ComputationalAspects of the FLBC Framew ork

Aspassia Daskalopulu

Department of Computer Science

King´s College London

The Strand, London WC2R 2LS, U.K.

aspassia@dcs.kcl.ac.uk

Marek Sergot

Department of Computing

Imperial College London

180 Queen´s Gate, London SW7 2BZ, U.K.

mjs@doc.ic.ac.uk

Abstract

Recent research has sought to develop formal languages for business communication as more expressive, flexible and powerful alternatives to current EDI standards, with potential benefits both for business-to-business exchanges in ecommerce and for general intra-organizational communication. A prominent approach in this area has become kno wn as

FLBC and is grounded on speech-act theory, event semantics and thematic rôles, and first-order logic (FOL). In this paper we discuss so me of the specific technical choices for the representation of messages in the original FLBC framework and propose two modifications. The first eliminates a problematic modal logical component fromthe representations of messages; the second transforms the message representation into Skolemised clausal form. Focusing on two different computational tasks we illustrate how existing computational methods can be employed directlyon the resulting representation for messages. We also propose an alternative formulation for messages using C-logic and discuss possible extensions to the resulting modified FLBC framework, for example in establishing whether an exchange is meaningful and in compliance with the setting in which the parties have pre-agreed to operate. Finallywe consider some open problems and identifydirections for future developments.

Keyw ords : formal languages for business communication, electronic data interchange, EDI, electronic commerce, speech acts, event semantics, thematic rôles, logic programming.

1 Introduction

Recent research has sought to develop for mal languages for business co mmunicatio n as more expressive, flexible and po wer ful alternatives to current EDI standards, with potential benefits both for business-to-business exchanges in an e-co mmerce setting and for general intra-or ganizational co mmunication in the context of office auto mation systems. A pro minent approach in this area has beco me kno wn as FLB C (For mal Language for

Business Co mmunication). First proposed byKimbrough and his associates (see e. g. [12˘17]), FLBC is grounded on speech-act theory, event semantics, and first-order logic (FOL). Work on its further develop ment and deployment continues.

T he main premise underlying FLBC is that messages exchanged between parties are made up of statements that can be analysed and represented in the F(P) framework o f speech act theor y. Speech act theor y, whose origins are traced in the wor k of Austin [1] and Searle [22], is concerned with the analysis and representation o f utterances. In Austin´s ter ms, each utterance has a locutionary aspect ( what is being said, the truth-functio nal content, the P-co mponent), an illocutionary aspect (the force in saying so mething, the speaker ´s attitude to wards the content, the F-co mponent) and a perlocutionary aspect (what is achieved b ysaying so mething, what effect the speaker intends the utterance to have o n the hearer). Speech act theor yseeks to identify the main types of utterances in ter ms o f their illocutio nar yaspect and to provide a systematic explicatio n for each o f these types in ter ms of the infor mation co nveyed between a speaker and a hearer and the conditio ns in which it is used successfully. Illocutionar yforces are identified b yverbs, which may be explicitly used b ya speaker or alluded to in a given context. Hence, there are as many ways for a speaker to express the same attitude to wards a given content as there are available appropriate verbs. For example, to issue a pro mise to meet his interlocutor a speaker might say ^I promise to meet yo u~, or ^I will meet yo u~, or ^I will be there~ (in the context of a dialogue) and so on. Speech act theor yoffers general categorization schemes for illocutionar y forces ( for example [1,2,23]). T he relative merits and disadvantages o f each scheme are beyo nd the scope of this paper.

Ho wever, in all categorization schemes, clusters o f specific verbs are grouped together under the illocutio nary force that theyare all meant to conveyand they all share the perlocutionar yaspect associated with that illocutionar y force. For illustration, T able 1 summarizes Austin´s (1962) classificatio n of illocutionar yforces

[1] and sho ws so me examples of specific verbs associated with each type.

Illocutionary Force Ex plication Perfor mative verbs

Verdictive Giving a verdict bya juryarbitrator or umpire, or giving an estimate, reckoning or appraisal. An exercise of speaker´s judgement. Committing hearer/others to certain future conduct.

Acquit, convict, grade, assess, locate, measure, find (as a matter of fact), rule, diagnose etc.

Exercitives Assertion of influence or exercising of powers or rights. Giving a decision that something is to be so. Creating obligations, permissions or prohibitions for hearer/others.

Appoint, vote, order, urge, advise, warn, dismiss, demote, name, bequeath, proclaim, resign, nominate, recommend etc.

Commissives Committing speaker to a course of action.

Assuming of an obligation or declaring of intention.

P romise, undertake, intend, plan, shall, adopt, oppose, guarantee, consent etc.

Behabitives Describing speaker´s reaction to other people´s behaviour or states of affairs. Adopting an attitude.

Apologize, thank, commiserate, resent, welcome, protest, challenge etc.

Expositives Describing views, clarifying reasons, argu ments and communications.

Affirm, den y, state, identify, inform, postulate, interpret, agree etc.

Table 1 Austin’s classification of illocutionary forces [1]

In contrast to current EDI representations, FLB C attempts to represent messages b ymaking explicit their primar y function ( whether they are offers, acceptances to offers, promises, requests for services or goods, instr uctions for payment and so on˙the F-co mpo nent) and their locutionar ycontent (the P-component). T he Fcomponent o f a message is identified and represented using event semantics and thematic rôles [21] expressed in FOL, essentiallyin the same waythat `semantic cases´ of case grammars [6,7] have been used in FOL representations in Artificial I ntelligence (see e.g. [18, Ch.2], [3, Ch. 4]). As Kimbrough points out [13], in this way verbs can be represented as FOL predicates which take events as their arguments, and verb modifiers

(thematic rôles) correspond to FOL predicates that associate individuals and events. Kimbrough demo nstrates through an example ho w all predicates required for such representation fall into three categories, namely application-specific predicates, thematic rôles and kernel vocabular y. T his, Kimbrough argues, makes the approach all the more attractive as it indicates that it is feasible to constr uct public, broad-utilitylexicons and goes so me wayto wards providing standards to replace current EDI schemes. In FLBC each message is also associated with various conditions. Such conditio ns explicate, for instance, what makes a promise `kept´, a request `honored´, an assertion `veridical´ and so on, depending o n the type of the message.

In this paper we do not question the motivation and general spirit o f the FLBC approach, which seem to us to be clear and well established, but rather discuss so me of the specific technical choices in the original FLBC scheme for the representatio n of messages. So me of our co mments are based on our previous experiences in modelling exchanges that establish co ntractual relatio ns between parties [5]. Such exchanges typically include statements such as requests, pro mises, and assertio ns of a pro missor ynature as well as infor mation-seeking questio ns. T he aimof the paper is to suggest so me simp lifications of the FLBC representatio n scheme and identify prospects and directions for further develop ment. In what follo ws we concentrate mainlyo n the representation of promissor ystatements, but the points we wish to make applygenerallyto the FLBC representatio n scheme. For illustration purposes, we use an examp le that is similar to those used byKimbrough [13]. It should be noted that so me of the issues raised in this paper are discussed also in recent work b y Kimbrough. See e.g. [14 ] which ma y be seen as endorsing so me of the points raised here.

2 Event descriptions and thematic rôles

Consider the follo wing exchange between Peter and Susan:

Peter: I would like to or der a pizza fromyour menu please.

Susan: Certainly. What kind of pizza would you like and what size?

Peter: T he ^Good Earth Vegetarian~* p lease, but witho ut onions. Lar ge, please.

Susan: Ver ywell, that will be £13.95, cash please. What is the address?

Peter: 12 Hunger Lane. Ho wlong will that be?

3 / 20

Susan: It is no w 7 p mand we promise to deliver within half an hour. If our driver takes anylo nger than that, we deduct £1.00 fromyo ur bill.

Peter: Ok, thank yo u.

*The menu description of ^Good Earth Vegetarian~: mushrooms, onions, red and green peppers, all topped with mozzarella.

T he utterances that make up the exchange, such as Peter´s request that initiates it, Susan´s ackno wledgement and promise for deliver y, and Peter´s pro mise for payment, amo ng others, can be analysed in order to identify their primar yfunction and then represented in FOL. T he individual utterances of the exchange are represented in speech act theoretic ter ms using event semantics and thematic rôles. Let us first illustrate Kimbrough´s idea bysho wing ho w one of the utterances (Peter´s request for the deliver y of a pizza) can be represented. T he representation we sho w is different in several important respects fro mthe one originally proposed by

Kimbrough. We discuss these differences and possible variations in later sections.

Kimbrough´s idea is essentially the follo wing: Ever yutterance confor ms to the F(P) framewor k of speech act theor y, that is, ever y utterance U can be rewr itten in F(P) form (U

ˇ F(P)), where F is an illocutionar y force

(such as `assert´, `pro mise´, `request´, `confir m´ etc.) and P is the propositional content of the utterance. For

example the F(P) structure of the utterance ^Peter requested that Susan deliver a pizza~ is

request(^Susan delivers a pizza to Peter~)

For the utterances of interest, both the F-co mponent and the P-co mponent can be represented as events who se

attributes are described in terms o f thematic rôles [21]. T hus, the statement ^Peter requested that Susan

delivered a pizza~ can be modelled as a requesting event with Peter as its agent, Susan as its recipient, and

whose `theme´ or `content´ is another event, the delivering o f a pizza. Pictorially, Peter´s request can be viewed

as sho wn in Figure 1.

e1

peter

susan

g request

deliver y e2 recipient

type theme agent type

recipient agent

theme

Figure 1 A request for delivery

In Figure 1, the propositional content of the example utterance (^Peter requested that Susan deliver a pizza~) is

modelled as a deliver yevent with Susan as its agent, Peter as its beneficiar y, and the pizza (which can be

described, if desirable, in more detail in ter ms of its size and toppings) as its `theme´. A rendition in fir st-order

4 / 20 logic is as follo ws, where the pizza is left for the mo ment un-analyzed; we assume that g is a name constant for

it:

� e � e´[request(e)

-

-

-

representation

We turn no w to the original FLB C framework [13] and in particular to its method for associating the representation of events such as requests, promises, and other speech acts, with representations of the propositional content of those acts. Kimbrough [13] observes that statements about promissor yutterances such as ^Susan pro mised Peter to deliver a pizza~ can be paraphrased as ^there is a pro mising event in which the speaker (agent) is Susan and the recipient is Peter, and in which Susan keeps this pro mise if and onlyif she does so mething that causes there to be a deliver yof pizza to Peter~. T he representation of Susan´s pro mise in the original FLBC framewor k takes the follo wing for m. For simplicity we assume that Susan pro mises to deliver a specific named pizza f ˙nothing tur ns on this.

� e[promise(e) ˚ agent(e, susan) ˚ recipient(e, peter) ˚

�NHSW�H�

l � e´[delivery (e´) ˚ agent(e´, susan) ˚

beneficiary(e´, peter) ˚ theme(e´, f) ˚

sake(e´, e)])]

(K1)

Notice that there is no explicit association of the pro mise event e with the deliver yevent that is promised; that

relationship is captured implicitlythrough the set of conditions specifying what renders the promise `kept´. T he

sake( e´,e) condition is required to ensure that several different pro mises to deliver (the same kind of) pizza

are not all auto maticallykept b yone single deliver y. T his condition is so metimes o mitted when similar

examples are discussed in Kimb rough´s papers; we understand (personal co mmunicatio n) that such a condition

is intended to be included. We conjecture later, in section 5.1, why this condition is so metimes included,

so metimes not˙there is a certain ambiguityin the ter m`kept´.

T he

`

�LQ�WKH�UHSUHVHQWDWLRQ�.�LV�D�PRGDO�QHFHVVLW\�RSHUDWRU�WR�EH�UHDG�DV�μLW�LV�QHFHVVDULO\�WKH�FDVH�WKDW¶�RU�μLQ

all possible worlds it is the case that´. T he use of the modal operator `

�UDLVHV�D�QXPEHU�RI�YHU\�GLIILFXOW problems. We discuss this aspect o f the representation separatelyin the follo wing sectio n.

T he general for mo f representatio ns such as (K1) is the following:

D ˚ ` �

D corresponds to the conjunction specifying the type o f message (promise, request etc.) and attributes such as its agent and its recipient (but not its `theme´).

J is the device b ywhich the D -ev ent is associated to its

content: pro mises can be `kept´, requests can be `honored´, assertions can be `veridical´, and so on.

G stands for the conditions that need to be satisfied in order for the given message to be accorded status J ; in the representation (K1), G corresponds to the set of conditions describing the pro mised deliver yevent. More generally still, it is so metimes convenient to attach further conditio ns to the content of the D -eve nt. T he general for mof an FLBC message is therefore (`the D -

E - J - G for m´) as follo ws:

D ˚ ` �

E

o ( J l G ))

(S)

T he E component stands for the extra conditions, emptyin all the examples considered so far. We will discuss

this co mpo nent later in section 5.

4.1 Elimination of the modal logical component

T he use of the modal operator ` �LQ�WKH� D - E - J - G representation raises a number of what seem to us to be ver y

severe problems. First, there is the q uestio n of which specific modal operator to emplo y. What kind of logical

properties should it exhibit? It has been suggested that nothing much may tur n on the choice: it can be left to

personal preference. Yet this seems ver yunsatisfactor y. Surely it cannot be co mpletely arbitrary. T here must be

so me principles o n which to choose between candidates. T his is a far fro mtrivial matter, however, especially

10 / 20 when, as here, details of interactio ns between the modal operator and quantifiers have to be considered as well.

Second, besides the choice o f operator itself, the representation is no longer in FOL. Standard FOL methods˙

for reasoning with the representatio n, answering queries, checking constraints, and so on˙are not immediately

applicable.

Kimbrough suggests that the modal operator `

�FDQ�EH�HOLPLQDWHG�E\�WUDQVODWLQJ�H[SUHVVLRQV�VXFK�DV�.�LQWR

FOL b yencoding the accessibilityrelatio n in the semantics of `

�LQ�WKH�UHSUHVHQWDWLRQ� T hus the statement

^Susan pro mised Peter to deliver a pizza~ can be paraphrased as ^there is a pro mising event in the actual world,

a* , of which the agent is Susan and the recipient is Peter, and for anypossible world w accessible fro m the

actual world a* , the promise is kept in that world, if and only if there is a deliver yevent e´ in that world,

such that Susan is the agent of the event, the beneficiar yof the event is Peter, and the theme of the event is the

pizza~. T his leads to the following representatio n in FOL:

� e[promise(e, a*) ˚ agent(e, susan, a*) ˚ recipient(e, peter, a*) ˚

�DPRQJVW�RWKHU�WKLQJV�:H�DUH�VXJJHVWLQJ�WKDW�T.�SUHVHUYHV the spirit of the original FLBC whilst offering considerable advantages in ter ms of simplicity and ease of use.

Besides providing a means of circumventing the limitatio ns of material implicatio n (

o ), the main functio n of

the modal operator ` �LQ�WKH� D - E - J - G representatio n is to provide a device for creating intensional contexts. It is

generally accepted, for example, that pro mising, in co mmo n with mo st other types o f speech acts, creates

intensio nal contexts in which substitution o f equivalents cannot be done confidently: ^�[T ]o promise that yo u

will co me to the partyis not the same as to promise that yo u will skip Esmeralda´s wedding, even if yo u skip

Esmeralda´s wedding if and onlyif you co me to the party~ [13]. If x promises P and P is logically equivalent to

Q , it does not necessarily follow that x pro mises Q. If Q turns out to be false, ho wever, then it does follo w

(according to Kimbrough, and we agree) that the promise of P is broken (not kept). T he modal ` �RSHUDWRU�LV

Kimbrough´s device for creating a suitable intensional co ntext. Our suggestion is that q uantifying o ver possible

events also provides a means for creating intensional contexts.

11 / 20

In Skolemised for m(qK1) can be written as follo ws.

promise(e3)

agent(e3, susan)

recipient(e3, peter)

� e´(kept(e3, e´) l [delivery (e´) ˚ agent(e´, susan) ˚

beneficiary(e´, peter) ˚ theme(e´, f) ˚

sake(e´, e3)])

( qK1´)

Because of the translation between C-logic and FOL, the representation (qK1 ´ ) can also be rewritten using the

structured C-logic syntax to specifythe attrib utes of the event e3 T he details are simple and so we do not sho w

themhere.

T he biconditional in the last sentence can be re-wr itten as t wo separate implications:

� e´(kept(e3, e´)

m [delivery (e´) ˚ agent(e´, susan) ˚ beneficiary(e´, peter) ˚ theme(e´, f) ˚ sake(e´, e3)])

( qK2)

� e´(kept(e3, e´) o [delivery (e´) ˚ agent(e´, susan) ˚ beneficiary(e´, peter) ˚ theme(e´, f) ˚ sake(e´, e3)])

( qK3)

Both these can be converted to clausal for mand the resulting sets o f clauses can be used for co mputational purposes in different ways, as we no w discuss.

4.2 Retrieval method

We take it that the purpose of FLBC is to make perspicuous what is being requested, promised, delivered and so on in a message, within the context o f agreed predicates for the types of speech acts emplo yed, the name constants used and so on. T he for mulation o f messages in the D - E - J - G scheme makes the hand ling of retrieval queries awk ward. Suppose that one wants to deter mine what Susan promises. One wayis b yinspecting the representation, that is, b yscanning or parsing the representation to extract the co mponent G fo llo wing the

l

symbol. If that is to be the retrieval method, ho wever, then there is no particular value in having adoped a

logical for mulation in the first place: anyco nvenient syntactic device wo uld do just as well.

It mayseem that the conditions G representing the content o f the pro mise cannot be retrieved fro mthe D - E - J - G

representation using standard (deductive) quer yevaluation methods. It is true that a quer yon the J -comp onent,

in this example ( where e3 is the constant ser ving as the object identifier for the pro mising event brought about

bySusan) a quer yo f the for m:

?-kept(e3, X).

does not work. Depending o n the quer y processing mechanism emplo yed, possible answers generated b ythis

quer yare either yes/no, or a conjunction of conditions G ´ such that

� e(kept(e3, e) l G ´(e3, e))

is a logical consequence of the representation. Even in the latter case, there is no guarantee that the retrieved

conditions G ´ will be identical to the G -conditio ns as written in the representatio n: G ´ will be logically

equivalent to G but not necessarilyidentical to G . T his is clearlyundesirable. As alread ydiscussed, pro mising,

and manyother kinds of speech acts, create intensional contexts in which substitutio n of equivalents cannot be

performed confidently: to know what was promised we need to be able to retrieve exactlythe conditions G and

not merely so mething logically equivalent to G .

Ho wever, there is a wayo f using standard co mputational methods (such as Prolog or C-logic) to retrieve

elements of the message fro mits representatio n. As alread yobserved, the biconditional defining `kept´ in

(qK1 ´ ) can be rewritten as two separate implications, both of which can be re-wr itten in clausal for m. For

retrieval purposes, the useful half is the follo wing

� e´(kept(e3, e´) o [delivery (e´) ˚ agent(e´, susan) ˚

beneficiary(e´, peter) ˚ theme(e´, f) ˚

sake(e´, e3)])

( qK3)

which is re- wr itten in clausal for mas follo ws:

delivery(E) m kept(e3, E).

agent(E, susan) m kept(e3, E).

beneficiary(E, peter) m kept(e3, E).

theme(E, f) m kept(e3, E).

sake(E, e3) m kept(e3, E).

( qK3´)

Here we have emp lo yed the standard notation for clauses as used in lo gic programming, and the Prolog

convention that strings beginning with upper case letters are variables. As usual, all variables in clauses are

implicitly universallyquantified.

T he clauses (qK3 ´ ) give us a simple means of retrieving any element of the description of the content of e3 . In

order to retrieve it, we add to the representation the (temporar y) additional assertio n:

kept(e3, e999).

where e999

(say) is anynew constant not appearing in the representatio n. T his temporar yassertio n is

necessar yto provide a value for the E variable and to satisfy the bodyof the clauses that essentially specifythe

content o f the pro mise e3 . T he value of anyattrib ute of interest of the theme o f e3 can be retrieved b y

for mulating q ueries at the required level of detail. For instance to deter mine the agent, beneficiar yand theme of

the pro mised event (the deliver y), the quer yis:

?- agent(e999, X), beneficiary(e999, Y), theme(e999, Z)

T his works ver ysimplyin Prolog and can be easilyco mb ined with C-lo gic notatio n if desired. Nested events

(^Peter promises Jimthat he will request Susan to �~) can also be treated in this way though so me care needs to

be taken to keep track of the temporaryassertions. T he procedure of making the temporar y`kept´, ` honored´,

( more generally J ) assertio ns, evaluating the quer y, and then removing the temporar yassertions, can be

packaged up for the user ´s co nvenience. In similar fashion, it is also possible, though a little more awkward, to

use the method for checking that a message under constr uction satisfies any constraints.

So this then is our first suggested modification: abandon the modal operator and quantifyover possible events

instead; rewrite the J l G compo nent in clausal for m. In order to retrieve elements of a message fro mits

representation: make a temporar yassertio n J , and then quer y the G attributes o f interest, either in FOL or using

C-lo gic notation (or so me other variant thereof).

4.3 Discussion

Ho wdoes this modified D - E - J - G representation using quantifiers co mpare to the representatio n scheme

introduced in the opening sectio ns, where the content o f a promise (or request, or other message type) was

represented bymaking an explicit assertion that one event is the `theme´ of another? In fact the two

representation schemes are much more closely related than may at first appear, as we no w sho w.

Suppose that for the purposes of retrieval, instead of packaging up temporar y`kept´ assertions, we add once and

for all the assertion:

kept(e3, th(e3)).

or more generallythe clause

kept(E, th(E)) m promise(E)

(

T )

13 / 20

So no wwhen we wish to extract, say the beneficiar yo f the event pro mised b ySusan in e3, it is enough to evaluate the follo wing quer y:

?- beneficiary( th(e3), X)

T here is no need to make anytemporar yassertio ns of anykind.

Notice that clause (

T ) is the Sko lemised for mo f the follo wing general statement:

� e [promise(e) o � e´ kept(e, e´)]

T he intended reading is that for anypro mising event e there is an event e´ which, if it occurred , would render

the pro mise in e kept. It is not to be read as stating that every pro mise is actually kept. Again, it maybe felt that

there is so mething philosophically suspect about the naming o f hypothetical events in this manner. What if event

e´ never occurs, or never could occur? What happens (Steve Kimbrough, private co mmunicatio n) when the

impossible is promised (as it often is)? As discussed earlier in section 3, we have no difficultyin naming

hypothetical events. T here is nothing any more problematic in o ur view about referring to an event which does

not, could not, exist than there is in referring to a pizza object which does not, or could not, exist. T he names are

simply place-holders used for building str uctured representations.

T he representation (qK3 ´) can be further simplified. Since e3 is a pro mising event, the

kept condition in the

clauses of (qK3 ´) can be resolved away, yielding the follo wing set of simpler clauses:

delivery( th(e3)).

agent( th(e3), susan).

beneficiary( th(e3), peter).

theme( th(e3), f).

sake( th(e3), e3).

( qK3~)

No wone can see that this is essentially identical to the representation we emplo yed in the earlier sections of the

paper, except that there we used a constant e4 to identify the theme of e3 instead of the functio nal ter m

th(e3)

, and we associated e4 to e3 bymeans of the predicate theme

. We could have written th(e3)=e4 ;

that is, in place of the versio n above of ( qK3 ~) we could have:

th(e3)= e4.

delivery(e4).

agent(e4, susan).

beneficiary(e4, peter).

theme(e4, f).

sake(e4, e3).

We find it more convenient (and flexible) to write theme(e3, e4) instead. We also avoid the problems of

reasoning explicitlywith equality in the representation.

Clearlythe method can be generalised to other kinds of speech acts: for ever yrequesting event e there is an

event th(e) which, if it occurred, would make the request `ho nored´; for ever yasserting event e (that asserts

the occurrence of an event), there is an event th(e) which, if it occurred, would make the assertion `veridical´,

and so on. In clausal for m:

honored(E, th(E)) m request(E).

veridical(E, th(E)) m assertion(E).

T his then is our second suggested modification: for practical purposes, instead of defining `kept´ (or `honored´

or `veridical´, or more generally J ) for an event e in full, simplyexpress the corresponding G conditions as a set

of assertio ns specifying the required properties of event th(e)

. T he term th(e) stands for the (unnamed)

event that is the `theme´ o f e. As a further modification, replace th(e) bya new constant e´ , and add

theme(e, e´) to the representation. T his last step is optional (tho ugh we prefer it since it is much more

flexible and easier to deal with).

5 Monitoring the performance of business exchanges

It is natural to explore whether we could also make use of the other part of the `kept´ definition, i.e.

� e´(kept(e3, e´) m [delivery (e´) ˚ agent(e´, susan) ˚

beneficiary(e´, peter) ˚ theme(e´, f) ˚

sake(e´, e3)])

( qK2)

in order to provide an extended representatio n system in which one could check whether a promise had in fact

been kept, or more generally, in which the perfor mance of pro mises, requests, replies, the evo lution of the

message and business exchanges generally, co uld be monitored. T his seems to be outside the original

mo tivation for FLBC b ut let us consider it.

Whether or not we emplo ythe original D - E - J - G representation or the suggested alter natives discussed in

previous sections, we have to be able to distinguish, in the representation, between descriptions of events that

could happen and descriptions of events that have actually happened.

So let us add another possible attribute to the representatio n of events: mode(e, actual) will represent that

event e has actually happened. (We could have used a unar ypredicate `actual´ just as well. T he binary

predicate mode fits better with C-lo gic syntax.)

No wwe have to be careful. I f as suggested in the previous section we read kept( e,e´) as saying that

(promise) e would be kept b y e´ if e´ occurred, we need another predicate, say actually_kept

, defined as

follo ws:

actually _kept(e, e´) l kept( e,e´) ˚ mode(e´, actual)

We shall have reason to adjust this definition presently. (Naturallywe co uld also reserve the use o f the

predicate `kept´ for this sense of actuallykept, and use a different predicate for encoding the G conditions

defining the co ntent of the promise. We leave it like this.)

For use in co mb inatio n with the clausal versions o f the D - E - J - G r epresentation in the previous section, the

definition above produces the fo llo wing clause:

actually _kept(E, th(E)) m promise(E), mode( th(E), actual).

if we choose to use the th device, or

actually _kept(E, E´) m promise(E), theme(E, E´), mode(E´, actual).

if (as we do) we prefer the use of a theme assertion to the use o f the function symbol th .

We have o mitted the clause corresponding to the `o nlyif´ half o f the definition o f actually_kept on the

assumptio n that the resulting representation is to be executed as a logic program, in Prolog or C-logic or so me

other variant. T he `onlyif´ part is then provided implicitly by the usual semantics of lo gic programs.

Exactlysimilar considerations applyto for mulating conditions for determining when requests are (actually)

honored, when directives are (actually) obeyed, and correspondingly for other speech act types of interest.

We noted earlier in section 4 that in the original D - E - J - G r epresentation the sake condition is so metimes

included and so metimes not when Kimbrough discusses similar examples. We conjecture that perhaps one

reason for this is that there is a certain amb iguity in the intended use of `kept´ in the D - E - J - G representation of

promises in the original FLB C framework. T he sake condition is only really necessar ywhen deter mining

whether a promise has actually been made; as alread y observed, this is outside the original mo tivation o f FLBC

though so metimes implicit in so me o f the discussions.

T he actually_kept definition above, and its corresponding clausal representatio n, ho wever, embod yan

important over -simplificatio n, which we turn to no w.

5.1 When is a promise kept?

In the example message exchange of section 2, Peter requests ( e1 ) a particular kind of deliver y event (labelled

e2 in the representation sho wn). Susan responds ( e3 ) b ypromising a deliver yevent (labelled e4 in the representation). Suppose that a deliver yevent e16 (say) is added to the representation, recorded as being in

response to Susan´s pro mise.

In C-logic syntax, the representation of Susan´s pro mise is:

promise:e3[agent ˇ susan, recipient ˇ peter, mode ˇ actual,

theme ˇ delivery:e4[

agent ˇ susan, recipient ˇ peter,

theme ˇ pizza:p4[

size ˇ large, base ˇ thin,

toppings ˇ {mushroom, peppers, cheese}

] ] ]

T he representation of the deliver yevent e16 is as follo ws (C-lo gic syntax):

delivery: e16[agent ˇ susan, recipient ˇ peter, mode ˇ actual,

theme ˇ pizza:p16[

size ˇ large, base ˇ thin,

toppings ˇ {mushroom, peppers, cheese}

]

sake ˇ e3

]

Notice that the identifiers for the two pizzas are different; we are assuming here that the pizza pro mised was not

identified b yname.

It would seem natural to say that, according to the representation, Susan´s pro mise in e3 has been (actually)

kept b ythe deliver yevent e16 . Ho wever, the earlier for mulatio n of actually_kept, that is

actually_kept(E, E´) m promise(E), theme(E, E´), mode(E´, actual).

does not work: the theme o f e3 is e4, not e16 . What we require is a refined definitio n to express the intuition

that ^a pro mise is kept if so mething that matches what was promised beco mes actual~. In clausal for m:

actually_kept(E, E´) m

promise(E),

theme(E, E´),

mode(E~, actual),

matches(E~, E´),

sake(E~, E).

T he predicate matches will be defined separately, belo w.

It seems to us that recording the occurrence of the deliver y event simply b yasserting:

mode(e4, actual).

is quite unwor kable. For one thing, we wo uld then be unable to record extra attributes of the deliver yevent,

such as the name of the driver, the time of deliver y, the person accepting deliver y, and so on, without thereb y

altering the representation of what it was that Susan pro mised in e3 . For example, adding

agent(e4, dave).

to the representation wo uld indicate not onlythat Dave delivered the pizza but that Susan had promised that

Dave would deliver the pizza ( which she did not). Moreover, in the example, Susan´s pro mise (e3) to deliver

pizza (e4) was made in response to a request (e1) fro mPeter that pizza be delivered ( e2 ). Whythen record

the actual deliver yo f the pizza b ythe assertion mode(e4, actual) and not b ythe assertio n mode(e2,

actual)

? Whythe difference between e2 (the content of Peter´s request) and e4 (the content o f Susan´s

promise) in the first place? In the representation style that has been adopted throughout, event naming co nstants

are merely devices for building structured representations, whether they are vie wed as Skolem constants as in

FOL or as object identifiers as in C-lo gic. e2 and e4 and no w e16 are different event descriptions, for the same reaso n that the pizza identifier p4 in the description o f event e4 cannot be the same as the pizza identifier

p16 in the description o f event e16 .

Ho wthen do we deter mine that the actual occurrence of event e16 , and the deliver yof pizza p16 , matches the

event e4 pro mised b ySusan and the pro mised pizza p4 ? As a first shot, we can at least require that the

stipulated attributes of the promised event ( Y in the definition belo w) are all features of the actual event ( Z ):

� Z � Y [ matches(Z,Y) l

[delivery(Y) o delivery(Z)] ˚

� X[agent(Y,X) o agent(Z,X)] ˚

� X[recipient(Y,X) o recipient(Z,X)] ˚

:

� T1 � T2[theme(Y, T1) ˚ theme(Z, T2) o

matches_object(T2, T1)]

]

Here matches_object will be defined in similar style to specify when two (here, pizza) descriptions match

one another; again, as a first shot we can require that all the attrib utes of the stipulated (pizza) description T1

must be present in the actual pizza description T2 . T o be written in full these definitions of matches and

matches_object require a list of the possible attributes for each type of object, but that is easilysupplied.

Athough such definitions will be adequate for simp le purposes, one can see that theyare only approximations.

First, suppose buyer X orders a pizza with mushroo m, cheese and peppers topping, but is actually delivered a

pizza that has not only mushroo ms, cheese and peppers topping, but bacon and pepperoni topping too. Does the

pizza match the specificatio n of the pizza that was ordered? Of course, one could saythat the value o f the

topping attribute of the ordered pizza is {mushroo m, cheese, peppers} and the value of the topping attribute o f

the delivered pizza is {mushroo m, cheese, peppers, bacon, pepperoni} and the values of these two attributes are

not the same. (T his cannot be distinguished in C-lo gic but could be done using so me other variant.) But that is

reallybeside the point. Suppose that in addition to the ordered toppings the pizza was delivered with slices of

hamlaid over the top. Would such a pizza be regarded as matching what had been ordered? Not if it had been

ordered bya vegetarian perhaps. Or suppose that the promised pizza was supposed to come with mushroo ms in

the topping but when delivered it is found to contain a topping made almost entirelyo f cheese and peppers with

just the tiniest slivers of mushroo ms present. Would that pizza match the descriptio n of what had been ordered?

Second, deciding when to deem a pro mise as `kept´, an obligatio n fulfilled, even a pizza `delivered´, are in

general far fro mtrivial matters. M uch o f the litigation that arises in the course of a business exchange will

centre on resolving conflicting views of what renders a pro mise `kept´. Much of the detail in trading

conventions, such as the UN convention gover ning the sale of goods, is concerned with spelling out the

conditions under which an item is deemed to have been `delivered ´, the time a message is deemed to have been

`received ´, and so on.

Of course it is difficult to imagine ho wso me of these points could arise in connection with pro mises to deliver a

pizza. But not all business messages will be about pizzas. Suppose Susan´s pro mise had been about the

deliver ynot of pizza but of some other ver yexpensive perishable object. Or suppose Peter had requested and

been promised the deliver y of a thousand pizzas to be delivered ever ydayat a specified time and place. In

those circumstances we surelywo uld be concerned with deter mining much more preciselythe exact

specificatio n of each pizza, and what exactlyit means to `deliver ´. In our experience o f representing contracts

in areas of construction and engineering [5], much of the detailed content of a contract was co ncerned with

preciselythis issue. And not only are the details spelled out, there are agreed mechanisms for testing that each

item(each pizza for our example here) meets the specified standard, agreed equipment to be used for

measurements, agreed arbitration mechanisms and so on. During the contract for mation stage, the parties tr yto

anticipate such eventualities and agree explicit ter ms that will deter mine the conditions under which a promise

will be deemed as having been `kept´. At the ver yleast theywill agree on the arbitration mechanisms to be used

should anydispute arise during the perfor mance of the contract. During the resolutio n of disputes, kno wledge

of co mmo n business practice, co mmo n sense, existing legislation, even precedent might be used to assist in

establishing whether requirements have been met.

In general ter ms, then, the predicate matches is essentiallya representation of the concept of `counts as´

discussed b yJones and Sergot [8] in the context of for malising qualification/classification nor ms, that is to say,

the rules that specify the conditions under which, within a given context agreed byt wo or more parties (their contract), a promise is deemed as kept, or more generally, a state of affair s A is deemed to count, for the

purposes of the agreement, as state of affair s B .

We are not suggesting that all this needs to be represented in an FLBC message. On the contrar y, our

understanding is that FLB C is intended for representation of routine business exchanges that take place within

some agreed context. We have alreadymade this point in the introductio n. For simple messages about simp le

things, matches as defined above is going to be adequate. As we mo ve to more co mplicated messages, we

will need to consider whether to represent so mething of the procedures and mechanisms b ywhich the

performance of the business exchanges will be determined. T he definitio n of matches will then beco me

increasinglycase-specific, and of arbitraryco mp lexity. Ho wever, this does not mean that the for mal

representation of such mechanisms is necessarily difficult . In practice we see little difficulty in for malising the

application-specific conditio ns that define matches

(and hence actually_kept )

. Our point is that these

conditions, which are required for the purpose of monitoring the perfor mance of business exchanges, are not the

same as the conditio ns that appear in the definition of kept

, the device b ywhich the co ntent o f a promise (or

other type of speech act) is represented in FLBC.

6 Other extensions and open problems

T he modified FLB C framework can be extended further in a number of wa ys, so me of which are

straightfor ward and do not pose significant technical or theoretical problems. For example, sho uld it be

desirable, times can be associated with events b yextending the set of thematic rôles (attributes in C-logic

for mulations) and an underlying temporal frame wor k may be used to reason about temporal relations between

events and the states of affair s created bythose events. T he event calculus [19] fits ver y easily in the FLB C

framewor k, for examp le.

For so me applications, such as tho se aiming to support contractual activity, there maybe value in having an

explicit representatio n of the obligatio ns that are assumed b ya partyas a result o f a promise issued to a counter-

party. One wayo f representing this explicitly is to use a framework such as the event calculus to specifythe

effects of pro mising events in ter ms of the obligations and other relationships that they initiate and ter minate.

Another way, simpler but less expressive, is via the use of general rules applicable to promissor ymessages, such

as the one sho wn belo w:

� x � a � r � t[(promise(x) ˚ agent (x, a) ˚ recipient(a, r) ˚ theme(x, t)) o

� y[obligation(y) ˚ bearer(y, a) ˚ counter_party(y, a) ˚ theme(y, t)]]

Similarlywe could develop general rules to express the relationship between keeping a promise and fulfilling its

associated obligation. We leave it to future research to determine the practical benefits of such extensions.

When for mulating constraints on what makes an exchange of messages well-for med, for example, it may be

easier and more natural to frame so me o f these constraints in ter ms of obligations rather than in ter ms of the

promising events that create them.

Apart fro msuch relatively easy extensions, there are harder issues that need to be addressed. T he content of a

promise (and other types of messages) is o ften much more comp licated than a single one-off event. For

instance, in the ter ms of the pizza-ordering example, Susan might pro mise to deliver the pizza b ymotorbike if it

is raining. She might pro mise to deliver either thick-base pizza or thin-base pizza with extra cheese topping,

depending on availability. She might pro mise to deliver pizza ever yday at 7:00 pm, packed in red heat-

insulated boxes. Although some o f these examples are again rather fanciful in the co ntext of a simple one-off

pizza purchase, they are perfectlynor mal in other business settings. If Susan is a pizza manufacturer and Peter

is a retailer, Susan might well promise to deliver a specified number of pizzas at a set time ever yday, to var ying

specificatio ns depending on availability, and with more or less co mplex pricing arrangements according to the

types of pizza delivered. In some o f the sample engineering co ntracts we have previo usly examined [5], for

example those concer ning the supplyof natural gas, the details of ho w, ho w often, what quantity, and what

qualityo f gas is to be delivered were typicallygiven b yan extremely co mplex set of interrelated conditional

statements and procedures. T heyreveal conditional pro mises , pro mises issued periodically, promises whose

content is to be fulfilled periodically, and more co mplex constructs exhibiting all of these in co mbination.

Indeed, in the example exchange o f this paper, Susan promises to deliver a specified pizza by7:30 pm, or if

after 7:30 pmto deduct £1.00 fro mthe bill. T he content of this pro mise can be represented in different ways: as

a single deliver y event where the price depends conditionally on the time of the deliver y. Or, better perhaps, as

two separate pro mises, one (unco nditional) to deliver a pizza, and a second, conditional one, to reduce the bill by£1.00 in case the time of the deliver yis later than 7.30 pm. T he second is arguably a more accurate

representation of what Susan pro mised.

T he treatment of simple co nditional pro mises in FLBC is alread yan unresolved issue. In the original FLBC

framewor k, the E component of the D - E - J - G scheme is intended to be used for representation of co nditional

utterances of the for m^ x promises that if E then G ( will occur).~ T hus, when Susan pro mises ^if fax

confir mation is received b y7:00 pmthen the pizza will be delivered by7.30 pm~, the E component wo uld be a

representation of the conditio n ^if fax confir mation is received by7:00 p m.~ Conditional elements of the

promise itself, such as ho w price depends on time o f deliver y or ho wmode of transport depends on whether it is

raining, can be acco mmodated within the G co mponent. And likewise for the representation of conditio nal

requests ( ^ x requests that if it is raining y sho uld send a taxi~), conditional directives, and other speech acts.

T he E component, emp tyin all the examples discussed earlier, does not hinder translation to the clausal ver sion

of the D - E - J - G scheme: the clauses of the representatio n simplyinclude additional conditions corresponding to E .

So, for illustratio n, if the pro mise (e3) made b ySusan had been a conditio nal one, of the form ^if fax

confir mation is received b y7:00 pmthen the pizza will be delivered by7:30 pm~, the clausal representation

(qK3 ´ ) would co me out as follo ws:

delivery(E) m kept(e3, E), confirmation_received(e3).

agent(E, susan) m kept(e3, E), confirmation_received(e3).

beneficiary(E, peter) m kept(e3, E), confirmation_received(e3).

theme(E, f) m kept(e3, E), confirmation_received(e3).

sake(E, e3) m kept(e3, E), confirmation_received(e3).

Here

confirmation_ received (e3) stands for the conditio n ^fax confir mation is received b y7:00 pm.~

T here is nothing problematic about expressing this condition in full in the FLBC framewo rk. We have o mitted

the details so as not to distract fro mthe main point we are seeking to make. (T he argument e3 is necessar yto

write the conditio ns out in full.)

In the simplified for m corresponding to clauses (qK3 ~) , where the `kept´ condition has been eliminated (and

replacing th(e3) b yan explicit `theme´ assertion in the style we prefer), we obtain:

theme(e3, e4).

delivery(e4) m confirmation_received(e3).

agent(e4, susan) m confirmation_received(e3).

beneficiary(e4, peter) m confirmation_received(e3).

theme(e4, f) m confirmation_received(e3).

sake(e4, e3) m confirmation_received(e3).

T his is all quite straightfor ward. T here is a problem, ho wever: we are again faced with the question of ho w to

retrieve , fro mthe representation, a description of what it was that Susan promised. A quer y such as

?- theme(e3, X)

which wor ked previously when E was emptyno w produces at best an answer qualified b yconditions E ´

logicallyeq uivalent, but not necessarily identical, to E . All the points we made earlier in sectio n 4 about the

inadequacyo f this kind of retrieval applyequally here. Similarly, any conditional elements in the G co mponent,

such as var ying prices, modes of deliver y, and so on, can be expressed in the frame wor k, but cannot be retrieved

byq uer ying the representation.

Notice that for the purposes of mo nitoring whether promises have in fact been kept, there is no problem:

whether the pro mise has actually been kept will depend onlyo n whether it is possible to determine fro mthe

representation that conditions E are established, and there is nothing problematic about that. Notice also that

when we are interested in mo nitoring whether pro mises have in fact been kept, there is no need to distinguish in

the representatio n between what we have been calling a conditional promise, a message or utterance of the for m

x promises that if E then G ( will occur)

and a conditional expression about the making of an unconditional promise, of the for m if E then x promises that G ( will occur)

Clearlythere is a difference between these two for ms of expressio n. T he difference can be ignored if the only

purpose of the representatio n is to support the monitoring o f message exchanges. If the p urpose of the

representation is to support the storage and retrieval of messages, ho wever, then the difference cannot be

ignored: we have to be able to tell whether the message is of the first or second for m. And since retrieval b y

logical deduction cannot be supported (as we have ar gued), conditional utterances of the first for mremain

problematic, even for the D - E - J - G scheme.

A possible solutio n is to express the content o f a conditional pro mise (request, directive, assertio n, and so on for

other types of messages) as another kind of str uctured object, an object with attrib utes pre-conditions (say) and

consequent, both of which have values which are (representations of) FOL for mulas. T his is an uglyand

unappealing approach, ho wever, which we are not proposing to pursue.

7 Conclusion

We have made two suggested modifications to the original FLBC representation scheme: first, to eliminate the

need for the problematic modal logical co mponent b yreplacing quantification o ver possible worlds b y

quantification over possible events, and second, to re-wr ite in Skolemised clausal for min order to enable the

application of readilyavailable co mputatio nal methods. An optional further modificatio n, which we prefer,

allo ws one event description to be recorded as the `theme´ (`patient´ or `direct object´) of another event.

Kimbrough´s latest for mulation [14] suggests that he agrees that such modification is useful. T he use o f a

syntax such as that o f C-logic can also be useful in the construction of co mplex str uctured representations.

We have pointed out two different co mputational tasks, with differing co mp utational and representatio nal

requirements. T ask 1 is to retrieve fro mthe FLBC representation of a message or utterance all the co mponents

of interest, including in particular a representatio n of what has been promised, requested, commanded, asserted,

as the case maybe. T ask 2 is to deter mine, given a representation of what events have actuallyoccurred,

whether promises have in fact been kept, requests ho nored, directives fulfilled, and so on, in order to provide a

systemfor mo nitoring the perfor mance o f business and message exchanges. For simple messages, both of these

comp utatio nal tasks can be supported without difficultyusing standard computational methods.

We have also discussed so me further extensio ns and so me open problems. T he first of the co mp utational

tasks˙the retrieval o f message co mponents fro mtheir representatio n˙raises unresolved problems concer ning

the representatio n of conditio nal messages/utterances, that is to say, in speech act ter ms, utterances whose

propositional content contains conditional (and other more co mplex) constructs. Altho ugh simple instances can

be expressed in the FLB C scheme, theycannot be retrieved using lo gical quer ying methods. For the second

comp utatio nal task, the monitoring of message exchanges, the existing FLBC representation copes adequately

with conditio nal utterances but raises a different set o f questions about ho w to deter mine whether one event,

typicallyo ne that has actually occurred, matches the description of another event, typ ically one representing the

propositional content of a promise, request, directive, or other speech act. T he resolution of these two sets of

problems identifies directions for future develop ments.

Acknowledg ments: We should like to thank Steve Kimbrough for many valuable discussio ns and an

anonymo us reviewer for help ful co mments on the ideas presented in this paper.

References

[1] J.L. Austin . How to Do Things with Words , (1975 edition), Clarendon Press, Oxford.

[2] K. Bach & R.M. Harnish . Linguistic Communication and Speech Acts . MIT Press, 1979.

[3] E. Charniak E. & D. McDer mott D. Introduction to Artificial Intelligence . Addison-Wesley, 1985.

[4] W. Chen & D. Warren (1989). C-logic of Co mplex Objects. In Proceedings of the 8th ACM SICACT-

SIGMOD-SIGART Symposium on the Principles of Database Systems , 1989.

[5] A. Daskalopulu A. Logic-Based T ools for the Analysis and Representation of Legal Co ntracts. Doctoral

Dissertatio n, Department of Co mputing, I mperial College, Universityo f Lo ndon, 1999.

[6] C.J. Fillmore . T he case for case. In E. Bach & R.T . Harms ( eds) Universals in Linguistic Theory . Holt,

Rinehart and Winston, New Yor k, 1968, pp. 1˘88.

[7] C.J. Fillmore . T he case for case reopened. In P. Cole & J.M. Sadock ( eds) Syntax and Semantics 8:

Grammatical Relations . Academic Press, New York, 1977, pp. 59˘81.

[8] A.J.I. Jones & M.J. Sergot . A For mal Characterisation of I nstitutionalized Po wer . Journal of the IGPL

4(3) :429˘445 (1996). Also in: Valdés, Krawietz, von Wright & Zimmerling (eds.), Normative Systems in

Legal and Moral Theory , Duncker & Humblot, Berlin, 1997.

[9] F.N. Kesim . T emporal Objects in Deductive Databases. Doctoral Dissertatio n, Department of

Co mputing, I mperial College, Univer sityo f London, 1993.

[10] M. Kifer & G. Lausen . F-lo gic: A Higher-Order Language for Reasoning about Objects, Inheritance and

Scheme. In Proceedings of the 8th ACM SICACT-SIGMOD-SIGART Symposium on the Principles of

Database Systems , 1989, pp. 134 -146.

[11] M. Kifer & J. Wu . A Logic for Object-Oriented Logic Programming (Maier´s O-logic revisited). In

Proceedings of the 8th ACM SICACT-SIGMOD-SIGART Symposium on the Principles of Database

Systems , 1989.

[12] S.O. Kimbrough. On Electronic Co mmerce, Subato mic Semantics and the Cæsar ´s Stabbing. In Sprague

(ed.) Proceedings of the 30th Hawaii International Conference on Systems Sciences , Los Alamitos CA,

IEEE Comp uter Society Press, 1997.

[13] S.O. Kimbrough. For mal Language for Business Co mmunication: Sketch of a Basic T heory~.

International Journal of Electronic Commerce , 3(2) :23˘44 (1998).

[14] S.O. Kimbrough. Reasoning about the Objects of Attitudes and Operators: T owards a Disquotatio n

T heoryfor Representation o f Propositional Content. Proceedings of the 8 th International Conference on

Artificial Intelligence and Law, St Louis, Missouri, ACM Press, 2001.

[15] S.O. Kimbrough & R.M. Lee. On Illocutionar yLo gic as a T elecommunications Language. Proceedings

of the 7th International Conference on Information Systems , San Diego, CA, 1986, pp. 15˘26.

[16] S.O. Kimbrough & R.M. Lee. For mal Aspects of Electronic Co mmerce: Research Issues and Challenges.

International Journal of Electronic Commerce , 1(4) :11˘30 (1997).

[17] S.O. Kimbrough & S. A. Moore. On Auto mated Message Processing in Electronic Co mmerce and Work

Support Systems: Speech Act T heor yand E xpressive Felicity . Transactions on Information System s,

15(4) :321˘367 (1997).

[18] R. A. Ko walski . Logic for Problem Solving . Elsevier Science, New York, 1979.

[19] R. A. Ko walski & M.J. Sergot . A logic-based calculus o f events. New Generation Computing , 4:67˘95

(1986).

[20] D. Maier. A Lo gic for Objects. Proceedings of the Workshop on Foundations of Deductive Databases

and Logic Programming , Washingto n DC, 1986, pp. 6 -26.

[21] T . Parsons. Events in the Semantics of English: A Study in Subatomic Semantics . Current Studies in

Linguistics, MIT Press, Cambridge M A, 1990.

[22] J.R. Searle . Speech Acts . Cambridge University Press, Cambridge, 1969.

[23] J.R. Searle . Expression and Meaning . Cambridge University Press, Cambridge U.K., 1979.