
database. The Discourse Model is a dynamic knowledge base which is 
built up and modified during the course of a dialogue. The KBMS, finally, 
is a set of procedures for managing the knowledge bases (querying, 
updating, consistency checking, etc.).
The tasks of the Dialogue Manager include interpretation of user 
contributions (given the output of the parser), planning of system actions 
(such as querying the database), and generation of system responses 
(which are fed to the surface generator). These tasks are referred to 
collectively as dialogue m anagem ent.

The pragmatics-based approach of PLUS entails that dialogue management 
be based heavily on contextual information. The contextual information 
includes information in the World and Application Model (static context) 
as well as information in the Discourse Model (dynamic context). In this 
paper, I will concentrate exclusively on the use of information in the 
Discourse Model.

3 A S im ple D iscourse M odel

The contextual knowledge bases in the PLUS system are implemented as 
logic programs. In this section, I will outline a very simple Discourse 
Model to illustrate the basic principles of this approach. (For the 
specification of the actual PLUS Discourse Model, see Bunt et al 1992.)

3.1 D ialogue H istory

In order to keep track of the dialogue history, we need to record (at least) 
the following aspects of each contribution (or “utterance”) in the dialogue: •

• Contributor (or “speaker”)
• Verbatim form
• Grammatical structure
• Semantic (propositional) content
• Communicative function (illocutionary force)

These aspects can be specified by simple facts of the following form:
(1) c o n t r i b u t io n (N,A g e n t ) . 

v e rb a t im (N,S t r i n g ) . 
g ra m _s t ru c tu re (N,S truc tu re )  . 
p ro p _co n te n t (N,P). 
comm_function(N,C F ) .
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<— c o n t r ib u t io n (N ,A g e n t ) ,
—iverbatim_form {N, S t r in g )  .

< r- c o n tr ib u t io n  (N, A gen t ) ,
—igram_strueture (N, S tru c tu re )  .

<— c o n t r ib u t io n (N ,A g e n t ) ,
—iprop_content (N, P) .

c o n t r ib u t io n (N ,A g e n t ) ,
—iComin_function (N, CF) .
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3.4 R easoning T ools
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Whenever the user types some input (and hits the return key) the Discourse 
Model is updated by inserting facts of the following form (where N is some 
number and s t r in g  is the verbatim form of the user input);

(9) c o n t r i b u t i o n (N ,user) .
v e r b a t i m _ f o r m (N ,S t r i n g ) .

Since there are no rules in the Discourse Model which allows the system to 
prove such facts, they will simply be asserted into the Discourse Model. 
(In other words, user contributions and their verbatim form can only be 
observed, they can never be inferred, neither deductively nor abductively.)
Asserting these facts into the Discourse Model will make the knowledge 
base inconsistent, because of the following constraints (cf. section 3.3):

(6) inconsistent

(7) inconsistent

(8) inconsistent

<— c o n t r ib u t io n (N ,A g e n t ) ,
—igram _stru c tu re (N ,S tru c tu re )

c o n t r i b u t io n (N ,A g e n t ) ,
—iprop_content (N, P) .

<- c o n t r ib u t io n (N ,A g e n t ) , �
—iComm_function (N, CF)  .

In order to make the Discourse Model consistent again, the system must 
prove that the Nth contribution from the user has a certain grammatical 
structure s t r u c t u r e ,  a certain propositional content p, and a certain 
communicative function � < �� In a PLUS-Iike system, the first goal will be 
resolved by calling the parser, which will instantiate the variable 
s t r u c t u r e  to a grammatical feature structure containing, among other 
things, a compositional semantic analysis of the input. From this semantic 
analysis, together with contextual information already stored in the 
Discourse Model, the system will then attempt to derive a propositional 
content ' � for the contribution in question.
Let us now consider in a little more detail how the analysis of 
communicative function can proceed. In order to make the Discourse 
Model consistent again, the system must prove the goal 
com m _function  (N, C F ) , for some CF. As noted above, the Discourse 
Model contains rules relating to communicative function, such as the 
following (cf. section 3.3):
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representation of role relations in the net, as the type of conceptual 
relation between two nodes determines the inheritance of role relations.

FIG 6: The combined net with role relations.

Let us look at an example: What is represented by establishing the role 
relation WORK between the nodes FIRM and EMPLOYEE? The role 
relation WORK is inherited by MANAGER from EMPLOYEE, as 
MANAGER stands in a generic relationship to this node, i.e. is a kind of 
EMPLOYEE, as well as by AREA MANAGER who, in his turn, is a kind 
of MANAGER. Managers as well as area managers work in a firm.
DEPARTMENT, however, which stands in a part-whole relation to 
FIRM, does not inherit any role relation from the mother node FIRM, 
since the daughter nodes in a partwhole relation do not inherit the 
characteristics of the mother node. This very appropriately reflects the 
fact that a managing director does not work in a department.
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The /� � ' � � 	 � ' �4� which identifies the frame, is the name of a node in 
the net or the name of a role relation, cf. the following 2  examples;

frame : EMPLOYEE 
frame : WORK

The relational description, � � �� � � 	 �4�may contain 2 types of relations, 
)� 	 �N�the conceptual relations: ako or apo, and �� ��4�the role relations 
defined by a name for the specific type of relation, "work", "be colleague 
o f ,  etc.
Role relations, which appear only in frames that describe concepts, are 
further defined by � � �� � � � � ) �4�which contains a specification of the 
thematic role structure of the relation. The thematic structure is defined 
by a specification of role type, ����� ��6�4�and the name, /�� ' � � 	 � ' �4  
of the frame that represents the value of a possible filler for the role type 
slot.
The frame for EMPLOYEE contains the following relational description:

relations : ( ( cone : ( ako : PHYSICAL PERSON ),
( apo : DEPARTMENT ) )

( role : ( WORK ),
( BE COLLEAGUE OF ) )

An employee is a kind of physical person and a part of a department and, 
an employee works somewhere and is a colleague of somebody. 
Identification of the relevant somewhere or somebody takes place via the 
frames for the respective role relations.
The first value specified for �� ��� above is the name of the frame for the 
role relation WORK, which contains the following specification of the 
thematic role structure of the relation:

rolestruct: (( (actor 
(locus 

( (actor 
(locus 

( (actor 
(locus

EMPLOYEE ) 
FIRM )), 
SUBORDINATE ) 
DEPARTMENT ) ), 
AREA MANAGER) 
DEPARTMENT ) ))

The relation WORK implies 2 participants associated with 2 types of 
thematic roles: actor and locus. In our domain the respective participants 
of a working relation can be; an employee and a firm, or a subordinate 
and a department, or an area manager and a department.
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Constituency and Semantic Interpretation
T o r b e n  T h r a n e  

K ø b en h a v n

A b str a c t
The main point of this paper is to present an argument against phrase structure analysis as 
providing an efficient basis for an automated system that has language understanding as 
its primary goal. There are ususally several constraints on constituency analysis of the 
X-bar variety, the fundamental rule of which is X" -> SpecX" X"'^ Comp”. Four such 
rule systems and their constraints are presented, and it is shown that only if one or more 
semantic constraints are taken into account can the number of potential tree structures be 
kept at a manageable level and result in 'correct' constituency analyses. But this appeal to 
semantics, it is argued, is ill advised as a means towards understanding, for it is only 
meant to secure a uniform description o f sentences. A more viable appeal would be one 
according to which structural meaning is exploited for the purposes of constructing and 
revising models of situations described by sentences.

C on tex t and A im
The study of language is guided by a number of fundamental questions, among them the 
following;

1 a What constitutes knowledge of a language? 
b How does such knowledge develop? 
c How is such knowledge put to use?

I will be concerned here with certain aspects of the first and second of these problems 
(Chomsky 1981,32).

It has always been Chomsky's ultimate aim to answer lb, and it has 
always been Chomsky's belief that an answer to lb presupposes an answer 
to la that can be given in terms of an independent, autonomous 
description of language structure.
It is my ultimate aim to answer that part of Ic which is concerned with 
how we understand language, and it is my belief that the purpose of any 
investigation determines the format, methods, and principles to be 
adopted. It is, furthermore, my claim (cf. Thrane 1992a,b; 1993, fc) that 
computational linguistics in general has accepted Chomsky's belief, no 
matter what its purpose has been -  and that this has prevented serious 
progress in the study of computational understanding of NL.
Chomsky's belief is the foundation of what might be called the descriptive 
paradigm in linguistics -  cf. Chomsky (1981,33):
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Translation is based on semantic analysis; however, a central principle is 
to exploit structural similarities between languages in cases where in­
formation about the syntactic structure of the source sentence can be used 
directly in target sentence generation. As a consequence of this, the PONS 
system has three different modes of operation; they vary with respect to the 
level of analysis at which translation is done. Interlingual translation is 
carried out only in the mode where translation is based on semantic 
representation. Linguistic descriptions in PONS are implemented in an 
extended version of D-PATR (Karttunen 1986). All grammatical and 
semantic information is coded as feature structures or directed graphs. The 
feature structure in fig. 5 is a graph representation of a sample lexical 
entry. All linguistic information in PONS is declarative; there are no 
procedures contained in the data base.
Before starting the translation process, different kinds of pointers are 
established between rules and word stems in source and target grammars. 
This is done automatically by a routine built into the system. The pointers 
describe a set of correspondences between representations of linguistic un­
its in the two languages. These correspondences are exploited in cases 
where structural similarities between source and target language allow 
translation to be based on syntactic representation. The input sentence 
must be parsed before mode of translation can be chosen. Parsing yields 
one or more constituent trees. Attached to the topmost node in the tree is a 
feature structure representing the whole sentence; an example is given in 
fig. 6 . Substructures of this structure are associated with individual nodes 
in the parse tree. A feature structure in PONS has essentially two 
components: ��� �-  contains syntactic information, whereas  ����  is a 
semantic representation. Links between syntactic functions and semantic 
roles are expressed by giving shared values to specific attributes of the two 
substructures. E.g.,  ����  of the syntactic subject is unified with ��"C of the 
semantic relation ����6
The parse tree also contains pointers to corresponding rules and word 
stems in the target grammar. The complexity of translation is automatically 
determined by the kinds of pointers that are contained in the parse tree. 
M od e 1 performs word-for-word translation. It is necessary that the source 
and target stems express the same semantic relations and that the target 
pointers at each node show that source and target sentences are identical in 
syntactic structure. During translation terminal nodes in the parse tree are 
substituted with corresponding target word stems (fig. 7a). Inflected word 
forms must be found which are compatible with the feature structures 
associated with terminal nodes. However, if there are any word order 
differences between source and target expression, mode 1 will be 
insufficient, and m od e 2 may be employed. Mode 2 exploits corresponden­
ces between syntactic rules in source and target grammar. Differences in 
constituent order are allowed, but it is required that there is direct corres-
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("side” N NOM PL (@NH)))
("<of>"

(" o f PREP (@N<)))
("<the>"

("the" <Def> DET CENTRAL ART SG/PL (@>N)))
("<cylinder>"

("cylinder" N NOM SG (@>N)))
("<head>”

("head" N NOM SG/PL (@NH)))
("<$.>")
Here inlet remains ambiguous due to the modifier and head functions 
because of a coordination ambiguity.

3 . A b o u t th e  p a rsin g  g ram m ar

The syntactic grammar contains some 120 syntactic constraints, some 50 
of which are heuristic. Like the morphological disambiguation 
constraints^ these constraints are essentially negative partial linear- 
precedence definitions of the syntactic categories. The present grammar 
is a partial expression of four general grammar statements:
1. Part o f speech determines the order o f determiners and modifiers.
2. Only likes coordinate.
3. A determiner or a modifier has a head.
4. An auxiliary is followed by a main verb.
We will give only one illustration of how these general statements can be 
expressed as constraints. A partial paraphrase of the statement Part of 
speech determines the order o f determiners and modifiers-. 'A 
premodifying noun occurs closest to its head'. In other words, 
premodifiers from other parts of speech do not immediately follow a 
premodifying noun. Therefore, a noun in the nominative immediately 
followed by an adjective is not a premodifier.Thus a constraint would 
discard the @>N tag of Harry in the following sample sentence, where 
Harry is directly followed by an unambiguous adjective:
("<*is>"

("be" <SVC/N> <SVC/A> V PRES SG3 (@V)))
("<*harry>"

("harry" <Proper> N NOM SG (@NH @>N)))
("<foolish>"

("foolish" A ABS (@AH)))
("<$?>")
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All rules have this common form: The left-hand side of the translation 
symbol, =>, is a � ��# ����� ���#��� ���6 The right-hand side is a !2�  
$������6 The brackets ”<” and ”>” mark phrase structure (in order to 
avoid confusion with the PFO operators), with an index on the right 
specifying the syntactic category. Symbols in capital letters stand for 
������%� ��# ���� ���������; i.e. any part of the phrase-structure tree that 
has the category specified by its index. (As can be seen, the variable 
symbols and their indices coincide, so to simplify the notation we will 
abbreviate <W>w as W in the following). The structural description part 
always contains reference to some ”logical word” such �����;��$;��� etc. 
or to a pronoun, while the PFO formula has !2�%��������� of syntactic 
category NP; the significance of this will be seen in a moment. (The 
marking of a PFO-variable with <...>np will also be omitted for 
abbreviation.)
Notice also that the structural description requires that the input to a 
translation rule be of syntactic category S, which is also the category of 
the two subformulas on the right-hand side. Rules can operate on the 
subformulas produced by other rules. They can apply in all possible 
orders and when we have reached a PFO formula on which no other rule 
can apply, we have a !2��$������'� ���  of the initial English sentence.
One (negative) consequence of the fact that rules apply on whole 
sentences is that rules that refer to a noun phrase in their structural 
description need to come in pairs: one for when this noun phrase is 
”subject” as in (Rl) and one when it is ”object”, such as (R2).
(R2) <NP <Vtr <every CN>npq>vp>s => [<CN x>s, <NP <Vtr x>vp>s]
These are the rules of ���������� P��� �$�#� ���6 The rules of �-�� ��#� 
P��� �$�#� ���; (R3) and (R4), introduce one more complication: U and W 
are ����������������%� ��# �������������;  they can be instantiated by any 
part of the phrase-structure that otherwise fulfils the structural 
description.
(R3) « U  <a CN>nps W>np VP>s => (<CN x>s, « U  x W>np VP>s) 
(R4) <NP <U <a CN>nps W>vp>s => (<CN x>s, <NP <U x W>vp>s)
The purpose of these variables is to allow the existential quantifier of an 
(indefmitly) embedded indefinite noun phrase to have a wider scope than 
a linearly preceding universal quantifier. If (Rl) applies to (5) first (after 
the sentence is syntactically analysed) it will produce the PFO formula
(5pFO')-
(5) Every man who owns a donkey sleeps
(5pFo ) [« m an  who <owns <a donkey>nps>vp>cn x>s, <x <sleeps>vp>s]
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The first constraint is enforced through the GEN feature, mentioned in 
section 3.1. The subject pronoun rule is (R17).
(R17) <<Pron:G£'A^>nps> VP>s => <x VP>s

IFF <<N:G£'N>cn ^>s 
<y VP>s

The ”IFF <structure>” statement serves as a constraint on whether the 
variable x can be used: it is possible only if the specified structure exists 
as a subformula somewhere in the current PFO formula (i.e. the one that 
the structural description is a part of as well). In the case of (R17) this 
means that the current PFO formula should have a noun with the same 
value for the GEN feature and the same PFO-variable x. This condition 
will not be fulfilled for (6 ) so the only part of the rule applicable will be 
the part that introduces y, a new variable.
The semantic constraint necessary is somewhat more complex. The 
anaphoric PFO formalization of (7) is (7pfo) which will indeed be 
produced by the translation rules.
(7pFo) *[[donkey x, p owns y ], p beats x]
This formalization can be disallowed through a constraint such as the one 
discussed by Pagin & Westerstahl stating in effect that a variable that is 
quantified within [X,Y] is not to be used outside [X,Y]. This, however, 
has been more difficult to express procedurally than one can imagine. It 
is not as simple as to say that PFO-variables introduced by universal 
quantification rules such as (Rl), (R2) and (RIO) are not ”reusable”. 
Example ( 8 )  has an anaphoric interpretation, ( 8 p f o  ). despite of that.
(8 ) Every man loves a woman that pleases him 
(8pFo ) ([man x, ((woman y, y pleases x), x loves y]
But neither can a pronoun always co-refer with a noun that is within the 
same sentence; a different order of applying the translation rules (e.g. 
(R4) + (R5) + (Rl)) will produce ( 8 p f o " )  in which him cannot be 
anaphoric.
(8pFO") ((woman y, y pleases him), [man x, x loves y])
What seems to be necessary is a mechanism that ”remembers” when an 
universal quantification has been introduced in a PFO-formula and allows 
co-referece with the universally quantified variable only among 
subformulas of that formula.
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