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Abstract 

To be able to translate natural language sentences into and from MSC events, 
one needs a grammar formalism which shows in which way sentences have been 
built from smaller syntactic units. In this paper our goal is to find out which 
natural language grammar would be the best one to analyze and build sentences 
for the translation of natural language use cases into and from Message Sequence 
Chart (MSC) use cases. We develop criteria for an evaluation of natural lan
guage grammars, in order to select an appropriate natural language grammar. 
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1 Introduction 

In software engineering it is advisable to start with a concrete specification of 
the requirements of the system to be developed. Often use cases are used to 
develop such a requirement specification. For example, use cases playa promi
nent role in the modeling language UML (see [9]). Use caseS are descriptions 
of one or more complete execution traces of the system under development. A 
use case describes in which way the system is used to achieve a certain goal. 
Usually, it focuses on communication between the system and the user, hut it 
should also describe every action that the system does and all communication 
that it gets involved in while trying to achieve a goal. 
Use cases may be written in natural language, but they are also often rep
resented in a sequence diagram-like specification language called Message Se
quence Char-t (MSC) (see [16]). Since both ways of representing use cases are 
often used together, the need occurs for a way of comparing or even translating 
natural language and MSC use cases. 
As an illustration, here a natural language USe case is shown. This use case was 
written for a web-controllable coffee-maker. The corresponding MSC use case 
is given in Figure 1. 

Use Case: Internet Request. 
An Internet client sends a request for coffee to the coffee-maker. The coffee
maker checks that the requested time is still available. It stores the request 
and sets a timer which expires when it is time to fulfill the request. It sends a 
message back to the client that the request has been accepted. When it is time 
to fulfill the request, the coffee-maker starts making coffee. 

To be able to compare natural language sentences and MSCs, one needs a clear 
and unambiguous syntax for MSCs as well as for natural language sentences. 
The syntax of MSC is given in ITU Recommendation Z.120 [16]. In this pa
per we will pursue the question which grammar would suit best to describe the 
syntax of natural language. Once we have chosen a grammar we will define an 
appropriate subset of English (probably on the basis of which sentences can be 
expressed in MSC), and we will analyze this subset of English, using our chosen 
grammar. Then for every basic element of our subset of English we will try to 
find a corresponding basic element of MSC, and for every syntactic operation 
we will try to find a corresponding operation in MSC. Once we have found such 
a mapping, we will be able to translate NL sentences into MSC, and probably 
also MSC events into NL. If our grammar also assigns meaning representation 
to a sentence, next to a syntactic analysis, then we may also try to develop a 
method to check the appropriateness, or truth of a sentence on a class model for 
the system under development, or on a model with world knowledge. Another 
possibility would be to built a class model from these meaning representations. 
But most of this will have to be left for further research. In this paper we will 
answer the question which grammar we will use to analyze natural language. 
We have selected five natural language grammars for our comparison, i.e. Gov-
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msc Internet Request 

Coffee-maker Internet Client 

coffee request 

request accepted 

Figure 1: Message Sequence Chart use case. 

ernment and Binding Theory (GB), Head-driven Phrase Structure Grammar 
(HPSG), Lexical-Functional Grammar (LFG), Categorial Grammar (CG) and 
Montague Grammar (MG). These grammars have been selected in the following 
way. We have only selected grammars that took as their goal the unambiguous 
formulation of the underlying rules of natural language. Also, each grammar 

-should at present be representative for a separate branch of linguistics. We 
have not mentioned grammars that resemble another grammar already present 
to a large extent, nor have we mentioned grammars that have been extinct for 
several decades. Still, inevitably, most grammars that we have selected share at 
least some features with other grammars. 
Before we can compare these grammars, we first have to determine the criteria 
to which a suitable grammar should answer. Eventually, the identification of 
similarities between NL and MSC should result in a translation algorithm or 
a prototype tool. Such a tool should enable us to translate a restricted set of 
natural language sentences into MSCs, to translate (a restricted set of) MSCs 
into natural language sentences, or to generate natural language sentences and 
MSCs simultaneously, based on a model of the software system under investi
gation. Our criteria should be set with such a purpose in mind. 
In the following, we will first compose a list of criteria on which we will evaluate 
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the grammars (Section 2). Then we will introduce the grammars that we are 
going to compare. In Section 3 we will first briefly indicate the relations between 
the grammars mentioned. Then in Section 4 to Section 8, for each grammar, we 
will give a short summary of its most important features, and we will describe 
whether it meets the criteria, and if it does, in which way. Finally, in Section 10 
we will summarize the findings, and conclude which grammar is the most suit
able one to describe natural language, in order to make a translation from and 
into MSC possible. 

2 Desiderata for a natural language grammar 

In this section we will give a list of criteria on which we will compare the dif
ferent natural language theories of grammar. Some of the requirements that we 
list here may seem very obvious from a computational point of view, but they 
are not completely evident within linguistics, where sometimes the elegance of 
an observation may overshadow the need for formalization. 
Before turning to the requirements, it is important to determine whether a 
grammar only gives a syntactic analysis of a sentence, or whether it also assigns 
a meaning representation. to the sentence. 'Ve will not turn this property into 
a requirement in some way, because the availability of a meaning representa
tion might not be strictly necessary to translate natural language sentences into 
MSC or the other way around. On the other hand, it might turn out helpful, 
especially if we would link the translation procedure to a model of the system 
under development. 
The first of the requirements for a natural language grammar is decidability. By 
decidability we mean that given an expression which might belong to the lan
guage under study, a grammar must be able to determine by algorithm whether 
this expression is grammatical or not. In the ideal case the grammar recog
nizes exactly the set of grammatical sentences of a natural language, but for 
the time being, we will aim at recognizing the sentences of a sub-set of En
glish. Preferably, -the -grammar should also assign a structure to grammatical 
sentences, which shows the compositional way in which the sentence is made 
up. 
Since our goal is to be able to parse a subset of the natural language sentences 
well as to generate the sentences in this subset, a second requirement for our nat
ural language grammar is the possibility of two way translations. The grammar 
should contain an algorithm which should not only assign meaning representa
tions to sentences, it should also be able to generate sentences, starting from an 
abstract meaning representation. 
A third requirement would be that the structures generated by the grammar 
should be unambiguous. The grammar should disambiguate natural language 
sentences. Of course, this requirement presupposes that the grammar generates 
structures. Here, we will encounter some differences between grammars that 
only assign syntactic structures to sentences, and grammars that also (or only) 
assign semantic structures. We will say that this requirement is met, as soon 
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as the grammar provides an unambiguous structure for the sentence, whether it 
is syntactic or semantic. Furthermore, the structures generated should disam
biguate structurally ambiguous sentences. 
A fourth desideratum, for which it is less easy to decide which grammar meets 
its demands in the best way, is the possibility of integrating knowledge into the 
grammar. 
It is possible to think of a lot of different kinds of knowledge which might be 
needed for assigning meaning to sentences, especially when the goal is transla
tion of sentences into MSCs. We have tried to order some of them: 

• linguistic knowledge, needed for parsing 
Here we could mention subcategorization frames1 , and morphological in
formation like word inflections (required for recognizing and establish
ing subject-verb agreement).We could also look at whether the grammar 
would be able to recognize sentences with a non-standard word order. But 
instead of trying to make a (probably infinitely long) list of all kinds of 
linguistic knowledge that an ideal grammar should take into account, we 
can also think of the requirement that a considerable amount of linguistic 
knowledge should be present in the grammar as denoting a question about 
the size of the fragment of the natural language that can be recognized by 
the grammar. 

• knowledge needed for evaluating whether the sentence is true in our model 
Here we could distinguish between specific knowledge required by the soft
ware model that we are designing use cases for, and invariable knowledge 
of the world. However, it might be wise not to concern ourselves with the 
almost unlimited domain of knowledge of the world. 
A way to represent knowledge needed for evaluation whether a sentence 
is true in our model might be by making use of O-roles. In linguistics, 
a verb is said to assign B-rolesj it may put restrictions on the status of 
its complements. For example, a verb could assign an agent-role to its 
subject, and a patient-role to its direct object. A O-role could also give 
more specific information about the kind of constituents that might ap
pear as complements to the verb in question. The verb 'believe' could 
state that its subject would have the O-role 'believer', while its direct ob
ject would have the O-role 'belief'. In this way /I-roles offer a means to 
perform a content-check on the constituents of a sentence. That such 
a content-check is needed becomes clear when we look at the following 
sentences. beginsentence The status of the loading bay sends a message 
to the clerk. endsentence beginsentence the clerk is empty. endsentence 
Although these sentences might be syntactically correct, the status of the 
loading bay cannot send a message and the clerk cannot be empty, even 

ISuhcategorization frames indicate which complements a verb (or a noun) selects. In 
phrase structure grammars this information is necessary to determine which phrase structure 
rule should be used. Apart from phrase structure grammars, most other grammars also make 
use of subcategorization frames. 
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though the status of the loading bay can be empty and the clerk can send 
messages. Apart from /I-roles, other devices might be needed to perform 
content-checks. For example, it is not clear whether a possessive relation, 
as in 'John's book' can be described in terms of 8-roles, since B-roles are 
meant to describe obligatory relationships and the relationship between 
'John' and 'book' is much more optional than that. 
An alternative way of modeling knowledge required by the software model 
that we are designing use cases for is by using a UML-like class diagram 
model2 (see for example Martin Fowler 1997 [9]). Such a model could 
possibly even be linked to a truth-conditional model theory for evaluat
ing whether a certain sentence is true in the model of the system under 
development. 

• knowledge needed for translation into MSC 
Here we can distinguish between .knowledge establishing the correct cor
respondence between the constituents of natural language and the con
stituents of MSC and knowledge needed in a discourse environment. To 
the former kind of knowledge we could reckon /I-roles again, as well as 
labels for verbs indicating whether it represents an action, the sending of 
a message or the assignment of a value to a variable. Another important 
issue is the fact that from a noun phrase in natural language, the correct 
instance in MSC should be identified. When processing knowledge needed 
for translation into MSC, we could profit from the way in which we have 
stored the knowledge required by the software model that we are designing 
use cases for. This might be the UML-like class models discussed above. 
Knowledge needed to keep track of discourse might consist of interpret
ing quantifiers, establishing references (of pronouns, of noun phrases, etc.) 
and updating time. 
Although some of this information could also be put in the grammar for 
translating MSCs, the linguistic representation of a sentence should at 
least make extraction of this information possible. Especially discourse 
information should preferably be taken care of in the linguistic part of the 
translation mechanism, not in the MSC-grammar or in the software model 
part. 

3 Grammars in perspective 

A number of grammars can be placed in an evolutionary tree: some grammars 
are clearly founded on previous grammars. The branches in such a tree show 
the diverging of theories, caused by a different setting of research priorities or 
different opinions about the way in which a linguistic theory should be devel
oped. Apart from this 'evolutionary development', where each new theory is 
an extension of, or a reaction to an earlier theory, there has also been parallel 

2Class models are not unique for UML, but also occurred in several earlier modeling tech
niques. 
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development from the start. One research tree was initiated by Noam Chom
sky's transformational grammar as formulated in Chomsky [4]. Research in 
this tree was primarily involved with finding a correct description of the syntax 
of natural language. Apart from that there have also been researchers which 
were more concerned about the correct representation of the meaning of natu
ral language. They have founded a parallel line of research, probably starting 
with Montague's English as a Formal Language (Montague [21]) and Universal 
Grammar (Montague [22]) in 1970 and his The Proper Treatment of Quantifi
cation in Ordinary English (Montague [23]) in 1973. In this paper for the first 
time a model was presented for developing a formal semantic theory of natural 
language. Although we introduce formal semantics as a different line of research 
here, it must be noticed that research in semantics has been infiuenced by syn
tactic theories to a large extent, while, on the other hand, formal semantics also 
has had a considerable influence on syntactic research. 
We will start with describing research in the Chomskyan tradition. After that 
we will turn to research in formal semantics. 

3.1 Syntactic Research 

Since the publication of Syntactic Structures(Chomsky [4]) in 1957, Noam Chom
sky has been a leading figure in generative linguistics. His work can be divided 
into three phases. In the first phase, the emphasis was on 'observational ade
quacy'. In this phase, the conviction that a grammar should be able to generate 
precisely the set of well-formed sentences belonging to a natural language, dom
inated research on languages. It was claimed that observational adequacy could 
only be achieved with a transformational grammar, not with a phrase structure 
grammar. 
The second phase started in the mid-sixties with the so-called Standard Theory, 
which was described in Chomsky [5]. In contrast to earlier work, this theory 
also included a semantic component. The goal of the theory was to represent 
how knowledge of language was represented in the human mind. Therefore we 
say that in this phase the focus was on 'descriptive adequacy'. One of the prob
lems of the Standard Theory was that it was very powerful. Peters and Ritchie 
(1973) [25] proved that standard transformational grammars had the power of 
Turing machines; they could be used to formalize any procedure that was in 
principle formalizable. The need to put restrictions on the unlimited use of 
transformations grew. 
In the third phase mainly 'explanatory adequacy' is prosecuted. Reason for this 
change of focus was Chomsky's observation that children learn to use a natural 
language correctly, even though the language corpora that they are exposed to 
are often incomplete, and may also contain lots of incorrect sentences. This led 
Chomsky to the hypothesis that a large part of linguistic knowledge must be 
innate. A child only has to pick up the values for some variables in the system 
that make up a particular language. From this point of view it can also be 
explained why the grammars of separate natural languages are so much alike. 
Languages only differ in the setting of the values of parameters, but there is an 
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invariable set of principles to which all languages obey. In this phase, the goal 
of the theory is to arrive at a 'universal grammar', describing the common part 
of all languages, which might be innate. A theory based on these assumptions 
could not have the descriptive power of the Standard Theory, which permitted 
infinitely many analyses of any phenomenon. The ideas mentioned above are 
implemented in Chomsky's Government and Binding Theory (GB), described 
in Chomsky [6], which was published in 1981. Instead of transformations, there 
is one movement rule 'move a', applying to all constituents. However, 'move 
a' is restricted in its execution by some principles. Because of the focus on 
universals, GB literature differs from earlier transformational work in devoting 
considerable attention to cross-language comparisons. Concern for explicitness 
and formalization have become less prominent. Chomsky's introduction of the 
Minimalist Program (Chomsky [7]) has not been accompanied by a change of 
perspective. The emphasis stays on explanatory adequacy. However, the mini
malist program radically changes the way in which the theory is designed in an 
attempt to unify different components of the theory. 
Head-driven Phrase structure Grammar (HPSG) and Lexical-Functional Gram
mar (LFG) can be seen as attempts to preserve certain features of the earlier 
phases of generative grammar. In this view, HPSG emphasizes the importance 
of observational adequacy, while LFG is more concerned with descriptive ade
quacy. 

3.2 Research in Formal Semantics 

As has been mentioned above, the semantic line of research has been initiated 
by Montague's English as a Formal Language [21J, Universal Grammar (Mon
tague [22]) and The Proper Treatment of Quantification in Ordinary English 
(PTQ) (Montague [23]). For the grammar formalism formulated in The Proper 
Treatment of Quantification in Ordinary English Montague made use of already 
existing categorial grammars. Since the development of Montague Grammar, 
research in categorial grammars has continued. One of the most prominent cat
egorial grammars at present will probably be the Lambek calculus, founded by 
J. Lambek in· 1958 (Lambek [20]). 
Another influential property of Montague's PTQ was his treatment of Noun 
Phrases (NPs). In PTQ all NPs are interpreted as generalized quantifiers3 

This approach stimulated linguistic research in Generalized Quantifier Theory, 
leading to a number of elegant linguistic insights. 
Recent alternatives to Montague's framework are game-theoretical semantics 
(Hintikka & Kulas [15]), situation semantics (Barwise & Perry [2]) and Discourse 
Representation Theory (DRT) (Kamp & Reyle [17]), although DRT can also be 
seen as an extension of Montague Grammar. Dynamic Montague Grammar 

3Generalized quantifiers are functions which operate on sets of individuals, and which 
render a value True or False for each of these sets. 
For example, in the sentence' A man walks', 'a man' is interpreted as a generalized quantifier, 
which operates 'walks', the set of individuals who walk. The sentence is true iff this function 
renders the value True, which is the case if the set of walkers contains at least one man. 
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(Groenendijk & Stokhof [11], Groenendijk & Stokhof [12]) has been developed 
as an alternative to DRT, since in the opinion of some semanticists, the latter 
might be insufficiently compositional. 

4 Government and Binding Theory (GB) and 
the Minimalist Program (MP) 

The basis of Government and Binding theory is the Projection Principle. The 
Projection Principle claims that lexical information is syntactically represented. 
Sentences may not violate the information that is stored in the lexicon for the 

'lexical items occurring in the sentence. Subcategorization features, the features 
.," indicating which constituents a particular lexical element should combine with, 

are part of the information stored in the lexicon. As a result sentences must 
answer to the subcategorization features of the occurring lexical elements. In 
this way, the projection principle guarantees that an intransitive verb will only 
combine with a subject, that a transitive verb will combine with a subject and 
an object, etc. 
Government and Binding Theory further assumes that a sentence is constructed 
from smaller constituents by means of phrase structure rules4 . By applying 
phrase structure rules one obtains a structure tree, the root of which is formed 
by the sentence symbol S (or CPl. The branches of such a structure tree show 
in which way the sentence is composed. The leaves of the tree are the actual 
words of which the sentence is composed5 . A somewhat simplified example of 
a structure tree is given in Figure 2. 
A structure tree obtained by applying phrase structure rules is said to give a 
representation of the sentence on D-structure (deep structure). In D-structure 
representations, the word order is fixed. However, in natural languages some 
variations in word order are found. To account for these variations, another level 
of representati9n, S-structure (surface structure), has been called into existence. 
S-structure branches into two levels of representation: Phonetic Form (PF) and 
Logical Form (LF). Phonetic Form is the overt realization or the spell-out of the 
sentence, Logical Form is the level on which interpretation takes place. Initially, 
S-structure representations could be obtained by applying transformations to D
Structure representations. But because the number of transformations that were 
formulated increased explosively, these transformations were soon subsumed un
der one general transformation 'move a', which says: move any constituent a 
anywhere. The idea behind this generalization is that there should be some 

4 A phrase structure rule is a rule of the form W -7 X Y Z .,., where W is the name of a 
phrase and W is composed of one or more subphrases, called X, Y, Z, ... An example is the 
phrase structure rule for rewriting a Sentence (S) into a Noun Phrase (NP) and a Verb Phrase 
(VP), S -t NP VP. 

5 Although sometimes a leaf shows a functional category, such as I (inflection), which is 
responsible for the correct projection of lexical features for number and person on the verb. 

10 



fundamental principles motivating to which results transformations may, and 
to which they may not lead. These principles are formulated in subsystems, 
commonly referred to as sub-theories. 
One of these sub-theories is X-bar theory. X-bar theory regulates the form of the 
phrase structure rules. According to X-bar theory all phrases are endocentric, 
i.e. they should be projections of a head (main constituent). This corresponds 
to the intuition that in a constituent that is built from several smaller con
stituents, one of these sub-constituents has most features in common with the 
constituent in question. In this way, a Verb Phrase (VP) is said to be a projec
tion of a verb, and a Noun Phrase (NP) is said to be a projection of a noun. 
Heads are zero-projections; they dominate words. For each head X, there are 
two more levels of projection; X' (sometimes also represented by X, hence the 
name X-bar theory), where the zero projection combines with its complements 
(the constituents mentioned in the subcategorization list of the word), and X" 
(or: X), where X' combines with its adjuncts (the constituents which act as 
'specifiers' to the word). Sometimes an X" is also called an XP (X Phrase), 
since it is the maximal projection of X. An example of such a projection can 
be seen in figure 2, where the lexical head 'buys' (V) first combines with its 
complement 'books' to form a V', and then combines with the specifier 'gladly' 
to form a V". 
Another subtheory of Government & Binding Theory is Case theory. Case 

theory consists of a number of rules that point out in which way the different 
cases (nominative, accusative, genitive, etc.), can be assigned. Apart from these 
rules, Case theory also contains the Case Filter: Every NP with phonetic con
tent must receive case. The main function of case theory is that in combination 
with the other subtheories, it determines which positions in the sentence can 
be occupied by NPs. (In this way, it restricts the possibilities of the rule 'Move 
cr'. ) 
Then, there is ii-theory. ii-theory is involved with the semantic roles that a con
stituent may play in a sentence. Examples of these roles are AGENT, THEME, 
GOAL and LOCATION. Usually verbs assign these roles to noun phrases. The 
O-criterion states that every argument in a sentence must be assigned exactly 
one e-role, and that every O-role that a verb or a noun must give away, must be 
assigned to exactly one argument. This sub-theory again restricts the possibil
ities of 'Move a'. It ensures that a sentence will not contain any 'loose' lexical 
elements, which have no relation to the rest of the sentence. It also ensures that 
there will not be essential lexical elements (like the subject) missing from the 
sentence. 
A third subtheory is Binding theory. Binding theory regulates the occurrence 
of referential expressions, pronominals and anaphors. 
Another subtheory is Subjacency, which is sometimes referred to as Bounding 
theory. This sub-theory accounts for the locality of the rule 'Move cr', and in 
this way restricts the possible landing sites for wh-movement (the movement 
of interrogative words in questions and the movement of relative pronouns in 
relative clauses). 
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Figure 2: Structure tree for 'John gladly buys books'. 

Finally, there is also the Empty Category Principle (ECP), sometimes known 
as Government theory. The ECP again restricts the use of 'Move a~ by putting 
restrictions on the sites from where movement is possible. 

4.1 An evaluation of Government and Binding Theory 

Here we will evaluate Government and Binding Theory, using the criteria men
tioned in Section 2.6 Before going to the first criterion, we will have to pay 
some attention to the kind of structures that are generated by Government and 
Binding Theory. Government and Binding theory assigns two kind of syntac
tic structures to a sentence: aD-structure (deep structure) representation, and 
an S-structure (surface structure) representation. There is also a distinct level, 
Logical Form, for representing the meaning of a sentence. However, this mean
ing representation is still rather intuitive and hM no direct connection to truth 
conditional interpretation. 
The first requirement, decidability, might already cause difficulties. Although 
decidability is one of the main goals of Government and Binding Theory, and 

6 Here we have evaluated a rather canonical version of Government and Binding Theory. 
We have to mention that also some work has been done to formalize this framework, e.g. 
Stable, [27). 
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although it may even be reached to a high degree, one of the main drawbacks of 
Government and Binding Theory is its lack of formalization. For most expres
sions a human evaluator will not have too much problems coming to a judge
ment whether the expression will be given a representation or not, by checking 
whether every sub-theory is being obeyed. However, it is far from clear how 
a computer should fulfill the same task. This is a very serious problem if the 
grammar is to be used for an automatic generation or evaluation of natural 
language sentences. 
A similar answer can be given to the question whether translations would work 
in two ways. In principle, translations in both ways should be possible, but 
again, there is no formalism to make these translations available. This is the 
case for syntactic representations as well as semantic representations. 
The third requirement (structures generated by the grammar should be unam
biguous) will be met. Since GB takes sentences to be generated in a strictly 
compositional way, its syntactic representations of a sentence are unambiguous. 
The only ambiguities that are still present in a syntactic representation are, of 
course, lexical ambiguities, which we would not take into consideration, and 
quantifier scope ambiguities 7. But quantifier scope ambiguities will be resolved 
at the level of logical form. Even though a sentence may have several meanings, 
at the level of Logical Form each meaning will have its own underlying repre
sentation. 
Then there is the desideratum that knowledge should easily be integrated into 
the grammar. We will point out in which way GB meets this desideratum for 
each different kind of knowledge that we have distinguished. 
Government and Binding Theory takes excellent care of linguistic knowledge, 
such as sub categorization and agreement features. A clear advantage of Govern
ment and Binding Theory to other grammars is that GB coverS a comparatively 
large fragment of all possible syntactic constructions of English. It can also cope 
with various instances of non-standard word order. 
However, as far as the second kind of knowledge (knowledge needed for evaluat
ing whether the sentence is true in our model) is concerned, GB leaves us with 

"a lot of questions. GBclaims to be a syntactic theory, and for the question of 
truth of a sentence one is referred to the field of semantics. If one would like to 
be able to treat this kind of questions within a GB framework, one would have 
to add a more advanced semantic component. 
The third kind of knowledge that a grammarwould have to cope with is knowl
edge needed for translation into MSC. Part of this knowledge could be incorpo
rated in the lexicon, such as the labels that indicate whether a verb indicates 
an action, the sending of a message or the assignment of a value to a variable 
and some knowledge concerned with choosing the right MSC-instance based on 
a description. For interpreting quantifiers, updating time and establishing ref-

7 Quantifier scope ambiguities arise from the interaction of several quantifiers. A well
known example is the sentence: 
i) Every man loves a woman. 
This sentence is ambiguous. It could either mean that there is one woman, loved by every 
man, or that for every man there is a (possibly different) woman, whom he loves. 
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5 Head-Driven Phrase Structure Grammar (HPSG) 

As is clear from the name, HPSG is a grammar based on phrase structure rules, 
The combination of sub-phrases into a super-phrase is lexically driven; the lexi
con mentions for each lexical constituent whether it needs to be accompanied by 
one or more other constituents, i.e. whether it subcategorizes for complements, 
and if so, what properties these complements should have, In a grammatical sen
tence, all of these sub categorization demands have to be fulfilled. For example, 
the verb 'to hit' subcategorizes for a subject and a direct object, and therefore 
each grammatical sentence in which 'hit' is the main verb should contain a sub
ject and a direct object. FUrthermore, the verb 'hit' puts some restrictions on 
its subject and direct object, The subject should correspond with the verb in 
person and number, and it should denote something that can take the role of 
'hitter'; it should be an agent. The object should be something that can be 
hit; a patient. The lexical constituent which subcategorizes for complements is 
called a head, hence the name Head-driven Phrase Structure Grammar. 
In HPSG, each constituent consists of a bunch of phonological, syntactic and 
semantic features. An example of the feature structure of the word 'she' is given 
in Figure 3 (see page 20, Pollard & Sag [26]), We will not go into the details 
of this structure here, but one can see that among its features it is stated that 
'she' is 3rd person singular, and that it denotes a female object. Often, features 
are passed on to a constituent from its daughter constituents, or from its head 
daughter,S 
A small set of so-called Immediate Dominance schemata (ID-schemata) defines 
the possible phrase structure rules by indicating in which way phrases may com-

8The 'mother-daughter'-termino!ogy originates from the relations between nodes in a tree 
structure representing a sentence, where a node is called the mother of the sub-nodes that it 
dominates, and where the sub-nodes are called the daughters of this mother node. 
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bine. ID-schemata ensure that the subcategorization frames are respected. An 
example of a (slightly simplified) ID-schema is given in Definition 1. 

Definition 1 The SYNSEMILOCALICATEGORYISUBCAT value is (), and 
the daughters value is an object of sort head-comp-stmc whose HEAD-DAUGHTER 
is a phrase and whose COMPLEMENT-DAUGHTERS value is a list of length 
one. 

This ID-schema regulates, among other things, the combination of a verb phrase 
and a subject into a sentence. Figure 4 shows how this schema can be used to 
build sentences from the feature structures of words. The structure shown in 
Figure 4 is the structural representation which HPSG assigns to the sentence 
'she walks'. First one of HPSG's schemata is used to make an NP out of the 
word 'sheo, In the meanwhile another schema is used to make a VP out of the 
word 'walks'. The effect of these operations is shown in Figure 4, but we will 
not go into the details of these schemata here. Finally schema 1 (given in Defi
nition 1) is used to build a sentence out of the NP and the VP. The structure 
shown in Figure 4 is an example of the kind of structural representations that 
HPSG delivers. HPSG structural representations are large trees built of feature 
structures. (For the sake of clarity, some features have been omitted in Figure 4.) 

In addition to the ID-schemata, HPSG also contains a list of principles which 
state in which way constituents can be combined. They often offer an explana
tion for more specific phenomena of natural language. In the ID-schemata and 
the principles, the correct transfer of features plays an important role, as can 
also be seen in Figure 4. 
In contrast to phrase structure rules, immediate Dominance Schemata do not 
impose a left-to-right order. Constituents can be ordered by making use of Lin
ear Precedence rules. 

5.1 Evaluation of HPSG 

We will again first take a look at the kind of structures that HPSG generates. 
As can be seen in Figure 4, HPSG generates trees of feature structures. These 
structures are syntactic representations of the sentence. HPSG does not offer a 
semantic interpretation for the sentences that it analyses. 
Now our first criterion for evaluation was decidability. Given a string of words 
HPSG can decide in a rather straightforward way whether this string will re
ceive a structural representation in HPSG or not. HPSG will first search for the 
representations of the lexical units in its lexicon, then it will check whether it is 
possible to fit these representations in the Immediate Dominance schemata, and 
finally it will check whether the obtained structures obey all principles. Since 
all schemata and principles are formulated in terms of features, and features 
are either inherited from a lexical representation or obtained in the process of 
combination, this process could be implemented relatively easily. 
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Now we will turn to the second criterion, the possibility of two way translations. 
We have just described how it would be possible to translate a natural language 
sentence into a structural representation. Now we have to ask ourselves whether 
it is also possible to generate sentences in a straightforward way. We would then 
have to take the feature representations of the words that we would like to use, 
and see if it is possible to combine these feature representations by means of 
ID-schemata in a way which respects all principles. We can conclude that HPSG 
can handle two way translations. Of course, this is only true for syntactic struc
tures, and not for semantic interpretations. 
Now we will turn to the third requirement: structures generated by the grammar 
should be unambiguous. Since HPSG structural representations show exactly in 
what way a sentence is composed, it clearly disambiguates the sentence. More
over, since in an HPSG representation there is access to the complete lexical 
representations of the words that a sentence is composed of, even lexical ambi-
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guities are solved in a very insightful way9. 
As for the possibility of integrating knowledge into the grammar, we will again 
first look at linguistic knowledge, then at knowledge for determining whether a 
sentence is true in our model and finally at knowledge for translating a sentence 
into MSC. 
Linguistic knowledge is represented in the feature bunches with which each con
stituent is provided. By means of these features virtually every kind of linguis
tic knowledge that plays a role in composing a sentence could be incorporated. 
HPSG solves the problem of non-standard word order by the formulation of ID 
schemata and principles that take care of the various phenomena involved in 
non-standard word order. We can conclude that HPSG can deal with linguistic 
knowledge very well. HPSG covers a relatively large fragment of English. 
Knowledge for deciding whether a sentence is true in our model can also be in
corporated into the feature bunches. When a verb should only operate on noun 
phrases which have a specific property (i.e. being animate), then this feature can 
be included in the subcategorization list of the verb, as one of the (semantic) 
features that a subcategorized constituent must possess. 
Part of the knowledge needed for translation into MSC can be incorporated 
into the lexical representations of the words. We could reserve specific features 
for representing this kind of information. The dynamic part of the knowledge 
needed for translation into MSC is less easily represented in features. The rea
son for this is that the content of the features would differ for each specific use 
of a lexical representation, and, which is even worse, the content of the feature 
of each specific use of a lexical representation would depend on the earlier uses 
of this lexical representation. A distinction would have to be made between a 
lexical class, and the specific instantiations of this class. Probably the specific 
instantiations of a class would have to be ordered with respect to each other. 
Time could be used to perform this ordering, but this problem is far from trivial. 

6 Lexical-Functional Grammar (LFG) 

Lexical-Functional Grammar has its roots both in computer science and in psy
cholinguistics. It has been developed mainly by David Kaplan, a computer 
scientist, and Joan Bresnan, a linguist. 
David Kaplan had been working on an Augmented Transition Network gram
matical formalism, which could be traversed step by step by taking words as 

9Here we have to note that quantifier scope ambiguities are treated in a very counterintu· 
itive way. With quantifier scope ambiguities we mean ambiguities as in 'Every man loves a 
woman.', which can be interpreted either as if there is only one woman who is loved by every 
man ('a woman' has wide scope), or as if for every man there is a woman whom he loves, but 
every man may love a different woman ('every man' has wide scope). The main problem with 
the structure representationsin HPSG is that they do not resemble the usual (predicate) logic 
notation. However, since HPSG is able to cope with these scope ambiguities in some way, it 
does seem to answer to the requirement that the structures generated by the grammar should 
be unambiguous. 
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Figure 5: The c-structure of 'I saw the girl'. 

input. It made use of 'registers' to represent underlying linguistic information. 
These registers developed into a kind of hierarchical attribute-value structures, 
which were able to replace linguistic tree structures since they could also be used 
to represent relations between constituents. Consistency between a constituent 
and its components was realized by putting a restriction on register-setting op
erations: they should only be allowed to augment a given register with features 
that are consistent with the information present. 
Joan Bresnan had been working in the line of research on transformational gram
mar. She had been working on restrictions on the power of the transformational 
framework, and she had also been trying to narrow the gap between syntactic 
theory and the observable properties of human language performance. 
In 1975 Kaplan and Bresnan met, and ultimately their cooperation led to 
Lexical-Functional Grammar. The basic idea behind LFG is that a sentence 
is represented by two structures: one at the constituent level (c-structure), and 
one at the functional level (f-structure). Assignment of a c-structure is based 
on phrase structure rules. An f-structure is built up from the functional an
notations on these phrase structure rules. The actual f-structure assigned to a 
sentence is the smallest structure which meets all functional constraints given 
with the phrase structure rules by which the sentence is constructed. (LFG 
includes a solution algorithm for finding such a minimal f-structure for a sen
tence.) The c-structure forms the input for phonological processes, ultimately 
leading to pronunciation of phonetic strings, whereas the f-structure is the basis 
for semantic interpretation. A string with a valid c-structure can be marked 
ungrammatical if its accompanying f-structure is not well-formed (if it is not 
complete or not coherent). In Figure 5 and Figure 6 respectively the c-structure 
and the f-structure of the sentence 'I saw the girl' are given (see also Kaplan 
[18]). 

Furthermore, the LFG apparatus provides us with the so-called lexical redun
dancy rules, to account for certain alternations in constituent structure for sen
tences with fundamentally the same meaning (e.g. the difference between 'John 
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Figure 6: The f-structure of 'I saw the girl'. 

gave Marya present' and 'John gave a present to Mary'). Lexical redundancy 
rules operate on semantic forms of verbs in the lexicon. 
To this framework also some grammaticality conditions have been added, to ac
count for certain specific linguistic phenomena, such as long-distance dependen
cies (e.g. the movement of question words, which may take place over sentence 
boundaries). 

6.1 Evaluation of LFG 

First of all, we have to answer the question whether LFG generates syntactic 
structures, semantic structures or both. LFG generates both c-structures and 
f-structures, but both kind of structures are syntactic structures. From these 
structures f-structure could function as an interface for semantic interpretation. 
Also some proposals have been made to develop a semantic module for LFG 
(e.g. see Halvorsen and Kaplan [13]). 
Now we will turn to the requirements for a natural language grammar that we 
have formulated in Section 2. 
Lexical Functional Grammar has been proved to be decidable, provided that we 
only consider c-structures satisfying some conditions that exclude the possibility 
of infinitely generating c-structures for a sentence (see Kaplan & Bresnan [19], 
pp. 114-117). 
As for the possibility of two way translations, LFG has been developed to assign 
c-structures and f-structures to sentences. However, the algorithm for assigning 
an f-structure and a c-structure to a sentence can probably be modified in such 
a way that it can also assign to an f-structure an appropriate c-structure and 
a sentence. We can conclude that, as far as syntactic structures are concerned, 
two way translations will be possible. However, since standard LFG does not 
provide us with meaning representations, two way translations between sen
tences and meaning representations are not possible. However 1 if a proposal to 
develop a semantic module for LFG, such as the one mentioned above, would 
be incorporated in the grammar 1 then LFG would meet the criterion of two way 
translations for semantic structures. 
We will now turn to the question whether unambiguity of structure is met. A 
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c-structure and its accompanying f-structure structurally disambiguate a sen
tence. However, in both structures the interpretation of quantifiers has not taken 
place yet, and as a result possible scope ambiguities have not yet been resolved. 
Several proposals have been made to develop a semantic module for LFG. Most 
of these proposals take f-structures as their input, but also a proposal has been 
made to develop a semantic analysis along with the analysis of the sentence in 
both c-structure and f-structure (Halvorsen & Kaplan [13]). The latter proposal 
succeeds in disambiguating a sentence, and compared to the other proposals, it 
simplifies the procedure of arriving at a semantic representation. We can con
clude that LFG meets the requirement of unambiguity of structure for syntactic 
structures, and that, after the grammar has been extended with a semantic 
module, it might even meet this requirement for semantic structures as well. 
As for deciding whether LFG can. be used to integrate knowledge into the gram
mar, we will again start with looking at linguistic knowledge. LFG incorporates 

.linguistic knowledge, both in the lexicon (e.g. subcategorization frames), and in 
the functional constraints that accompany the phrase structure rules (e.g. num
ber and case features). LFG can also analyze sentences in which a non-standard 
word order is used. The fragment of English that LFG covers is rather large. 
On the contrast, there are few possibilities in LFG to incorporate knowledge to 
decide whether a sentence is true in our model. To accomplish that, it should 
be possible to formulate constraints on the roles that a predicate can take, or 
on the predicates that it can combine with. However, LFG does not distinguish 
theta-roles, it does not support feature-embedding in sub categorization frames 
and it does not offer clear possibilities to pose semantic constraints. Of course, 
the theory could be expanded with these features, but this is certainly not a 
trivial job. 
Then we would also like to incorporate in our grammar formalism knowledge 
needed for translation into MSCs. Establishing a correspondence between the 
constituents of natural language and the constituents of MSC could be done 
by extending the lexicon. The LFG formalism operates only on part of the 
lexical representation for words, and consequently, will not suffer from these 
extensions. Finally, we also have to consider the possibility of keeping track 
of discourse. The present LFG framework does not offer possibilities for the 
treatment of quantifiers over sentences, for establishing references or for updat
ing time, Probably, it will be possible to add these features, since they are not 
contradictory with LFG-features, but then it will be necessary to extend, or 
even revise, the LFG-framework thoroughly. 

7 Categorial Grammar (CG) 

Categorial grammar distinguishes itself from the theories mentioned above by 
the fact that it offers an alternative for phrase structure rules. As such, it can 
be used as the base for more extensive theories of grammar. These theories of 
grammar can all be called categorial grammars, but some of them have become 
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known under another name, such as Montague Grammar. Apart from its use for 
describing natural language structures, a lot of research in categorial grammar 
also centers around the logical aspects of categorial calculus itself. Here, we 
will only describe those features of categorial grammar which (in our view) are 
necessary for processing natural language. Apart from that, in this section 
we will constrain ourselves to describing the main characteristics of categorial 
grammar, and we will not describe specific applications of categorial grammar. 
Montague Grammar, which will be described in the next section, can be seen 
as a more specific application of categorial grammar. 
Categorial grammar may act as an alternative for phrase structure rules, because 
the information about how to combine words, which is described by phrase 
structure rules, is encoded in the category of these words. 
There are two kinds of categories, basic categories (the set BC) and complex 
categories. There is a finite number of basic categories (in this case we will 
assume two basic categories: category n will be assigned to proper names, and 
to all expressions that can occur in the same context as proper names, and 
category s will be assigned to sentences lO

), whereas infinitely many complex 
categories can be constructed from Be. Construction of complex categories may 
take place along the following rules. 

1. If X is a member of the set of basic categories BC, then X is a member of 
the set of categories CAT. 

2. If X and Y are members of the set of categories CAT, then also X/V and 
X\ Yare members of the set of categories CAT. 

The connecting operators / and \, as introduced in the second combinatory rule, 
contain information about the way in which constituents may combine to form 
larger constituents. If a constituent is of type X/V, then it may combine with 
a constituent of type Y to its right, to form a constituent of type X. Similarly, 
a constituent of type Y\X may combine with a constituent of type Y to its left, 
to form a constituent of type X. We can see that except for their directionality, 
the connecting operators / and \ behave in the same way. 

In a categorial grammar every lexical item is assigned a category, and this cat
egory determines in which way the lexical item can combine with other items. 
Whether a certain sentence is grammatical or not follows from the categories 
of its composing lexical items. Figure 7 shows how the lexical item 'John' of 
category n combines with the lexical item 'works' of category n \s to form a 
sentence (category s). 

As can be seen in Figure 8, a transitive verb like 'buys' is of category (n\s)/n. 

lOHere we follow the typology of Joachim Lambek in his 1958 paper 'The mathematics of 
sentence structure' [20], reprinted in [3]. 
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Figure 8: Categorial analysis of 'John buys books'. 

7.1 Evaluation of Categorial Grammar 

First of all, we will consider what kind of structures categorial grammars de
liver. A simple categorial grammar will only assign a syntactic structure to a 
sentence. In the section on Montague Grammar, it will become clear that there 
are also more advanced systems, based on categorial grammar, that do assign 
meaning representations to sentences. Now we will again turn to the criterion 
of decidability. Categorial Grammar has a very clear compositional base, and 
as a result of that it is well-equipped to decide whether a sentence is within 
the fragment of English that the grammar describes or not. However, a pure 
categorial grammar can only analyze sentences with a fixed word order; it can 
not handle (relatively) free word order, nor can it recognize grammatical sen
tences in which a constituent has been moved from its standard position. But 
apart from the fact that the fragment of English that a categorial grammar can 
recognize is rather small, categorial grammar can be said to meet the criterion 
of decidability nicely. 
We will now turn to the criterion of two way translations. Categorial grammars 
can easily check whether the lexical items in a sentence have been combined 
according to the needs of their categories. Also, a categorial grammar offers the 
possibility to build a sentence from lexical items. The very strict compositional 
nature of categorial grammar opens a lot of possibilities for computerization of 
these translations. We could then ask ourselves whether it is possible to pro
vide a categorial grammar with some abstract meaning representation, and let 
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the grammar built a sentence corresponding to this meaning? It might not be 
immediately clear how we could do this, but again the compositional nature of 
categorial grammar will be very helpful. In the next section, in which Montague 
grammar will be described, we will see one way to do this. We can conclude that 
categorial grammars can be extended to a mechanism which is able to generate 
sentences from meaning representations. 
As has been mentioned above, a categorial grammar without any further exten
sions does not provide us with any semantic representation. However, it does 
assign categories to the different lexical items, and it does indicate in which way 
these lexical items may combine. As such the grammar does assign a syntactic 
structure to sentences. These syntactic structures are unambiguous. If we are 
given some lexical items, in a certain linear precedence, and if we are also given 
the categories to which these lexical items belong, then we can combine these 
lexical items in a specific way, or we fail to do so. The categories do not admit 
different possibilities for combination. Of course, a sentence may be structurally 
ambiguous. In that case, one (or several) of its lexical items will be ambigu
ous, in the sense that it can either belong to one, or to another category. For 
each possible category, the grammar will assign a different structure. Again the 
structures itself will not be ambiguous. Categorial grammars generate unam
biguous structures. 
Now we will turn to the question whether categorial grammars can cope with 
knowledge. We will start with examining the possibilities to incorporate linguis
tic knowledge. We will again look at the possibility to incorporate categorization 
frames, and the way to handle morphological agreement. As for subcategoriza
tion frames, the information about which constituents are required by a specific 
verb or noun is given in the categorial information for this verb or noun. A verb 
of category n \s will only subcategorize for a subject, whereas a verb of category 
((n\s)\n)\n will take a subject, a direct object noun phrase and an indirect 
object noun phrase. However, it is not immediately clear in which way subcat
egorized prepositional phrases should be incorporated into categorial grammar. 
Since prepositional phrases may act as adjuncts as well as complements they 
will probably be ambiguous under two different category assignments. Needless 
to say that this would be a very counterintuitive situation. Also the treatment 
of morphological agreement is problematic. To make sure that subject and verb 
agree in number and person, these features would have to be added to the cate
gory. The categorial approach would then lose a lot of its attractivity. Another 
drawback of categorial grammar is that it cannot account for discontinuous 
constituents, (relatively) free word order nor any other characteristic of natural 
language which is not strictly context-free .. We can conclude that categorial 
grammar is not very well adapted to handle linguistic knowledge. The fragment 
of natural language that a strictly categorial grammar can describe is relatively 
small. Of course, there is a tension between the elegant simplicity of the features 
of a basic categorial grammar, and the abundance of linguistic facts that one 
would want a grammar to reckon with. We could choose to extend the grammar 
in a way in which it would be able to handle more linguistic subtleties, but we 
would have to pay with a loss of simplicity and clarity. 
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Now we will look at the possibilities for adding knowledge of the world. Since the 
composition of constituents from smaller constituents follows from the categories 
of these constituents, we would have to put extra restrictions on composition in 
the categorial information. Unfortunately, the categorial grammar would then 
lose much of its clarity, as was also the case with incorporating linguistic knowl
edge in the categorial system. Alternatively, we could add a knowledge module, 
which operates on sentences which have already been analyzed by the categorial 
grammar, and which filters out the sentences which do not match our system 
of knowledge of the world.ll However, such an extra module would suffer from 
the fact that in a categorial grammar, the functions of the constituents in a 
sentence are not labeled. For each kind of knowledge restriction, the knowledge 
module would have to traverse the tree built by categorial grammar to find out 
which constituent is the subject, and which constituent is the main verb. This 
would be a very laborious procedure. But if a semantic module would have 
been added to the categorial grammar, as is the case in Montague grammar, 
then this objection would be weakened; in the semantic structure the relations 
between constituents would be clearer. Our conclusion will be that basic cate
gorial grammars are not very well-equipped for incorporating knowledge of the 
world, but that we could improve this by adding a semantic component to the 
grammar. 
As for the knowledge needed for translation into MSC, we could again label 
words in the lexicon with the role that they would play in an MSC. However, 
the relations between words which must be translated into MSC should follow 
from (or should be easily extractable from) the structures generated by the 
grammar. Retrieving this knowledge from the structures generated by a simple 
categorial grammar is rather difficult, so we can again say that a simple genera
tive grammar is not well adapted for handling knowledge needed for translation 
into MSC. However, if a Montague-like semantic component would have been 
added to the grammar, incorporating knowledge for translation into MSC would 
become easier (though not trivial). 
Then finally we have to take a look at the question whether discourse informa
tion could be implemented into a categorial grammar. At first sight, we could 

. say that discourse information does not easily follow from categorial grammar, 
and that it will probably take some effort to link discourse information to this 
grammar. However, in Montague Grammar (which is a grammar based on cat
egorial grammar) several advancements have been made towards a theory of 
discourse representation. 

II One could claim that this alternative procedure could also be used fo add linguistic 
knowledge. However, apart from the fact that it would be methodologically nice to have all 
linguistiC knowledge taken care of by the categorial grammar itself, not by additional modules, 
linguistic knowledge in general is very heterogeneous. It would not be easy to incorporate all 
linguistic knowledge in one and the same additional module. Therefore we do not think 
this additional linguistic module would be a serious alternative for incorporating linguistic 
knowledge in the grammar. 
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8 Montague Grammar (MG) 

The line of (mostly semantic) research which is called Montague Grammar was 
initiated by three papers by Richard Montague in the early nineteen-seventies, 
namely 'English as a formal language' [21J, 'Universal Grammar' [22], and 'The 
proper treatment of quantification in ordinary English' [23J. Since the publi
cation of these papers, many extensions and also some revisions of the original 
theory have been proposed. By now, there are several varieties of Montague 
grammar, some more closely connected to Montague's original ideas than oth
ers. Here we will present a summary of some features of Montague grammar, 
staying close to the version that Montague gave in his 'The proper treatment of 
quantification in ordinary English' [23J. 
As has been mentioned before, Montague grammar can be seen as one of the 
grammars which benefitted largely from the insights reached in categorial gram
mar. However, it has had a large impact on the linguistic community on its own. 
This impact has been large enough to make several people speak of a 'Montago
vian revolution', as opposed to the revolution that Chomsky started about ten 
years earlier. The different points of view can be characterized by what Bach 
[lJ called 'Chomsky's thesis' and 'Montague's thesis'. While Chomsky's thesis 
claimed that English (and other natural languages) can be described on the 
syntactic level as a formal system, Montague's thesis claimed that English can 
be described as an interpreted formal system. Montague tried to describe the 
syntax and semantics of English, and the relation between them, in a way that 
had only been applied to formal languages until then. Within linguistics, the 
strict compositional mapping between a syntactic component and a semantic 
component in the framework that Montague introduced was new. 
We will now describe in some more detail what we mean by this strict composi
tional mapping between a syntactic component and a semantic component. In 
Montague's view the syntactic component, as well as the semantic component, 
should be formulated as an algebra. Montague also had the strong conviction 
that, to be able to really say something about the meaning of a sentence, one 
should be able to define the truth conditions under which the sentence would be 
true. Because of this, Montague's semantics took the form of a truth conditional 
semantics. 
The syntactic algebra and the semantic algebra should be linked by a homo
morphism; each syntactic expression should be assigned exactly one semantic 
meaning. However, several different syntactic expressions may receive the same 
semantic meaning. This homomorphism requirement makes sure that the gram
mar obeys the principle of compositionality .. 

Definition 2 The Principle of Compositionality: 
The meaning of a complex expression is a function of the meanings of its parts 
and of the way in which they are syntactically combined. 

(This version of the definition of compositionality is adopted from Partee with 
Hendriks (1997) [28J.) 
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A categorial syntax is used to analyze the expressions of natural language. Every 
basic expression (i.e. every smallest semantic contentful unit) of the language is 
assigned a category, and in this way it is also assigned a semantic type, since ex
pressions of a certain syntactic category should all be as·signed the same semantic 
type. The categorial syntax defines in which way categories can combine, and as 
such it defines in which way expressions of natural language can be combined, 
and, correspondingly, in which way the semantic types of these expressions may 
combine, and in which way the meanings of these expressions can combine to 
render the meaning of a complex expression. 
Given a sentence, a linguistic expression, one can divide it into basic expressions. 
In the lexicon one can search for the categories to which these basic expressions 
belong. Then the rules of the categorial grammar can be used for combining 
these expressions, and for every intermediate syntactic structure there will be a 
corresponding semantic interpretation. 
In the last of his papers on Montague grammar, 'The Proper Tceatment of 
Quantification in ordinary English' [23], Montague uses an intermediate lan
guage called 'intensional logic', between the syntax and the model-theoretic 
semantics. This intermediate level of intensional logic serves as a functional 
mapping between the syntax and the model-theoretic semantics. Montague's 
intensional logic makes use of A-calculus. This was a very fortunate choice, 
since in A-calculus, a functional structure can easily be built in a compositional 
way. A specific translation of a lexical item from the domain of syntax into the 
domain of intensional logic, will render a A-representation for this lexical item. 
Such translations are described in a generic translation rule for a category into 
its corresponding type. Apart from that, the grammar also contains syntac
tic rules for combining categories and semantic. rules for combining types. In 
syntactic rules, lexical items are being combined to form a sentence, while in 
semantic rules, A-representations are combined to form a proposition. 

We will now show in which way Montague grammar can be used to assign 
a meaning- representation to a sentence, i.e. a linguistic expression. Here we fol
low Montague's 'The Proper Tceatment of Quantification in ordinary English' 
in using intensional logic as an intermediate structure. Here Montague uses 
the basic types e (for 'entity'), t (for 'truth value'), and also a type s (derived 
from Ftege's Sinn), which is used to generate an intensional expression from an 
extensional expression. We will take a look at Sentence 1. 

Sentence 1 John works. 

We start with looking up the entries for 'John' and for 'works' in the lexicon. 
There we see that 'John' is of category T, and of type ((s,(e,t)),t), and that 
'works' is of category IV, and of type (e, t). Then we see that there is a rule 
of functional application 12, which states that a lexical item belonging to the 

I2The exact representation of this rule of functional application is: 
If &£. PIV and o£. PT, then FI (0, o)£. Ps and FI (0, &) = 00' , where 0' is the result of replacing 
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category T, followed by a lexical item of category IV, can combine into a lexical 
item of category S. Since S is the category reserved for sentences, we now know 
that 'John works' is a sentence. We then take a look at the function f, which is 
a function from categories into types, such that f(IV) = (e, t) and such that, in 
general, f(A/B) = ((s, f(B)), f(A)). Since category T is defined as the functor 
category S /IV, we now know that the type which corresponds to the category 
Tis f(T) = f(S/IV) = ((s,f(IV)),f(S)) = ((s,(e,t)),t). Then we look for the 
translation rules for the categories T and IV, and we see that 'John' translates 
as 'AX' XU)13, and that 'works' translates as 'WORK'. And then we use the 
translation rule which tells us which meaning (in intensional logic) is assigned 
to a combination of an expression of category T and an expression of category 
IV: If OE PIV and aE PT and 0 >-+ 0' and a >-+ a', then FI (a,o) >-+ a'r 0'). (In 
this rule >-+ stands for 'translates as' and PA stands for the set of all expres
sions belonging to a category A.) We can now apply this rule to the translations 
that we have found for 'John' and 'works', respectively AX 'X(j) and WORK. 
Application of the translation rule results in AX ·XU)rWORK). We can use 
A-calculus to simplify this formula into WORK(j), which is the representation 
of 'John works' in intensional logic. 

We arrived at this meaning representation in a completely compositional way. 
From this meaning representation in intensio.nallogic it is easy to make the step 
to a truth-conditional model· theoretic interpretation. 

9 Evaluation of Montague Grammar 

Our first concern is whether Montague Grammar meets the requirement of de
cidability. Montague grammar clearly defines (a subset of) the English language, 
and as such it meets the requirement of decidability. However, we would like to 
make a few comments. First of all, Montague provided us with rules to form sen
tences from lexical items. To define whether a given sentence is grammatical, we 
still have to choose a concrete parsing strategy and to develop a concrete parsing 
mechanism .. Secondly, the syntactic structures that are generated by Montague 
grammar are plain sentences, not tree structured, or labelled sequences of lexical 
units. However, several researchers have made small adjustments to Montague's 
original grammar, to be able to generate bracketed strings or structured trees 
(see for example Dowty, Wall and Peters (1981) [8]). Still, Montague does 
assign representations in intensional logic to each structure, providing each sen
tence with a meaning representation. We can conclude that (with some small 
adjustments to the original proposal) Montague grammar meets our criterion of 
decidability. 

6 by its third-person singular present form. 
In this rule Px stands for the category X, and Fl is the function which operates on a lexical 
element of category T and a lexical element of category IV, and which renders a (fully inflected) 
lexical element of category S. 

13The use of ~ and - makes sure that the differences between intensional and extensional 
expressions are handled correctly. We will not go into the details of this system here. 
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As for the possibility of two way translations, the fact that Montague grammar 
provides a homomorphic mapping between syntactic representations of sentences 
and their meaning representations in intensional logic, gives us a clear starting 
point for generating two way translations. We will only have to choose an ap
propriate parsing strategy, since Montague grammar has been presented as a 
way to build syntactic and semantic structures from smaller units, and not as 
a way to parse a syntactic or semantic unit into smaller units. 
Our third requirement for a natural language grammar was that the structures 
generated by the grammar should be unambiguous. Montague again meets this 
criterion. A semantic interpretation of a sentence in intensional logic can imme
diately be given a model-theoretic interpretation. This means that the generated 
semantic structures are clearly unambiguous. However, it is still possible for an 
ambiguous sentence to be assigned two or more different semantic interpreta
tions. For an ambiguous sentence, there will be two or more different ways to 
generate this sentence from the lexical units that it is composed of. Here, we 
again have to notice that Montague's original grammar did not provide us with 
bracketed strings, or tree structures, which show the syntactic structure of the 
sentence, but this problem has already been resolved by several researchers. 
Now we will turn to the possibility of incorporating several kinds of knowl
edge into the grammar. Again, we will first look at some examples of linguistic 
knowledge. Part of the linguistic knowledge needed to build and interpret sen
tences can be incorporated into the category information for lexical items. An 
example is the information about subcategorization. The category to which 
a lexical item belongs determines which categories it may combine with, and 
as sucb what constituents it subcategorizes for. Apart from that, Montague 
kept the possibility open for additional (non-categorial) rules for the formation 
of syntactic stuctures. This will help to overcome the limitations of categorial 
grammars, the expressive power of which is equivalent to context-free rewrite 
rules. 
This brings us to the next item, the possibility to incorporate knowledge needed 
for evaluating whether the sentence is true in our model into the grammar. We 
do· not see an easy way to incorporate information about semantic roles (0-
roles) into Montague grammar. However, we could represent our knowledge of 
the world in a truth-conditional model-theoretic way, and then we could check 
whether the representation of a sentence in intensional logic is compatible with 
the knowledge in our model of the world. 
Finally, we will have to take a look at the possibilities for incorporating knowl
edge needed for translation into MSC. Montague grammar offers no possibilities 
to label constituents with information about the role that these constituents 
should play in MSC. This information could, however, be added to the lexicon. 
However, Montague grammar is well-equipped for interpreting quantifiers and 
establishing references. In some cases we will have to add some discourse the
ory, but as the development of Dynamic Montague Grammar shows, discourse 
theory certainly is not incompatible with Montague Grammar, as is shown in 
Heim (1982) [14J, Kamp and Reyle (1993) [17J, and Groenendijk and Stokhof 
(1991) [12J. In these discourse theories, a truth-conditional model is built from 
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II 

the information implicit in sentences during the discourse. As such it can also 
be said to keep track of time. Still, these discourse models build a static model 
of the world and if we would need to take into account that a predicate is true 
at a certain moment in time, and false at another moment in time, then we 
would have to add some extensional module, for example one which makes it 
possible to quantify over predicates. We can conclude that Montague grammar 
offers some nice opportunities to incorporate knowledge needed for translation 
into MSC, but also leaves some questions open. 

10 Conclusions 

In Figure 9 is summarized for each criterion that we have set in Section 2 whether 
the grammars that we have evaluated meet this criterion or not. In this tabel 
GB stands for Government and Binding Theory, HPSG stands for Head-driven 
Phrase Structure Grammar, LFG stands for Lexical-Functional Grammar, CG 
stands for basic Categorial Grammar and MG stands for Montague Grammar. 
However, we have to notice that sometimes a grammar meets a criterion only 
to a certain degree, or some work still has to be done in order to make the 
grammar answer to this criterion. In such cases, we had to decide whether a 
criterion was met to such a degree that one could reasonably say that the gram
mar answered to this criterion, or whether the amount of extra effort needed 
to make a grammar answer to a criterion was still small enough to be able to 
reasonably say that the grammar met the criterion. As may be clear, in such 
decisions a personal interpretation of the facts may have played a role. 

II GB HPSG LFG CG MG /I 
semantic structures - - + -
decidability - + + + 
two way translations syntactic - + + + 

semantic - - + -
unambiguity of structure syntactic + + + + 

semantic - - + -
integrating knowledge linguistic + + + -

model evaluation - + - -

translation into MSC I labelling + + + + 
translation into MSC I discourse - - - -

Figure 9: Grammars evaluated along several criteria. 

As is shown in Figure 9, GB and HPSG do not offer semantic structures with 
a clear link to truth-conditional model theory for sentences. Montague Gram
mar does offer such semantic structures, and LFG and basic CG can be (or 
have been) extended in such a way that they were able to offer such semantic 
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structures. (But since we evaluate basic CG here, we will say that CG does not 
generate semantic structures.) 

We can also see in Figure 9 that almost all grammars meet the criterion of 
decidability. Only Government and Binding Theory does not meet it in a clear 
and algorithmic way. Government and Binding Theory has a somewhat differ
ent status anyhow) since its main goal is the search for a universal grammar, 
and since it is less concerned with the computability of its structures. 

All grammars but Government and Binding Theory meet the criterion of two 
way translations for syntactic structures. Only Montague Grammar and per
haps Lexical-Functional Grammar meet the criterion of two way translations for 
semantic structures. (And since Montague Grammar is an extended Categorial 
Grammar, one could defend the point of view that also Categorial Grammar 
can handle two way translations for semantic structures. However, a basic cat
egorial grammar does not contain semantic structures, so there will neither be 
ways to generate a semantic structure for a sentence, nor ways to generate a 
sentence from a semantic structure.) 

The criterion of unambiguity of structure for syntactic structures is met by all 
grammars. For semantic structures this criterion is met by the grammars which 
are able to generate semantic structures: Montague Grammar and Lexical
Functional Grammar. 

As for the criterion of integrating knowledge in the grammar, linguistic knowl
edge is taken care of by all grammars but basic Categorial Grammar. Here we 
have to notice that the grammars differ in the degree in which they can handle 
linguistic knowledge, but in general it is the case that all grammars can cope 
with linguistic knowledge to a large degree, while Categorial Grammar has not 
been too well-equipped for handling linguistic knowledge. 
We now turn to knowledge needed for evaluation of the truth of a sentence in 
our model. We decided that only HPSG and Montague Grammar are able to 
handle such knowledge, although they handle it in very different ways. Perhaps 
also the semantic structures in LFG could give rise to a way to decide about the 
truth of sentences in our model, but it is not evident how this could be done. 
Then finally we can take a look at the way in which these grammars can cope 
with knowledge for translation into MSC. Since all grammars have a link to a 
lexicon of some sort, labeling lexical items with the roles that they should play 
in an MSC does not cause much problems. This is different when we look at the 
possibility to incorporate knowledge of discourse. Only in the case of Montague 
grammar some serious attempts have been made to provide the grammar with 
a discourse component, the other grammars cannot handle discourse knowledge 
at all. 

For the moment, we will assume that all criteria have an equal weight. We do 
not yet know which criteria will turn out to be most important. Then a COID-
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parison of the different grammars along the criteria simply amounts to counting 
the pluses and minuses in Figure 9. It will be clear that Montague Grammar is 
the grammar that meets our criteria in the best way, since it is the only gram
mar which scores pluses for all criteria. 14 Lexical-Functional Grammar takes 
a good second place, and HPSG is placed third. Since Montague Grammar is 
a more elaborate version of basic Categorial Grammar, it is not strange that 
Montague Grammar should score better than basic Categorial Grammar on our 
criteria. As for Government and Binding Theory, we have already mentioned 
above that it has been developed for the purpose of finding language universals, 
and that less importance was attached to computability. Again, it is no wonder 
that Government and Binding Theory does not seem fit for our purposes. 

11 Further Research 

As mentioned in the introduction, this paper describes only a first step in a 
much larger process. The next step will be to define a subset of English, and 
then to analyze this suhset using Montague Grammar. For all basic elements 
and all operations used in the analysis of this fragment corresponding MSC 
elements and operations must be found, in order to make a translation possible. 
Since Montague Grammar provides us with a model theoretic interpretation 
of natural language sentences, also a method could be developed to check the 
truth, or the appropriateness, of the contents of a natural language use case on 
an existing class model, or on a knowledge base. Finally, the possibiblities to 
generate a class model from a natural language use case could be investigated. 
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