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for the module point of view) terminal strings.

And finally, notice that -according to our view of the master as a meta-

component whose task is to coordinate what has been generated by other

components- we have not included an axiom in the definition of the master.

In this way, the master will not be able to start its work till the moment in

which it receives the strings coming from the different modules of the system.

Once it receives every module string, it would rewrite them according to its

rules, if it is able to reach a single terminal string, we will get the language of

the system and we will consider that derivation process has been successful.

The above definition gives us a static view of Linguistic Systems. A dy-

namic characterization of those systems requires the definition of the deriva-

tion process. But to define the derivation process we need to specify before

how we understand the state of Linguistic Grammar System at any moment

of time.

Definition 8.1.2 Given a Linguistic Grammar System F = (K, (71,/i,),

(72> ^25 ^2), • . • , (7n; Ini On), / & i , . . . , hm), its state is described at any moment

by an n-tuple (xi,... ,xn) where each Xi C V*, 1 < i < n, represents the

string that is available at node i at that moment.

Now, knowing what a state of a Linguistic Grammar System is understood,

we can define the change of one state into another, this is derivation process

in Linguistic Grammar Systems. We will distinguish two different kinds of

steps in the derivation process:

1. rewriting steps, and

2. communicating steps.
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By means of the first type of derivation steps, every module of the system

will rewrite, in a parallel way, its own string according to its specific rules

and its derivation mode and without taking into account what is happening

in other modules.

The second type of derivation, instead, will relate modules, allowing in-

teraction among them. As we have defended above, interaction will be ac-

complished in two different ways:

1. by request, and

2. by command.

The first kind of interaction will be accomplished by the use of query

symbols. Whenever a module of the system needs information of another

component, in order to adequately continue its derivation, it will introduce

a query symbol that will determine the sending of a specific string to it.

But a module can receive the string of another one without asking explicitly

for it. This is done by means of the second type of interaction in which

whenever a module's string passes its otitput filter and the input filter of

another component, it will be communicated to the last module (that has not

asked for it), establishing in this way, also, interaction among components.

We formally define those different derivation steps in the following terms.

Definition 8.1,3 Given a Linguistic Grammar System T — (li, (71, Ji),

(72, h, 02), . . . , (7n> In, On}-, /H, . . . , hm), for two n-tupks (xi, #2, . . . , xn),

( y i , y 2 , - - - , y n ) , Xi,Vi e V*, 1 < t < n, we write (XI,...,XH) =4- (î/i, . . . \yn]

if one of the following cases holds:

1- = 0; xi K' ~ Oj xi
ana for cocft i, 1 < i < n, we have

xi =^ y i in the CDGS 7,, or X{ € T* and X{ — y¿.
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For each 7;, with

such that

^ <E V* we write ar Vi> iff3xi,x2,...,xk+1

i = XT,, y i — xk+í

x x j — ", Aj ->• w j 6 Pr>

1 < j < k.

2. there is an i, 1 < i < n, such that \X¡\K > O, then for each such i

we write Xi = ziQi1z2Qi2 . ..ztQítzt+l, t > I ; for z¡ € Vf, \z¡\K = O,

1 < j < t + l;if \XÍJ\K = O, 1 < j < t, then j/t- = ziXi1z2Xi2 . . . ztxitzt+i

providing that T/¿ e V*; when for some j, 1 < j < t, \X^\K ^ 0, then

y i = xa for all i, 1 < i <. n, for which y í is not specified above we have

Vi — Xi.

3. there is an i, 1 < i < n, such that \XÍ\K* > .0, then for each such i

we write x> = Zi[hj, Qi^z^hj, Q,-a] . . . zt[hj, Qit]zw, t > 1, for z j É Vf,

\Zj\K' = O, 1 < j < t + 1; if \Xij\K' = O, 1 < j < t, then j/¿ =

Zihj(xi1)z2hj(xi2) .:. . Zthj(xit)zt+i providing that í/4- G V*; when for some

j , 1 < j < t, \Xij\K1 ^ 0; then y¿ = x¿; for all i, I < i < n, for which y¡

'is not specified above we have y, = X{.

4. ) h (T/I , . . . , yn) iff y{ - /,- n O j H x¿) , for i = l,...,n

Point 1 defines a rewriting step, whereas points 2, 3, 4 define communica-

tion steps. In 1 no query symbol Q¿, c¿, or [/&_,• (Q;)] is present in the current

string and the string does not match the output filter of the CDGS, so no

communication (by request or command) can be done, and in this case we

perfom a rewriting step. Each CDGS rewrites its string according to its own

protocol.

In 2 we define a communication step by request without renaming. Some

query symbols, say Q^ . . . Q^ (or q^ . . . q^} appear in string x¿. In this case
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170 CHAPTER 8. FORMALIZING LINGUISTIC GS

rewriting stops and some communication steps are performed. Every symbol

Qij (or q^\ 1 < j < I, must be replaced by the current string (or substring)

of the component 7^., say a:^., suppossing that no X{^ 1 < j' < /, contains

a query symbol. If one of the strings a:,., 1 < j < Z, also contains query

symbols, those symbols raust be replaced with the requested strings before

communicating that string.

In 3 we define a communication step by request with .renaming. In this case

some query symbols [/i¿, Q^]... [hj, Qit] appear in a string x¿. Everything

works as in the case of the communication by request without renaming with

the only difference that here [hj, Qi^\ ... [hj^Q^] must be replaced not by

string Xij, but by hj(x^}.

And finally in 4 we define a communication step by command. In this

case, copies of those strings which are able to pass the output filter of some

7j and the input filter of some 7; (i ^ j), join the string present at i. We

consider that strings received by 7,- are concatenated in the natural order of

system components.

The derivation process will be carried out by alternating rewriting and

communication steps. After every rewriting step, we will check if a communi-

cation step (by request or command) can be done, if that was the case we will

perform it, if not we will continue derivation with a new rewriting step. The

process will be finished when, after reaching a terminal string, every CDGS in

the Linguistic Grammar System will have sent by command its result to the

master. In that moment, when the master will have all the strings generated

by the different components of the system it will apply its rules in order to

unify or coordinate those strings, and generate, in this way, the language of

Linguistic Grammar System.

Definition 8.1.4 The language generated by a Linguistic Grammar System

as above is
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(0, (0, (0,

Notice that we start with the set of axioms of components 72, • • • ,7n °f

Linguistic Grammar System and with an empty set in master module (71).

We alternate rewriting and communication steps until the master (that had

not axiom) receives by command terminal strings produced by components

72, • • • >7n- The master, at that point, rewrites the strings it has received till
it reaches a terminal string, x. We can say, thus, that the master is able to

produce the language of the system because every CDGS (7,-, 2 < i < n] will

send its terminal string to the master who will rewrite according to its rules

every string produced by the different grammar systems in the framework,

and will generate x, this is, the language of the Linguistic Grammar System.

a2) • • • -, oin will be considered terminal strings generated by 73, . . . ,7n, but

the language of the system will be only x, this is, the string produced by the

master by putting in relation every string generated by the rest of components.

The following example could illustrate the functioning of Linguistic Gram-

mar Systems. For simplicity, we will indicate only the necessary components

of the system.

Example 8.1.5 Consider the following Linguistic Grammar System

where

7i = (JVi,ïi ,(Ti,Cr2,í) is the master, where:
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172 CHAPTER 8. FORMALIZING LINGUISTIC GS

- Gi = {A -» a, B -> 6}

- G2 = {C-x:,I>->d}

- li = {A, B, G, D}*

where:

- N2 = {S,}

- T2 = {A}

- Gí = {Si

- 02 = {A}*

• -Va = (Na Tow ¡3 — \-L '3; -*-3) '

- T3 =

= {03 — * .802}

• 74 = (-^4, T4, 5*4, GI, G2, *) where:

{5*4
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- G2 = {S4

- /4 = {BY

= B

We start the derivation with an empty set in the first component and with

axioms 0/72; 7s, 74. We apply the first component of every CDGS.

We could apply reiteratively the first component of every CDGS 7 v because

the derivation mode under which they are working is *.

(0, AAAS2, BBBS3,(0, ASi, BS3, S4) =* (0, AAS2, BBS3,

We could apply, now, the second component of every CDGS 7,-.

Since within the string of the fourth component have appeared two query

symbols, we cannot continue with rewriting steps, but we have to perform two

communication steps. Notice that the query symbols present in 74 refer to

strings of the second and third component, respectively, but require a trans-

lation via the weak codes present in the system. So, we have to perform a

communication step with renaming.

(<&,An+1,Bm+1,Cn+lDm+l)
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174 CHAPTER 8. FORMALIZING LINGUISTIC GS

Notice that, since we have defined Linguistic Grammar Systems as non-

returning, components 72 ^nd 73 send copies of their strings, in such a way

that they do not have to re-start from the axiom again, but they keep their

string.

Now, no further rewriting step can be performed in components 72, 73 and

74 because every of them has reached a terminal string. Furthermore, strings

of every component match its respective output filter and master's input fitter,

therefore a communication step by command in which every component sent

its string to the master can be performed:

(0, An+1 , J3m+1, Cn+lDm+l I- (An+lBm+lCn+lDm+l,An+l,Bm+l,Cn+1Dm+'1)

Notice that strings sent by components to the master has been concatenated

in the order of system components. Moreover, 72, 73 and 74 have sent copies

of their strings keeping, in this way, their strings and without the need of

starting again from the axiom.

No rewriting step can be further performed in 72, 73 and 74. Now, it is the

turn for the master. It has received strings from every component and has to

rewrite them till it reaches a terminal string. We apply, first, component G\.

Since 71 has to work in t mode, the first component should perform as many

rewriting steps as it can.

(aAnBm+lCn+lDm+l, An+l,

Component GI cannot be further applied, so we have to turn to
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(an bm Cn+1 Dm+1 , An+1 , Bm+l , Cn+l Dm+1 )

(anbmcCndDm,An+l, Bm+l, Cn+lDm+l) =>>

=>(anbmcndm,An+l,Bm+l,Cn+lDm+1}

7i has reached a terminal string, so we could consider that derivation in

F has finished. According to our definition, the language generated by the

system is the language of the master, so we do not care about strings of 73,

73 and 74 and we consider that language of T is:

L(T) = {anbmcndm | n , m > l }

8.2 An Informal Example

According to the framework we have proposed here, a natural language ex-

pression could be considered the final language of a Parallel Communicating

Grammar Systems whose modules represent each of the simultaneous differ-

ent informational dimensions along which natural language expressions are

organized.

The functioning of the system in order to generate an acceptable language

structure could be sketched as follows. Let us consider that our Linguistic

Grammar System is composed by the following fcmr Cooperating Distributed

Grammar Systems:

1. a CDGS that generates syntactical structures;

2. a CDGS that generates semantical structures;

3. a CDGS that generates phonological structures;
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176 CHAPTER 8. FORMALIZING LINGUISTIC GS

4. and the master that could be considered to be the lexicon.

Each of those CDGS contains different terminal and non-terminal alpha-

bets and different rules. The first one would contain units such a JV, V, A, P,

NP, VP, or Number, Gender, Person, Case and Tense; and syntactical rules.

The second one would present units as physical objects, events, properties,

times, quantities, intentions or any other semantic category; and semantical

rules. And the third one would contain units as phonological distinctive fea-

tures, notions of syllable, word, phonological and intonational phrase, stress,

tone, intonation contour, etc.; and principles of phonological combination.

The last one, the lexicon, would contain words as units and rules that allow

it to coordinate, according to the syntactical, semantical and phonological

features of every word, the different structures generated by the other three

modules.

Linguistic Grammar System will start its functioning as soon as every

module starts its derivation process. Within the first module, several gram-

mars would cooperate distributively in order to produce a syntactically well

formed structure. Each of those grammars that build up the syntactical

CDGS generates .one of the different levels we could distinguish in the syntac-

tic structure of a sentence. For example, one of the components could carry

out the task of providing a phrase structure, another one could be responsible

for long-distance dependencies, a third one for principle agreement, another

one for case marking, and so on. Therefore, such modules will cooperate, in

a sequential way, in order to produce a well-formed syntactical structure.

Simultaneously, within the second module, several grammars would coop-

erate in order to produce a semantically well-formed structvire. One of the

grammars could be responsible for function-argument relations, another one

for variable-binder relations, etc. Again such different grammars that com-

pose semantic module will cooperate, in a sequential way, in order to generate

an acceptable semantic structure.
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And simultaneously to syntactic and semantic derivations, within the third

module, a phonological derivation would be taken place. In this module, one

of the components could be responsible for syllable structure, another one for

stress assignment, a third one for vowel harmony, an so on. They will col-

laborate in order to generate, in a sequential way, a well-formed phonological

structure.

In the meantime, while those three modules are working independently,

nothing is happening in master module since it does not contain any infor-

mation. It has to wait for strings produced by the other three modules.

It is worth to emphasize, once more, that those three derivation processes

are performed in a parallel and independent way. This is, the syntactic mod-

ule will generate its structure according to its rules and primitives and without

waiting fot the outputs of any other module. In the same way would behave

semantic and phonological modules, that would work autonomously.

Now, we have our three parallel modules working independently, and the

master waiting. But, of course, it is not realistic to think that there is no

interaction at all among those three modules. From time to time, they will

need information from one another in order to solve possible difficulties and

ambiguities in their derivations.

For example, phonology could need some information about word-order

to continue its derivation, what does it happen at that point? Phonological

module introduces a query symbol referring to the syntactic module and ask-

ing for such subword of syntactical strings that accounts for word-order. Once

phonological module has introduced such query, rewriting processes stop, and

communication is performed: syntactic module sent to the phonological one

the string that the latter has asked for. Once the communication has been

performed, modules re-start their function from the same point they have

left them. Rewriting processes continue till another query symbol appears in

some of our three modules.
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178 CHAPTER 8. FORMALIZING LINGUISTIC GS

Now, it is the syntactic module the one that requires some information
from the semantic component. But this time, syntax does introduce neither a

query symbol Qi nor a $, but a [7i¿, Q¿], this is, a query symbol with renaming.

Let us suppose that in that moment the semantic module contains a string

as [Agent Theme Locative] and let consider that our Linguistic Grammar
Systems contain weal! codes as the following ones:

hj( Agent) = NP

h j (Theme) =. NP

hj (Locative) = PP

providing that syntactic module has asked for current semantical string, but

that it has required a translation before the communication takes place, we
would consider that the string that syntactic module will get from that com-

munication step is something as [NP NP PP], this is, it will receive the se-

mantical string translated by means of the weak codes defined in the system.

Of course, since we have defended that Linguistic Grammar System works

in a non-returning way, we will consider that modules sent copies of their
strings, in such a way that they do not need to re-start from their axiom
every time a communication step takes place.

Derivation processes, in each of those three modules, continue, alternat-

ing rewriting and communication till the moment in which they reach three
terminal strings. Each of those strings will be considered as terminal from

their respective module point of view. This is, the first module will reach

a syntactical string, the second one a semantical string, and the third one a
phonological string. Since derivations in each module cannot go on, because
all of them have already reached a terminal string that cannot be further

rewritten, they will perform a communication step by command. Each mod-

ule will send its own terminal string to the master. So, the master will'get a

syntactic string, a semantical string and a phonological string.
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Now, once the master has received strings produced by every module of

the system, it starts its work. According to its rules, it tries to combine, to

put in correspondence the three structures generated by syntactic, semantic

and phonological module, respectively. We could consider that master task

consists in lexicalizing the structures it has received; this is, its task could be

to rewrite the syntactic, semantic and phonological structures by introducing

words. If it is possible to lexicalize those structures, if they result to be

compatible and they can be lexicalized by means of the same words, we could

consider that the master has reached successfully a terminal string and that,

therefore, a well-formed natural language expression has been generated by

the Linguistic Grammar System.

Notice that in this sort of example we have presented, modules work

independently and in a parallel and autonomous fashion. They have different

rules, different alphabets, and produce different structures. Even though they

work independently, they interact via communication steps, interchanging in

this way information that can facilitate its work. Once every module has

reached a terminal string, it sends it to the master, via a communication

step by command. The master puts in correspondence syntactic, semantic

and phonological strings and generates the language of the system. As it can

be seen, we do not get an n- tuple of structures as language of the system,

but a single language, namely the natural language expression that, of coxrrse,

combines in it the several informational dimensions in which natural language

expression are supposed to be organized along. Every such dimension is

present in the final result, because we have got such final language thanks to

the cooperation of three different modules and the coordinator labor of the

master.
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Chapter 9

Conclusions &¿ Future Work

9.1 Conclusions

In this part of our dissertation we have introduced a new variant of Grammar

Systems Theory. We have called our model Linguistic Grammar Sys-

tem with the aim of stressing its possible applicability to linguistic matters.

Specifically, we have suggested that Linguistic Grammar System could be a

framework able to account for the architecture of natural language grammar.

Many features characteristic of Grammar Systems, that have also revealed

as important in grammatical models, have led us to suggest the potential

suitability of Grammar Systems Theory in describing the functioning of the

independent dimensions that may be supposed to interact in the generation

of acceptable linguistic structures.

In the framework we have proposed here, a grammar of a natural language

could be viewed as a macro-Grammar System composed by a set of Grammar

Systems. Each of those Grammar Systems could be an independent module

that represents a level of linguistic representation (syntax, semantics, phonol-

ogy...). The number of modules needed for description of natural languages

is a complex issue that should be determined, but that we have not specified

181
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in our model because of our aims of generality. In principle, we could con-

sider as many modules as we think necessaries, providing that we keep the

basic properties of thé general device we have defined. We have distinguished

a meta- module, the so-called master. Such special module is a Grammar

System as well but with some specific characteristics and playing a special,

transmodular role within the system: coordination of strings generated by

the rest of modules in order to produce the language of Linguistic Grammar

System.

Linguistic Grammar System is clearly modular since it recognizes several

independent components. Modules in our framework are individual Grammar

Systems that represent various dimensions of grammatical representations

(syntax, semantics, phonology...). They deal with different alphabets, contain

different rules and generate different languages.

The arrangement of modules in our Linguistic Grammar System is not

hierarchical at all. In contrast with a traditional view in Linguistics -that

take dimensions of language to be 'levels' obtainable one from another in a

certain fixed order considering that the output of one component is the input

to the next, and depriving, consequently, components from any autonomy-,

modules in our framework are arranged in a parallel fashion: each module

works independently on what is happening in the others. Modules need not

to wait for the output of one module in order to start their work. They

generate their own structures according to their own alphabets and rules and

in a completely autonomous fashion. Linguistic Grammar System, therefore,

could be characterized as a system of parallel, autonomous modules that

work independently, in order to generate the different dimensions of natural

language expressions.

Very important, as well, in the model we have proposed here is the idea of

interaction. Modules in Linguistic Grammar System are clearly autonomous

and work independently but, since they are cooperating in a common task
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-namely, generation of language expressions- they should interact among

them from time to time in order to share information that can help them

in their respective derivation processes. Such interaction takes place in Lin-

guistic Grammar System thanks to a highly effective device: communication

steps. By means of communication steps, modules can interchange informa-

tion whenever they consider it is necessary, in order to continue effectively

their derivations.

Modularity, parallelism and interaction are very important features in

grammatical models, as we have already suggested. But even though it is

very interesting to have parallel modules working independently and generat-

ing different structures corresponding to the several dimensions of linguistic

expressions, we think that is very important to have some mechanism that

puts in correspondence all those stuctures, determining whether they are com-

patible in order to generate an acceptable language expression. Such mech-

anism corresponds in our model to the master. The master of Linguistic

Grammar System could be viewed as the coordinator element. It will receive

every structure generated by the modules of the system and, by applying its

rules, it will determine whether or not it is possible to generate the language

of the system from the stuctures produced independently by each component

of the framework.

Linguistic Grammar Systems, thus, combine modularity, parallelism, in-

teraction and coordinator element in a framework that could revealed itself

as an appropriate model for grammatical representations, that avoids many

of the questionable assumptions about grammar that have traditionally dom-

inated linguistic theories.

Notice that by defining Linguistic Grammar Systems as a macro-Parallel

Communicating Grammar System, where modules work in a parallel way,

we are avoiding hierarchicality since, as we have said, components work

simultaneously without waiting for the output of a higher level module.
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Derivationalism is neither present in our framework. In Linguistic

Grammar System, different structures are not generated in a sequence of

steps, but in a parallel way. Modules do not take strings from other com-

ponents in order to modify them and generate a different string, but each of

them works on its own string without taking as inputs the outputs of higher

modules.

In our model, every module is on the same level. Neither syntax nor any

other component has a privileged position in Linguistic Grammar Systems.

Every component of the system has the same treatment and none of them

deserves more importance that any other. Therefore, Linguistic Grammar

Systems avoid syntactocentrism, as well.

Modularity, parallelism, distribution, and interaction on the one hand,

and lack of hierarchicality, derivationalism and syntactocentrism on the other

seems to be a good combination in order to obtain a model that accounts

for generation of natural languages expressions. Grammatical Theories as

Autolexical "Syntax or Jackendoff's Architecture of Language Faculty are ex-

amples of such combination. Both theories have been shown to present several

advantages when they face grammatical phenomena difficult to be explained

in other views of grammar. If those theories are able to provide good theories

for grammatical representations, why not to think that our formal frame-

work -that presents the same traits as those models show- could be a useful

framework for the architecture of natural language grammar?

It was beyond our objective to provide concrete examples of the possi-

ble applicability of the framework we have proposed. Our only aim in this

part of the dissertation has been to show that Grammar Systems Theory

presents traits that could result very useful when we try to provide a general

architecture for grammar of natural languages. Linguistic Grammar Systems

have been presented as a new variant of Grammar Systems that by combin-

ing several features from different variants already defined, provides a highly
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modular, parallel and interactive framework that could account for generation

of natural language structures.

In order to define Linguistic Grammar Systems we have made a selec-

tion of what we have considered could be the most suitable tools provided

by Grammar Systems Theory for obtaining a model that combines modu-

larity, parallelism and interaction and that fits with the requirements of the

generation of grammatical representations.

We have considered that, in order to account for parallelism, autonomy

and independency, and to avoid, at the same time, hierarchicality and deriva-

tionalism, it would be more sensitive to define Linguistic Grammar System

as a Parallel Communicating Grammar System. Such variant would offer the

possibility of accounting for interaction via communication steps and would

provide the coordinator element we have considered necessary in order to put

together strings independently generated by modules of the system. Summing

up, PCGS could provide all the elements we would need for our Linguistic

Grammar Systems, namely modularity, parallelism, interaction and coordina-

tor element.

O.nce we have decided that Linguistic Grammar Systems could be viewed

as a PCGS, we have had to face the problem of finding a variant that offers

the possibility of speaking of different primitives, this is, of different terminal

and non-terminal alphabets. This necessity has been justified by the presence

of different primitives in syntax, semantics, phonology, etc. The solution has

been found in PCGS with separated alphabets defined in [Mihalache, 1996].

The problem of which type of Grammar Systems should be considered to

define Linguistic Grammar Systems has been solved, thus, by postulating a

PCGS with separated alphabets. But at that point, we have had to face the

important task of defining which type of formal device should be considered

as components of the PCGS we had defined. Taking into account the advan-

tages of modularity and distribution, we have chosen-to defend modularity
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also within components of Linguistic Grammar System, and because of that

we have defined modules of our system to be Cooperating Distributed Gram-

mar Systems. In this way Linguistic Grammar System could be considered

as a double-modular framework: it is modular in that it is composed by sev-

eral modules that work in parallel; and it is modular because every module

that composes the system is internally modular. So, in Linguistic Grammar

Systems we are speaking about several modular modules.

Interaction among modules in Linguistic Grammar Systems has been

reached thanks to communication steps already defined in Parallel Communi-

cating Grammar System. We have considered that it could be interesting to

have in Linguistic Grammar Systems a combination of two types of commu-

nication, namely commuiiicatoii by request and communication by command.

At the same time, we have chosen to define a non-centralized system in which

every component is allowed to introduce query symbols whenever it considers

necessary. Regarding to what can be interchanged in such communication

steps we have defined two possibilities in order to capture what could be

necessary in a framework that accounts for linguistic matters: we have con-

sidered that a module can send its whole current string whenever it is asked

for it, or it can send just a subword of its current string. Taking into account

that we have defended that every module produces different structures, we

do not want modules to re-start their derivation everytime they perform a

communication step, this is the reason why we have defined a non-returning

PCGS instead of a returning one.

Taking into account that we have defined independent modules with dif-

ferent alphabets and different rules, and without forgetting that interaction

among modules is necessary, we had to find a way of translating information

of one module into information understandable to another one. The mech-

anism we have chosen is the one present in PCGS with Renaming , namely

weak codes.
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And finally, in order to get a single language instead of an n-tuple of

structures such as (Syntax, Semantics, Phonology... ) we have had to define

the master. As we have already stated, such component should be considered

a meta-module whose task consists in coordinating strings generated by other

modules, in order to give the language of the system. According to such idea

we have defined the master as a Grammar System without axiom, that is not

able to start its work till the moment in which it receives string's from the

rest of components.

The result of such formalization task has been a non-centralized, non-

returning macro-PCGS with renaming, having separated alphabets, with two

types of communication (command and request), with the possibility of sub-

words communication and having as components CDGS built up by several

grammars. Such machinery has been named Linguistic Grammar System.

We have started this part of our dissertation emphasing that our principal

interest was to define a general model that could work no matter which was

the specific content of each module. We have pointed out that according to

such idea we concentrate on the general design of the model and on interaction

among modules. The framework we have obtained, by combining different

features of several variants of Grammar Systems, seems to respond to our

initial demands. It is a very general device in which features as modularity,

parallelism and interaction are captured. We have not specified the content

of modules (remember that Grammar Systems can have as components any

formal device), but we have just pointed out that, independently of what the

content of each of them is, they should work in such parallel and autonomous

way, interacting among them whenever it is necessary and being coordinated

by a meta-module.

Taking into account the generality of such model, and keeping in mind that

it presents very important features stressed in grammatical models, we could

think that Linguistic Grammar Systems could be a Grammar Systems way of
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accounting for the architecture of grammar. Much work still remain, of course,

but the features we have reiteratively mentioned, as • characteristic of our

framework and relevant in grammatical theories, encourage us to think that

we are in the right way, and that Grammar Systems Theory could be applied

to description of the arrangement and functioning of the several dimensions

that interact in order to generate grammatical structures.

9.2 Future Work

We have presented a very general tool to account for the architecture of

grammar. As we have emphasized in the introduction, our aim was to provide

a generic architecture to describe the arrangement of modules in grammar

and to specify the way in which they interact in order to give account of

grammatical structures. We did not intend to offer a detailed description of

what is inside every module. Since we wanted to keep our model as framework

free as possible, we did not consider convenient to defend a specific content

of the different components that make up Linguistic Grammar Systems. But

obviously, it could be very interesting to check how the general tool we have

defined works when a concrete content of syntax, semantics, phonology, etc.

is specified. So, a good research direction in the near future could be to

concentrate not in the general features we have already defined here, but

in the particular definition of what is inside every component of Linguistic

Grammar System. If our model has reached its initial objective, it should be

proved as a suitable tool no matter which syntactic, semantic or phonological

theory we choose.

Very important in Linguistic Grammar Systems are weak codes that trans-

late information of one module into information tinderstandable for another.

We have emphasized very much the necessity of having such a device, so that

every component of the system receives the information it needs in its own
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language. This necessity is precisely the one that has led us to postulate

a PCGS with Renaming as the most appropriate tool to account for gram-

mar of natural language. However, our aim of generality has prevented us

from specifying what must be translated by those weak codes. So, another

interesting open research line would be to individuate which information de-

serves a weak code in Linguistic Grammar Systems and how this code has to

translate such information, in other words, to find which correspondences are

necessary between different modules and how to specify such homomorphism

in the system.

And last but not least we have to refer to the study of formal properties

of the model. We have said in the introduction that since our aim here was to

provide a description of the architecture of grammar we did care very much

neither about the complexity of the model nor about its generative capacity.

However, even though from a linguistic point of view it could result more

interesting to have a model adequate in descriptional terms than to have a

model with a strong generative capacity, there is no doubt that it could be

very good to reach a framework able to combine both properties, this is,

descriptional adequacy and strong generative power and, if it were possible,

simplicity as well. We have not carried out the study of formal properties of

Linguistic Grammar Systems, because it is not the aim of the dissertation to

carry out a formal analysis of any of the models we propose. It remains for

mathematicians and formal language theorists the last word about the formal

properties of the new variant of Grammar System Theory we have proposed

here.
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Conversational Grammar

Systems
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Chapter 10

Introduction

'Conversation should touch everything but should concentrate

on nothing. ' Oscar Wilde.

10.1 What?

In this part of our dissertation we would like to introduce a new formal frame-

work that aims to show the possible applicability of Grammar Systems Theory

to the field of Pragmatics, and specifically to the study of conversation.

Taking as starting point the notion of Eco-Grammar System, and by ex-

tending it to the concept of Eco-Rewriting System, we will define a device

that could be suitable to describe conversation in terms of Formal Language

Theory. In order to emphasize the possible applicability of such tool to the

area of conversation analysis, we will call it Conversational Grammar

System.
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194 CHAPTER 10. INTRODUCTION

10.2 Why?

The main reason for the introduction of such new variant of Grammar Systems

is, as it could not be otherwise, to show the possible applicability of Grammar

Systems Theory to a wide range of areas, and in this particular case to the

field of conversation analysis. So, Conversational Grammar System should

be considered, in particular, as a new example of the possible suitability of

that mathematical tool in the study of language and, in general, as another

instance of the advantages that such device could offer when applied to any

specific issue that presents the features Grammar Systems Theory formalizes.

Our Conversational Grammar Systems intend to formally describe con-

versation. But, why conversation and not any other type of talk? It seems

that there is a general agreement among scholars in the field of conversational

analysis about the fact that conversation is the most generalized form of talk

and the basic setting for language use.

For a language setting to be basic it should be universal to human societies.

This eliminates written settings, since entire societies rely solely on spoken

word. It eliminates also spoken settings that depend on such technologies as

radio, telephones, etc. Most people participate only rarely in non-personal,

institutional, and prescriptive settings. And people do often participate in

fictional settings, but usually as audience. Thus, the commonest setting seems

to be face-to-face conversation.

According to Clark, conversation is

'The basic setting for language use. It is universal, requires no

special training, and is essential in acquiring one's first language.'

[Clark, 1996, p. 11].

For this author, other settings of language use lack the immediacy, medium,

or control of face-to-face conversation. He stresses the idea that if we want to
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characterize language use in all its settings, the setting that should take pri-

ority is face-to-face conversation, because face-to-face conversation is -always

according to Clark- 'the cradle of language use.' [Clark, 1996, p. 9].

But Clark is not the only one who emphasizes the privileged position of

conversation in language use. Charles Fillmore, for example, asserts that

'Face-to-face conversation is the l)asic and primary use of lan-

guage, all others being lest described in terms of their manner of

derivation from that base.' (cited by [Clark, 1996, p. 8]).

Sacks, Schegloff and Jefferson state that

'Conversation should be considered the basic form of speech-

exchange system.' [Sacks, Schegloff & Jefferson, 1974, p. 728].

According to Ronald Wardhaugh, conversation is 'the most generalized

form of talk' [Wardhaugh, 1985, p. 1], while for Schiffrin, 'conversation is a

more basic, unmarked mode of communication than other communicative gen-

res. Thus it is the fact that conversation is a basic form of communication. '

[Schiffrin, 1988, p. 251].

Also [Levinson, 1983] looks at conversation as the prototypical kind of

language use, and sees a methodological priority in the study of conversation

over the study of other types of language use. He emphasizes, in this regard,

that several pragmatic aspects organize themselves around their use in con-

versation. Deictic features, as grammatical codification of temporal, spatial

and discursive parameters, are organized around the assumption of copresent

participants in a conversation; pressupositions organize themselves in a con-

versational environment; implicatures are derived from specific assumptions

about conversational context; and several types of speech acts are built under

the assumption of a conversational matrix. In sum, we could say that almost
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every pragmatic concept is closely related to conversation, being this the most

basic use of language (cfr. [Levinsoii, 1983, pp. 284-285]).

Such importance of conversation as the principal setting of language use

and the relative explosion of studies of conversation in the second half of this

century back up, somehow, our choice.

But importance conferred on conversation as the basic and most general-

ized form of language use and great increase of studies of conversation during

the last years are not the only reasons that compel us to suggest the possibil-

ity of applying Grammar Systems Theory to that field. If we closely analyze

conversation we will realize that it presents many of the features we have

pointed out as definitory traits in Grammar Systems and that we have con-

sidered as advantageous when using that theory. We are referring, obviously,

to coordination, cooperation, interactioji and emergent behavioiir.

If there is something clear and unquestionable in conversation is that it

is produced by more than one individual. So, if we want to understand how

conversation works, we have to examine how different participants in conver-

sation coordinate their actions. Dependency of conversation on coordination

has been pointed out by several authors. Clark, for example, asserts that

'Orderly conversations are a testimony to the remarkable skill

by which people are able to coordinate their actions with one an-

other.' [Clark, 1996, p. 351].

and [Gibbs fe Mueller, 1990], in the same line, state that coordination is ex-

tremely important when people use language. Thus, if we are to understand

conversation, we have to understand how people coordinate among them.

Conversations cannot work without coordination of both content and pro-

cess. Participants in a conversation have to coordinate not only on what they

do but on when they do what they do. So, we need coordination in conver-

sation in order to know who speaks when and for how long.
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But coordination in language use -as [Gibbs & Mueller, 1990] point out-

requires cooperation. In fact, conversation could be defined as a 'coopera-

tive activity.' Whenever we engage in a conversation we recognize a common

purpose or at least a mutually accepted direction. And we assume that each

person is acting cooperatively. As Grice proposed, each participant in con-

versation will be expected to observe a cooperative principle, namely

'Make your conversational contribution such as is required, at

the stage at which occurs, by the accepted purpose or direction of

the talk exchange in which you are engaged. ' [Grice, 1975, p. 307].

That cooperative nature of conversation reveals itself in two ways, accord-

ing to [Wardhaugh, 1985]:

1. speakers cannot monopolize a conversation, they must offer others the

opportunity to say something even though they may decline the oppor-

tunity. Everyone has some right to speak;

2. speakers tend to match each other in such matters as the tempo of their

speaking, the kinds of words they select, the grammatical stuctures they

employ, and the general focus they choose in dealing with topics.

But conversation is not characterized only for being a cooperative activity.

Very important in its characterization is also the fact of being an emergent

activity. The idea that content and development of a face-to-face conversation

is not something fixed in advance, but something that emerges throughout

conversational acts is a very important fact whenever we try to describe or

model conversation. Participants in a conversation do not have any prespec-

ified script to know what to do and how to behave in the verbal exchange.

They have to manage their conversation turn-by-turn, and they have to deal

with exigences of each moment. This necessity of building conversation step
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by step and depending always on the current circumstances is the one that

makes of face-to-face interaction an emergent and not a planned activity.

A coordinated cooperative and emergent interaction among several speak-

ers could perfectly define what a conversation is. Those same features, namely

interaction, coordination, cooperation and emergent behavior, are very present

in Grammar Systems Theory. The importance of such notions in both con-

versation and Grammar Systems could be a good reason for trying to apply

the latter to description of the former. But there still existing some interest-

ing coincidences between face-to-face interactions and our mathematical tool

that could justify or back up. our proposal.

Action view of conversation perfectly resumed in Searle's sentence:

'Talking is performing acts according to rules.' [Searle, 1969,

p. 22].

and the key role of speakers and context in conversation analysis are two

important reasons to suggest the possible utility of Grammar Systems in

description of conversation. It is not necessary to emphasize that Grammar

Systems Theory could be characterized as as a device where agents perform

actions according to rules. In what respect to importance of 'speakers' and

'context,' we just need to recall definition of Eco-Grammar Systems as

Multi-agent systems where different components, apart from

interacting among themselves, interact with a special component

called environment.

in order to see how important agents and environment are in such subfield of

Grammar Systems Theory.

Summing up, the main reason to propose Conversational Grammar Sys-

tems is, of course, our aim of showing the possible applicability of Grammar
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Systems Theory. Choice of conversation instead of any other form of talk

could be justified by several facts:

• privileged position occupied by conversation as basic setting of language

use;

• increasingly importance of conversation in language studies;

• presence in conversation of features as coordination, cooperation, inter-

action and emergent behavior, that have revealed as very important in

Grammar Systems Theory;

• key role of notions such as speaker and context, both in conversation

and Eco-Grammar Systems;

• action view of conversation .that could be perfectly accounted for with

Grammar Systems Theory.

All the above reasons could, in our opinion, justify the definition of that

new type of Grammar Systems that we have called Conversational Gram-

mar Systems.

10.3 How?

We will organize this part dedicated to Conversational Grammar Systems

into five chapters.

Chapter 11 will have as main goal to get an idea of conversation. In order

to clarify what conversation is, we will perform three steps: we will look for a

definition, we will try to find out what has been considered as minimal unit

of conversation, and finally we will attempt to point out some of the features
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that can characterize conversation and that can help in differentiating it from

other types of speech. •

Chapter 12 will briefly present some approaches used to model conversa-

tion. We will have a quick look to some sttidies of conversation carried out

in the fields of Ethnomethodology, Phylosophy of Language and Artificial

Intelligence.

After having an approximate idea of what conversation is, which features

can characterize it and how it has been approached from different research

areas, we will be ready to present our proposal. This will be done in Chapter

13. In that chapter we will build our Conversational Grammar Systems step

by step, in order to cast light on every definition we make, and with the aim

of clarifying the relationship between our formalization and the correspon-

dent element or fact in conversation. We willend this chapter by collecting

the formal definitions of Conversational Grammar Systems and by giving an

example of the functioning of such device.

Chapter 14 will carry out the task of putting Conversational Grammar

Systems versus conversation. In this chapter we will try to check how our

formal framework could fit with the features that have been proposed as

characteristic of face-to-face interactions. We will review some of the most

reiterative traits whenever somebody speaks about conversation, trying to

show how such traits could be accounted for in Conversational Grammar

Systems.

We will finish, as always, with conclusions and future work presented in

Chapter 15.
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Chapter 11

Getting an Idea of

Conversation

'Conversation is not simply about something, nor is merely

a set of somethings, such as topic. A conversation is something. '

[Wardhaugh, 1985, p. 39].

Being our aim to propose a formal language approach to conversation,

our first task should be to provide a characterization of what conversation

is. In order to perform such a characterization, we could proceed in three

steps: first giving a definition of the object we want to formalize, making

clear, after, which the units of such an object are, and providing, finally, an

enumeration of the most noticeable features of our matter of study.

11.1 Definitions

Despite the growing multi-disciplinary interest in the study of conversation,

there is no accord or agreement on the way of defining conversation. If we
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check the literature about conversation, we will find a wide range of defini-

tions. Almost every author that has dealt with such an object of study has

given his own definition of it. Since every definition that has been proposed

presents its advantages and its drawbacks, it is not easy to show preference

for one and to eliminate the rest. Because of that, we think that the best

choice, in order to give an approximate idea of how conversation can be de-

fined, is to provide a brief selection of some of the definitions that have been

proposed by different researchers, that from one perspective or another have

dealt with conversation.

We can start our list with definition proposed by one of the most no-

table researchers in the field of Pragmatics, namely Stephen Levinson. In

[Levinson, 1983] conversation is defined as:

'That familiar predominat kind of talk in which two or more

participants freely alternate in speaking, which generally occurs

outside specific institutional settings like religious services, law

courts, classrooms and the like.' [Levinson, 1983, p. 284],

Less specific is Farrell, for whom conversation can be simply defined as

'the informal exchange of utterances by two or more parties in any setting. '

[Farrell, 1983, p. 262]; or Clark who understands conversation as the 'spon-

taneous dialogue among two or more people.' [Clark, 1996, p. 318].

In the same line could be placed definition provided by Allen & Guy,

according to whom conversation is 'a process which fundamentally involves

verbal exchanges between two persons, although more than two persons may

participate. ' [Allen & Guy, 1974, p. 30].

Very simple, as well, is definition proposed by Allwood who considers

that conversation 'consists of the successive communicative contributions (ut-

terances) made by the participants in the dialogue.' [Allwood, 1994, p. 9].
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Even simpler are characterizations given by Crow, for whom conversation

is seen just as 'text situated within a context,' [Crow, 1983, p. 136], and by

Wilson, who defines conversation in relation to an 'equality of distribution in

speaker rights.' [Wilson, 1987, p. 341].

If we turn now to conversational approaches in Artificial Intelligence and

Computational Linguistics, we will find definitions that stress very much the

interactive, cooperative and negotiation aspects of conversation. Definition

presented by Moulin, Rousseau fe Lapalme is an example of such kind:

'A conversation can be thought of as the result of coordinated

interactions among agents to reach a common goal called a con-

versational goal.' [Moulin, Rousseau & Lapalme, 1994, p. 35].

Also Gibbs & Mueller definition of conversation as 'an interactive, negotiated

process in which there are implicit agreements between speakers and listeners'

[Gibbs & Mueller, 1990, p. 96] could be considered an instance of the type

of definitions we are referring to.

A more daring definition of conversation is the one offered by Wardhaugh.

This author considers conversation a 'piece of theatre ' and defines it as

'A performance, a kind of show in which the participants act

out as well as speak whatever it is that they are doing. Each must

present himself to the others. Each must at every moment de-

cide who he is and what he is doing, where he is and what he

is saying, has said, is about to say, or does not wish to say,

and how all the foregoing is related to all the other things done

and said, being done and said, and possibly to be done and said.'

[Wardhaugh, 1985, pp. 39-40].

If Wardhaugh sees conversation as a piece of theatre, Jacobbs & Jack-

son understand it as a 'language game or a collection of language games'
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[Jacobbs &; Jackson, 1983, pp. 51-52], defining 'games' as activities defined
by rules. According to those authors, players in a game have knowledge of
the rules and varying degrees of skill in using the rules to make moves- that
realize their goals. On the other hand, games are characterized by varying
degrees of mutual constraint: each player's actions will constrain, in some
degree, actions of the other. From this viewpoint, the question of how peo-
ple constructs coherent conversation is equivalent to asking how the game is

played.

We could continue giving definitions of conversation in which stress is put
in different aspects of the conversational exchange, depending, obviously, on
the type of study that is carried out. But we think that the above-mentioned
definitions are enough to make us a roughly idea of what conversation is. In
order to summarize many of the aspects that have been pointed out in all
the definitions we have presented, a good way of ending this section is by

offering a definition that, in our opinion, captures a great deal of the essence
of conversation:

'Interactions can be understood as the sustained production of

chains of mutually-dependent acts, constructed by two or more

agents each monitoring and building on the actions of the other. '

[Levinson, 1983, p. 44].

11.2 Units

In the above section we have tried to offer a definition of conversation as

the first step of our attempt to characterize face-to-face interactions. It is
certainly true that to have a definition of the object we want to work with is

essential, but it is not less important to know which the units that make up
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such an object are. In this section, precisely, we want to shed light on that

second issue.

When we have tackled the task of finding a definition of conversation we

have found out several different proposals and, in general, little or no accord

among researchers about an unique definition of conversation. The situation

is not much clearer when we face the issue of which the units of conversation

are. There is no agreement at all in the literature about what should be the

minimal unit of conversation. Every study in conversation analysis agrees

on that conversation has a structure but they disagree on which unit is to

be considered as the minimal constituent of such structure. Several concepts

have been proposed as possible units: sentence, utterance, tone unit, message

unit, turn at talk, move and dialogue act are some of them.

A very influential proposal is Sacks, Schegloff and Jefferson's one. These

authors speak of turns as basic units of conversation. A turn is defined as a

unit determined interactively whose constitution involves such a distribution

of tasks as that a speaker can talk in such a way as to permit projection

of possible completion to be made from his talk, allowing others to use its

transition places to start or to pass up talk. Any turn has regularly three

parts: one which addresses relation of a turn to a prior, one involved with

what is occupying the turn, and one with addresses relation of the turn to a

succeeding one.

A different proposal is the one we find in [Carletta et al, 1995] and

[Carletta et al, 1997] where it is defended the move as minimal conversa-

tional unit while distinguishing three different levels in a conversation:

1. Conversational Moves, considered the building blocks for conversational

game structure, are different kinds of initiations and responses classified

according to their purposes.

2. Conversational Game defined as a set of utterances, a sequence of moves
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starting with an initiation and acompassing all the utterances up until

the purpose of the game has been either fulfilled or abandoned.

3. Transactions, this is, subdialogues that accomplish one major step in

participants' plan for achiving the task.

A similar analysis of conversational units is proposed in [Crow, 1983]. This

author establishes also three different levels in conversation, considering the

act as minimal unit:

1. Act is the minimal pragmatic unit, ranging in length from one word to

a long and complex sentence.

2. Sequence. When two or more consecutive conversational acts exhibit

contingencies in form, topic or function they constitute a conversational

sequence.

3. Episode. Conversational episodes are constructed as participants coor-

dinate a common topic through two or more consecutive sequences of

conversational acts.

Also [Clark, 1996] views conversation as consisting of a hierarchy of parts.

This author refers to sections, adjacency pairs and turns.

As follows from the above examples, it is obvious that even though there

is no agreement about how to name the minimal unit of conversation, the

units that have been proposed do not differ very much, and in general a

correspondence between them can be established.

From what we have said up to now, we could derived some features of

conversation: it is made up by minimal units, called turns, moves or acts;

it needs at least two participants; it pressuposes some common knowledge;

and it implies coordination, interaction and negotiation among participants.
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But these are not the only features we can advocate in order to characterize

conversation. In the literature of the field we can find several traits that help

us in the task of differentiating conversation from any other type of talk. Let

see which those features are.

11.3 Features

As it happens in the two above sections -where we have tried to find definition

of conversation and its minimal unit, when we try to individuate its basic

features, and we direct our attention to the literature of the field in order

to get a clear idea of what those traits of conversation are, we realize that

depending on the author we are reviewing we will find a set of features or

another. It is certainly true that, even though each author gives its own list

and that rarely two authors coincide in listing exactly the same traits, every

different catalogue of features we find in the bibliography of conversation gives

traits that truly characterize face-to-face interactions.

A very interesting characterization of conversation is the one we find in

[Clark, 1996]. With the aim of differentiating conversational acts from any

other type of verbal interchange, this author refers to ten features that, ac-

cording to him, describe any face-to-face interaction:

1. Copresence. Participants share the same physical environment.

2. Visibility. Participants can see each other.

3. Audibility. Participants can hear each other.

4. Instantaneity. Participants perceive each other's actions at no per-

ceptible delay.

5. Evanescence. Medium is evanescent -it fades quickly.

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008



208 CHAPTER 11. GETTING AN IDEA OF CONVERSATION

6. Recordlessnes. Participants' actions leave no record or artifact.

7. Simultaneity. Participants can produce and receive at once and si-

multaneously.

8. Extemporality. Participants formulate and execute their actions ex-

temporaneously, in real time.

9. Self-determination. Participants determine for themselves what ac-

tions to take when.

10. Self-expression. Participants take actions as themselves.

A different type of characterization, maybe the most referred one, is the

one we find in [Sacks, Schegloff & Jefferson, 1974]. Many are the researchers

on the field of conversation analysis who have used the list of traits provided

by those authors as the basis of their study of conversation. According to

such a description, whenever we find the following features we could assure

that we are in front of a conversational act:

1. Speaker-change recurs, or at least occurs;

2. overwhelmingly, one party talks at a time;

3. occurrences of more than one speaker at a time are common, but brief;

4. transitions with no gap and no overlap are common. Together with

transitions characterized by slight gap or slight overlap, they make up

the vast majority of transitions;

5. turn order is not fixed, but varies;

6. turn size is not fixed, but varies;

7. length of conversation is not specified in advance;
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8. what parties say is not specified in advance;

9. relative distribution of turns is not specified in advance;

10. number of parties can vary;

11. turn-allocation techniques are obviously used. A current speaker may

select a next speaker or parties may self-select in starting to talk;

12. various 'turn-constructional units' are employed; e.g. turns can be pro-

jectely 'one word long' or they can be sentential length;

13. repair mechanisms exist for dealing with turn-taking errors and viola-

tions; e.g. if two parties find themselves talking at the same time, one

of them will stop prematurely, thus repairing the trouble.

The two-above characterizations of conversation help us, clearly, in our

task of drawing a picture of what conversation is. However, even though

Clark characterization is very interesting and it undoubtable accomplishes

its objective of differentiating conversation from other types of verbal inter-

changes, we will not use those features as the basis of our Conversational

Grammar Systems, but we will prefer to take into account the last catalogue

of features when we will face our challenge of giving a formal language de-

scription of conversational acts.

Definitions, units and features give us an approximate idea of what we

are dealing with. Now we know better what a conversation is and which the

features that characterize that special type of verbal interaction are. In this

way we have overcome the first stage of our trip towards a formal language

description of conversation. The next phase in our odissey will be to review

different approaches from which conversation has been undertaken.
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Chapter 12

Some Approaches Used to

Model Conversation

In the last forty years or so, analysis of conversation has formed an increas-

ingly important part of language study. Philosophy, Psychology, Sociology,

Linguistics, Cognitive Science, Artificial Intelligence, Human-Computer In-

teraction and Software Engineering have examined conversation from a va-

riety of perspectives. While the first four disciplines we have named are

concerned with explaining the way in which language is used in the context

of social interaction between people, and suggest a number of models of di-

alogue; the latter ones, are concerned with construction of computational

devices to support interaction between human and/or artificial agents and

suggest a number of approaches to dialogue management.

In order to get an idea of how conversation has been approached from

different disciplines, we will briefly review some of the studies of conversa-

tion carried out in fields as divergent as Ethnomethodology, Philosophy of

Language and Artificial Intelligence.

211
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12.1 Conversation in Ethnomethodology

Research, on conversation has been largely absent from academic disciplines

till the second half of this century. Importance of conversation was discovered

by an empirical discipline, known as Conversation Analysis, that emerged

in the early 1960s within the field of Ethnomethodology1.

The main purpose of that research stream -always related to the names

of Harvey Sacks, Emanuel Schegloff and Gail Jefferson- can be stated quite

simple: to describe 'technology of conversation. ' Studies in Conversation

Analysis2 aim -in Wooffitt words- to make explicit 'the. tacit, organized rea-

soning procedures which inform the production and recognition of naturally

occurring talk.' [Wooffitt, 1990, p. 10]. The most important objective of

Conversation Analysis is, thus, to explain procedures used by participants

in a conversation to produce utterances and to make sense of other people's

talk. It is very important to emphasize that conversational analysts do not

try to furnish an academic or outside's reading of conversation, but to de-

•"•This term was coined by Garfinkel. Ethnomethodology proposes that any competent

member of society is equipped with a methodology for analysing social phenomena. The

term, thus, refers to the study of the ways in which everyday common-sense activities

are analysed by participants, and of the ways in which these analyses are incorporated

into courses of action. Heritage defines Ethnomethodology as 'the study of the common-

sense reasoning skills and abilities through which the ordinary members of a culture produce

and recognize intelligible courses of actions.' [Heritage, 1989, p. 21]. For studies in Eth-

nomethodology , the reader can consult [Button, 1991].
2 Although some authors may see Conversation Analysis as a subfield of Discourse Anal-

ysis, it is important to differentiate the two areas. Both disciplines seek at giving a ex-

planation of how sequential organization and coherence are produced and understood in

discourse. But the methodology used in those disciplines is very different. Discourse Analy-

sis uses methodology, theoretical principles and primitive concepts typical from Linguistics.

They just try to apply the techniques used in Linguistics further than the sentence. Con-

versational Analysis, on the other hand, is an empirical approach with the consequent

different strategies of research.
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scribe methods people themselves use to make sense when they talk to each

other in the course of conversation.

Being concerned with talk as a collaborative matter and with how parties

can jointly produce an organised sequence of talk, Conversation Analysis tries

to specify how the consecutive actions that conversation consists of are related

one to another and how they build up conversational sequence. In order to

reach that aim, researchers in the field of Conversation Analysis make four

fundamental assumptions that, according to [Heritage, 1989], can be stated

as follows:

1. all conversations are structurally organised according to certain social

conventions; this means that social action and interaction can be studied

independently of the psychological or other characteristics of particular.

participants involved;

2. contributions to interaction are both:

(a) context-shaped, in the sense that they cannot be fully understood

without reference to the context in which they occur, especially

the immediately preceding utterance;

(b) and context-renewing in the sense that each utterance forms the

immediate context for the utterance that follows it;

3. every detail of conversation is potentially significant, and hence cannot

be dismissed a priory as disorderly, accidental or irrelevant;

4. study of social interaction in its details is best approached through the

analysis of naturally occurring data.

So, as follows from what we have said up to now, Conversational Analysis

is an empirical field that tries simply to make explicit what implicitly is used
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by speakers in its everyday conversational exchanges. However, methodol-

ogy and results obtained by researchers in the field of Conversation Analysis

have revealed as quite useful in the area of Human-Computer Interaction,

for example. Computer scientists as Norman and Thomas or Robinson have

pointed out that utility. The following quotations are clear to that respect:

'Conversation Analysis seems to us to offer the possibility of

the provision of comprehensive and secure design information based

on a coherent view of interaction, although representing an in-

vestigative paradigm quite different to those currently employed in

Human-Computer Interaction research.' [Norman fe Thomas, 1990,

p. 53].

'The findings of one particular form of ethnomethodological

work, that of Conversational Analysis, seem prima facie to be di-

rectly relevant to human-computer interaction.' [Robinson, 1990,

p. 45].

But, of course, not everybody shares the same opinion, so that we can find

voices that deny any utility of Conversation Analysis in the field of Computer

Science. [Button, 1990] is an example of such type of thinking. According

to that author, Conversation Analysis cannot provide the basis to build a

computational model of conversation. The only thing it may produce is a

simulacrum of conversation. The reason that prevents Conversational Anal-

ysis from having any utility in computational models of conversation is -in

Button's opinion- the fact that conversation analysts have defended the idea

that conversation is not rule governed in the sense that it should have to be

in order to have machines converse with humans.

Even though very important, studies in Conversation Analysis are just

one example of how conversation can be approached. Let us review now
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what has been done with regard to the subject under discussion in the field

of Philosophy of Language.

12.2 Conversation in Philosophy of Language

If we speak about analysis of conversation in the area of Philosophy of Lan-

guage we have to refer necessarily to three proper names: Austin, Searle and

Grice.

Within a philosophical tradition begun by [Austin, 1962], dialogue is viewed

as a sequence of speech acts, uttered by each party to achieve certain goals.

The notion of speech act must be, thus, attributed to Austin who is the first

in challenging the idea that to utter a sentence is simply to state something.

He observes that there exist a type of utterances that do not describe or

report or constate anything at all, but that their uttering is the doing of an

action3. He calls this special type of utterances performative sentences, in

order to stress the idea that the issuing of the utterance is the performing of

an action and not just the saying of something (as is the case of constatives

sentences).

After having postulated the existence of performative sentences that can-

not be said to be 'true' or 'false,' but that can be qualified at most as 'happy'

or 'unhappy,' Austin observes that in any utterance we can individuate three

different types of acts, being one of them the act of doing something while

uttering the sentence. Those three different acts we perform whenever we say

something are the following:

3Examples like '/ do, ' as uttered in the course of the marriage ceremony; or 'I bei you

six pence it will rain tomorrow, ' shows that to'utter the sentence is not to describe my

doing of something, but the utterance of those sentences is to actually do that thing.
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1. Locutionary act, which is 'roughly equivalent to uttering a certain

sense and reference, which again is roughly equivalent to 'meaning' in

the traditional sense. ' This is performing an act of saying something.

[Austin, 1962, p. 109]. .

2. Illocutionary act 'such as informing, ordering, warning, undertaking,

etc., i.e. utterances which have a certain conventional force.' Here we

perform an act in saying something. [Austin, 1962, p. 109].

3. Perlocutionary act, 'what we bring about or achieve by saying some-

thing, such as convincmg, persuading, and even, say, surprising or mis-

leading. ' We perform an act by saying something. [Austin, 1962, p.

109].

From the above typology follows that Austin distinguishes meaning of

saying something from force in saying something and from achieving of certain

effects by saying something. Obviously, Austin's focus of interest is the second

type of act, namely the illocutionary one. In fact, the term speech act is now

used to make reference exclusively to this type of act.

Summing up, by introducing the idea of illocutionary act, Austin opens

what has been a very influential theory, namely theory of speech acts. How-

ever, that theory would not have had the repercussion it has actually had

without the figure of John Searle. Work done by this author in the field of

speech acts is considered as the systematic development and continuation of

Austin's How to do things with words. Searle considers that to speak a lan-

guage is nothing else than to perform 'acts according to rules. ' [Searle, 1969,

p. 22]. Since he regards the structure of a language as the 'conventional real-

ization of a serie of sets of underlying constitutive rules' [Searle, 1969, p. 37],

he defends the idea that speech acts are performed.by uttering expressions in

accordance with those constitutive rules.
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The above few words about speech acts did not intend to be anything else

that a very small incursion in such a wide theory. Lack of space prevent us

from giving a detailed account of speech acts but, since no work of conversa-

tion can ignore the great importance of the theory developed by Austin and

Searle, a reference to speech acts was in order here.

It is true that theory of speech acts is one of the most referred philosophi-

cal theories in studies of conversation, but it is far from being the only theory,

within the area of Philosophy of Language, recurrently referred whenever con-

versational acts are approached. Ideas about conversation developed by Grice

have revealed as fundamental in any description of face-to-face interaction, so

that we cannot conclude this section dedicated to studies of conversation in

the area of Phylosophy of Language without making reference to work carried

out by Grice.

The biggest contribution of Grice to the study of conversation is undoubt-

edly his cooperative principle. According to this author each participant

in a conversation will be expected to observe a cooperative principle that can

be stated in the following terms:

'Make your conversational contribution such as is required; at

the stage at which occurs, ly the accepted purpose or direction of

the talk exchange in which you are engaged. ' [Grice, 1975, p. 307].

Taking as starting point the above cooperative principle, and assuming

that such a general principle can be acceptable, [Grice, 1975] distinguishes

four categories with some maxims and submaxims:

1. Quantity:

(a) Make your contribution as informative as it is required for the

current purposes of the exchange.

UNIVERSITAT ROVIRA I VIRGILI 
GRAMMAR SYSTEMS: A FORMAL-LANGUAGE-THEORETIC FRAMEWORK FOR LINGUISTICS AND CULTURAL EVOLUTION 
Maria Dolores Jiménez López 
ISBN: 978-84-691-1893-1/DL: T-351-2008



218 CHAPTER 12. SOME APPROACHES USED TO...

(b) Do not make your contribution more informative than it is re-

quired.

2. Quality. 'Try to make your contribution one that is true:'

(a) Do not say what you believe to be false.

(b) Do not say that for which you lack adequate evidence.

3. Relation. 'Be relevant.'

4. Manner. 'Be perspicuous:'

(a) Avoid obscurity of expression.

(b) Avoid ambiguity.

(c) Be brief (avoid unnecessary prolixity.)

(d) Be orderly.

According to Grice, the above set of conversational maxims are assumed

to govern conversation. They determine speaker choice of utterances, defining

as inappropriate conversational moves that would violate at least one maxim.

Austin, Searle and Grice can be considered, thus, three big exponents

within Philosophy of Language that have developed influential theories in

the analysis of conversation. Speech acts and cooperative principle are re-

ferred in almost every work that faces the challenge of describing and an-

alyzing conversational acts. The broad repercussion of both theories shows

clearly their importance and justifies their inclusion in this chapter of our

dissertation where we are reviewing some approaches to conversation from

different perspectives.
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12.3 Conversation in Computer Science, AI

and Computational Linguistics

Conversational Analysis and Philosophy of Language are not, as we have al-

ready pointed out, the only disciplines that have faced study of conversation.

Conversation has been approached, in the last years, from the areas of Artifi-

cial Intelligence and Computational Linguistics, as well. Several researchers of

those fields have analyzed interactions of agents participating in conversation

and have addressed the problem of human-computer interaction. In general,

we can distinguish -according to [Jokinen, 1996]- two different approaches in

dialogue management studies:

1. Structural approach, characterized by using dialogue grammars to

capture regularities of dialogue in terms of exchanges and moves and

with the aim of trying to identify adjacency-pairs.

2. Intention-plan-based approach that classifies speaker's beliefs and

intentions into speech acts and uses planning operators to describe

them.

Both approaches regard natural language as purposeful behavior, but they

differ in how this behaviour is to be described. The former sees dialogues as

products and disposes participants' beliefs and intentions into a predefined

dialogue structure. The latter, instead, focusses on participants' goals, and

stresses relations between acts that contain appropriately sets of beliefs and

intentions as their preconditions and effects. Within the first group we could

placed Grosz and Sidner discourse model, as well as models proposed by

Reichman, Frohlich and Luff and Dahlbâck and Jònsson. An instance of

intention-plan-based approach could be [Allen & Perrault, 1980] model.
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But structural and intention-plan-based approaches are not the only per-

spectives from which conversation has been tackled within the fields of Ar-

tificial Intelligence and Computational Linguistics. A very interesting re-

search line is the one that applies theory of Multi-Agent Systems to the*

study of conversational interchanges. Two interesting instances of multi-

agent approaches for modelling conversation are the framework presented in

[Moulin, Rousseau fe Lapalme, 1994] and CARAMEL, the model proposed in

[Grau, Sabah & Vilnat, 1994].

And last but not least, an interesting model for conversation in the area

of Computational Linguistics, hard to be placed in any of the above items of

classification, is Bunt's Dynamic Interpretation Theory (DIT) [Bunt, 1990].

Given the fact that many of the features present in that theory will be very

important in our Conversational Grammar Systems we will dedicate a sub-

section to briefly present Bunt's conversation approach.

Let, thus, briefly review some of the above-mentioned models of dialogue.

12.3.1 Structural Approach

[Grosz fe Sidner, 1987] approach for describing processing of utterances in a

discourse could be placed within structural approach of dialogue management.

The framework proposed by those researchers stresses the role of purpose

and processing in conversation. Their model distinguishes basically three

interrelated and interacting components in the structure of a discourse:

1. a linguistic structure that is composed of discourse segments of naturally

aggregating utterances;

2. an intentional structure that is composed of goals or intentions that have

been expressed in each of the discourse segments as well as relations

among them;
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3. and an attentional structure that contains information about objects,

properties, relations and discourse intentions that are most salient at

any given point.

According to Gross and Sidner, those three components of discourse struc-

ture supply all the information needed by the speaker in order to determine

how an utterance fits with the rest of the discourse.

Within the same structural approach could be placed Frohlich and Luff

work. In [Frohlich & Luff, 1990], various aspects of 'technology of conversa-

tion' -as have been described in Conversational Analysis literature- are applied

to human-computer interaction in order to generate orderly sequences of talk.

The aim of that work is to see how productive can be to reproduce in human-

computer conversations details of natural conversations between people. In

order to fulfil that goal, the authors use, in their computer system, rules,

techniques, procedures, methods, and maxims that have been proposed to

account for conversation in Conversational Analysis literature. Summing up,

they try to apply 'technology of conversation' to 'technology for conversation.'

Taking as starting point the idea that a conversation can be decomposed

into a limited set of constituents that combine with one another in regular

ways, discourse grammars are presented as frameworks to model the ac-

tive development of conversation. One of the most important objectives of

discourse grammars is to characterize how the taking of particular options

during conversation constrains later conversational development.

An important example of the use of discourse grammars in the study of

conversation is the model proposed in [Reichman, 1985]. In Getting computers

to talk like you and me, Reichman defines a discourse grammar for gen-

eration and interpretation of 'coherent' conversational speech. If a sentence

grammar describes component elements of sentences and their relations, dis-

course grammar describes component elements of discourse and conventional
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relations between them. So, discourse grammar provides a structural descrip-

tion of discourse based on the functional relation among its parts. But let see

more carefully what Reichman proposes.

In [Reichman, 1985], the author presents the idea of a context space de-

scribing current set of things being talked about in a dialogue and formalized

as schematic structures with a fixed number of slots for holding various kinds

of information. She, then, defines various conversational moves which can

be made to effect transitions between context spaces, and that are defined as

those utterances that serve to create a shift in the discourse4. After having

enumerated conversational moves, she defines conversation, not as a linear se-

quence of turns, but as a 'sequence of such functionally related conversational

moves.' [Reichman, 1985, p. 21].

Summing up, context-space grammar proposed by Reichman provides a

structural and functional analysis of discourse. Her theory -as Reichman

asserts- purports 'to delineate general rules of maxim-abiding discourse pro-

cessing, rules applicable to many forms of discourse engagement and un-

derlying any form of coherent discourse' [Reichman, 1985, p. 167]. Rules

formalized in grammar are abstract and try to characterize the set of con-

straints operative in conversational speech that are independent on particular

speaker/listeners beliefs, world knowledge, attitudes and personal motiva-

tions.

In [Dahlbàck & Jônsson, 1992], the same defence of dialogue grammars is

maintained. These authors describe a computational model of dialogue man-

agement for human-computer dialogues in natural language. Their model

uses a simple context-free grammar that generates a dialogue structure of

sequential and recursively embedded initiative-response units. They present

4 Among the different types of conversational moves, she enumerates: presenting, ex-

plaining, giving support to or challeging a claim, shifting a topic, and resuming a preceding

subject of discourse.
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their framework, not as a psychologically realistic cognitive model, but as

a model that will successfully emulate human linguistic behaviour in situa-

tions for which it is intended to be used, namely natural language interfaces.

Dahlbáck & Jonsson model corroborates, therefore, the idea that a dialogue

grammar can accurately describe certain human-computer natural language

dialogues5.

In clear contrast with the above frameworks we find Constructive Dia-

logue Model presented in [Joldnen, 1996] as a new approach to plan system

response. In this model, both dialogue grammar and speech act recognition

are abandoned as infeasible ways to describe dialogues. Dialogue grammar is

abandoned because the author defends the idea that structure of a dialogue is

not built according to structuring rules, but emerges from local coherence as

dialogue goes on. Speech act theory, on the other hand, is refused because, for

Jokinen, beliefs and intentions are dealt with by reasoning about utterance

context and communicative constraints instead of speech act types. In Con-

structive Dialogue Model, dialogues are regarded as collaborative activities,

planned locally in the changed context as reactions to previous contributions

and governed by rationality principles of Ideal Cooperation.

Grosz and Sidner's discourse model, Reichman's discourse grammar, Frohlich

and Luff's technology for conversation and Dahlbáck and Jònsson's dialogue

grammar are, thus, some instances of what has been considered the structural

approach of dialogue management. It is time, now, to review an example of

the second type of approach, namely the intention-plan-based one.

5Related work is presented

Ahrenberg, Jonsson & Dahlbáck, 1990,

in [Ahrenberg, Dahlbáck fe Jonsson, 1995,

Ahrenberg, Jonsson & Thurée, 1993,

Jonsson, 1991,- Jonsson, 1995b, Jonsson, 1995a, Dahlbáck, 1995, Ahrenberg et al, 1996].
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12.3.2 Intention-Plan-Based Approach

Beside the above structural approaches which propose dialogue grammars

to describe conversation, there has been a great deal of work in text and

discourse research based on the notion that interpretation of meaning depends

on identification of speaker beliefs, intentions, goals and plans.

An example of such an intention-plan-hased approach to conversation is the

model presented in [Allen & Perrault, 1980]. In that article, it is argued that

much of linguistic behavior can be explained by assuming a plan based model

of language. Language is viewed as an instance of goal-oriented behaviour.

Utterances are produced by speech acts that are executed in order to have

some effect on the hearer, effects that typically involve modifying the hearer's

beliefs or goals.

Starting with an intuitive description of what they think occurs when one

agent A asks a question of another agent B who answers it6, Allen & Perrault

describe a model of cooperative behaviour and describe how such a model can

be applied to a natural language understanding system.

After having accepted the following three assumptions:

1. people are rational agents who are capable of forming and executing

plans to achieve their goals;

2. they are often capable of inferring the plans of other agents from ob-

serving that agent performs some action;

6A has a goal to acquire some information; he creates a plan that involves asking B a

question whose answer will provide the information. A, then, executes his plan, asking B

the question. B receives the question, and attempts to infer A's plan. In this plan, there

may be goals that A cannot achieve without assistance. These are the obstacles in A'&

plan. B can accept some of these obstacles as his own goals and create a plan to achieve

them. B's response is generated when he executes this plan.
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3. they are capable of detecting obstacles in another's agent plans.

and having clear that a good question answering system often needs to provide

responses that specify more information that strictly required by the question,

Allen & Perrault try to model such helpful behavior, investigating mainly how

such a model can be used to explain several aspects of linguistic behavior.

The result of their research is a model which provides the mechanisms to

explain some interesting aspects of language:

• generation of responses that provide more information than required;

• generation of responses to sentence fragments;

• and analysis of indirect speech acts.

12.3.3 Distributed AI Approach

As we have said above, study of conversation has also been tackled from

a Multi-Agent Systems perspective. Multi-agent approach to conversation

proposed in [Moulin, Rousseau & Lapalme, 1994] is an interesting example

of such kind of study. Moulin, Rousseau & Lapalme think of conversation as

the result of coordinated interactions among agents to reach a common goal:

the so-called conversational goal. This view of conversational acts leads them

to model and simulate conversation using a multi-agent system composed by

three different types of agents:

1. locutor-agents involved in conversation are intelligent planning sys-

tems and are represented using distributed artificial intelligence tech-

niques;

2. conversational agent that manages conversational objects and speech

acts performed by locutor-agents;
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3. environmental agent that simulates environment in which locutor-

agents operate. It simulates the effects of actions performed by locutor-

agents as well as changes taking place in this world.

Each agent possesses its own mental model, this is, a conceptual network

composed of objects or mental states which model knowledge needed by an

intelligent planner.

Interactions among locutor-agents -who behave in a cooperative way in or-

der to decide the sequence of their interventions- are considered as exchanges

of what is called conversational objects, namely beliefs, intentions or any

other object that agent considers relevant. Conversational objects exchanged

during a conversation are, recorded by conversational agent in a conceptual

network. Whenever a locutor-agent decides to start a conversation with other

agents, conversational agent is activated and creates a conversation instance

that will contain all the conversational objects exchanged during conversation.

During the course of a conversation, an agent may access conversational ob-

jects that represent knowledge that is shared, so that mutual knowledge is

not duplicated in each agent's knowledge base.

When an agent AI performs a speech act directed toward another agent

AÎ, it creates or updates a conversational object and transmits it to con-

versational agent with the indication of the agent which should receive it.

Conversational agent receives the conversational object, updates the conver-

sational object network and notifies agent A-¿. As it follows from what we

have said, during all the exchanges taking place between agents, conversation

evolves thanks to updates made on conversational object network. A conver-

sation may be suspended with the agreement of locutor-agents. In this case,

it will be resumed later by the agent that interrupted it. A conversation is

terminated when all the conversational objects and their relations have been

accepted or refused by loctitor-agents and if they do not propose any new

conversational object to the conversational agent.
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According to such multi-agent approach, any conversation evolves through

different states. A conversation is started by an agent. Then it goes into a

state called body, which is the conversation state where negotiations about

conversational objects take place. From the body state, a conversation may

go into the interruption-proposed state if an agent wishes to suspend it. When

suspension becomes effective, conversation goes into interrupted state. Then

it becomes resumed when the locutor-agent, who interrupted it, resumes it.

From resumed state, conversation goes into the body state, from which it can

be terminated. In some cases an agent may decide to reactivate a conversation

that was terminated. From the reactivated state, conversation goes into the

body state in which it progresses again.

Lack of space prevent us to give a more detailed account of the multi-

agent system approach to conversation proposed by Moulin, Rousseau and

Lapalme. Nevertheless, it is worth to emphasize that such kind of application

of Distributed Artificial Intelligence to the study of conversation backs up and

gives support, somehow, to the model we will propose here. After all, the

Theory of Grammar Systems could be roughly considered as a grammatical

model for multi-agent systems.

But Moulin, Rousseau and Lapalme are not the only ones in applying

DAI to the study of conversation. In [Sakai, Yagisawa fe Fujita, 1996], for

example, it is pointed out the suitability of introducing the concept of multi-

agent system theory into a dialogue system. According to these authors by

using a multi-agent system 'we are able to construct a more sophisticated

system which is able to treat various linguistic phenomena and to understand

or to solve more complicated problems. ' [Sakai, Yagisawa & Fujita, 1996, p.

400].

[Grau, Sabah & Vilnat, 1994] is another example of application of Dis-

tributed Artificial architectures to dialogue modelling. In that article, CARA-

MEL is presented as a general architecture that intends to be applied to sev-
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eral different matters, among them dialogue management. CARAMEL archi-
tecture extends blackboard model by including a continuous control system,

allowing a sophisticated management of the processes and their interruption

by messages passing through the hierarchy of active agents.

Grau, Sabah fe Vilnat try to define a dialogue model that allows for
dynamic computation of user's plan. The basic idea is that understanding

entails being able to compute intentions of the user from semantic content

of its utterances, from context and from system beliefs about the knoweldge
of the user. They claim that the only possible way of solving the difficult

problem of determining which knowledge sources have to work at a given
moment is to use Distributed Artificial Intelligence architectures.

CARAMEL architecture is composed by three fundamental elements:

. 1. a structured memory that contains permanent knowledge and work-
ing structures of the system (acting as a hierarchy of blackboards);

2. a set of agents dedicated to the execution of the various tasks needed

for understanding;

3. some control mechanisms, whose function is to trigger, and to coor-

dinate the execution of the system, and to synchronise the processes.

Those are components of CARAMEL architecture. But how does it work?
The first step consists in parsing user's utterance to obtain a representation of

its literal meaning. Dialogue module determines the most appropriate speech

acts to react to this utterance. A generator, then, translates these speech acts
to produce the reaction of the system. Dialogue manager controls the whole
process and decides which module to trigger in a given situation, depending

on static and dynamic knowledge. The main task of the supervisor is, then,

to choose the agent to be triggered and the most relevant data it will work

on. After each user-utterance (which result in a literal meaning), dialogue
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manager tries to infer its intentional meaning by computing the thematic

interpretation and the intentional analysis.

Again, we cannot going on with presentation of CARAMEL architecture.

For our purpose here, it is enough to know that it is another dialogue model

in which Distributed Artificial Intelligence is seen as a good tool in order to

simplify and better explain the functioning of conversational interchanges.

Up to now we have briefly reviewed some structural approaches of dia-

logue management, we have said few words about the intention-plan-based

approach defended in [Allen & Perrault, 1980] and we have taken a quick

look at some models which apply Multi-Agent System Theory to the study

of dialogue. But we cannot close this chapter, dedicated to approaches used

to model conversation, without saying anything about DIT, this is, about

Dynamic Interpretation Theory.

12.3.4 Bunt's DIT

'The language technology needed for handling dialogue is in no

way more or less straightforward extension of the technology for

parsing, interpretation and generation of sentences. Instead, a di-

alogue system is inherently working in a context-dependent fashion

not just in that it needs to take linguistic as well as nonlinguistic

context into account, but in that it needs to describe how dialogue

elements interact with the context.' [Bunt, 1993, p. 107].

Taking as starting point the above idea, Bunt introduces Dynamic Inter-

pretation Theory (DIT). DIT emerges from the study of spoken human-human

information dialogue and aims at 'uncovering fundamental principles in dia-

logue both for the purpose of understanding natural dialogue phenomena and

for designing effective, efficients and pleasant computer dialogue systems. '

[Bunt, to appear].
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In DIT, conversations are viewed in an action perspective. Language is

considered a tool to perform context-changing actions. According to DIT, a

dialogue can be analysed in terms of combinations of actions called dialogue

acts. Dialogue act is a fundamental concept in DIT and it is denned as .

'Functional units used by the speaker to change the context. '

[Bunt, 1994, p. 21].

Within a dialogue ací, Bunt distinguishes three different aspects:

1. its utterance form, that determines the changes to the linguistic con-

text;

2. its semantic content, formed by the information the speaker intro-

duces into the context;

3. and its communicative function that defines the significance of this

information by specifying how the context should be updated with the

information. Formally, a communicative function is defined as a math-

ematical function that, given a semantic content as argument, maps a

context into a new context.

But dialogue act is not the only important concept within DIT. In what

we have said up to now about DIT appears recurrently one notion: con-

text. Bunt asserts that a dialogue system is inherently working in a context-

dependent fashion and it needs to describe how dialogue elements interact

with context. He defines dialogue act as a functional unit used to change

context. And in general he thinks that the 'very notions of understanding

and utterance meaning should be defined in terms of context properties and

how they change through communication.' [Bunt, to appear]. Therefore, it

seems that, together with dialogue ací, another very important notion in DIT

is context.
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In Bunt we find a broader notion of context. While, in general, studies of

meaning in discourse -even though acknowledging the crucial role of context-

restrict their modelling of context to only a few aspects of it7, Bunt distin-

guishes five dimensions of context in order to account for the meanings of all

the types of dialogue utterances, [Bunt, 1994, pp. 22- 25]:

1. cognitive context that consists of participants' states of processing

and models of each other's states;

2. semantic context that represents the state of the underlying task;

3. physical context, this is, availability of communicative and perceptual

channels, partners' presence and attention;

4. social context, consisting of participants' communicative rights, obli-

gations and constraints;

5. linguistic context or surrounding linguistic material.

For each of these dimensions, he distinguishes between global aspects,

which are constant throughout dialogue, and local aspects, whose values change

during and through dialogue.

In principle, every aspect of context can be changed through dialogue, even

though some aspects are more readily changed than others. In general, local

aspects of each context dimensions change more readily than global aspects.

Physical and semantic context cannot be directly modified by communicative

activity. Communicative actions can only directly change linguistic context,

7On one hand, studies of texts as discourses tend to model only the linguistic context (e.g

Discourse Representation Theory [Kamp & Reyle, 1993]). Studies of dialogue, on the other

hand, tend to focus on the 'cognitive' context as constituted by the participants' beliefs,

desires, and intentions or in participants intention and attention [Grosz & Sidner, 1987].
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knowledge of an interpreter, i.e. cognitive context, and local communicative

rights and obligations, namely local social context.

So, according to Bunt, a conversation could be described as a succession

of dialogue acts that change current context. Generation of utterances is a

matter of deciding which dialogue acts are licensed by current context, and ex-

pressing these linguistically. Those utterances produced during a dialogue and

licensed by context are not only directly motivated by underlying task -this

is, the task of achieving a noncornmunicative goal that motivates dialogue-

but are also motivated by communicative task -this is, controlling aspects

such as monitoring attention, ensuring correctness of understanding, taking

turns, repairing communicative features, etc. According to these two types

of motivations, [Bunt, 1994, Bunt, to appeal] make a difference between:

• task-oriented acts that are directly motivated by the task or purpose

motivating dialogue and contribute to its accomplishment;

• and dialogue control acts that are concerned with interaction itself,

and serve to create and maintain the conditions for a successful com-

munication.

According to the above established distinction, a dialogue act should ei-

ther:

1. be a step towards achieving the overall dialogue goal;

2. relieve the speaker from a reactive pressure;

3. perform a useful dialogue control function to ensure successful commu-

nication.

Summing up, and roughly speaking, we could say that Bunt's theory

considers conversations as a succession of dialogue acts, this is as a set of

small functional units that change every dimension of dialogue context.
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Notice that Bunt's view of utterance meanings as context changes is closely

related to action-based views of language as, for example, Speech Act Theory.

Both theories coincide in considering that the aim of communicative actions

is changing context. The main difference between these two theories -pointed

out by [Bunt, to appear]- is that while context-change approach takes context

and context changes as most fundamental notions, speech acts theories tend

to consider illocutionary acts as the fundamental concept. Another differ-

ence between those two viewpoints is the name they give to communicative

acts: speech acts versus dialogue acts. The reasons that lead Bunt to choose

the second term instead of the first one are, as stated in [Bunt, 1995], the

following:

1. to avoid the association with pure linguistic information;

2. to restrict himself to those types of communciative act relevant in dia-

logue;

3. to avoid the frequent confusion between the use of the term as referring

to a linguistic token (locutionary act) or as referring to an abstract

action denoted by the linguistic token (illocutionary acts), or as referring

to both together.

In this way, dialogue act concept (is not situated at the linguistic level of

words and phrases, but at the level of formal operations changing local aspects

of the context. ' [Bunt, 1993, p. 109].

Notice also, that the idea of a dialogue grammar as a kind of produc-

tion rule system is replaced here by one of a constrained-based one, which

views a dialogue as 'the expression of a sequence of combinations of dialogue

acts, satisfying the constraint each act is licensed by the current context. '

[Bunt, 1993, p. 11].
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The theory presented by Bunt will be very interesting for our Conversa-

tional Grammar Systems due to two fundamental reasons: its action view of

dialogue and the importance given to context.

In this chapter we have tried to provide a brief review of some approaches

used in different fields to model and describe conversation. We have empha-

sized the importance that study of face-to-face interactions has gained in the

second half of this century and we have exemplified such importance by show-

ing some studies carried out in areas as different as Conversational Analysis,

Philosophy of Language and Artificial Intelligence. What we have said, up to

now, evidences the importance of conversation in language study and shows

somehow the susceptibility of conversation to be tackled from very different

points of view. In the next chapter, we will propose a new way of facing the

study of conversation. We will present a formal-language-theoretic model to

describe conversational acts. :
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Chapter 13

Our Proposal: A Formal

Language Model for

Conversation

In this chapter we would like to propose a new approach for the study of con-

versation using a formal framework rooted in the theory of Formal Languages

and specifically, of course, in the subfield of Grammar Systems Theory. Our

aim is to try to describe the basic mechanism of conversation in terms of

formal grammars and languages. We will attempt to show how the model

we will call Conversational Grammar System could be used for describ-

ing conversational acts and how this mathematical tool could be suitable for

approaching several properties of conversations and assumptions concerning

face-to-face interactions.

Due to the similarities it presents with conversation, we will take as start-

ing point the subfield of Grammar Systems Theory known as Eco-Grammar

Systems (cfr. section 2.4). An Eco-Grammar System has been defined as a

grammatical modelthat tries to capture the distinctive features of an ecosys-

tem, this is, a community of developing agents that interact with their dynam-
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ically changing shared environment. Within snch a device we can distinguish

two types of components: environment and agents. Both are represented, at

any moment, by a string of symbols that identifies the current state of the

component. These strings change, from time to time, according to sets of

evolution rules defined by Lindenmayer Systems. Interaction of agents and

environment is carried out through actions of agents performed on the en-

vironmental state by application of rewriting rules (selected by a mapping

that, depending on the state of the agent, selects current set of applicable

action rules), and by means of a mapping that depending on the state of

environment determines evolution of agents.

If we stop here and we look at Eco-Grammar Systems with the idea of

conversation in mind, we will easily realize that such a device seems to cap-

ture some basic features of the mechanism of conversation. What is an Eco-

Grammar System? As we have said, it is a syntactic model for a collection

of cooperating agents that modify a shared common context. And what is

conversation! It is the maintained production of strings of mutually depen-

dent acts built by two or more agents controlling and basing each other on

the actions of the other ones. It is not difficult to establish an analogy: con-

versationalists in conversation would correspond to agents in Eco-Grammar

Systems; context in. which conversation takes place would correspond to envi-

ronment in the formal device; modification of context in conversation would

correspond to change of environment in Eco-Grammar Systems. And, how

is accomplished that change? Easily, due to actions of agents, this is, to ut-

terances of speakers, and due to evolution of the environment, this is to the

change of context circumstances as time or space, for example, that are not

directly changed by actions of agents but that change according to evolution

rules of the environment.

In general, we could say that Eco-Grammar Systems present several ad-

vantages to account for conversation: generation process is highly modular-
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ized by a distributed system of contributing agents; contextualized, linguistic

agents re-define their capabilities according to context conditions given by

mappings; and emergent, it emerges from current competence of the collec-

tion of active agents. All those features lead to flexibility and dynamism, two

fundamental features in conversation.

However, even though the analogy could seem quite clear, and although

advantages of using such a device could be a lot, Eco-Grammar Systems lack

some important features of conversation. So, if we want Grammar Systems

Theory to be applied to conversational description we should define a new

variant that fits with the characteristics of such face-to-face interactions. And

this is precisely what we would like to do by introducing Conversational

Grammar Systems.

Before starting the building of our Conversational Grammar Systems, it

is worth to emphasize that in order to be closer to linguistic matters we

have extended the notion of Eco-Grammar Systems to the notion of Eco-

Rewriting Systems. The main difference between these two frameworks is

that while in the former, environment and agents are given by a particular

variant of parallel language generating device, namely Lindenmayer systems,

in the latter, we allow components (agents and environment) to be represented

by arbitrary rewriting mechanisms (generative grammars, insertion/deletion

systems, contextual grammars, grammars with context conditions, etc.). We

will call the components of an Eco-Rewriting System linguistic agents and

we will define them as follows:

Definition 13.0.1 By a linguistic agent we mean a pair

A=(V,P)

where V is an alphabet and P is a finite set of rewriting rules over V*
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P can contain a set of context-free productions over V*, but it can also

include a set of insertion, deletion, contextual, replacement rules, or any other

kind of rewriting mechanism usually considered as rewriting rules in Formal

Language Theory.

P describes linguistic competence of agent, that depending on current

situation, can activate very different kinds of rules. There can be cases in

which linguistic agent will be allowed to insert some letters in the derivation

string, others in which it will be allowed to insert and delete, etc.

By applying rules of P, linguistic agent A develops/derives strings. Analo-

gously to generative grammars, P defines a binary relation =^p on V*, called

the direct derivation relation, that determines the string or strings that can

be obtained from a fixed string over alphabet V* in one step due to the func-

tioning of linguistic agent A. As always reflexive and transitive closure of

=^p is denoted by =^p . ;

After this brief introduction, let us start with the presentation of what

will be called Conversational Grammar Systems. We will divide this

presentation into four sections. In the first one, we will introduce the formal

definitions of what could be considered essential elements in conversation. In

the second one, we will try to describe the dynamics of conversation in terms

of formal languages. And finally, in the last section, we will collect the formal

definitions of our Conversational Grammar Systems -given step by step in the

body of the chapter- and we will offer an example.

13.1 Essential Elements in any Conversation

In any conversation we find two essential elements whose presence is unavoid-

able. The elements we are referring to are, obviously, context and speakers.

There is no conversation without at least two participants. And, of course,
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any face-to-face interaction must take place within some time and space co-

ordinates and under the assumption of some common knowledge, this is,

context. So, any framework that intents to describe conversation must give

account of context and speakers.

13.1.1 Context

'To make sense of social phenomena involves placing or seeing

them in a context.' [Lee, 1987, p. 23].

Many definitions of conversation put in evidence the importance of con-

text in such face-to-face interactions. Very explicit is, for example, Crow

when defines conversation as 'text situated within a context, ' [Crow, 1983,

p. 136]. But, independently of how explicit the definition of conversation

is, context is taken into account in almost every -if not all- theory about

conversation.

It is an obvious fact that if we want to say what any utterance in a con-

versation means, we are forced to look at what is the situation -this is, what

is the context- in which it occurs. Without knowledge of context, meaning of

any utterance would be vague and ambiguous.

If we want to act in the right way whenever we participate in a conversa-

tion, we have to know context of such a conversation, this is, we have to know

who participants are, where we are and what we are doing. What we actually

say in a conversation is determined by the choice we make from among many

possible things we could say in a specified context. If we want to appear 'sen-

sitive' participants in a conversation we must make sure that we are aware of

what exactly is happening in any conversation in which we participate. We

must be aware of both what has gone before and what may come next, as

well as where we are at the moment. And this is nothing else than being
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