalized (if at all) by the analyst only, not the domain expert. 

4.1 Grammatical Analysis of Some NIAM Sentences 

In this section, the proposal that the clause model of Quirk et al. is applicable to NIAM 
sentences is tested by selecting examples of sentences from the NIAM literature, analyzing 
their functional components, and classifying each sentence into one of the clause categories 
given in the model. 

Some Straightforward Examples 
To begin, some examples that fit well and easily are presented. The first example is of a simple 
unary fact, from Nijssen and Halpin (1989). 

(1) Ann smokes. 
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The pattern here is SV. Note that the verb smokes is an example of an intransitive verb that can 
also be transitive without changing the basic meaning of the sentence (as in Ann smokes 
cigars), and without altering the relationship between the subject and the verb. Such verbs are 
considered to have an "understood" object. 

The next two examples come from the same source and illustrate two more sentence patterns. 

(2) Sue is funny. 
(3) Adam likes Eve. 

Example (2) has the pattern SVC. In clauses using one of the so-called linking (or copular) 
verbs, such as be or become, the verb is followed by either a subject complement, as in this 
example, or an adverbial, (yielding a clause of type SV A). In example (3) the verb likes is 
transitive, and the sentence fits the SVO pattern. The SVO pattern appears to be quite 
common; many relationships between NIAM object types involve transitive verbs. 

Example (4), again from Nijssen and Halpin (1989), is also of type SVO. 

( 4) The STUDENT with student# '3021S6' 
studies 
the SUBJECT with code 'CS112'. 

Unlike the previous examples, which were expressed at the instance level, this one is expressed 
in the standard, stylized NIAM format used to expose the referencing schemes used for the 
object types. The (grammatical) subject and the object contain embedded prepositional phrases 
(with student# '302156', with code 'CSJJ2) that modifY the head nouns so that the noun 
phrases refer to particular instances of STUDENT and SUBJECT. Since the elements S and 0 
may contain either a simple noun or a noun phrase, the basic pattern of the clause is not altered 
by including the references. 

Example (Sa) fits the pattern SVO(A); the prepositional phrase in the Year 1971 AD is an 
optional adverbial. This example is also from Nijssen and Halpin (1989). 

(Sa) The Person with surname 'Wirth' designed the Language with name 'Pascal' 
in the Year 1971 AD. 

The optional nature of an adverbial can be tested by restating the clause without it. If the 
variant is grammatically acceptable, the adverbial is considered to be optional. The 
interpretation given by Nijssen and Halpin is that the sentence contains two elementary facts 
and can be split into two sentences (Sb) and (Sc) without loss of information. This is a 
semantic judgment not a grammatical one, i.e., a grammatically elementary clause may not be 
elementary in the NIAM sense. 

(Sb) The Person with surname 'Wirth' designed the Language with name 'Pascal'. 
(Sc) The Language with name 'Pascal' was designed in the Year 1971 AD. 
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Some More Difficult Examples 
Not all the examples encountered in the literature fit the functional patterns as easily as those 
discussed so far. The more difficult examples that now follow have been selected to show how 
grammatical analysis has the potential to improve the process of conceptual modelling by 
raising relevant questions about the UoD. 

The Passive Voice 
The classification pattern for the following sentence from Halpin and Orlowska (1992) appears 
to be SVO(A)(A), although the elements occur in a different order. 

(6a) Academic[O] was awarded[V] Degree[S] at University[(A)] in Year[(A)]. 

The verb in the sentence is used in the passive voice. A passive sentence is an alternative, 
semantically equivalent expression of an active form, but always has a different classification 
pattern. For example, SV actOd becomes SV .,...(A). That is, the direct object becomes the 
subject in the passive form, the verb is changed to the passive voice, and the subject of the 
active form becomes an optional adverbial in the passive form. On the other hand, should the 
conversion be from passive to active, the otherwise optional by... adverbial must be present. 
Without it, the subject of the active form is not known. In the example (6a) as given, there is 
no by... adverbial. This is acceptable as it is an optional component. Nevertheless, the analyst 
would be entitled to think that perhaps the phrase at University should have been by 
University, yielding: 

(6b) University awarded Degree to Academic in Year SVOdOi(A) 

It may of course have been that at University was the intended statement. Or, if it was 
important to record who did the awarding then an extra object type is necessary, and a 
sentence in active form such as ( 6c) is obtained. 

(6c) Academic was awarded Degree by Famous Person at University in Year. 

Whatever, the "correct" situation might have been, it is suggested here that all verbs in the 
passive voice should be examined, in case some object important to the UoD has been 
overlooked. Should it have been decided that the object types appearing in (6a) were indeed 
the only ones of interest, the sentence could have been expressed in the active voice by 
choosing a different (but semantically related) transitive verb, as in example (6d). 

(6d) Academic [S] received [Vact] Degree [0] at University [(A)] in Year [(A)] 

It is proposed that the raising of such questions is a valuable outcome of adopting a 
grammatical approach. 

Role Naming 
Examples (7a) and (7b) from Nijssen (1989) illustrate the practice sometimes found in NIAM 
conceptual schema diagrams of using different verbs in forward and inverse role names. In this 
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example Person and Task Group are the object types, and is member of and has as member are 
the corresponding roles of the binary fact. 

(7a) Person is member of Task Group 
(7b) Task group has as member Person 

The use of different verbs leads to differing classifications; grammatically, (7a) is of type SVC 
and (7b) is of type SVOA. Neither of the verbs supports an acceptable inverse verbalization; 
the verb is is intransitive; the verb has, though used transitively, does not have a passive form. 
Thus, regardless of which sentence is first recorded, an inverse verbalization is not possible 
without changing the verb used, thereby introducing what is really a different sentence 
(notwithstanding arguments that the two sentences are semantically equivalent). This example 
shows that the use of two different verbs for one fact should be avoided. It is necessary to 
accept that sentences ofform SVC can be verbalized in one direction only, and that achieving 
bilateral verbalization via introduction of a second verb will complicate mapping between 
grammatical and NIAM sentence models. 

Multi-Word Verbs 
In example (Sa), also from Nijssen (19S9) there can be some difficulty in identifYing the verb. 
This can affect the choice of classification for the sentence. 

(Sa) Employee has spent so far Amount of Time on Project. 

In discussing this example, Nijssen proposed that the has spent so far and on together form the 
verb (phrase). Analysis of the sentence according to functional clause criteria yields a different 
interpretation. The phrase so jar meets the mobility criterion of an adverbial and is optional, in 
the grammatical sense. The principal difficulty in this example is in how to treat the verb; to 
simplify the rest of the discussion and to focus attention on this difficulty, the adverbial will be 
ignored for the moment. 

(Sd) Employee has spent Amount of Time on Project. 

Specifically, the questions now are whether on Project is an adverbial, or whether on is part of 
the verb, in which case the issue of whether the verb can function as a so-called multi-word 
verb should be examined. Multi-word verbs are further classified by Quirk et al. as phrasal 
verbs, prepositional verbs, or phrasal-prepositional verbs. 

Using criteria from Quirk et al, the selected classification for the sentence is SVOA(A). 

(Sg) Employee[S] has spent [V] Amount of Time [0] on Project [A] so far [(A)]. 

This example illustrates that the SVOA type can occur in NIAM. 
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The issue to be decided in classifying example (9), taken from Nijssen and Halpin (1989), is 
whether the particle to associates more strongly with the lexical verb moved or with the noun 
phrase the COUNTRY. 

(9) The SCIENTIST with surname 'Einstein' 
moved to 
the COUNTRY with acronym 'USA' 
during 
the YEAR 1933 AD. 

If moved to is deemed to be the correct association, the sentence classification is SVC(A), 
whereas if to is considered to be part of an adverbial, the sentence classification is SV A( A). 
Using criteria given in Quirk et al. (p.llSOff. and p.1166), SVA(A) is selected as the 
classification for this example. Multi-word verbs are quite common in English. These examples 
illustrates that they can be encountered in NIAM sentences also. 

Bridge Types 
Wintraecken (1989) has proposed that bridge types (fact types linking lexical and non-lexical 
object types) in which neither role is named be interpreted as having with as the role name 
attached to the object type and of as the role name attached to the label type. This proposal 
requires discussion because ofthe apparent absence of a verb. However, (in an example about 
the object type Employee and the label type Last Name), Wintraecken has also suggested that 
the withlofbridge type can be interpreted using the verb is as follows: 

(lOa) There is an employee with the last name Johnson 
(1 Ob) Johnson is the last name of an employee 

The grammatical classification of (lOb) is SVC, but (lOa) raises problems. It is in fact a so
called existential sentence (see Quirk et al., p.l402). It uses there in the sense of establishing 
the existence of something. Although Quirk et al. note that existential sentences of all the basic 
sentence types can occur, and in each case there is a corresponding "normal" (S first) form, no 
classification compatible with that of (lOb) appears possible in this case. This example shows 
that with/of role naming is unacceptable, and that Wintraecken's suggestion does not solve the 
problem. It is suggested here that a better approach is to choose a sentence containing a verb 
that expresses what the bridge type really does such as refer to or identify. Applying this to 
Wintraecken's example yields: 

or 

Last Name refers to Employee 
Employee is referred to by Last Name 

Last Name identifies Employee 
Employee is identified by Last Name 

svo 
SVpass(A) 

svo 
SVpass(A) 

which are free of grammatical problems and have passive forms to use as inverse role names. 
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Discussion 
It has been shown to be possible to analyze some typical NIAM sentences according to the 
functional sentence model of Quirk et al. That some of the sentences were expressed in terms 
of instances, and that others contained type information as well did not seem to affect the 
outcome. In every case, a classification was obtained without much difficulty. Where doubt did 
arise, criteria provided by Quirk et al. were used to decide between alternative interpretations. 

It is important to note some limitations on the sentence types studied in this initial survey. The 
reference modes (in those sentences that contained them) used single label types; there were no 
complex identification schemes and no objectified fact types. None of the sentences contained 
a relative clause or an adjectival phrase. Other writers have suggested that adjectives map to 
attributes, so in a NIAM schema one might expect that adjectives and adjectival phrases would 
also map to object types (or perhaps label types). This is topic requiring further study. 

Although each NIAM sentence could be modelled in the form in which it was found, there 
were cases where the process of grammatical analysis forced consideration of alternative 
forms of a sentence. In each case where the application of some knowledge of grammar was 
found to expose some difficulty, it was also able to point towards a remedy. As a result, the 
following characteristics can be proposed as desirable criteria for NIAM facts: (a) each fact 
should be expressed as a complete, declarative sentence (i.e., there should be a verb); (b) each 
fact should be expressed as exactly one sentence (i.e., the use of two different verbs in 
different roles of the same fact should be avoided); (c) the verb in each sentence should 
preferably be in the active voice (i.e., facts encountered as sentences in the passive voice 
should not be accepted without at least considering the active form of the sentence). 

At least one example of each basic clause type was found except one (the SVOC pattern). The 
complex transitive complementation typical of an SVOC clause results from the use of certain 
verbs, for which the object complement is an adjective phrase. Verbs such as consider, believe, 
prove and make are among those that can be used in this way. There appears to be no reason 
why such verbs should not occur during a NIAM conceptual analysis. 

4.2 Mapping Between Grammatical and NIAM Sentence Models 

The results obtained so far show that NIAM sentences can be modelled using the functional 
classification scheme of Quirk et al. Since a NIAM conceptual schema representation is 
available for most of the examples, it is possible also to investigate what relationships exist 
between the grammatical models and the corresponding conceptual schema representations. 
Limitations of space preclude a full examination here, but some results are now presented. 

Mapping Sentence Components to Object-Types 
Table 1 shows a comparison between the number of object types in the NIAM representation 
and the number of non-verb elements in the grammatical representation for all but one of the 
examples analyzed previously. The bridge type has been omitted because (i) the example, as it 
occurred in the literature, did not contain a verb, and (ii), the alternative representation 
proposed in this study was of type SVO, which is already represented in the table. The results 
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show that for each of the examples considered the number ofnon-verb elements is either equal 
to or one greater than the number of object types. In preparing the table, only the non-verb 
sentence elements have been counted because it is assumed that the verb never maps to an 
object type. This is based on the usual NIAM approach of using the verb as part of role names, 
or in the name of the fact, but not as the name of an object type. Of the remaining object-types, 
one must correspond to the grammatical subject of the sentence, and one will correspond to 
each grammatical object (direct or indirect), if present. In seven of the ten examples the 
number of object types equals the number of non-verb sentence elements. In these cases one 
NIAM object type can be associated with each non-verb sentence element. Examination of the 
nouns and the sentence elements in which they occur supports this interpretation. 

Table 1 Comparison ofNIAM and grammatical sentence models 

Example Number of Proposed Number of 
object types classification non-verb 

elements 

1 I' sv 1 
2 I' svc 2 
3 2. svo 2 
4 2 svo 2 
5 3 SVO(A) 3 
6b 4 SVOO(A) 4 
7a 2 svc 2 
7b 2 SVOA 3 
8 3 SVOA(A) 4 
9 3 SVA(A) 3 

• For examples at the instance level, the number of object types has been taken 
to match the number of object instances used 

In the three cases where the number of non-verb elements exceeds the number of object types 
in the NIAM representation, the unmatched element is a complement (in example 2), an 
obligatory adverbial (in example 7b) or an optional adverbial (in example 8). Again, the 
proposed interpretation is supported by examination of the sentences; for instance, in example 
8 the optional adverbial is the phrase so jar, which does not contain an object type. It seems 
reasonable to suggest that in cases where there are "excess" sentence components of type C, A 
or (A) they should, with the verb, play a part in the formation of suitable role names. 

Mapping Sentence Components to Roles 
There appears to be only one situation where there is an obvious, direct correspondence 
between the role names in a NIAM fact and sentence elements in its grammatical 
interpretation. That is the case of a binary fact for which the sentence contains a transitive 
verb, so that the sentence classification is SVO. Because the verb is transitive it has an 



174 Information System Concepts 

alternative, passive form which can serve as an inverse role name, the forward role name being 
based on the active form of the verb. 

In sentences of SVC or SV A pattern, there is no obvious inverse role name, and it was argued 
earlier that the common practice of introducing another verb to serve as an inverse role name is 
undesirable. It seems to be necessary to accept that NIAM facts based on such sentences can 
be verbalized in one direction only. 

Adverbials, whether optional or not, often express spatial or temporal information about the 
verb. Examination of the adverbials in the sample sentences analyzed earlier shows that they 
fall into two types, those that associate with object types (as in example 9) and those that do 
not (as in example 8). Adverbials that associate with an object type seem always to do so by 
using a preposition; the suggestion made here is that the preposition can serve as a role name. 

5 SUMMARY AND CONCLUSIONS 

The work reported in this paper shows that, notwithstanding the often-encountered view that 
NIAM is somehow based on natural language, the NIAM sentence model is not derived from a 
grammatical theory of natural language. 

The results obtained from grammatical analysis of actual NIAM facts showed that it is both 
possible and beneficial to use a grammar-based sentence model during NIAM conceptual 
modelling. Grammatical analysis of sentences was shown to be a structured way of dealing 
with candidate facts for the conceptual schema. It was shown to be capable of alerting the 
analyst to missing object types in passive sentences. It highlighted the desirability of ensuring 
that an appropriate verb appears in each fact, and the undesirability of using more than one 
verb when naming the roles of a single fact (unless those verbs are the corresponding active 
and passive forms of a transitive verb). 

The ability to verbalize (i.e., reconstruct grammatical sentences) from a NIAM conceptual 
schema is important for schema validation. The results of this investigation suggest that facts 
that have been analyzed grammatically will be easier to verbalize subsequently. 

The choice of appropriate names for roles in ternary and higher-order facts has always been a 
difficult and rather unsatisfactory aspect of NIAM. Although the work reported here does not 
solve that problem, two possible improvements emerged. The first arises from the fact that 
intransitive verbs have no passive form, and so we should not expect to be able to verbalize 
NIAM facts representing sentences containing such verbs in both directions. The second is that 
some of the roles in ternary and higher-order facts can be related to prepositional phrases 
functioning as adverbials in the underlying sentences, and in such cases it would be possible to 
use the preposition as a role name. 

Interesting aspects of the functional, descriptive grammar used in the study are that English is 
described using only seven basic clause types, and the maximum number of non-optional 
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components (subject, verb, etc.) in any clause is four. This suggests the possible existence of 
some upper limit to the length of a NIAM fact, a result not suggested by the usual (non
grammar-based) NIAM sentence model, which does not place any limit on the number of 
elements in a fact. 

Constraints, as used in NIAM, were not part of the study reported here. It was noted though 
that the grammatical notion of optional adverbials does not appear to match the (semantic) 
notion of splittability of a NIAM fact. More work on this is needed. Nevertheless, it can be 
proposed that there may be value in retaining facts in their unsplit, natural language form 
during the early stages of modelling. 

It was shown that in many cases grammatical sentence components had an obvious mapping to 
NIAM schema elements, but that in some cases, notably with some complements and 
adverbials, the mapping was not so straightforward. This is an area requiring further study. 

The grammar of Quirk et al. emphasizes the well-defined patterns of use that many verbs have, 
a characteristic that is the basis of Fillmore's case grammar. This observation indicates that a 
lexicon ought to be useful during grammatical analysis. 
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