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Abstract

In order to refer to an ob ject, a sp eak er attempts to build a description of the ob ject

that will allo w the hearer to iden tify it. Since the description migh t not enable the

hearer to iden tify the referen t, the sp eak er and hearer migh t engage in a clari�cation

sub dialogue in whic h they collab orate in order to mak e the referring action successful.

This thesis presen ts a computational mo del of ho w a con v ersational participan t

collab orates in order to mak e a referring action successful. The mo del is based on the

view of language as goal-directed b eha viour. As suc h w e prop ose that the con ten t of

a referring expression can b e accoun ted for b y the planning paradigm. Not only do es

this approac h allo w the pro cess of building referring expressions and iden tifying their

referen ts to b e captured b y plan construction and plan inference, it also allo ws us to

accoun t for ho w participan ts clarify a referring expression b y using meta-plans that

reason ab out and manipulate the plan deriv ations corresp onding to referring expres-

sions. T o complete the picture, w e sho w ho w participan ts can infer goals underlying

referring expression plans or clari�cation plans, and ho w these inferred goals can b e

used b y the participan ts to adopt their o wn goals to clarify the referring expression.

An imp ortan t asp ect of this pro cess is that subsequen t clari�cations can either clarify

the previous clari�cation or can clarify the referring expression resulting from the pre-

vious clari�cation. So for the latter case, the same meta-plans that are used to clarify

the original referring expression can b e used to mo del the subsequen t clari�cations.
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Chapter 1

In tro duction

One w a y of viewing p eople is that w e are goal orien ted and w e can plan courses of

actions to ac hiev e our goals. But sometimes w e migh t lac k the kno wledge needed

to form ulate a plan of action, or some of the actions that w e plan migh t dep end on

co ordinating our activit y with other agen ts. Ho w do w e cop e? One w a y is to w ork

together, or c ol lab or ate , in form ulating a plan of action with the p eople who will b e

doing the actions or who kno w the missing information.

In this thesis, w e adopt the view that language is goal-orien ted b eha viour in whic h

the utterances are actions that are b eing used to ac hiev e a goal. The success of these

actions relies on b oth the sp eak er and the hearer, since the sp eak er m ust construct

an utterance in suc h a w a y that the hearer can understand it. If the sp eak er is not

successful, she can collab orate with the hearer in form ulating a plan of action to

ac hiev e her goal. In this case, the actions are utterances and are executed during the

course of the collab oration.

Let's lo ok at referring expressions. The sp eak er has the goal of w an ting the hearer

to iden tify an ob ject that the sp eak er has in mind. The sp eak er attempts to ac hiev e

this goal b y constructing a description of the ob ject that she thinks will enable the

hearer to iden tify it. But since the sp eak er and the hearer ha v e di�eren t b eliefs ab out

the w orld, the hearer migh t not b e able to iden tify the ob ject. When the hearer

cannot do so, the sp eak er and hearer can collab orate in making a referring expression

that accomplishes the goal.

1.1 Our W ork

This thesis presen ts a computational mo del of ho w a con v ersational participan t col-

lab orates in making a referring action successful. W e use as our basis the mo del

prop osed b y Clark and Wilk es-Gibbs (1986). In their w ork, they giv e a descriptiv e

1



accoun t of the con v ersational mo v es that participan ts mak e when collab orating to

mak e a referring expression. In making it computational, w e dra w on the insigh ts of

App elt (1985a), Litman and Allen (1987), and P ollac k (1986), and prop ose a mo del

based on the planning paradigm. F rom App elt, w e use the idea that the act of refer-

ring can b e incorp orated in to a plan-based mo del of ho w agen ts construct utterances.

F rom Litman and Allen, w e use the idea that meta-plans can accoun t for ho w con-

v ersational participan ts clarify an utterance. And from P ollac k, w e use her idea that

plans are men tal ob jects, whic h facilitates the inference of in v alid plans.

W e prop ose that referring expressions can b e represen ted b y plan deriv ations, and

that plan construction and plan inference can b e used to generate and understand

them. Not only do es this approac h allo w the pro cess of building referring expressions

and iden tifying their referen ts to b e captured in the planning paradigm, it also allo ws

us to use the planning paradigm to accoun t for ho w participan ts clarify a referring

expression. In this case, the plans are meta-plans that reason ab out and manipulate

a plan deriv ation corresp onding to the referring expression.

T o complete the picture, w e accoun t for ho w an agen t, after it has inferred the

plan underlying an utterance, adopts goals of its o wn to collab orate in making a

referring action successful. An imp ortan t asp ect of this pro cess is that subsequen t

clari�cations can either clarify the previous clari�cation or can clarify the referring

expression resulting from the previous clari�cation. So for the latter case, the same

meta-plans that are used to clarify the original referring expression can b e used to

mo del the subsequen t clari�cations.

This thesis mak es sev eral con tributions to the �eld. First, although m uc h w ork

has b een done on ho w agen ts request clari�cations and ho w they clarify , this is not the

same as collab orating. This w ork is a start in formalizing what collab oration is, b oth

in terms of the goals and in ten tions that underlie it and the surface sp eec h acts that

result from it. Second, it addresses the act of referring and sho ws ho w it can b e b etter

accoun ted for b y the planning paradigm, th us con tributing to w ards answ ering Allen's

question ab out \where this t yp e of reasoning �ts in to the planning framew ork" (1979,

p. 117). Third, previous w ork has concen trated on either construction or recognition,

but not b oth. By doing b oth, w e ha v e ensured that our w ork scales up in the direction

of pro viding a complete mo del of the collab orativ e pro cess. Finally , b y using Clark

and Wilk es-Gibbs's mo del as a basis of our w ork, w e not only add supp ort to their

w ork and our o wn w ork, but gain a m uc h ric her understanding of the sub ject.
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1.2 Scop e

In order to address the problem that w e ha v e set out, w e ha v e limite d the scop e of

our w ork. This has b een done so that w e can concen trate on the problem of ho w

agen ts collab orate, without getting in to a great n um b er of other problems that w ould

lead as astra y of our researc h ob jectiv e.

First, w e lo ok at referring expressions in isolation, rather than as part of a larger

sp eec h act. One adv an tage of doing this is that w e do not need to recognize whic h

goal it is that an agen t is collab orating on, since it can only b e the referring action.

Second, w e assume that the plan library is shared. In other w ords, agen ts ha v e

m utual kno wledge ab out referring expressions and ab out ho w agen ts collab orate in

making them. Since these are comm uni cativ e plans rather than domain plans, this

assumption do es not seem that limiting.

Third, w e deal with ob jects that b oth the sp eak er and hearer kno w of. Ob jects

are represen ted as constan ts suc h as bird1 and an agen t's b eliefs ab out an ob ject are

represen ted b y prop ositions suc h as colour(bird 1,b row n) . The act of iden tifying

the referen t is to matc h the initiator's description of the ob ject with an ob ject that the

resp onder kno ws ab out. Ho w ev er, w e do not assume that b oth the initiator and the

resp onder ha v e the same b eliefs ab out the ob jects. This class of referring expressions

roughly corresp onds to App elt's shar e d c onc ept activation with identi�c ation intention

(1985c).

F ourth, as the input and the output to our system, w e use surface sp eec h actions.

W e assume the existence of other mo dules that can parse an utterance in to these

actions and generate utterances from them.

Fifth, w e are not attempting to handle all t yp es of utterances that migh t o c-

cur when collab orating to mak e a referring action successful. W e are attempting to

giv e a computational mo del of the collab orativ e pro cess, rather than pro viding wide

co v erage.

Finally , w e do not sp eci�cally address the issue of ho w participan ts' b eliefs are

c hanged during the acceptance of a referring expression. T o prop erly accoun t for

this, w e w ould need to emplo y a mo del of b elief revision and also accoun t for an

agen t's con�dence in its b eliefs. Giv en this restriction, the collab orativ e mo v es that

w e accoun t for are suc h that they only need to augmen t b eliefs rather than revise

them.
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1.3 Some T erminology

Throughout this thesis, w e need to refer to the con v ersational participan ts or agen ts

in v olv ed in the discourse. Although w e could use those terms, it is more b ene�cial to

use terms that capture the role that eac h agen t is p erforming in the discourse. So,

w e use the term initiator to refer to the agen t who initiates the referring action, and

the term r esp onder to refer to the agen t who is trying to iden tify the referen t. Also,

it will b e helpful to use terms that are relativ e to an utterance. F or this w e use the

terms sp e aker and he ar er , where sp e aker is used to refer to an agen t who is adopting

goals to b e ac hiev ed in an utterance or who is constructing an utterance, and he ar er

refers to an agen t who is inferring the plan and goal that underlie an utterance or

who is adopting b eliefs based on the utterance. When illustrating our system, w e use

the terms system and user .

Since w e will need pronouns to refer to the agen ts, w e will adopt the follo wing

con v en tion. Initiator and sp eak er will b e referred to using the pronoun she , and

resp onder and hearer will b e referred to using the pronoun he .

1

W e also need to presen t our planning terminology .

2

W e will b e using the terms

plan schemas , plan instanc es , plan derivations , plan c onstruction , and plan infer enc e .

A plan sc hema consists of a he ader , c onstr aints , a de c omp osition , and an e�e ct ;

3

and

it enco des the constrain ts under whic h an e�ect can b e ac hiev ed b y the plan headers

and primitiv e actions in the decomp osition. A plan instance is an instance of a plan

sc hema in whic h some of the v ariables in the plan migh t b e instan tiated. A plan

deriv ation is a plan instance in whic h the plan headers in its decomp osition ha v e

b een recursiv ely expanded in to plan instances. Plan construction is the pro cess of

�nding a plan deriv ation in whic h the primitiv e actions of the plan deriv ation ( yield )

will ac hiev e a giv en e�ect, and plan inference is the pro cess of �nding a plan deriv ation

whose yield is a set of observ ed primitiv e actions. Finally , where the con text allo ws,

w e will use the w ord plan to refer to either a plan sc hema, a plan instance, or a plan

deriv ation.

1.4 Ov erview of the Thesis

In the next c hapter, w e discuss the relev an t literature.

1

When an agen t switc hes from understanding the previous utterance (hearer) to constructing the

next utterance (sp eak er), the sex of the agen t c hanges as a side e�ect.

2

See Allen (1987) for an in tro duction to using plan-based mo dels in natural language

understanding.

3

W e do not consider preconditions.
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In c hapter 3 and 4, w e fo cus on the part of our mo del that is based on the

planning paradigm. W e sho w ho w plans that underlie an utterance are constructed

and inferred in isolation to ho w these pro cesses �t in to our mo del of goal-directed

b eha vior that accoun ts for the pro cess of ho w a referring action is made successful.

Chapter 3 sho ws that the initial referring expression can b e built and understo o d in

the planning paradigm. W e presen t plan sc hemas and surface sp eec h acts that the

implem en te d system uses and giv e examples of the system constructing and inferring

referring expression plans. Chapter 4 sho ws that clari�cations of the initial referring

expression can also b e built and understo o d in the planning paradigm. In this case

the plans are meta-plans that tak e as a parameter a plan deriv ation that corresp onds

to a referring expression. In addition to presen ting plan sc hemas and surface sp eec h

actions, w e presen t predicates for reasoning ab out and manipulating the referring

expression plans. Finally , w e giv e examples of the system constructing and inferring

clari�cation plans.

The purp ose of c hapter 5 is t w ofold. First, w e sho w that subsequen t clari�cations

of a referring expression can b e accoun ted for b y the same meta-plans that accoun t for

clari�cations of the initial referring expression. Second, w e sho w ho w the construction

and inference of referring expression plans and clari�cation plans �t in to a mo del of

goal-directed b eha viour. The goals for clarifying a referring expression arise from

the m utual resp onsibilit y that the participan ts ha v e to w ards making the referring

action successful. The m utual resp onsibilit y also pro vides a con text for understanding

clari�cations, and sanctions the up dating of the common ground.

In c hapter 6, w e presen t a detailed example of the pro cessing of our system on an

en tire dialogue. Chapter 7 discusses the impleme n tation. In particular, w e sho w ho w

w e ha v e used the tec hnique of c hart parsing for plan inference, and ho w the same

plan sc hemas can b e used for b oth plan construction and plan inference.

In c hapter 8, w e summarize our con tributions, discuss ho w it relates to previous

w ork that has b een done, and describ e p ossible extensions.
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Chapter 2

F oundations

This c hapter reviews the foundations that our thesis is built on. Since our w ork pro-

p oses a mo del based on the planning paradigm to accoun t for ho w p eople collab orate

in making a referring action successful, the foundational w ork naturally divides itself

in to a n um b er of areas, and eac h is review ed in a section of this c hapter. The �rst sec-

tion reviews w ork that has b een done in psyc hology on ho w p eople collab orate. The

second section reviews computational approac hes to generating and understanding

the con ten t of referring expressions. The third section reviews the planning literature

relev an t to represen ting what a con v ersation is ab out, sp eci�cally where agen ts migh t

ha v e in v alid b eliefs or incomplete b eliefs with resp ect to constructing a plan. Finally ,

the fourth section reviews the planning literature relev an t to comm unicativ e actions.

2.1 Psyc hological In v estigations of Collab oration

As men tioned in the �rst c hapter, our w ork recasts in to a computational mo del the

w ork done b y Clark and Wilk es-Gibbs (1986) on ho w p eople collab orate in building

referring expressions. In this section, w e discuss their w ork along with t w o other

related pieces of researc h.

2.1.1 Clark and Wilk es-Gibbs

Clark and Wilk es-Gibbs (1986) in v estigated ho w con v ersation participan ts collab o-

rate in making a referring action successful. They conducted exp erimen ts in whic h

participan ts had to refer to ob jects|tangram patterns|that are di�cult to describ e.

They found that t ypically the initiator w ould �rst presen t an initial referring expres-

sion. The resp onder w ould then pass judgemen t on it, either accepting it, rejecting

it, or p ostp oning his decision un til it w as expanded. If it w as rejected or the decision
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p ostp oned, then either the initiator or the resp onder w ould refashion the referring

expression. This w ould tak e the form of either repairing the expression b y correcting

sp eec h errors, expanding it b y adding further quali�cations, or replacing the original

expression with a new expression. This pro cess w ould b e rep eated un til the initiator

and resp onder m utually accepted the referring expression.

Belo w are t w o excerpts from their w ork that illustrate the acceptance pro cess.

(2.1) A:

1

Um, third one is the guy reading with, holding his b o ok to the left.

B:

2

Ok a y , kind of standing up?

A:

3

Y eah.

B:

4

Ok a y .

In the ab o v e dialogue, p erson A mak es an initial presen tation in (1). P erson B

p ostp ones his decision in (2) b y v oicing a \ten tativ e ok a y", and then pro ceeds to

refashion the referring expression. A accepts the new referring expression in (3), and

B signals his acceptance in (4).

(2.2) A:

5

Ok a y , and the next one is the p erson that lo oks lik e they're carrying

something and it's stic king out to the left. It lo oks lik e a hat that's

upside do wn.

B:

6

The guy that's p oin ting to the left again?

A:

7

Y eah, p oin ting to the left, that's it! (laughs)

B:

8

Ok a y .

In the second dialogue, B implicitly rejects A's initial presen tation b y replacing it with

a new referring expression in (6). A then accepts the refashioned referring expression

in (7).

Clark and Wilk es-Gibbs claim that b y collab orating in the ab o v e fashion, partic-

ipan ts can o v ercome a n um b er of limitations that they are faced with.

� Ignorance: The initiator migh t not kno w enough ab out the resp onder to b e

able to determine if the resp onder will b e able to uniquely iden tify the ob ject.

� Time Pressure: Con v ersation m ust 
o w at a certain rate in order to b e nondis-

ruptiv e. The initiator migh t not b e able to construct an appropriate noun phrase

within this time limit.
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� Complexit y: The noun phrase that the initiator constructed migh t b e to o

complex to b e easily understo o d.

Clark and Wilk es-Gibbs also prop ose that con v ersational participan ts try to mini-

mize c ol lab or ative e�ort . There is a trade-o� b et w een initiating a referring expression

and refashioning it. The initiator migh t realize that it w ould tak e more collab orativ e

e�ort to construct a prop er referring expression than the e�ort in v olv ed in refashion-

ing it with the help of the resp onder.

Clark and Wilk es-Gibbs argue that, in carrying out these clari�cation sub dia-

logues, the participan ts establish a common p ersp ectiv e for describing the ob jects

that they are referring to, and that the common p ersp ectiv e helps to minim iz e the

collab orativ e e�ort. During the �rst round of presen tations, they found that the

initiator w ould try to establish a common p ersp ectiv e. The p ersp ectiv e w ould b e

re�ned during subsequen t references. This resulted in a decrease in the amoun t of

collab oration, as the common p ersp ectiv e b et w een the participan ts facilitated future

referring expressions.

2.1.2 Garro d and Anderson

Garro d and Anderson (1987) conducted exp erimen ts in whic h participan ts had to

describ e their lo cation in a maze game. Garro d and Anderson analyzed the partic-

ipan ts' descriptions o v er the course of sev eral games. They found that participan ts

adopted a common p ersp ectiv e for describing their p ositions. They claim that b y

adopting this common p ersp ectiv e, participan ts are trying to minim iz e the collab ora-

tiv e e�ort in v olv ed in describing their p ositions. T o minimi ze the e�ort, it is necessary

to b e lo cally consisten t (consisten t from one turn to the next) in the w a y p ositions

are describ ed. This in turn causes the participan ts to adopt the same men tal mo del

of the maze and the same lo cal seman tics for descriptions, and so adopt a common

p ersp ectiv e.

2.1.3 Clark and Brennan

Clark and Brennan (1990), expanding on the w ork of Clark and Wilk es-Gibbs, ad-

dressed the issue of gr ounding in con v ersation. Grounding is the pro cess whereb y

participan ts try to establish that they ha v e understo o d what has b een said, so that

their common ground can b e up dated. P articipan ts do this b y giving p ositiv e evi-

dence that they ha v e understo o d eac h con tribution to the con v ersation. This can tak e

the form of explicit ac kno wledgemen t suc h as \uh h uh" and \y eah," a relev an t next

turn, for instance giving an appropriate answ er to a question, or con tin ued atten tion.
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2.2 Referring Expressions

This section reviews the computational metho ds that ha v e b een used for generat-

ing and understanding the prop ositional con ten t of referring expressions. All of the

metho ds assume a kno wledge base con taining facts ab out the ob jects in the w orld.

2.2.1 Generating Referring Expressions

As part of a system that uses planning tec hniques to generate sen tences, App elt

(1985a) addresses the issue of generating referring expressions. The con ten t of a

referring expression is c hosen b y an algorithm that corresp onds to a primitiv e action

in his plan library . The algorithm �rst c ho oses a basic category descriptor. It then

adds descriptors based on facts ab out the ob ject that are linguistically realizable

and that are m utually kno wn b y the sp eak er and hearer. Descriptors are added

un til the ob ject is uniquely iden ti�ed according to the m utual kno wledge of the t w o

participan ts. App elt also incorp orates a simple mo del of con text. If the ob ject b eing

referred to is the discourse cen ter then the ob ject do es not ha v e to b e distinguished

from the other ob jects.

Dale (1989) also uses an algorithm to construct referring expressions. His metho d

is similar to App elt's, but he c ho oses the descriptors in order of their discriminatory

p o w er. The descriptor that rules out the most candidates is added to the description

un til the description uniquely iden ti�es the ob ject b eing describ ed.

Eh ud Reiter (1990) also addresses the issue of determining the con ten t of referring

expressions. His w ork fo cuses on a v oiding con v ersational implicatures in descriptions

in a tractable manner. He do es this b y form ulating three preference rules: the de-

scription should not ha v e an y unnecessary comp onen ts, there should b e no set of

comp onen ts that can b e replaced b y a single comp onen t, and that lexically-preferred

classes should b e used. F or eac h of these rules, he presen ts a p olynomial algorithm

that will tak e a set of descriptors and c ho ose a subset that meets the preference rule.

Reiter's w ork p oin ts out that when referring expressions are constructed, care

m ust b e tak en to a v oid con v ersational implicature. Ho w ev er, his solution, as ha v e

App elt's and Dale's, relies on sp ecial-purp ose algorithms for c ho osing the con ten t of

referring expressions, as opp osed to in tegrating this asp ect in to a general theory of

ho w agen ts determine the con ten t of an utterance. Also, all three algorithms mak e

strong assumptions ab out the sp eak er's kno wledge of the hearer. App elt assumes that

the sp eak er has complete kno wledge of the hearer's b eliefs while Dale and Reiter do

not tak e b elief in to accoun t and so assume that the sp eak er and hearer ha v e the same
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b eliefs. F rom the w ork done b y Clark and Wilk es-Gibbs (1986), these assumptions

seem unrealistic.

2.2.2 Understanding Referring Expressions

An ob vious approac h to understanding referring expressions is to regard this task

as a constrain t satisfaction problem. This tec hnique is emplo y ed b y Mellish (1985)

in his system that understands ph ysics problems. In his system, when a referring

expression is encoun tered, a set of candidate ob jects is created. Eac h comp onen t of

the description supplies a constrain t; plus, constrain ts are deriv ed from other places

in the text suc h as co-referring descriptions. As these constrain ts are found, they are

applied to the candidate set to deriv e the ob ject that is b eing referred to. By the end

of the text, the referring expression should only ha v e a single candidate that matc hes

the description.

The constrain t satisfaction approac h assumes that as a result of applying the

algorithm, there will b e only one ob ject that matc hes the referring expression. Al-

though this migh t w ork for understanding textb o oks, in whic h assumptions can b e

made ab out the adequacy of referring expressions, this approac h will fail in situations

where the sp eak er and hearer do not share the same b eliefs. The approac h migh t �nd

no ob jects, or m ultiple ob jects.

Go o dman (1985) addresses the situation in whic h no ob jects matc h the descrip-

tion. He views descriptions as b eing appro ximate, and his computational mo del

relaxes the literal con ten t of the description in order to �nd a referen t that will matc h

it. The �rst step of his algorithm returns a set of candidate referen ts that are close to

the description in terms of a kno wledge base taxonom y . The second step orders the

set of candidates in terms of ho w lik ely the candidates are to b e the referen t. This

ordering re
ects heuristic kno wledge dra wn from a n um b er of kno wledge sources, in-

cluding linguistic kno wledge, hierarc hical kno wledge, and p erceptual kno wledge. F or

instance, the linguistic kno wledge base prefers relaxing adjectiv es, then prep ositional

phrases, then relativ e clauses and predicate complem en ts. The candidates are rank ed

in terms of few est n um b er of comp onen ts that need relaxing and ho w preferred those

comp onen ts are to relax. The third step attempts the actual relaxation, starting

with the most preferred candidate. Again, m ultiple heuristics are used from m ultiple

kno wledge sources. F or instance, if the candidate w as turquoise, but the original de-

scription men tioned the colour blue, then the colour blue can b e relaxed to turquoise

on the basis of p erceptual kno wledge. Or, if the candidate is not blue but has a blue

subpart, a heuristic based on hierarc hical kno wledge could relax the colour so that

it only applied to the subpart. If the relaxation fails to relax the description to the
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candidate, the next candidate is tried. This is rep eated un til a candidate is found.

Go o dman's algorithm is an impro v em en t o v er the constrain t satisfaction approac h,

for it relaxes the assumptions that the sp eak er and hearer ha v e exactly the same b eliefs

ab out the w orld. Ho w ev er, his algorithm assumes that the hearer has no recourse to

question the sp eak er ab out the iden tify of the referen t.

2.3 Planning

The planning literature that is relev an t to this thesis has b een separated in to t w o

sections. This section reviews the literature that is relev an t to represen ting what

a con v ersation is ab out, where agen ts migh t ha v e in v alid b eliefs or incomplete b e-

liefs with resp ect to constructing a plan. The next section reviews using planning

tec hniques to accoun t for comm unic ativ e actions.

2.3.1 In v alid Plans and Plan Repair

Plans are sometimes in v alid. An agen t migh t ha v e incorrect b eliefs ab out the w orld,

and hence it migh t construct a plan that will not ac hiev e the goal that it is supp osed

to ac hiev e. Plan repair is the pro cess where either the planning agen t or another

agen t �xes the plan so that it will ac hiev e its goal.

P ollac k (1986) has extended plan recognition to infer in v alid plans that a user

migh t ha v e. She views plans as \men tal ob jects" rather than as data structures.

Under this view, \ha ving a plan" means that an agen t has a particular con�guration

of b eliefs and in ten tions. In inferring a plan, she uses plan inference rules that capture

the notion that the user migh t ha v e incorrect b eliefs. These inference rules include

inferring a plan where the enablemen t conditions are not true, where the user migh t

ha v e mistak enly used an action that is similar to an action that the system b eliev es

will ac hiev e the goal, used a plan that is similar to one that will ac hiev e the goal, or

made a t ypical mistak e. T o guide the plan inference pro cess, b oth the goal that the

user is trying to ac hiev e and the domain action that the user thinks will ac hiev e the

goal are input to the plan inference system.

2.3.2 Shared Plans

Grosz, Sidner, and Lo c h baum (Grosz and Sidner, 1990; Lo c h baum, Grosz and Sidner,

1990) presen t a mo del of plans to accoun t for ho w agen ts with partial kno wledge

collab orate in the construction of a domain plan. Agen ts ha v e a library of partially

sp eci�ed plan sc hemas (recip es). These recip es migh t b e undersp eci�ed as to ho w an
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action is executed or ho w an action con tributes to a goal. Agen ts then collab orate in

constructing a shared plan b y uttering statemen ts ab out their b eliefs and in ten tions

ab out the plan. This collab oration will terminate with eac h agen t m utually b elieving

that eac h act in the plan can b e executed b y one of the agen ts, that that agen t in tends

to p erform the act, and that eac h act in the plan con tributes to the goal.

Their computational w ork fo cuses on understanding ho w an agen t's utterance

con tributes to the shared plan. They presen t an algorithm for augmen ting the b eliefs

ab out the plan b eing collab orated on. If the inferring agen t detects a b elief ab out

an action in the plan that is inconsisten t with its o wn b eliefs, it will comm uni cate

dissen t rather than negotiating ab out the action.

2.4 Comm unicativ e Plans

This section reviews ho w planning tec hniques ha v e b een used to mo del comm uni cativ e

acts, with an emphasis on acts of reference and clari�cation sub dialogues.

2.4.1 Sp eec h Acts

By viewing language as action, the planning paradigm can b e applied to natural lan-

guage pro cessing. The actions in this case are il lo cutionary sp e e ch acts (Grice, 1957;

Austin, 1962; Searle, 1969), and include suc h things as promising, informing, and

requesting. Cohen and P errault (1979) dev elop ed a system that uses plan construc-

tion to map an agen t's goals to sp eec h acts, and Allen and P errault (1980) use plan

recognition to understand an agen t's plan from its sp eec h acts.

2.4.2 Referring as Action

T reating referring as a sp eec h act w as �rst prop osed b y Searle (1969). He prop osed

that referring and predicating w ere pr op ositional sp e e ch acts as opp osed to illo cution-

ary acts. This distinction is due to Searle's view that referring and predicating cannot

b e done alone, but only as part of an illo cutionary act.

Cohen (1981; 1984), di�ering from Searle, adv o cates treating referring as re-

questing. F rom analyzing task-orien ted dialogues, he prop osed the use of an action

identify(a gt, D) , whic h means that the hearer, agt , iden ti�es the referen t of the

description, D . His approac h w ould mak e iden tifying a referen t the same as doing a

ph ysical action. A sp eak er w ould plan that the hearer iden tify a referen t and request

him to do so in the same w a y as the sp eak er w ould do for ph ysical actions. So, mo d-
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els that accoun t for the generation and understanding of requesting can b e used for

referen t iden ti�cation.

App elt and Kronfeld (1987) supp ort Searle's view that referring is a prop ositional

sp eec h act and pro vide a formal mo del of referring. They prop ose that the literal

goal of referring \is to establish m utual b elief that a particular ob ject is b eing talk ed

ab out" and that the condition of satisfaction is for the hearer to \kno w the appro-

priate criteria for correct iden ti�cation and successfully satisfy these criteria." The

literal goal do es not in v olv e the hearer iden tifying the referen t, but just ha ving a

represen tation of it. This is ac hiev ed b y the hearer recognizing the in ten tion of the

referring goal. The criterion for iden tifying the referen t dep ends on the illo cutionary

act among other things, and will tak e the descriptiv e con ten t of the noun phrase in to

accoun t.

2.4.3 Planning Referring Expressions

In a section 2.2.1, w e discussed ho w App elt (1985a; 1985b) c ho oses the con ten t of

referring expressions. In this section, w e are in terested in ho w acts of reference �t

in to his plan-based mo del of sen tence generation.

In App elt's mo del, after a surface sp eec h act has b een planned, it is passed to a

functional uni�cation grammar. The grammar is augmen ted so that when building a

noun phrase for a term O

i

of the surface sp eec h act, it c hec ks to see whether the term

has a description (prop ositional con ten t). If it do esn't then the grammar p oses the

goal active( O

i

) to the planner. The prop osition active( O

i

) means that O

i

\b elongs

to the a v ailable set of terms for constructing the prop osition the sp eak er is con v eying

in w a y of the surface sp eec h act" (1985a, p. 18). The planner ac hiev es this goal b y w a y

of a c onc ept activation action, whic h can b e view ed as a generalization of a referring

sp eec h act. Concept activ ations are ac hiev ed b y either the nonlinguistic action of

p oin ting or b y the linguistic action describe . The preconditions of describe sp ecify

that the sp eak er b eliev es that the description is true of the in tended referen t, and that

the in tended referen t is the only ob ject that is not ruled out according to the m utual

kno wledge of the t w o agen ts. The describe action calls the algorithm that w as

men tioned in section 2.2.1 to c ho ose a description that satis�es the preconditions. The

c hosen description is then used b y the grammar to determine the linguistic realization

of the noun phrase.
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2.4.4 Discourse Plans and Clari�cation Sub dialogues

Litman and Allen (1987) ha v e tak en a plan-based approac h to understanding dis-

course. In addition to using domain plans to enco de kno wledge ab out the topic

of con v ersation, they use discourse plans to enco de kno wledge ab out con v ersations.

Discourse plans corresp ond to ho w an utterance can relate to the curren t topic of

con v ersation, b e it a domain plan, or ev en another discourse plan. This approac h

allo ws them to use plan recognition to iden tify discourse phenomena from utterances,

suc h as in tro ducing a new topic, con tin uing a topic, and clari�cations.

The plan recognition pro cess infers the user's discourse plan from the utterance

that it observ es. It then tries to determine the plan that underlies the discourse plan.

If this is not the �rst utterance, the plan recognition pro cess will ha v e as input a

plan stac k that represen ts the curren t con text. The plan recognition pro cess prefers

in terpretations that relate the discourse plan to one already on the stac k. After the

plan recognition pro cess is complete, a new plan stac k will b e built and this is used to

b oth determine the system's next action and pro vide con text for the next statemen t.

Litman and Allen presen t three clari�cation plans that can accoun t for a n um b er

of clari�cation sub dialogues. T o supp ort these plans, they pro vide a v o cabulary for

referring to and manipulating the underlying plans. An example is correct-pla n

sho wn in �gure 2.1. This plan tak es another plan as a parameter (the underlying

Header: CORRECT-PLA N(s pe ake r,h ear er ,la sts te p,n ews tep ,

nextstep,pl an)

Prerequisites: WANT(hearer ,pl an )

LAST(lastst ep, pl an)

Decomp osition-1: REQUEST(spe ake r, hea rer ,ne ws tep )

Decomp osition-2: REQUEST(spe ake r, hea rer ,ne xt ste p)

E�ect: STEP(newste p,p la n)

AFTER(lasts tep ,n ews tep )

AFTER(newst ep, ne xts tep )

NEXT(newste p,p la n)

Constrain t: STEP(lastst ep, pl an)

STEP(nextst ep, pl an)

AFTER(lasts tep ,n ext ste p)

AGENT(newst ep, he are r)

not CANDO(spea ke r,n ext ste p, pla n)

MODIFIES(ne wst ep ,la sts tep )

ENABLES(new ste p, nex tst ep)

Figure 2.1: correct-p lan plan

plan), and lets the sp eak er correct the underlying plan b y in tro ducing a new step
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in to it. The constrain ts of correct-pla n ensure that the new step is a v arian t of the

last executed step, that the next step is not executable (presumably b ecause the last

step didn't enable some condition that the next step relied on), and that the new

step will enable the next step. The e�ect of correct-pla n is that the new step will

b e inserted in to the underlying plan after the last step and b efore the next step and

that it will b e executed next. This plan is ac hiev ed b y the sp eak er either requesting

the new step or requesting the next step (whic h can't b e executed).

The clari�cation plans and the v o cabulary for referring to plans pro vide a go o d

starting p oin t for mo deling clari�cation sub dialogues. Ho w ev er, a ric her set of clari�-

cation plans and a corresp onding ric her v o cabulary are needed to deal with clari�ca-

tions in general. Litman and Allen's plans deal with only c hanging a single primitiv e

action in an underlying plan where the c hange do es not ha v e an y side e�ects in the

rest of the plan and where the action is the curren t fo cus. Ho w ev er, these limitations

m ust b e relaxed. In general, a branc h o ccurring an ywhere in the plan tree should b e

able to b e repaired ev en when it has side e�ects elsewhere in the plan.
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Chapter 3

Referring Expressions

Searle (1969) prop osed that referring is a comm unic ativ e act. With the adv en t of

using planning tec hniques to accoun t for illo cutionary sp eec h acts, viewing referring

as a comm unicativ e act allo ws planning tec hniques to accoun t for its usage. Ho w ev er,

previous plan-based mo dels of referring (Cohen, 1984; App elt, 1985a) ha v e treated

the pro cess of determining the description (prop osition con ten t) as a primitiv e action.

This thesis prop oses using planning tec hniques to b oth generate and understand

the prop ositional con ten t of referring expressions. In other w ords, the individual

comp onen ts of a description will b e accoun ted for in the planning paradigm. This

approac h has sev eral adv an tages. First, it allo ws b oth tasks to b e captured in a single

paradigm that is used for mo deling general in telligen t b eha viour. Second, it allo ws

more of the con ten t of an utterance to b e accoun ted for b y a uniform pro cess. Third,

only a single kno wledge source for referring expressions is needed instead of ha ving

this kno wledge em b edded in sp ecial algorithms for eac h task.

The outline of the rest of this c hapter is as follo ws. W e �rst discuss the scop e

of our w ork on referring expressions. Second, w e de�ne some predicates that will

b e used in our plan sc hemas. Third, w e presen t the refer plan, the surface sp eec h

acts, and the subplans that are used in decomp osing the refer plan in to the surface

sp eec h acts. F ourth, w e sho w ho w these plans are used for constructing and inferring

referring expression plans.

3.1 Scop e of our w ork

In order for a referring act to b e successful, the referring expression m ust enable the

hearer to iden tify the referen t. F or our w ork, w e fo cus on references to ob jects that are

m utually kno wn b y b oth the sp eak er and the hearer. F urthermore, w e assume that

iden ti�cation is ac hiev ed b y the hearer c hec king his b eliefs as opp osed to p erforming
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ph ysical actions, suc h as testing the con ten ts of a glass to determine if it is a martini

(P errault and Cohen, 1981). This t yp e of referring expression corresp onds to App elt's

shar e d c onc ept activation with identi�c ation intention (1985c).

When building a referring expression or when trying to iden tify a referen t of a

referring expression, the con text in whic h it is uttered is v ery imp ortan t. The con text

allo ws some ob jects to b e referred to b y pronouns or b y de�nite descriptions that

do not fully distinguish the ob ject from all other ob jects that could b e referred to

(Grosz, 1981). But this thesis addresses the issue of referring to ob jects that are not

in fo cus, and hence do es not consider con text. Ho w ev er, a primitiv e mo del of con text

could b e incorp orated in to our w ork on the basis of sets of ob jects that are in fo cus.

An in teresting problem w ould b e to in tegrate default inferences, sanctioned b y the

con text, ab out what prop erties the referen t can b e assumed to ha v e.

The b eliefs of the sp eak er and hearer m ust also b e tak en in to accoun t. The

prop ositional con ten t of a referring expression do es not express truths ab out the

w orld but b eliefs ab out the w orld. In constructing and inferring referring expression

plans, our mo del of an agen t tak es in to accoun t its o wn b eliefs and its b eliefs ab out

the other agen t.

3.2 V o cabulary

Before w e presen t the plan sc hemas for referring expressions, w e need to in tro duce

some v o cabulary that is used in the plan sc hemas. W e use the standard de�nitions

of goal , bel , and bmb , and w e in tro duce the predicate bub .

goal(Agt,Goal): Agen t Agt has the goal Goal . An agen t will act to mak e its goals

true.

b el(Agt,Prop): Agen t Agt b eliev es prop osition Prop .

bm b(Agt1,Agt2,Prop): Agen t Agt1 b eliev es that it is m utually b eliev ed b y itself

and Agt2 that prop osition Prop is true. The standard de�nition of this predicate

is giv en b elo w:

1

1

In the plan sc hemas, the predicate mb is used; ho w ev er, this predicate is alw a ys implicitly

em b edded inside the sp eak er's b eliefs, th us giving bmb . This also applies to the predicate bub .
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bmb(Agt1,A gt 2,P rop ) � bel(Agt1,Pr op ) and

bel(Agt1,be l( Agt 2,P rop )) and

bel(Agt1,be l( Agt 2,b el( Ag t1, Pro p) )) and

etc

2

bub(Agt1,Agt2,Prop): Agen t Agt1 b eliev es that it is in the union of its b eliefs and

Agt2 's b eliefs that prop osition Prop is true. This predicate is similar to m utual

b elief except that, rather than an in�nite conjunction of b eliefs, it is de�ned as

an in�nite disjunction.

bub(Agt1,A gt 2,P rop ) � bel(Agt1,Pr op ) or

bel(Agt1,be l( Agt 2,P rop )) or

bel(Agt1,be l( Agt 2,b el( Ag t1, Pro p) )) or

etc

This predicate is used to determine whether or not more mo di�ers should b e

added to the description, as will b e explained in section 3.5.

3.3 Refer Plan

Since w e are viewing referring as a comm unic ativ e act, there is a plan sc hema for

referring, sho wn in �gure 3.1. (W e adopt the Prolog con v en tion that v ariables b egin

with an upp er case letter, and all predicates and constan ts b egin with a lo w er case

letter.) The refer plan tak es as a parameter a term represen ting the discourse

Header: refer(Entit y)

Where: speaker(Spe ake r)

hearer(Hear er)

Decomp osition: s-refer(Ent ity )

describe(En tit y)

E�ect: bel(Hearer, goa l( Spe ake r,k no wre f(H ea rer ,En tit y) )))

Figure 3.1: refer plan

en tit y (W ebb er, 1983) of the referring expression that is b eing constructed. Suc h a

discourse en tit y is represen ted b y entity(Var ,Ob je ct) , where Object represen ts the

ob ject b eing referred to, and Var is a unique iden ti�er. The decomp osition of the plan

consists of the primitiv e action s-refer , whic h signals that the sp eak er is referring,

2

Since this de�nition in v olv es an in�nite conjunction of b eliefs, it is not p ossible to compute

m utual b elief in this w a y . Previous mo dels ha v e used rules for inferring m utual b elief (Clark and

Marshall, 1981; P errault, 1990). W e follo w a similar approac h (see section 7.4).
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and the plan describe , whic h creates the description. These plans are presen ted

later in the c hapter. The predicates in the plan sc hema lab eled b y wher e are used to

instan tiate the v ariables Speaker and Hearer to either system or user .

3

The e�ect of the refer plan is that the hearer will b eliev e that the sp eak er has

a goal of the hearer kno wing the referen t of the referring expression.

4

The e�ect has

b een form ulated in this w a y so that it will b e ac hiev ed b y the hearer inferring the

sp eak er's plan, regardless of whether the hearer is able to determine the referen t.

F ollo wing Litman and Allen (1987), w e use the predicate knowref to represen t that

an agen t kno ws a referen t. Ho w ev er, our de�nition di�ers from theirs. They de�ne

knowref(A, T,P ) as A kno wing a description of term T that satis�es prop osition P ,

whereas w e de�ne knowref(A,E ) as A kno wing the ob ject that corresp onds to the

discourse en tit y E .

The e�ect sho wn in �gure 3.1 is the only one included in an y of the plan sc hemas

for referring expressions. W e view this as a simpli�cation, for eac h of the subplans

should ha v e an e�ect stated for it. Ho w ev er, since w e are c haining b y decomp osition

and since w e assume that plan inference alw a ys deriv es the correct plan deriv ation,

nothing is lost b y this simpli�cation. F urthermore, determining the e�ects of eac h

plan and dev eloping a v o cabulary to state them in is not a simple task.

Although w e presen t this plan in isolation of a system that plans illo cutionary

sp eec h acts, this plan is similar to App elt's concept activ ation action (1985a) and

Cohen's request to iden tify (1984) in terms of its comm uni cativ e role, and hence

could b e in tegrated in to their plan-based mo dels of generation.

3.4 Surface Sp eec h Acts

F or referring expressions, w e need a set of primitiv e actions. Since these primitiv e

actions will corresp ond to parts of an utterance, they can b e view ed as surface sp eec h

actions. The surface sp eec h actions that w e c hose are suc h that eac h comp onen t of a

description is accoun ted for b y a separate action, th us enabling our mo del to accoun t

for the con ten t of referring expressions in the planning paradigm.

3

Our usage of wher e -predicates stems from the lac k of functions and t yp ed v ariables in Prolog.

4

This e�ect do es not capture that the sp eak er will b eliev e that the referring expression enables

the hearer to iden tify the referen t. Ho w ev er, it will su�ce for this thesis.
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3.4.1 s-refer

The s-refer action is p erformed b y the sp eak er to signal to the hearer that she is

referring to an ob ject, and that she in tends him to iden tify the ob ject. This is a

distinct action b ecause a referring sp eec h act is sometimes linguistically mark ed, for

instance, when uttered in an appropriate con text, \the bird, y ou kno w?", \see the

bird," and ev en b y the de�nite article.

Header: s-refer(Ent ity )

Figure 3.2: s-refer plan

3.4.2 s-attrib

F or eac h predicate that describ es an ob ject in terms of an attribute, there will b e an

s-attrib action sc hema.

5

The parameters of these sc hemas are a discourse en tit y ,

and a predicate that enco des the attribute. The predicate is enco ded using lam b da

calculus since it allo ws the syn tax of predicates to b e standardized, th us simplifying

other plan sc hemas that migh t need to mak e use of the predicate. The constrain ts of

the plan sp ecify that the sp eak er b eliev es that the attribute is m utually b eliev ed to

b e true of the referen t.

6

In �gure 3.3, the sc hema is giv en for attributing colour.

7

Header: s-attrib(En tit y, � X � colo ur (X, Col our ))

Where: speaker(Spe ake r)

hearer(Hear er)

ref(Entity, Obj ec t)

Constrain t: mb(Speaker, Hea re r,c olo ur( Ob jec t,C ol our ))

Figure 3.3: s-attrib plan

3.4.3 s-attrib-rel

The s-attrib-r el actions are similar to the s-attrib actions. Ho w ev er, instead

of describing an ob ject in terms of an attribute, the ob ject is describ ed relativ e to

5

Ha ving m ultiple plan sc hemas with the same header corresp onds to using an abstraction op erator

(Kautz and Allen, 1986), where the abstraction op erator maps the plan header to eac h of the plan

sc hemas.

6

This constrain t is to o strong and could b e w eak ened to tak e in to accoun t P errault and Cohen's

w ork on inaccurate reference (1981).

7

The ref predicate in the plan sc hema maps a discourse en tit y represen ting a referring expression

on to the ob ject that is b eing referred to. It is used in order to access the b eliefs ab out the referen t.
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some other ob ject. Hence, there are action sc hemas for relationships that can hold

b et w een ob jects. Note that when using s-attrib-re l , it is necessary to refer to the

related ob ject, whic h is done b y the paren t plan of s-attrib-re l (see section 3.5.4),

and to create a discourse en tit y for the related ob ject, whic h is done b y the second

ref predicate.

8

In �gure 3.4, the sc hema for describing that an ob ject is in another

ob ject is giv en.

Header: s-attrib-re l(E nt ity ,Lo cEn ti ty, � X � � Y � at(X ,Y ))

Where: speaker(Spe ake r)

hearer(Hear er)

ref(Entity, Obj ec t)

ref(LocEnti ty, Lo c)

Constrain t: mb(Speaker, Hea re r,a t(O bje ct ,Lo c))

Figure 3.4: s-attrib- rel plan

3.4.4 s-attrib-rel- group

The s-attrib-re l-g rou p actions are also similar to the s-attrib actions. Ho w ev er,

in this case, the ob ject is describ ed relativ e to the set of ob jects that could satisfy the

prop ositional con ten t of the actions that ha v e already b een planned. F or instance, it

is used to describ e that the ob ject is the largest ob ject of those that satisfy the rest

of the description. F or eac h predicate that allo ws an ordering and for eac h w a y it can

b e ordered, there is a separate action sc hema. In �gure 3.5, the sc hema for sa ying

that an ob ject is the largest is giv en.

Header: s-attrib-re l-g ro up( Ent ity , � X � ma x(s iz e,X ),C an d)

Where: speaker(Spe ake r)

hearer(Hear er)

ref(Entity, Obj ec t)

Constrain t: mb(Speaker, Hea re r,m ax( siz e, Obj ect ,C and ))

Figure 3.5: s-attrib- rel -gr oup plan

8

It is unclear where a discourse en tit y should b e created. W e ha v e tak en the approac h of making

the ref predicate create new discourse en tities if the v ariable represen ting the discourse en tit y is

uninstan tiated.
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3.4.5 An Example

With these primitiv e actions, w e can represen t the surface sp eec h acts asso ciated

with referring expressions. As an example, the surface sp eec h acts for the referring

expression \the blac k bird in the cage" are giv en b elo w:

s-refer(en tit y( 1,b ird 2) )

s-attrib(e nti ty (1, bir d2 ), � X � ca te gor y(X ,bi rd ))

s-attrib(e nti ty (1, bir d2 ), � X � co lo ur( X,b lac k) )

s-attrib-r el( en tit y(1 ,b ird 2), ent it y(2 ,ca ge5 ), � X � � Y � in(X ,Y) )

s-refer(en tit y( 2,c age 5) )

s-attrib(e nti ty (2, cag e5 ), � X � ca te gor y(X ,ca ge )

3.5 In termediate Plans

This section presen ts the subplans that are used in decomp osing the refer plan in to

the surface sp eec h acts, namely describe , headnoun , modifiers , and modifier .

These plans enco de the kno wledge of ho w a description can allo w a hearer to iden tify

an ob ject.

T o ensure successful reference, the description that these in termediate plans build

m ust enable the hearer to uniquely iden tify the referen t. The in termediate plans

reason ab out the success of the description through the use of c andidate sets . A

candidate set represen ts the set of ob jects that the sp eak er b eliev es could satisfy the

prop ositional con ten t of the referring expression that has already b een planned. Since

the sp eak er and hearer are not assumed to ha v e iden tical b eliefs ab out the ob jects

in the w orld, the sp eak er m ust consider the union of their b eliefs ( bub ) in computing

the candidate set in order to minimi ze the c hance of an infelicitous reference.

9

Once

a description has b een planned in whic h the asso ciated candidate set con tains only

the represen tation of the referen t, the sp eak er will b eliev e that the description will

enable the hearer to iden tify the referen t.

The candidate sets also pla y a crucial role in the plan inference pro cess. When

inferring the referen t of a referring expression, the strategy whereb y eac h comp onen t

of the expression is used to constrain the c hoice of referen t is captured in the plan

sc hemas b y the op erations that deriv e the candidate sets. Hence, the hearer will b e

9

Consider the scenario in whic h the sp eak er w an ts to refer to bird2 , whic h he b eliev es is m utually

b eliev ed to b e blac k. Let's also assume that there is another bird that the sp eak er b eliev es to b e

bro wn, but the sp eak er b eliev es that the hearer b eliev es it is blac k. By using the union of their b eliefs

in determining candidate sets, the sp eak er will �nd the description \the blac k bird" is p oten tially

infelicitous and will therefore add another mo di�er.
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able to determine the candidate sets b y ev aluating the plan deriv ation that he has

ascrib ed to the sp eak er. Assuming that the b eliefs that the sp eak er has ascrib ed to

the hearer are correct, then the candidate set corresp onding to the en tire expression

will con tain only the referen t.

W e no w need to accoun t for ho w candidate sets are built, and ho w these sets

will a�ect the rest of the referring expression. First, w e prop ose the use of mental

actions . Men tal actions are similar to primitiv e actions, except that they do not ha v e

an y observ able e�ects. Instead, their e�ects are c hanges in the state of the planning

agen t. Second, w e allo w v ariable instan tiation to ha v e side e�ects, whereb y a v ariable

is instan tiated in one step of a plan deriv ation and its v alue is used b y another step.

Th us, the men tal actions are used to build the candidate sets, and these candidate

sets can a�ect other steps in the plan deriv ation.

3.5.1 describ e

The describe plan (�gure 3.6) is one of the steps of the refer plan and is used to

construct a description of the ob ject. Its decomp osition consists of headnoun and

modifiers . The headnoun step instan tiates the candidate set to the set of ob jects

that matc hes the head noun that is c hosen. This candidate set is passed to the

modifiers step so that it will kno w whic h ob jects the referen t m ust b e distinguished

from.

Header: describe(En tit y)

Decomp osition: headnoun(En tit y, Can d)

modifiers(E nti ty ,Ca nd)

Figure 3.6: describe plan

3.5.2 headnoun

The plan headnoun (�gure 3.7) has t w o steps. The �rst step is s-attrib , whic h

determines the head noun of the referring expression. The second step is the men tal

action subset , whic h determines the candidate set.

10

The candidate set is computed

b y �nding the subset of the ob jects in the w orld that the sp eak er b eliev es could b e

referred to b y the head noun.

10

The predicate subset(Set,Pred ,Subs et) computes Subset suc h that the follo wing holds:

Subset = f X j X 2 Set and Pred ( X ) g . If Subset is empt y , the men tal action will fail.
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Header: headnoun(En tit y, Can d)

Where: speaker(Spe ake r)

hearer(Hear er)

world(World )

Decomp osition: s-attrib(En tit y, � X � cate go ry( X,C ate go ry) )

subset(Worl d, � X � u b(S pea ke r,H ear er,

category(X ,C ate gor y)) ,C and )

Figure 3.7: headnoun plan

3.5.3 mo di�ers

The modifiers plan attempts to ensure that the referring expression that is b eing

constructed is b eliev ed b y the sp eak er to allo w the hearer to uniquely iden tify the

referen t. It accomplishes this b y rep eatedly c ho osing predicates that are true of

the referen t, un til the conjunction of the c hosen predicates apparen tly iden ti�es the

referen t. Rather than extending the planning mo del to de�ne the notion of iterativ e

plans, w e use recursion.

There are three plan sc hemas for modifiers . The �rst sc hema (�gure 3.8) em b o d-

ies the recursion. Its �rst step is modifier . This step, through its decomp osition,

Header: modifiers(E nti ty ,Ca nd)

Decomp osition: modifier(En tit y, Can d,N ewC an d)

modifiers(E nti ty ,Ne wCa nd)

Figure 3.8: modifiers plan

adds a comp onen t to the description and up dates the candidate set b y computing

the subset of it that satis�es the new comp onen t. The up dated candidate set is then

passed to the second step, whic h is the recursiv e instan tiation of modifiers .

The second modifiers sc hema (�gure 3.9), whic h has a n ull decomp osition, ter-

minates the recursion.

11

Its constrain t ensures that only one ob ject matc hes the

prop ositional con ten t of the referring expression.

The third sc hema (�gure 3.10) also terminates the recursion. It decomp oses in to

the surface sp eec h action s-attrib-r el -gr oup , whic h adds a comp onen t to the de-

scription that distinguishes the referen t from the other candidates.

11

In order to distinguish this plan from a primitiv e action, it has a step that is mark ed null .
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Header: modifiers(E nti ty ,Ca nd)

Where: ref(Entity, Obj ec t)

Constrain t: Cand = [Object]

Decomp osition: null

Figure 3.9: modifiers plan

Header: modifiers(E nti ty ,Ca nd)

Decomp osition: s-attrib-re l-g ro up( Ent ity ,P red ,Ca nd )

Figure 3.10: modifiers plan

3.5.4 mo di�er

The modifier plan accoun ts for individual comp onen ts of the description. There are

t w o plan sc hemas for modifier , one corresp onding to s-attrib and one corresp ond-

ing to s-attrib-r el .

The �rst sc hema is sho wn in �gure 3.11. Its decomp osition consists of the surface

sp eec h act s-attrib and a men tal action that determines the new candidate set

( NewCand ) b y including only the ob jects from the old candidate set ( Cand ) for whic h

the predicate could b e b eliev ed to b e true.

Header: modifier(En tit y, Can d,N ewC an d)

Where: speaker(Spe ake r)

hearer(Hear er)

Decomp osition: s-attrib(En tit y, Pre d)

subset(Cand , � X � ub (Sp eak er ,He are r,P re d(X )),

NewCand)

Figure 3.11: modifier plan

The second sc hema (�gure 3.12) has s-attrib-r el in its decomp osition. Since

this action describ es an ob ject in terms of some related ob ject, the sc hema has a step

to refer to it. It also has a step to up date the candidate set.

3.6 Constructing the Simplest

Referring Expression

The plan sc hemas describ ed ab o v e underconstrain the c hoice of referring expressions.

In particular, nothing in the plan sc hemas captures the preference of p eople to use
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Header: modifier(En tit y, Can d,N ewC an d)

Where: speaker(Spe ake r)

hearer(Hear er)

Decomp osition: s-attrib-re l(E nt ity ,Ot her En tit y,P re d)

ref(OtherEn tit y, Oth er)

subset(Cand , � X � ub (Sp eak er ,He are r,P re d(X )(O th er) ),

NewCand)

refer(Other Ent it y)

Figure 3.12: modifier plan

minim al referring expressions. Since the con ten t of an expression is b eing accoun ted

for in the planning paradigm, this preference can b e stated in more general terms as

a heuristic for constructing plans: pr efer simple plans

12

. This heuristic has in tuitiv e

app eal, and when planning with the in ten tion that the hearer infer the plan, this

heuristic is related to Grice's maxim s of con v ersation.

In order to use the heuristic of preferring simple plans, it is necessary to state it in

an op erational w a y . There are man y w a ys that this could b e done. F or our purp oses,

it su�ces to prefer the plan deriv ation with the least n um b er of primitiv e actions.

13

By using this planning heuristic, w e can accoun t for Eh ud Reiter's results on a v oiding

con v ersational implicature (1990), without resorting to sp ecial algorithms that ha v e

no in tuitiv e app eal.

14

The plan sc hemas ha v e b een designed so that a plan can b e constructed b y c haining

through decomp osition only . This simpli�es the plan construction pro cess, for it

eliminates the need to c hain through preconditions. The plan constructor starts with

a goal and �nds the shallo w est plan deriv ation that ac hiev es this goal, suc h that the

constrain ts are true and the men tal actions are executable for eac h instance in the

plan deriv ation.

3.6.1 An Example

Consider the scenario in whic h the system b eliev es that there are three birds|a small

turquoise one ( bird1 ), a large blac k one ( bird2 ), and a large white one ( bird3 )|

plus some other non-bird ob jects in the w orld. Also supp ose that the system (as the

sp eak er) has the goal of referring to bird2 .

12

By simple plans w e mean plans that are minim al in some manner. W e are not referring to

P ollo c k's usage of simple plan (1990, p. 91).

13

See section 7.2.1 for further commen ts on this planning heuristic.

14

As a coun terp oin t, our approac h do es not guaran tee that a referring expression can b e found in

p olynomial time.
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refer(enti ty( 1, bir d2) )

s-refer(en ti ty( 1,b ir d2) )

describe(e nt ity (1, bi rd2 ))

headnoun( ent ity (1 ,bi rd2 ),[ bi rd1 ,bi rd2 ,b ird 3])

s-attrib( ent it y(1 ,bi rd2 ), � X � cate go ry( X,b ir d))

Constr aint: mb(user,sys tem ,c ate gor y(b ir d2, bir d) )

subset(Wo rld , � X � ub (us er ,sy ste m,c at ego ry( X, bir d)) ,

[bird1,bir d2, bir d3] )

modifiers (en tit y( 1,b ird 2), [b ird 1,b ird 2, bir d3] )

modifier( ent it y(1 ,bi rd2 ), [bi rd1 ,bi rd 2,b ird 3] ,[b ird 2])

s-attrib( en tit y(1 ,bi rd 2), � X � col our (X, bl ack ))

Constr aint: mb(user,sys te m,c olo ur( bi rd2 ,bl ac k))

subset([b ir d1, bir d2, bi rd3 ], � X � u b(u ser ,s yst em,

colour(X,b lac k)) ,[ bir d2] )

modifiers (en ti ty( 1,b ird 2) ,[b ird 2])

Constr aint: [bird2]=[bi rd2 ]

null

E�e ct: bel(user,go al( sys te m,k now ref (s yst em, ent it y(1 ,bi rd 2)) ))

Figure 3.13: Constructed referring expression plan

The deriv ation in �gure 3.13 sho ws the most preferred plan created b y the plan

constructor to satisfy the goal of referring to bird2 . Eac h plan, primitiv e action,

and men tal action that is in the deriv ation is sho wn in a b o x, and the steps of a

plan are sho wn as b o xes inside of the b o x represen ting the plan. An y v ariables that

are instan tiated during the plan construction pro cess are lab eled b y instantiation ,

and the e�ects of this instan tiation on the rest of the plan deriv ation are sho wn b y

replacing the v ariable with its v alue. F or instance, in instan tiating the constrain t

mb(system, use r, cat ego ry( bi rd2 ,Ca teg or y)) , Category is instan tiated to bird

and this instan tiation is carried through to the second step of headnoun as sho wn. The

resulting surface sp eec h acts of this deriv ation are listed b elo w, and they corresp ond

to the phrase \the blac k bird."

s-refer(en tit y( 1,b ird 2) )

s-attrib(e nti ty (1, bir d2 ), � X � ca te gor y(X ,bi rd ))

s-attrib(e nti ty (1, bir d2 ), � X � co lo ur( X,b lac k) )
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3.7 Understanding a Referring Expression

T o understand an utterances that he hears, the hearer m ust determine what the

sp eak er in tended b y w a y of the utterance. In our mo del, this is accomplished b y plan

inference. By inferring the sp eak er's plan, the hearer can determine the e�ects of the

plan, whic h are assumed to b e the sp eak er's in ten tions in making the utterance.

The plan inference pro cess tak es as input the surface sp eec h acts returned b y a

parser. The �rst step of the pro cess recognizes the plan deriv ation. It �nds a plan

that has as its yield the primitiv e actions that w ere observ ed. Motiv ated b y P ollac k's

w ork on inferring in v alid domain plans (1986), it do es not ensure that the constrain ts

and men tal actions are satis�able, th us allo wing plans with unsatis�able constrain ts

or men tal actions (in v alid plans) to b e recognized. The second step ev aluates the plan

to ensure that it is v alid, and if it is not, the no de that is not satis�able is noted.

15

The plan ev aluator prefers to ev aluate the constrain ts and men tal actions in the

order sp eci�ed b y the plan sc hemas. Ho w ev er, these sc hemas ha v e b een form ulated

for plan construction, and there is a di�erence in kno wledge that the sp eak er has

when constructing a plan and the kno wledge that the hearer has when inferring it.

Hence, it migh t not b e e�cien t or ev en p ossible to ev aluate in the order sp eci�ed in

the plan sc hemas. Th us, the constrain ts and men tal actions are ev aluated in an order

that tak es in to accoun t the hearer's kno wledge and meta-lev el kno wledge ab out the

predicates in the plan sc hemas.

F or referring expressions, once the plan inference pro cess is completed, the hearer

will ha v e inferred that the sp eak er's plan w as the refer plan and will ha v e the b elief

that the sp eak er has a goal of the hearer kno wing the referen t of the referring expres-

sion. If the plan ev aluation w as successful, the hearer will in fact kno w the referen t,

since the v ariable represen ting the referen t will ha v e b een instan tiated. Otherwise,

if it w asn't successful, one of the constrain ts or men tal actions in the inferred plan

deriv ation will b e found to b e unsatis�able, whic h could result in the hearer b eing

unable to iden tify the referen t.

3.7.1 An Example

Consider again the scenario in whic h the system (as the hearer) b eliev es that there

are three birds, a small turquoise one ( bird2 ), a large blac k one ( bird2 ), and a large

white one ( bird3 ), plus some other ob jects in the w orld. Supp ose that the user has

15

In a general mo del of plan inference, it migh t not alw a ys b e necessary to ev aluate a recognized

plan. The decision migh t dep end on the e�ects of the inferred plan, and on whether there are sev eral

completing plan deriv ations that can accoun t for the primitiv e actions that w ere observ ed.
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refer(enti ty( 1, Obj ect ))

s-refer(en ti ty( 1,O bj ect ))

describe(e nt ity (1, Ob jec t))

headnoun( ent ity (1 ,Ob jec t), Ca nd)

s-attrib( ent it y(1 ,Ob jec t) , � X � cat eg ory (X, bi rd) )

Constr aint: mb(user,sys tem ,c ate gor y(O bj ect ,bi rd ))

subset(Wo rld , � X � ub (us er ,sy ste m,c at ego ry( X, bir d)) ,Ca nd )

modifiers (en tit y( 1,O bje ct) ,C and )

modifier( ent it y(1 ,Ob jec t) ,Ca nd, New Ca nd)

s-attrib( en tit y(1 ,Ob je ct) , � X � co lou r(X ,b lac k))

Constr aint: mb(user,sys te m,c olo ur( Ob jec t,b la ck) )

subset(Ca nd , � X � ub( us er, sys tem ,c olo ur( X, bla ck) ),N ew Can d)

modifiers (en ti ty( 1,O bje ct ),N ewC and )

Constr aint: NewCand = [Object]

null

E�e ct: bel(system, goa l(u se r,k now ref (s yst em, ent it y(1 ,Ob je ct) )))

Figure 3.14: Recognized referring expression plan

uttered \the blac k bird" and that a parser has deriv ed the primitiv e actions listed

b elo w:

s-refer(en tit y( 1,O bje ct ))

s-attrib(e nti ty (1, Obj ec t), � X � cat ego ry( X,b ir d))

s-attrib(e nti ty (1, Obj ec t), � X � col our (X, bla ck ))

In order to understand the user's utterance, the primitiv e actions are used as input

to the plan inference pro cess. The �rst step of the plan inference pro cess will recognize

the user's plan, resulting in the deriv ation sho wn in �gure 3.14 (with the where-

predicates instan tiated). Note that all v ariables that co-refer ha v e b een uni�ed.

16

F or

instance, the v ariables for the candidate sets in the describe , headnoun , modifiers ,

and modifier plans ha v e b een uni�ed. Unifying co-referring v ariables also has the

e�ect that all v ariables that co-refer to a v ariable that has b een instan tiated in the

primitiv e action will b e instan tiated.

16

The v ariable names ha v e b een c hanged for readabilit y . In realit y , Prolog giv es all v ariables

arbitrary names suc h as 34 .
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The second step of the plan inference pro cess ev aluates the constrain ts and men tal

actions in the plan deriv ation. F or this plan deriv ation, the ev aluator will �rst instan-

tiate the men tal action subset in the headnoun plan. This will result in Cand b eing

instan tiated to [bird1,bi rd2 ,b ird 3] . Second, the subset action in the modifier

plan is ev aluated yielding Cand1 b eing instan tiated to [bird2] . Third, the constrain t

Cand1 = [Object] in the second instance of the modifiers plan is ev aluated, yield-

ing Object b eing set to bird2 . Once this instan tiation is made, the rest of the plan

deriv ation can b e ev aluated in an y order. The resulting plan deriv ation is the same as

the one sho wn in �gure 3.13 except that system and user are exc hanged. So, as can

b e seen, the stated e�ect of the refer plan will ha v e the v ariable Object instan tiated

to bird2 , and so the system has deduced the referen t of the referring expression.

17

3.8 Summary

In this c hapter, w e presen ted our mo del, whic h is based on the planning paradigm, of

ho w the prop ositional con ten t of referring expressions can b e generated and under-

sto o d. Although w e ha v e not co v ered all t yp es of referring expressions, w e feel that

our mo del can b e extended to handle a large n um b er of them. In particular, w e feel

that this approac h can incorp orate non-linguistic actions that are used in conjunc-

tion with referring expressions, suc h as p oin ting at a referen t. As w ell, descriptions

sometimes sp ecify a plan of actions for the hearer to p erform to iden tify the referen t.

Since our approac h is based on planning, it could o�er a solution to ho w suc h referring

expressions are constructed and understo o d.

17

In c hapter 5, w e will giv e rules that the system can apply so as infer that it kno ws the referen t

giv en the kno wledge it has inferred from the plan deriv ation.
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Chapter 4

Clari�cations

Clark and Wilk es-Gibbs (1986) presen t a mo del of ho w con v ersational participan ts

collab orate in making a referring action successful. Their mo del consists of con v er-

sational mo v es that express a judgemen t of the success of a referring expression and

con v ersational mo v es that refashion an expression. Ho w ev er, their mo del is not com-

putational. They do not accoun t for ho w the judgemen t is made, ho w the judgemen t

e�ects the refashioning, nor the con ten t of the mo v es.

This c hapter casts Clark and Wilk es-Gibbs's mo del in to a computational frame-

w ork based on the planning paradigm. The con v ersational mo v es of their mo del are

accoun ted for b y discourse plans. This approac h allo ws plan construction to b e used

for generating a clari�cation

1

and plan inference for understanding a clari�cation.

The discourse plans, ho w ev er, only pro vide part of the solution. W e m ust still

accoun t for ho w a plan that is inferred from an utterance in
uences ho w an agen t

c hoices the goal it tries to ac hiev e in the next utterance. This part of our mo del

is presen ted in the next c hapter, allo wing us in this c hapter to concen trate on the

construction and inference of clari�cations in isolation.

The outline of the rest of this c hapter is as follo ws. W e �rst accoun t for ho w

referring expressions are judged. Second, w e presen t a v o cabulary that our discourse

plans use to reason ab out and manipulate a plan deriv ation that corresp onds to a

referring expression. Third, w e presen t the discourse plans and the surface sp eec h

acts that w e emplo y . F ourth, w e giv e examples of ho w clari�cations are constructed

and inferred in our mo del.

1

W e use the term clari�c ation since the con v ersational mo v es of judging and refashioning a

referring expression can b e view ed as clarifying the referring expression.
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4.1 Judging Referring Expressions

Clark and Wilk es-Gibbs prop ose a n um b er of con v ersational mo v es that participan ts

use in collab orating to mak e a referring action successful. They claim that after a

referring expression (or a refashioned referring expression) is presen ted, the hearer

judges it and that he either accepts it, rejects it, or p ostp ones the judgemen t. If he

rejects it or p ostp ones the judgemen t then either he or the sp eak er will refashion it b y

replacing it or expanding it. This pro cess is rep eated un til a �nal referring expression

is m utually accepted.

2

Clark and Wilk es-Gibbs, ho w ev er, do not accoun t for wh y con v ersational partic-

ipan ts c ho ose to accept or reject a referring expression or p ostp one the judgemen t.

Nor do they accoun t for ho w a participan t c ho oses whether to replace a referring

expression or expand it. In order to cast their mo del of con v ersational mo v es in to a

computational framew ork, w e need to accoun t for ho w these decisions are made.

W e prop ose that the hearer judges the referring expression b y determining whether

an y ob jects matc h the description. Either exactly one ob ject matc hes, no ob jects

matc h, or m ultiple ob jects matc h the referring expression. If exactly one ob ject

matc hes the referring expression, then the hearer will accept it. If he do esn't �nd an y

ob jects that matc h it, then the expression o v erconstrains the c hoice of referen t and

he will b e unable to iden tify the referen t, and will th us reject the expression or part

of it. If he �nds m ultiple ob jects that matc h the expression then it underconstrains

the c hoice of referen t and although he �nds it acceptable so far, he w ould p ostp one

his judgemen t.

If the referring expression w as rejected or the judgemen t w as p ostp oned, then

either the hearer or the sp eak er will refashion it. If the hearer found that the referring

expression o v erconstrained the c hoice of referen t, then the expression, or part of it,

will need to b e replaced. If the hearer found that it underconstrained the c hoice of

referen t, then the expression will either b e expanded, or part of it replaced. Whether

this is done b y the hearer will dep end on whether he kno ws the referen t (if he is the

initiator of the referring expression) or he is able to c ho ose a plausible candidate as

the referen t.

Since w e are using the planning paradigm to accoun t for the generation and un-

derstanding of the prop ositional con ten t of referring expressions, w e can cast the

judgemen t in terms of the ev aluation of the inferred referring expression plan. When

the hearer tries to understand the referring expression, he emplo ys plan recognition

2

In this thesis, w e do not incorp orate Clark and Wilk es-Gibbs's w ork on ho w sp eec h errors are

repaired.
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and then ev aluates the recognized plan. If the ev aluation is successful, then he will

ha v e iden ti�ed the referen t of the referring expression. If it is not, then the hearer

will ha v e iden ti�ed a constrain t or men tal action that is not satis�able. The no de in

the plan deriv ation at whic h the ev aluation failed captures the information needed

to decide whether the referring expression is o v erconstrained or underconstrained. If

it is o v erconstrained, then one of the constrain ts on an s-attrib , s-attrib-re l , or

s-attrib-r el- gr oup sp eec h act will ha v e b een violated.

3

If it is underconstrained,

then the constrain t on the instance of the modifiers plan that terminates the re-

cursion and that has a n ull decomp osition will ha v e b een violated. Hence, w e use

structural prop erties of where the violation o ccurred in the plan deriv ation to deter-

mine whether the referring expression o v erconstrains or underconstrains the c hoice of

referen t, whic h in turn determines whether the referring expression is rejected or the

judgemen t is p ostp oned.

4.2 V o cabulary

In order to mo del ho w agen ts collab orate in making referring expressions, w e need a

v o cabulary for reasoning ab out plans, reasoning ab out the parts of a plan, and for

refashioning plans. The v o cabulary that w e presen t is motiv ated b y w ork done b y

Litman and Allen (Litman, 1985; Litman and Allen, 1987) in understanding clari�ca-

tion sub dialogues. The v o cabulary is not in tended to b e complete, but only to allo w

us to formalize the con v ersational mo v es in v olv ed in clarifying a referring expression.

4.2.1 Referring to Plans

The predicates de�ned in this section are used to refer to referring expression plans

and to reason ab out their success or failure in ac hieving a goal.

plan(Agt,Plan,Goal): Agt has a plan deriv ation Plan for ac hieving Goal .

ac hiev e(Plan,Goal): Doing the primitiv e actions in the plan deriv ation Plan will

cause Goal to b e true.

3

The ev aluation could also ha v e failed on the men tal action of the modifier plan that up dates

the candidate set. This o ccurs only b ecause the ev aluator dynamically c ho oses the order in whic h

to ev aluate the plan deriv ation and migh t c ho ose to ev aluate the men tal action in the modifier

plan b efore ev aluating the constrain t on the surface sp eec h act. So, the ev aluator, when it �nds an

error, tries to determine if the error is a result of a constrain t or men tal action whose ev aluation w as

p ostp oned. Our algorithm for determining this lo oks for syn tactic similarities. A b etter approac h

w ould reason ab out the in teractions of constrain ts and men tal actions in the plan deriv ation.
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error(Plan,No de): The plan deriv ation Plan has an error at the no de named Node .

No des in the plan deriv ation are giv en names in order to distinguish t w o no des

that ha v e the same con ten t.

replace(Plan,NewPlan): The plan deriv ation NewPlan will ac hiev e the goal that

Plan is supp osed to ac hiev e.

4

4.2.2 Referring to P arts of a Plan

The follo wing predicates are used to refer to parts of a plan deriv ation. Their primary

usage in this thesis is to test for structural prop erties of plan deriv ations in order

to determine whether the referring expression o v erconstrains or underconstrains the

c hoice of referen t.

con ten t(Plan,No de,Con ten t): In the plan deriv ation Plan , the no de named b y

Node has con ten t Content .

constrain t(Plan,P aren t,Constrain t): In plan deriv ation Plan , the no de Parent

is a subplan and the no de Constraint is a constrain t of it.

yield(Plan,No de,Acti ons): In plan deriv ation Plan , the primitiv e actions in the

subtree ro oted at Node is Actions .

4.2.3 Manipulating and Ev aluating Plans

In order to refashion a referring expression plan, w e need to b e able to construct a

subplan that can b e substituted in to the existing plan, so that the resulting plan do es

not ha v e an y violated constrain ts or men tal actions. This section presen ts the men tal

actions that accomplish these tasks.

construct(Goal,Plan,Actions): In v ok es the plan constructor to construct a plan

deriv ation Plan that ac hiev es Goal . Actions are the primitiv e actions of the

constructed plan deriv ation.

substitute(Plan,No de,NewP art,NewPlan,Actions): In plan deriv ation Plan ,

substitutes the con ten t of Node b y NewPart resulting in the plan NewPlan and

the new primitiv e actions Actions . NewPart migh t b e a constrain t, in whic h

case Actions are those that are c hanged as a result of the substitution.

4

Although this predicate, whic h is similar to Litman's replace(Stack,O ldSta ck) predicate

(1985, p. 33), has the same name as one of Clark and Wilk es-Gibbs's con v ersational mo v es, it

is used in stating the e�ects of b oth the r eplac e and exp and con v ersational mo v es.
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ev aluate(Plan): Ev aluates the plan deriv ation Plan . This action succeeds if and

only if the plan is v alid.

5

4.3 Discourse Plans

W e prop ose using discourse plans to accoun t for Clark and Wilk es-Gibbs's con v ersa-

tional mo v es in collab orating to mak e a referring action successful. These discourse

plans are motiv ated b y the w ork done b y Litman and Allen (Litman, 1985; Litman and

Allen, 1987) in understanding clari�cation sub dialogues. By using discourse plans,

b oth the generation and understanding of the con v ersational mo v es can b e accoun ted

for. These discourse plans are meta-plans that tak e as a parameter a plan deriv ation

corresp onding to a referring expression and use the predicates de�ned in section 4.2

to reason ab out and manipulate the deriv ation. The ob jectiv e of this section is not

to pro vide complete co v erage of ho w participan ts can clarify a referring expression,

but to demonstrate the feasibilit y of this approac h. Although w e fo cus on clarifying

referring expressions, w e feel that our approac h can b e generalized to handle other

clari�cation sub dialogues as w ell.

4.3.1 accept-plan

The discourse plan accept-pl an (�gure 4.1) is used b y the sp eak er to establish the

Header: accept-plan (Pl an )

Where: speaker(Spe ake r)

hearer(Hear er)

Constrain t: achieve(Pla n,G oa l)

plan(Hearer ,Pl an ,Go al)

Decomp osition: s-accept(Pl an)

E�ect: bel(Hearer, goa l( Spe ake r,m b( Spe ake r, Hea rer ,

achieve(Pl an ,Go al) )))

Figure 4.1: accept-plan plan

m utual b elief that a plan will ac hiev e its goal. Since the sp eak er cannot directly a�ect

the b eliefs of the hearer, the e�ect of the sc hema is that the hearer will b eliev e that

the sp eak er has the goal that it b e m utually b eliev ed that the plan ac hiev es its goal.

The constrain ts of the sc hema sp ecify that the plan b eing accepted ac hiev es its goal

and the decomp osition is the surface sp eec h action s-accept .

5

This predicate is treated as a men tal action, in order to a v oid the use of p ost-c onstr aints .
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4.3.2 p ostp one-plan

The discourse plan postpone-pl an is used b y the sp eak er if the referring expression

plan underconstrains the c hoice of referen t. The sp eak er uses this sc hema in order to

tell the hearer that the plan is in v alid and to inform him whic h no de the ev aluation

failed at.

In �gure 4.2, the plan sc hema for postpone- pla n is giv en. The constrain ts sp ecify

that the violation o ccurred on the constrain t of an instance of the modifiers plan that

Header: postpone-pl an( Pl an)

Where: speaker(Spe ake r)

hearer(Hear er)

Constrain t: error(Plan, Err or Nod e)

plan(Speake r,P la n,G oal )

constraint( Pla n, Par ent Nod e, Err orN od e)

content(Pla n,P ar ent Nod e,P ar ent Con te nt)

yield(Plan, Par en tNo de, [])

ParentConte nt = modifiers(E nti ty, Ca nd)

Decomp osition: s-postpone( Pla n)

E�ect: bel(Hearer, goa l( Spe ake r,m b( Spe ake r, Hea rer ,

error(Plan ,E rro rNo de) )) )

Figure 4.2: postpone-p la n plan

has no primitiv e actions in its decomp osition. In other w ords, the violation o ccurred

on an instance of the modifiers plan that terminates the addition of modifier plans,

and so it only applies if the referring expression is underconstrained.

The decomp osition of this sc hema includes the s-postpone surface sp eec h action.

By observing this action, the hearer will b e able to recognize that the sp eak er's

plan is an instance of postpone-pl an , and b y ev aluating the plan, he should b e

able to infer that the sp eak er thinks that the no de in violation is the constrain t on

the terminating instance of modifiers . This kno wledge will pro vide con text for the

subsequen t refashioning.

As w e ha v e just explained, through plan inference, the hearer should b e able to

infer whic h no de is in violation. In fact, this is the goal that the sp eak er is trying to

ac hiev e b y this plan. Ho w ev er, the sp eak er cannot b e certain that the hearer will b e

able to determine whic h no de is in violation or whether he will agree that there is an

error at the no de. So, the stated e�ect of the sc hema is that the hearer will recognize

the sp eak er's goal of the sp eak er and hearer m utually b elieving that there is an error

at some no de in the referring expression plan.
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4.3.3 reject-plan

The discourse plan reject-pl an is similar to postpone-pl an in that it is also used

b y the sp eak er to tell the hearer that a referring expression plan is in v alid and to

inform him whic h no de the ev aluation failed at. In this case, ho w ev er, it is used if

the plan o v erconstrains the c hoice of referen t.

The plan sc hema is giv en in �gure 4.3. The e�ect of this plan is the same as the

e�ect of postpone- pla n . Its constrain ts sp ecify that an error o ccurred on a constrain t

Header: reject-plan (Pl an )

Where: speaker(Spe ake r)

hearer(Hear er)

Constrain t: error(Plan, Err or Nod e)

plan(Hearer ,Pl an ,Go al)

constraint( Pla n, Par ent Pla n, Err orN od e)

yield(Plan, Par en tPl an, Act s)

length(Acts ,1)

Decomp osition: s-reject(Pl an, Ac ts)

E�ect: bel(Hearer, goa l( Spe ake r,m b( Spe ake r, Hea rer ,

error(Plan ,E rro rNo de) )) )

Figure 4.3: reject-plan plan

of a plan that has a single primitiv e action in its yield. An alternativ e w a y of stating

the constrain ts, whic h is less general, w ould b e to sp ecify that an error o ccurred on

a constrain t of a plan in whic h the plan is an instance of s-attrib , s-attrib-r el ,

or s-attrib- rel -g rou p .

The decomp osition of the sc hema consists of the s-reject surface sp eec h action,

whic h tak es as a parameter the surface sp eec h action that is in the yield of the plan

that has the constrain t violation. By observing the s-reject action, the hearer will

b e able to recognize that the sp eak er's plan is an instance of reject-pl an , and b y

ev aluating this plan, he should b e able to determine the constrain t that w as violated.

6

This information will pro vide con text for the subsequen t refashioning of the referring

expression.

6

The reason the hearer should b e able to determine the constrain t is b ecause the only plan

instances that ha v e a yield of a single surface sp eec h action and that ha v e a constrain t are the

surface sp eec h actions s-attrib , s-attrib-rel , and s-attrib-rel-group , and these actions ha v e

exactly one constrain t. In a more general plan library , it migh t not b e p ossible for the hearer to

determine the constrain t or men tal action that the sp eak er found unsatis�able. Ho w ev er, it migh t

not b e necessary for the hearer to do so. The hearer migh t just need to kno w that there w as an error

in ev aluating some constrain t or men tal action, where the constrain t or men tal action is in
uenced

b y the primitiv e action that w as rejected.
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4.3.4 expand-plan

The discourse plan expand-pla n is used b y the sp eak er to replace a referring expres-

sion plan with a new plan. The new plan is arriv ed at b y adding extra comp onen ts

to the referring expression. Since our plan library is based on c haining b y decomp o-

sition, this can only b e done b y constructing a subplan to replace a branc h of the

deriv ation that has a n ull yield. F or our set of referring expression plan sc hemas, this

corresp onds to replacing the terminating instance of the recursiv e plan modifiers

that has a n ull yield with a subplan that has a non-empt y yield.

The plan sc hema for expand-pla n is sho wn in �gure 4.4. Its constrain ts are the

same as for postpone-pl an , and its e�ect is that the hearer will b eliev e that the

sp eak er has the goal that the sp eak er and hearer m utually b eliev e that a new plan

Header: expand-plan (Pl an )

Where: speaker(Spe ake r)

hearer(Hear er)

Constrain t: error(Plan, Err or Nod e)

plan(Hearer ,Pl an ,Go al)

constraint( Pla n, Par ent Nod e, Err orN od e)

content(Pla n,P ar ent Nod e,P ar ent Con te nt)

yield(Plan, Par en tNo de, [])

ParentConte nt= mo dif ier s(E nt ity ,Ca nd )

Decomp osition: member(Obje ct, Ca nd)

ref(Entity, Obj ec t)

construct(m odi fi ers (En tit y, Can d), Ex pan sio n,A ct s)

substitute( Pla n, Par ent Nod e, Exp ans io n,N ewP lan ,A cts )

s-actions(P lan ,A cts )

E�ect: bel(Hearer, goa l( Spe ake r,m b( Spe ake r, Hea rer ,

replace(Pl an ,Ne wPl an) )) )

Figure 4.4: expand-plan plan

replaces the curren t referring expression plan.

The decomp osition of the sc hema sp eci�es ho w a new referring expression plan can

b e built that will distinguish one of the ob jects that the curren t referring expression

matc hes from the rest. The �rst step, member(Obje ct ,Ca nd) , c ho oses one of the

ob jects. If the sp eak er is the initiator then she will kno w what the referen t is and

hence there is no c hoice in v olv ed in satisfying the men tal action. Ho w ev er, if the

sp eak er is the resp onder, then she will not kno w the referen t, and hence will ha v e to

c ho ose whic h ob ject to supp ose as the referen t. In this case, she should use heuristics

to c ho ose a plausible referen t, suc h as the ob ject whic h has the greatest n um b er of
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standard defaults. Ho w ev er, for this thesis, w e will let the plan constructor arbitrarily

c ho ose a mem b er of the set of candidates. The third step

7

is used to construct

an expansion that will distinguish the c hosen candidate from the rest. The fourth

step substitutes the expansion in to the curren t referring expression, resulting in the

refashioned referring expression NewPlan . The �fth step is the surface sp eec h action

s-expand , whic h is used to inform the hearer of the surface sp eec h actions, Acts ,

that are b eing added to the referring expression plan.

An in teresting scenario arises when the hearer has p ostp oned judgemen t on the

sp eak er's referring expression, and the sp eak er is no w planning an expansion. In this

case, although the sp eak er kno ws that the hearer thinks there is an error with the

constrain t of the terminating instance of the modifiers plan, she will not kno w whic h

ob jects the hearer cannot distinguish the referen t from, and since the sp eak er is ex-

amining her o wn plan deriv ation, she will think it do esn't ha v e to b e distinguished

from an y ob jects (since Cand con tains only a single term, whic h represen ts the refer-

en t). Th us, when she constructs an expansion, the trivial plan deriv ation consisting

of an instance of the modifiers plan with a n ull yield will b e returned. T o solv e

this problem, w e require construct to alw a ys �nd a plan with at least one primitiv e

action.

8

4.3.5 replace-plan

The discourse plan replace-pla n is used b y the sp eak er to replace a referring ex-

pression plan with a new plan. The new plan is arriv ed at b y replacing some of the

primitiv e actions in a plan with new actions.

In this section w e presen t t w o plan sc hemas for replace-pl an . The �rst sc hema

(�gure 4.5) is similar to the expand-pla n sc hema sho wn in �gure 4.4. Instead of

replacing a branc h of a deriv ation that has a n ull yield, it replaces a branc h whose

yield is the surface sp eec h action that caused the plan ev aluator to fail.

One p oin t that is w orth explaining is the use of the evaluate action. This

action succeeds if and only if the refashioned plan, NewPlan , is v alid. In other

w ords, it ensures that NewPlan actually iden ti�es a unique ob ject. This action is

necessary b ecause the modifier instance that is b eing replaced, ModifierCo nte nt ,

7

W e ha v e in ten tionally skipp ed the second step b ecause it is an artifact resulting from the manner

in whic h discourse en tities are treated. In the case where the sp eak er is the initiator, the discourse

en tit y will already ha v e its ob ject parameter instan tiated and so this step will ensure that member

c ho oses the referen t. If the sp eak er is the resp onder, then this step will up date the discourse en tit y

with the v alue of the c hosen ob ject.

8

Since construct do esn't tak e in to accoun t what has already b een planned, w e still ha v e the

problem that it migh t c ho ose a surface sp eec h act that is already in the existing plan deriv ation.
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Header: replace-pla n(P la n)

Where: speaker(Spe ake r)

hearer(Hear er)

Constrain t: error(Plan, Err or Nod e)

plan(Hearer ,Pl an ,Go al)

constraint( Pla n, Par ent Nod e, Err orN od e)

step(Plan,M odi fi erN ode ,Pa re ntN ode )

content(Pla n,M od ifi erN ode ,M odi fie rC ont ent )

ModifierCon ten t = modifier( Ent ity ,C and ,Ca nd1 )

Decomp osition: member(Obje ct, Ca nd)

ref(Entity, Obj ec t)

construct(m odi fi er( Ent ity ,C and ,Ca nd 1), Exp ans io n,A cts )

substitute( Pla n, Mod ifi erN od e,E xpa ns ion ,Ne wPl an ,Ac ts)

evaluate(Ne wPl an )

s-actions(P lan ,A cti ons )

E�ect: bel(Hearer, goa l( Spe ake r,m b( Spe ake r, Hea rer ,

replace(Pl an ,Ne wPl an) )) )

Figure 4.5: replace-p lan plan

migh t not b e the last modifier instance in the plan deriv ation. So, there migh t b e

constrain ts that Object should satisfy that are not captured b y Cand , resulting in

member(Obj ect ,C and ) c ho osing an ob ject that do es not satisfy the additional con-

strain ts.

The second plan sc hema (�gure 4.6), tak es a di�eren t approac h. This sc hema

tries to relax the constrain t of the plan that is the cause of the error, and using

Header: replace-pla n(P la n)

Where: speaker(Spe ake r)

hearer(Hear er)

Constrain t: error(Plan, Err or Nod e)

plan(Hearer ,Pl an ,Go al)

content(Pla n,E rr orN ode ,Er ro rCo nte nt )

Decomp osition: relax-const rai nt (Er ror Con te nt, New Co nte nt)

substitute( Pla n, Err orN ode ,N ewC ont en t,N ewP lan ,A cts )

evaluate(Ne wPl an )

s-actions(P lan ,A cts )

E�ect: bel(Hearer, goa l( Spe ake r,m b( Spe ake r, Hea rer ,

replace(Pl an ,Ne wPl an) )) )

Figure 4.6: replace-p lan plan

the relaxed constrain t to refashion the referring expression. This approac h is based
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on the heuristics that Go o dman (1985) uses to relax a referring expression that is

o v erconstrained. Our approac h is more simplistic than Go o dman's, for w e allo w only

one constrain t to b e relaxed. Although this means that w e cannot handle referring

expressions that need more than one constrain t relaxed, w e do not feel that this is

a serious limitation. In suc h cases it is probably b est not to presupp ose that the

referring expression can b e relaxed, but to rely on the hearer to try to repair it, or to

use a di�eren t strategy to refashion it, suc h as the sc hema giv en in �gure 4.5.

The decomp osition of the sc hema is as follo ws. The �rst step is relax-con str ain t .

As is explained in the next section, there migh t b e man y w a ys that a constrain t can

b e relaxed, and some of these, when substituted in to the referring expression plan,

migh t not result in a plan that iden ti�es exactly one ob ject. Since the plan con-

structor arbitrarily c ho oses one, the men tal action evaluate in the third step is used

to ensure that the c hoice results in a referring expression plan that is v alid. If the

resulting referring expression plan is not v alid, then this step fails, and so this c hoice

for the relaxed constrain t is rejected b y the plan constructor. Finally , in the fourth

step, the surface sp eec h actions that are the result of the refashioning are con v ey ed

to the hearer through the s-actions action.

relax-constrain t

The relax-con str ain t sc hemas incorp orate the heuristics that are used b y Go o d-

man (1985) in relaxing a description. These sc hemas tak e as input a constrain t and

return a constrain t that is the result of w eak ening the original. F or instance, the

constrain t that it is m utually b eliev ed that an ob ject is turquoise could b e relaxed to

the constrain t that it is m utually b eliev ed that it is green or to the constrain t that

it is m utually b eliev ed that it is blue.

9

In �gure 4.7, a relax-cons tra in t sc hema is

giv en for relaxing a colour to a similar colour.

A problem with relaxing a constrain t is that the relaxed constrain t migh t not b e

b eliev ed b y b oth participan ts. So, the agen t that do esn't b eliev e it will �nd the plan

in v alid, ev en though it kno ws that the violated constrain t can b e relaxed. A solution

to this problem is to allo w the b elief system to automatically relax prop ositions.

Ho w ev er, w e feel that suc h relaxations should b e explicitly sanctioned. So, the e�ect of

the relax-const rai nt plan is to sanction the b elief system to mak e the relaxation,

10

9

Since the new constrain t will b e used to refashion the referring plan deriv ation, it m ust b e

uni�able with the constrain t of the sc hema of the primitiv e action. Hence w e do not relax the

constrain t that it is m utually b eliev ed that the ob ject is turquoise to the constrain t that it is

turquoise, green, or blue.

10

Another solution to the problem w ould b e to c hange the op erator on the constrain t from m utually

b eliev ed to sp eak er b eliev es. Ho w ev er, this constrain t w ould not b e uni�able with the plan sc hema
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Header: relax-const rai nt (mb (Ag t1, Ag t2, col ou r(O bje ct,

Colour)),m b( Agt 1,A gt2 ,N ewP rop ))

Where: speaker(Spe ake r)

hearer(Hear er)

Constrain t: similar(cat ego ry ,Co lou r,N ew Col our )

Decomp osition: NewProp=cat (Ob je ct, New Col ou r)

E�ect: bel(Hearer, goa l( Spe ake r,m b( Spe ake r, Hea rer ,

relax(colo ur (Ob jec t,C ol our ),N ew Pro p)) ))

Figure 4.7: relax-const rai nt plan

whic h is captured b y the relax predicate:

relax(Prop,NewProp): If NewProp is b eliev ed, Prop can b e inferred.

4.4 Surface Sp eec h Acts

In this section, w e presen t the surface sp eec h acts that are used b y the discourse

plans. W e ha v e tak en the approac h that there are surface sp eec h acts for accepting

and clarifying plans. These surface sp eec h acts tak e as a parameter the plan that is

b eing accepted or clari�ed, and, dep ending on the sp eec h act, a set of surface sp eec h

acts.

The surface sp eec h acts that w e prop ose are stated without constrain ts or ef-

fects. This is b ecause their constrain ts and e�ects ha v e already b een captured b y the

constrain ts and e�ects of the discourse plans whose decomp osition they are a part

of. Since w e assume that plan inference will alw a ys deriv e the correct plan deriv a-

tion, nothing is lost b y this simpli�cation. In fact, the discourse plans accept-plan ,

reject-pla n , and postpone-pl an only ha v e a single step in their decomp osition,

whic h is their corresp onding surface sp eec h act, and hence they could ha v e b een

form ulated as surface sp eec h acts.

4.4.1 s-accept

The surface sp eec h action s-accept (�gure 4.8) is the only step in the accept-pla n

sc hema. It tak es as a parameter a v alid plan, and it can b e linguistically realized b y

an explicit ac kno wledgemen t, suc h as \y es" or \ok a y" (Clark and Brennan, 1990).

of the primitiv e action.
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Header: s-accept(Pl an)

Figure 4.8: s-accept plan

4.4.2 s-p ostp one

The surface sp eec h action s-postpone (�gure 4.9) is the only step in postpone-pl an .

It tak es as a parameter an in v alid plan, and it can b e linguistically realized b y a

ten tativ ely v oiced \ok a y ."

Header: s-postpone( Pla n)

Figure 4.9: s-postpone plan

4.4.3 s-reject

The surface sp eec h action s-reject (�gure 4.10) is the only step in reject-plan .

It tak es as a parameter an in v alid plan and a set of surface sp eec h acts that are a

Header: s-reject(Pl an, Ac ts)

Figure 4.10: s-reject plan

subset of the primitiv e actions of the plan. Belo w is an example of an instance of this

action, whic h can b e linguistically realized b y \What bro wn one?"

s-reject(P lan ,[ s-a ttr ib (En tit y, � X � c olo ur( X, bro wn) )] )

4.4.4 s-actions

The surface sp eec h action s-actions (�gure 4.11) is a step in b oth replace-pla n

and expand-plan and it signals that new primitiv e actions are b eing added to a

referring expression plan in order to refashion it. Although t w o di�eren t kinds of

surface sp eec h actions could ha v e b een de�ned, one corresp onding to replace-pla n

and one to expand-plan , w e felt that this distinction is not alw a ys linguistically

mark ed. Ev en when it is linguistically mark ed, the distinction migh t b e due to the

surface sp eec h action b eing used in com bination with either s-reject or s-postpone .

Belo w is an example of this action:

s-actions( Pla n, [s- att ri b(E nti ty, � X � col our (X ,bl ack )) ])
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Header: s-actions(P lan ,A cts )

Figure 4.11: s-actions plan

This could b e linguistically realized b y \the blac k one" or, if used in com bination

with s-reject , it could b e realized b y \don't y ou mean the blac k one?"

4.5 Constructing a Clari�cation

In constructing a clari�cation, w e use the same algorithm as is used in constructing

referring expression plans. Ho w ev er, the plan constructor is augmen ted to handle the

men tal actions that are giv en in section 4.2.3. In particular, for the men tal action

construct , it in v ok es itself, and for evaluate , it in v ok es the plan ev aluator.

4.5.1 An Example

Consider the scenario where the user has uttered \the green bird" but the system only

kno ws of a turquoise bird ( bird1 ), a blac k bird ( bird2 ), and a white bird ( bird3 ).

So, the system will ha v e inferred the in v alid plan deriv ation p1 giv en in �gure 4.12

11

and will ha v e the follo wing b eliefs:

plan(user, p1, kn owr ef( sy ste m,e nti ty (1, Obj ect )) )

error(p1,p 24)

F urthermore, assume that the system has already informed the user that plan p1 is

in v alid, and that it is no w trying to replace the plan b y a new plan that will ac hiev e

the knowref goal. So, it will ha v e the follo wing goal:

bel(user,g oal (s yst em, mb (sy ste m,u se r,r epl ace (p 1,N ewP la n)) ))

T o ac hiev e the goal, the plan constructor builds the deriv ation sho wn in �gure 4.13,

whic h is based on the second replace-pla n sc hema (�gure 4.6). Ho w ev er, this is not

the only deriv ation that the planner considers. The plan constructor tries using the

postpone-p lan sc hema as the ro ot of the deriv ation. But this c hoice is rejected

b ecause the constrain t that the paren t of the error no de m ust not ha v e an y primi-

tiv e actions in its yield is not true. The plan constructor also tries using the �rst

replace-pl an sc hema (�gure 4.5) as the ro ot. This results in a deriv ation with the

11

W e ha v e lab eled only the plan deriv ation and the no de that is in error with their no de names.

In realit y , all no des ha v e no de names.
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p1: refer(enti ty( 1, Obj ect ))

s-refer(en ti ty( 1,O bj ect ))

describe(e nt ity (1, Ob jec t))

headnoun( ent ity (1 ,Ob jec t), [b ird 1,b ird 2, bir d3] )

s-attrib( ent it y(1 ,Ob jec t) , � X � cat eg ory (X, bi rd) )

Constr aint: mb(user,sys tem ,c ate gor y(O bj ect ,bi rd ))

subset(Wo rld , � X � ub (us er ,sy ste m,c at ego ry( X, bir d)) ,

[bird1,bir d2, bir d3] )

modifiers (en tit y( 1,O bje ct) ,[ bir d1, bir d2 ,bi rd3 ])

modifier( ent it y(1 ,Ob jec t) ,[b ird 1,b ir d2, bir d3 ],N ewC and )

s-attrib( en tit y(1 ,Ob je ct) , � X � co lou r(X ,g ree n))

Constr aint: p24: mb(user,sy ste m,c olo ur (Ob jec t, gre en) )

subset([b ir d1, bir d2, bi rd3 ], � X � u b(u ser ,s yst em,

colour(X,g ree n)) ,N ewC and )

modifiers (en ti ty( 1,O bje ct ),N ewC and )

Constr aint: NewCand=[Ob jec t]

null

E�e ct: bel(system, goa l(u se r,k now ref (s yst em, ent it y(1 ,Ob je ct) )))

Figure 4.12: Inferred Referring Expression Plan ( p1 )

same n um b er of primitiv e actions as the c hosen deriv ation. Ho w ev er, it is rejected

due to an arbitrary decision on the part of the planner.

12

The deriv ation giv en in �gure 4.13 sho ws ho w the plan constructor builds the

c hosen deriv ation. The text that is pre�xed b y Instantiation sho ws ho w the v ariables

are instan tiated.

13

F rom the constrain ts of replace-p lan , ErrorNode is set to p24 ,

and ErrorConte nt is set to mb(user,sy st em, col ou r(O bje ct, gr een )) .

14

Next, the

plan constructor pro v es the constrain ts of the steps in the decomp osition. The �rst

step is the relax-con str ain t plan. Pro ving its constrain t results in NewColour b eing

instan tiated to turquoise .

15

The next step is the action substitut e . This results

12

The constructor's c hoice w as actually a go o d c hoice b ecause a deriv ation based on the �rst

sc hema in v olv es the plan constructor making an arbitrary decision for the lik ely referen t, whereas

for the second sc hema, its decision is based on relaxing a constrain t.

13

W e do not sho w the v alue for NewPlan due to space and formatting considerations. Ho w ev er,

w e do indicate where it is instan tiated.

14

In our notation, w e are not b eing careful ab out the scop e of the existen tial quan ti�er for the

v ariable Object .

15

The plan constructor actually pursues ev ery p ossible v alue that NewColour can b e instan tiated

to; ho w ev er, it is only the v alue turquoise that will allo w the evaluation step to b e pro v ed.
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p41: replace-pl an (p1 )

Constr aint: error(p1, Err or Nod e)

plan(user ,p1 ,G oal )

content(p 1,E rr orN ode ,Er ro rCo nte nt )

Instantiation: Err orNo de = p24

Go al = knowr ef(system,entity(1,Obje ct)))

Err orContent = mb(user,system,c olour(Obje ct,gr e en))

relax-cons tr ain t(m b( use r,s yst em ,co lou r(O bj ect ,gr ee n)) ,

mb(user,sys tem ,N ewP rop ))

Constr aint: similar(col our ,gr een ,N ewC olo ur )

Instantiation: NewColour = tur quoise

NewProp=c olo ur( Ob jec t,t urq uo ise )

Instantiation: NewPr op = c olour(Obje ct,tur quoise)

E�e ct: bel(user,go al( sy ste m,m b(s ys tem ,us er,

relax(colo ur( Obj ect ,C olo ur) ,Ne wP rop ))) )

substitute (p 1,p 24, mb (us er, sys te m,c olo ur( Ob jec t,t ur quo ise )),

NewPlan,Act s)

Instantiation: NewPlan

A cts =[s-attrib(entity(1,Obje ct), � X � c olour(X,tur quoise))]

evaluate(N ew Pla n)

Instantiation: Obje ct = bir d1

s-actions( p1 ,Ac ts)

E�e ct: bel(user,go al( sys te m,m b(s yst em ,us er, rep la ce( p1, Ne wPl an) )))

Figure 4.13: Constructed Refashioning Plan ( p41 )

in the refashioned referring expression plan p57 sho wn in �gure 4.14, whic h, when

ev aluated in the next step, results in Object b eing instan tiated to bird1 . The last
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p57: refer(enti ty (1, Obj ec t))

s-refer(en ti ty( 1,O bj ect ))

describe(e nt ity (1, Ob jec t))

headnoun( ent ity (1 ,Ob jec t), Ca nd)

s-attrib( ent it y(1 ,Ob jec t) , � X � cat eg ory (X, bi rd) )

Constr aint: mb(user,sys tem ,c ate gor y(O bj ect ,bi rd ))

subset(Wo rld , � X � ub (us er ,sy ste m,c at ego ry( X, bir d)) ,Ca nd )

modifiers (en tit y( 1,O bje ct) ,C and )

modifier( ent it y(1 ,Ob jec t) ,Ca nd, New Ca nd)

s-attrib( en tit y(1 ,Ob je ct) , � X � co lou r(X ,g ree n))

Constr aint: mb(user,sys te m,c olo ur( Ob jec t,g re en) )

subset(Ca nd , � X � ub( us er, sys tem ,c olo ur( X, gre en) ),N ew Can d)

modifiers (en ti ty( 1,O bje ct ),N ewC and )

Constr aint: NewCand=[Ob jec t]

null

E�e ct: bel(system, goa l(u se r,k now ref (s yst em, ent it y(1 ,Ob je ct) )))

Figure 4.14: Refashioned Referring Expression Plan ( p57 )

step is the surface sp eec h act s-actions , whic h is instan tiated to the follo wing:

s-actions( p1, [s -at tri b( ent ity (1, bi rd1 ), � X � c olo ur( X, tur quo ise )) ])

This action and the action resulting from informing the user that the original plan is

in v alid, could result in: \The green one? Don't y ou mean the turquoise one?"

4.6 Understanding a Clari�cation

In understanding a clari�cation, w e use the same algorithm as is used in understand-

ing a referring expression. Ho w ev er, a few extensions are needed to handle the men tal

actions construct and evaluate . When ev aluating construct , the ev aluator kno ws

the primitiv e actions that construct m ust accoun t for and the goal it is trying to

ac hiev e. So, the ev aluator in v ok es the plan recognizer rather than the plan construc-

tor.

When the men tal action evaluate is in an inferred plan, it means that the sp eak er

found the plan that is the parameter of the evaluate to b e v alid. Ho w ev er, the

sp eak er migh t not in tend that the hearer should �nd the plan to b e v alid, and so
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p1: refer(enti ty( 1, bir d1) )

s-refer(en ti ty( 1,b ir d1) )

describe(e nt ity (1, bi rd1 ))

headnoun( ent ity (1 ,bi rd1 ),[ bi rd1 ,bi rd2 ,b ird 3])

s-attrib( ent it y(1 ,bi rd1 ), � X � cate go ry( X,b ir d))

Constr aint: mb(user,sys tem ,c ate gor y(b ir d1, bir d) )

subset(Wo rld , � X � ub (us er ,sy ste m,c at ego ry( X, bir d)) ,

[bird1,bir d2, bir d3] )

modifiers (en tit y( 1,b ird 1), [b ird 1,b ird 2, bir d3] )

modifier( ent it y(1 ,bi rd1 ), [bi rd1 ,bi rd 2,b ird 3] ,[b ird 1])

s-attrib( en tit y(1 ,bi rd 1), � X � col our (X, tu rqu ois e))

Constr aint: mb(user,sys te m,c olo ur( bi rd1 ,tu rq uoi se) )

subset([b ir d1, bir d2, bi rd3 ], � X � u b(u ser ,s yst em,

colour(X,t urq uoi se )), [bi rd1 ])

p26: modifiers (en ti ty( 1,b ir d1) ,[b ird 1] )

Constr aint: p28: ([bird1]=[b ir d1] )

null

E�e ct: bel(user,go al( sys te m,k now ref (u ser ,en tit y( 1,b ird 1) )))

Figure 4.15: Original Referring Expression Plan ( p1 )

the parameter of the evaluate action is not ev aluated. As is discussed in the next

c hapter, this view lets us distinguish b et w een a clari�cation plan b eing v alid v ersus

the refashioned referring expression plan b eing v alid, for the v alidit y of the refashioned

referring expression plan do es not a�ect the v alidit y of the clari�cation plan.

The remaining question to b e answ ered is, if the evaluate men tal action do es

not cause the hearer to ev aluate the refashioned plan, what causes him to do so?

W e claim that the hearer decides to ev aluate it b y reasoning ab out the e�ects of the

refashioning plan, whic h state that the sp eak er's goal is that it b e m utually b eliev ed

that the refashioned plan can replace the original plan. This reasoning pro cess is

discussed in the next c hapter.

4.6.1 An Example

Consider the scenario where the system kno ws only of a turquoise bird ( bird1 ), a

blac k bird ( bird2 ), and a white bird ( bird3 ) and it has constructed the referring

expression plan p1 giv en in �gure 4.15 to refer to the turquoise bird. Let's assume
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that the system has the follo wing b elief:

plan(user, p1, kn owr ef( us er, ent ity (1 ,bi rd1 )))

Also, let's assume that the user, after hearing the referring expression, made an

utterance, a ten tativ ely v oiced okay , that w as parsed in to the follo wing primitiv e

action:

s-postpone (p1 )

The plan inference pro cess tak es as input the primitiv e action, and it deriv es

an instance of postpone-p lan .

1 6

The recognized plan is then passed to the plan

ev aluator. The plan ev aluator uses meta-lev el kno wledge to determine the order in

whic h it ev aluates the constrain ts of the plan. Listed b elo w is an edited trace of

its output that sho ws b oth the order in whic h it ev aluated the constrain ts and the

instan tiations that w ere made:

error(p1,E rro rN ode )

plan(syste m,p 1, Goa l)

Go al = knowr ef(user,entity(1,bir d1))

yield(p1,P are nt Pla n,[ ])

Par entPlan = p26

constraint (p1 ,p 26, Err or Nod e)

Err orNo de = p28

content(p1 ,p2 6, Par ent Co nte nt)

Par entContent = mo di�ers(entity(1,bir d1),[bir d1])

ParentCont ent = modifiers( Ent ity ,C and )

Entity = entity(1,bir d1)

Cand = [bir d1]

The ev aluated plan is sho wn in �gure 4.16, and the e�ect of the inferred plan is the

follo wing:

bel(system ,go al (us er, mb (us er, sys te m,e rro r(p 1, p28 ))) )

16

The plan recognizer do esn't allo w the plan consisting solely of the primitiv e action s-postpone ,

since it is not a sp ecially mark ed end plan.
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31: postpone-p lan (p 1)

Constr aint: error(p1, Err or Nod e)

plan(syst em, p1 ,Go al)

constrain t(p 1, Par ent Nod e, Err orN od e)

content(p 1,P ar ent Nod e,P ar ent Con te nt)

yield(p1, Par en tNo de, [])

ParentCon ten t= mod ifi ers (E nti ty, Ca nd)

Instantiation: Go al = knowr ef(user,entity(1,bir d1))

Par entNo de = p26

Err orNo de = p28

Par entContent = mo di�ers(entity(1,bir d1),[bir d1])

Entity = entity(1,bir d1)

Cand = [bir d1]

s-postpone (P lan )

E�e ct: bel(system, goa l(u se r,m b(u ser ,s yst em, err or (p1 ,Er ro rNo de) )))

Figure 4.16: Inferred Judgemen t Plan ( p31 )

4.7 Summary

W e use discourse plans to accoun t for the con v ersational mo v es of Clark and Wilk es-

Gibbs (1986). These discourse plans reason ab out and manipulate the referring ex-

pression plans that they tak e as a parameter. A k ey idea in our approac h is that w e

separate the discourse plan from the underlying plan. This is evidenced through the

surface sp eec h acts that w e prop osed, whic h tak e as a parameter the surface sp eec h

acts of the underlying plan. Also, it is evidenced in the w a y discourse plans are ev al-

uated, in whic h the successful ev aluation of the discourse plan do es not dep end on

the success of the underlying plan.

The discourse plans that w e presen ted are not mean t to b e a complete set that

can accoun t for ev ery t yp e of referring expression clari�cation. Instead, they are

in tended to illustrate our approac h of using the planning paradigm to accoun t for the

generation and understanding of clari�cations, and to other clari�cation sub dialogues

as w ell.

One ma jor dra wbac k concerning the plans that w e prop ose is that they are unable

to do sophisticated reasoning ab out an in v alid plan deriv ation to determine wh y it

failed. Instead, w e ha v e relied on reasoning ab out structural and syn tactic features of

a plan deriv ation in order to determine whic h constrain t or men tal action is the cause

of the error and whether the referring expression o v erconstrains or underconstrains

the c hoice of referen t.
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Chapter 5

Mo deling the Sub dialogue

In c hapter 3 and 4, w e sho w ed ho w initial referring expressions, and judgemen t and

refashionings of them, can b e constructed and inferred in our mo del. In this c hapter,

w e accoun t for ho w these tasks �t in to a complete mo del of ho w an agen t collab orates

in making a referring action successful. T o do this, w e need to address t w o issues.

First, the initial referring expression migh t not b e accepted. Hence w e need to accoun t

for ho w the discourse plans that w e prop osed for judging and refashioning the initial

referring expression can accoun t for subsequen t con v ersational mo v es that are made

in the sub dialogue. W e start with the w ork of Clark and Wilk es-Gibbs (1986) in

mo deling referring as a collab orativ e pro cess, and augmen t their mo del with the

w ork of Clark and Sc haefer (1989) on ho w con v ersational participan ts con tribute to

discourse.

Second, w e ha v e assumed that when constructing a judgemen t or refashioning

plan, an agen t is trying to ac hiev e a goal. So, w e need to accoun t for ho w these goals

arise from the previous utterance. Previous natural language systems that use plans

to accoun t for the surface sp eec h acts underlying an utterance (Cohen and P errault,

1979; Allen and P errault, 1980; App elt, 1985a; Litman and Allen, 1987) mo del only

the recognition or only the construction of an agen t's plans, and so do not address this

issue. W e prop ose that agen ts adopt goals to judge and refashion referring expressions

b ecause they are m utually resp onsible for the success of the referring action. W e then

presen t our mo del that incorp orates this m utual resp onsibilit y and that can accoun t

for ho w judgemen t and refashioning goals arise.

T o conclude the c hapter, w e presen t an example of the pro cessing of our mo del.

The example illustrates ho w discourse goals arise when collab orating to mak e a re-

ferring expression and ho w these goals can b e ac hiev ed through the judgemen t and

refashioning plans that w e presen ted for initial referring expressions.
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5.1 Subsequen t Judgemen ts and Refashionings

In the previous c hapter, w e presen ted plans for judging and refashioning an initial

referring expression. The aim of this section is to sho w that these plans can also

accoun t for the subsequen t con v ersational mo v es that participan ts p erform in making

a referring action successful. T o do this, w e �rst examine the mo del that Clark and

Wilk es-Gibbs (1986) prop ose. Ho w ev er, their mo del has an implici t assumption that

judgemen ts and refashionings are alw a ys accepted. So, w e augmen t their mo del b y

adopting the prop osal of Clark and Sc haefer (1989) that judgemen ts and refashionings

are also sub jected to an acceptance pro cess. The resulting mo del can then accoun t

for ho w judgemen ts and refashionings con tribute to discourse in a consisten t manner

with ho w referring expressions con tribute to discourse. Th us w e can b etter justify

our usage of the same discourse plans to accoun t for subsequen t judgemen ts and

refashionings as are used for judging and refashioning the initial referring expression.

5.1.1 Acceptance Pro cesses

Clark and Wilk es-Gibbs (1986) prop ose that con v ersational participan ts emplo y an

ac c eptanc e pr o c ess when collab orating to mak e a referring action successful, and that

this pro cess accoun ts for the con v ersational mo v es that participan ts mak e:

The acceptance pro cess is pla y ed out in con v ersation : : : as a series of

steps. : : : The basic pro cess, whic h migh t b e called the ac c eptanc e cycle ,

consists of a presen tation plus its v erdict. Let x , y , and z stand for noun

phrases or their emendations. A presen ts x and then B ev aluates it. If

the v erdict is not p ositiv e, then A or B m ust refashion that presen tation.

That p erson can o�er: a repair x

0

, an expansion y , or a replacemen t z .

The refashioned presen tation, whether x

0

, x + y , or z , is ev aluated, and

so on. Acceptance cycles apply iterativ ely , with one repair, expansion,

or replacemen t after another, un til a noun phrase is m utually accepted.

With that, A and B tak e the pro cess to b e complete. (p. 24)

Although not the theme of their w ork, Clark and Wilk es-Gibbs assume that the

acceptance pro cess is emplo y ed in order to c ontribute the referring expression to the

discourse. The result of the con tribution is that the �nal referring expression is

added to the c ommon gr ound

1

of the participan ts, and hence pro vides a basis for

1

W e are using c ommon gr ound follo wing Clark and Sc haefer's w ork (1989) on con tributing to

discourse. Lik e them, w e do not attempt to formally de�ne this term. It is, ho w ev er, usually tak en

as what is m utually b eliev ed b y the con v ersational participan ts, or some w eak er v arian t (Clark and

Marshall, 1981; P errault and Cohen, 1981).
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future references to the ob ject b eing referred to, and helps to establish a p ersp ectiv e

for describing other ob jects.

Ho w ev er, in their accoun t of the acceptance pro cess, Clark and Wilk es-Gibbs fail

to explicitly men tion an imp ortan t k ey to understanding this pro cess. So, w e dra w

on the w ork of Clark and Sc haefer (1989), in whic h they p oin t out that \eac h part

of the acceptance phase is itself a con tribution" (p. 269). So, there is an acceptance

pro cess for eac h judgemen t and refashioning of the referring expression, and once

the judgemen t or refashioning is accepted, the common ground of the participan ts is

up dated. Th us after a refashioning has b een uttered and accepted, the refashioned

referring expression will b e added to the common ground, and th us a v ailable for

the other participan t to judge it. Lik ewise, after a judgemen t has b een uttered and

accepted, it is added to the common ground and can b e used as the basis of the next

refashioning.

F rom the preceding discussion, it should b e clear that the judgemen t and refashion-

ing mo v es are sub jected to an acceptance pro cess that is separate from the acceptance

pro cess of the referring action. So, w e can distinguish b et w een 1) accepting a refash-

ioning mo v e and 2) accepting the result of the refashioning|the refashioned referring

expression. In fact, Clark and Wilk es-Gibbs implicitl y assume that a refashioning

mo v e is alw a ys accepted, ev en if the refashioned referring expression that it prop oses

is not accepted. So, the acceptance of the refashioning mo v e need not dep end on the

refashioned referring expression. This implies that there is a di�erence b et w een 1) re-

jecting a refashioning mo v e and 2) accepting the refashioning mo v e and rejecting the

refashioned referring expression. But is this di�erence signi�can t to a computational

mo del that accoun ts for ho w an agen t collab orates in making a referring expression?

W e feel that it is, for it impacts b oth the determination of the common ground that

is b eing built up, and it impacts the discourse structure.

Consider dialogue (5.1), whic h w as collected at an information b o oth in a T oron to

train station (Horrigan, 1977). (Although the participan ts are not collab orating in

making a referring expression, the dialogue will serv e to illustrate our p oin t.)

(5.1) P:

1

The 8:50 to Mon treal?

C:

2

8:50 to Mon treal. Gate 7.

P:

3

Where is it?

C:

4

Do wn this w a y to y our left. Second one on the left.

P:

5

OK. Thank y ou.

53



Litman (1985), in her w ork on recognizing clari�cation sub dialogues giv es the follo w-

ing analysis of ho w her mo del, as the clerk, in terprets the third utterance.

The �rst preference [that is, assuming that the clerk's resp onse w as un-

dersto o d] fails. : : : The second preference succeeds, and the utterance is

recognized as part of an in tro duction of a new iden tify-parameter referring

to the old one. (p. 83)

In other w ords, the utterance \Where is it?" is in terpreted as rejecting the con tri-

bution of \Gate 7" and initiating a side se quenc e to accept it. F rom this analysis,

Litman claims that a coheren t con tin uation of the dialogue w ould b e for the passenger

to utter \What's a gate?" as the �fth utterance, b ecause it w ould con tribute to w ards

the acceptance of \Gate 7."

Ho w ev er, w e feel that Litman's analysis of the dialogue is incorrect. Our in tuition

leads us to b eliev e that the third utterance, \Where is it?", actually accepts the

clerk's con tribution of \Gate 7", and hence do es not initiate a side sequence to accept

it. So, if the passenger utters \What's a gate?" as the �fth utterance, this utterance

cannot b e in terpreted as a con tribution to w ards the acceptance of \Gate 7" since it

w as already accepted.

2

In examining Litman's analysis, it is in teresting to note that

her mo del do es �rst try to to in terpret the third utterance as accepting the previous

con tribution. Ho w ev er, this fails b ecause the \SURF A CE-REQUEST do es not matc h

(directly or b y c haining) an y of the steps of PLAN3" (1985, p. 83), where PLAN3

is the plan that the second utterance is con tributing to w ards. W e feel that it do es

not matc h an y of the steps of PLAN3 b ecause PLAN3 is not up dated to re
ect the

additional information that the train departs from gate 7.

3

As the ab o v e discussion sho ws, if a mo del fails to prop erly determine whether a

con tribution has b een accepted or not, it will mak e undesirable exp ectations of ho w

a discourse will con tin ue, and it will fail to prop erly accoun t for ho w the common

ground is b eing up dated during a dialogue.

5.1.2 Judging Con tributions

As w e ha v e already men tioned, the acceptance of refashioning mo v es should not de-

p end on the judgemen t of the refashioned referring expression. So, what should it

2

W e view \What's a gate?" as a seman tic return (see Allen 1987 ).

3

This brings up the related issue of when a sp eak er should up date the common ground to re
ect

her con tribution. This is an imp ortan t question, since to understand the next utterance the sp eak er

migh t ha v e to presupp ose the acceptance of her utterance, ev en though she migh t ha v e no evidence

for doing so.
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dep end on? Clark and Sc haefer (1989) prop ose that the acceptance of a con tribution

dep ends on whether the hearer \b eliev es he is understanding w ell enough for curren t

purp oses" (p. 267). Ho w ev er, they do not de�ne curr ent purp oses .

By viewing language as goal-orien ted b eha viour, w e can di�eren tiate the purp ose

of a con tribution from the purp ose of what it is con tributing to w ards. F or judgemen t

mo v es, it is to inform the hearer of the sp eak er's judgemen t of the referring expression,

and for refashioning mo v es, it is to replace the curren t referring expression b y a

refashioned referring expression. So, w e prop ose that the hearer uses the follo wing

criteria to decide if he has understo o d a judgemen t or refashioning mo v e. First, the

hearer m ust iden tify that the sp eak er is making a judgemen t or refashioning mo v e.

Second, he m ust iden tify the relationship that holds b et w een these mo v es and the

curren t discourse structure. Third, for a judgemen t mo v e, he m ust determine wh y

the sp eak er �nds the curren t referring expression in v alid (in our mo del, this will b e

to iden tify the constrain t or men tal action that w as violated), and for refashioning

mo v es, he m ust determine the referring expression that the sp eak er in tends to replace

the curren t referring expression b y .

4

A p oin t that w e w ould lik e to address is wh y the acceptance of a refashioning mo v e

should not dep end on the acceptance of the refashioned referring expression. W e feel

that if a hearer has understo o d a refashioning but do es not �nd the refashioned re-

ferring expression acceptable, he has a c hoice b et w een 1) con tributing to w ards the

refashioning mo v e, or 2) accepting the refashioning mo v e and con tributing to w ards the

referring action. Ho w ev er, b y not accepting the refashioning, the participan ts m ust

susp end the curren t dialogue while they collab orate on the refashioning. Plus, assum-

ing that participan ts presupp ose the acceptance of their con tributions, b y breaking

this exp ectation, the rejection of the refashioning m ust b e explicitly mark ed in order

for it to b e prop erly in terpreted. Hence, w e conjecture that there is an adv an tage, in

terms of minim izi ng collab orativ e e�ort, in accepting the refashioning and con tribut-

ing to the refashioned referring expression.

5.1.3 Our Mo del of Judging Con tributions

In this section, w e sho w ho w the criteria for understanding a judgemen t or refashioning

mo v e can b e incorp orated in to our mo del. Since w e mo del judgemen t and refashioning

mo v es as plans, w e form ulate these criteria in terms of plan recognition and plan

4

This is ob viously a simpli�cation. A hearer migh t meet all of these criteria and still not accept

the con tribution. F or instance he migh t w an t to question the other p erson's b eliefs, \Wh y do y ou

think it's green?" Or he migh t not meet all of the criteria. F or instance he migh t mak e an assumption

in order to meet the criteria, and rely on the sp eak er to correct him if his assumption is wrong.
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ev aluation.

F rom the plan recognition pro cess, the hearer migh t ha v e sev eral candidate plan

deriv ations that can accoun t for the sp eak er's utterance, esp ecially in the case of

refashioning plans where the same surface sp eec h act is used for b oth expansions and

replacemen ts. Eac h of the candidate plans is ev aluated, as is explained b elo w. If there

is exactly one v alid plan deriv ation, then the hearer will b eliev e he has understo o d the

con tribution and will accept it. Otherwise, he will b eliev e that he has not understo o d

the utterance w ell enough and will not accept it, and so he will con tribute to w ards

its acceptance, for instance b y uttering \What?"

5

No w w e just ha v e to accoun t for ho w our mo del ev aluates refashioning plans.

Recall that this ev aluation should not dep end on the ev aluation of the referring ex-

pression that it prop oses to replace the curren t referring expression b y . As w as out-

lined in section 4.6, our refashioning plans include the men tal actions construct and

evaluate . When the ev aluator encoun ters the construct action in a deriv ation, it

p erforms plan recognition to �nd a plan that incorp orates the primitiv e actions and

that accomplishes the goal; ho w ev er, it do es not ev aluate the recognized plan. When

the ev aluator encoun ters the evaluate action in a deriv ation, it do es not ev aluate the

plan that is its parameter, since the hearer do es not kno w whether the sp eak er in tends

for him to �nd it v alid (for instance, the sp eak er migh t think that the plan dep ends

on kno wledge not a v ailable to the hearer).

6

Hence in ev aluating a refashioning plan,

the refashioned referring expression plan is not ev aluated; ho w ev er, it is recognized

and can th us serv e to replace the curren t referring expression.

7

5.1.4 Discourse Plans

No w that w e ha v e the ab o v e framew ork in place, w e can accoun t for ho w subsequen t

judgemen ts and refashionings can b e accoun ted for b y the same discourse plans as are

used for judging and refashioning an initial referring expression. After a refashioning

mo v e has prop osed a new referring expression and the refashioning mo v e has b een

accepted, the new referring expression is added to the common ground of the con-

5

In this thesis, w e do not giv e an y plan sc hemas that represen t suc h utterances.

6

This brings up an in teresting question: Ho w can a hearer determine whether the sp eak er in tends

him to recognize a plan and whether he should �nd the recognized plan as b eing v alid?

7

Another approac h w ould ha v e b een to prop ose that the refashioning plans do not construct the

new referring expression, but only inform the hearer of the new plan. So, the new plan w ould b e

constructed indep enden tly of the refashioning plan. Ho w ev er, with this approac h, the hearer w ould

not b e able to recognize the new referring expression plan b y recognizing the refashioning plan, and

hence w e w ould need a w a y to accoun t for ho w this w ould b e done. See Lam b ert and Carb erry

(1991) and Ramsha w (1991) for a division b et w een discourse plans and problem-solving plans.
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v ersational participan ts, and so is a v ailable to b e judged and refashioned in the same

w as as the initial referring expression is. So, as Clark and Wilk es-Gibbs prop ose, the

same pro cess for judging and refashioning the initial referring expression is used to

judge and refashion subsequen t refashionings of the referring expression. In terms of

our mo del where plans are used to accoun t for judging and refashioning the initial

referring expression, these same plans are used for subsequen t refashionings of the

referring expression.

5.2 Ho w Discourse Goals Arise

Throughout this thesis, w e ha v e b een op erating under the view that language is

goal-orien ted b eha viour. Since the mo del that w e are prop osing accoun ts for ho w a

con v ersational participan t collab orates in making a referring expression, w e m ust sho w

ho w a participan t adopts goals that lead to the acceptance of a referring expression.

Clark and Wilk es-Gibbs prop ose that con v ersational participan ts are mutual ly

r esp onsible for the acceptance of a referring expression. W e feel that it is this m u-

tual resp onsibilit y that accoun ts for wh y a participan t con tributes to the acceptance

of a referring expression, and wh y he or she will ha v e exp ectations that the other

participan t will also b e con tributing.

The question no w arises as to ho w this m utual resp onsibilit y should b e represen ted

so that it can b e used to justify wh y a participan t adopts goals to con tribute to the

acceptance of a referring action. T o do this, w e not only ha v e to represen t that

participan ts are m utually resp onsible for ac hieving some goal, but also that they

in tend to ac hiev e the goal,

8

and that they migh t already ha v e con tributed to w ards a

plan in attempting to do so. W e represen t this b y the predicate mgoal , whic h tak es

as its parameters the participan ts in v olv ed in the collab oration, the plan that they

are curren tly considering, and the goal.

mgoal(Agt1,Agt2,Plan,Goal): Agen ts Agt1 and Agt2 in tend to ac hiev e Goal and

are curren tly considering Plan as a plan to ac hiev e this goal.

By curr ently c onsidering , w e mean that the agen ts ha v e a set of b eliefs (or p erhaps

more accurately , m utual b eliefs) ab out what the curren t plan is comp osed of, and a

b elief that the curren t plan is c oher ent .

9

F or exp ository reasons, w e refer to the plan

that is the parameter of an mgoal as a mutual plan .

8

W e are purp osely a v oiding the issue of whether the participan ts ha v e a m utual in ten tion. See

(Searle, 1990) for a discussion of this issue.

9

Our set of b eliefs ab out the curren t plan is similar to P ollac k's EPLAN (1990, p.93). Ho w ev er,

since the actions ha v e already b een p erformed, w e do not ha v e to consider if the actions of the plan
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No w that w e ha v e prop osed that the collab oration results from an mgoal , w e need

to accoun t for ho w an agen t adopts an mgoal . W e also need to accoun t for ho w goals

to con tribute to the acceptance of a m utual plan arise, and the e�ect of an utterance

on the sp eak er's and hearer's b eliefs. W e express this kno wledge as a set of rules that

sp ecify the conditions under whic h an mgoal , b elief, or goal can b e adopted.

10

These

rules shouldn't b e seen as the de�nitiv e answ er, but only as a starting p oin t to w ards

a theory that can accoun t for ho w agen ts collab orate.

One simpli�cation that w e ha v e made in the rules is that w e assume that the

judgemen t and refashioning plans are alw a ys v alid. This has b een done b ecause our

thesis is ab out ho w agen ts collab orate on making a referring action successful, and not

ab out repairs in general. Ho w ev er, since w e ha v e incorp orated Clark and Sc haefer's

w ork on ho w agen ts con tribute to discourse, w e feel that our mo del can b e extended

to handle suc h situations.

5.2.1 Understanding an Utterance

T o understand an utterance, it is necessary to determine the goal that the sp eak er

in tends to ac hiev e b y her utterance. W e start with the observ ed primitiv e actions

that w ere deriv ed b y the parser, and use plan recognition to deriv e the deriv ation.

W e then ev aluate the constrain ts and men tal actions of the plan to determine whether

the plan is v alid. Next, the e�ects of the plan instances in the plan deriv ation are an-

alyzed. These e�ects are what the hearer b eliev es giv en that he has inferred the

plan. In particular, the e�ect of the ro ot plan in the deriv ation is of the form

bel(Hearer ,go al (Sp eak er, Go al) ) , where Goal is the goal that the sp eak er in tends

to ac hiev e b y her plan.

11

F rom this pro cess, the hearer up dates his b eliefs to capture the information that

w as inferred. This allo ws the rules to easily mak e use of the information. First, a

b elief is added that the sp eak er has the inferred goal, and is using the inferred plan

as a means of accomplishing this goal:

12

plan(Speak er, Pl an, Goa l)

are executable or if some agen t in tends to p erform the actions. Note that the curren t plan need not

b e v alid.

10

In stating these rules, w e use the same op erators to express adopting an mgoal , b elief, or goal.

F or a more formal accoun t, three di�eren t op erators should b e used.

11

The e�ects are form ulated in this w a y b ecause w e are assuming that when a sp eak er has a

comm unicativ e goal, she plans to ac hiev e the goal b y making the hearer recognize it.

12

W e do not add the b elief that the sp eak er b eliev es her plan will ac hiev e the goal, since the

sp eak er migh t realize her plan is in v alid, and c ho ose to comm unicate this plan to the hearer with

the in ten tion that the t w o participan ts will collab orate in order to ac hiev e the goal.

58



Second, a b elief is added to indicate whic h agen t con tributed the plan:

contribute d(S pe ake r,P la n)

Third, a b elief is added to indicate whether the plan is v alid. If it is v alid, then Result

is instan tiated to success ; otherwise, Result is instan tiated to failure(Nod e) ,

where Node is the no de that the error o ccurred at.

evaluation (Pl an ,Re sul t)

5.2.2 Adopting Discourse Goals

The hearer's b eliefs ab out the sp eak er's utterance are used to driv e a c hain of pro-

cessing that culminates in the adopting of discourse goals to either judge or refashion

the referring expression.

Adopting an mgoal

The �rst rule that w e giv e is for adopting an mgoal . As with goal , w e assume

that once a participan t has adopted an mgoal , he b eliev es that he has adopted it.

By adopting an mgoal , the hearer in tends to adopt discourse goals to collab orate

in order to ac hiev e the goal of the mgoal . Note, ho w ev er, that not all goals that

are inferred are necessarily in tended to b ecome the basis of an mgoal , nor will a

participan t necessarily adopt an mgoal ev en if the sp eak er in tended him to. So, this

rule needs to b e quali�ed. In this thesis, w e ha v e tak en the approac h of adopting an

mgoal for an y plan that the sp eak er has (whic h the hearer kno ws ab out) in whic h the

goal is knowref .

13

R ule 1

14

mgoal(Hear er, Sp eak er, Pl an, Goa l) (

plan(Speak er, Pla n, Goa l) &

Goal = knowref(H ea rer ,En tit y)

Adopting Beliefs

W e giv e �v e rules for adopting b eliefs ab out an mgoal .

13

The v alue of the discourse en tit y Entity is not relev an t for this rule.

14

The rules also include the predicates speaker(Speaker) and hearer(Hearer) to instan tiate

the v ariables Speaker and Hearer .
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Rule 2 is used to adopt the b elief that the sp eak er b eliev es there is an error in

Plan , giv en that Plan is a m utual plan and that the sp eak er has another plan, SPlan ,

to mak e it m utually b eliev ed that there is an error in Plan .

R ule 2

bel(Speake r,e rr or( Pla n, Err orN ode )) (

mgoal(Hear er, Spe ak er, Pla n,G oa l) &

plan(Speak er, SPl an ,mb (He are r, Spe ake r,e rr or( Pla n, Nod e)) )

Rule 3 is used to adopt the b elief that there is an error in Plan , giv en that Plan is

a m utual plan and that the sp eak er has a plan, SPlan , to mak e it m utually b eliev ed

that there is an error in Plan . This rule has t w o built-in assumptions. The �rst,

as has already b een men tioned, is that judgemen t plans are alw a ys v alid; in other

w ords, evaluation( SPl an ,su cce ss ) is true. The second assumption is that the

hearer accepts the judgemen t. Since b oth participan ts are collab orating on the plan,

b oth agen ts m ust �nd the plan to b e v alid, and so the hearer can either con vince the

sp eak er that there is not in fact an error, or accept the sp eak er's b elief ev en if he

do esn't himself think there is suc h an error. W e pursue only the latter option.

R ule 3

error(Plan ,No de ) (

mgoal(Hear er, Spe ak er, Pla n,G oa l) &

plan(Speak er, SPl an ,mb (He are r, Spe ake r,e rr or( Pla n, Nod e)) )

Rule 4 is also used to adopt a b elief giv en that the sp eak er has this as the goal

of her plan, SPlan . In this case, the sp eak er's goal is that it to b e m utually b eliev ed

that a new plan replaces the curren t m utual plan. As a result of adopting this b elief,

the hearer (through the b elief mo dule) will up date mgoal b y replacing Plan with

NewPlan , and will ev aluate NewPlan to determine whether it is v alid. There are t w o

built-in assumptions in this rule. The �rst is that refashioning plans are alw a ys v alid.

The second, whic h is the sub ject of section 5.1.2, is that the hearer alw a ys accepts

v alid refashioning plans.

R ule 4

replace(Pl an, Ne wPl an) (

mgoal(Hear er, Spe ak er, Pla n,G oa l) &

plan(Speak er, SPl an ,mb (He are r, Spe ake r,r ep lac e(P la n,N ewP lan )) )
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Rule 5 is used to adopt the b elief that Plan ac hiev es its goal. The conditions

sp ecify that Plan is a m utual plan, that it is v alid, and that the goal, whic h is a

prop osition, is true.

R ule 5

achieve(Pl an, Go al) (

mgoal(Hear er, Spe ak er, Pla n,G oa l) &

evaluation (Pl an, su cce ss) &

true(Goal)

Rule 6 is used to adopt the b elief that a m utual plan has an error in it, and so

do es not ac hiev e its goal.

R ule 6

error(Plan ,No de ) (

mgoal(Hear er, Spe ak er, Pla n,G oa l) &

evaluation (Pl an, fa ilu re( Nod e) )

Adopting Goals

The next set of rules capture ho w an agen t adopts goals in order to collab orate in

ac hieving the goal that is the parameter of an mgoal . W e refer to the agen t who is

adopting a goal as the sp eak er, and so the conditions under whic h the rules apply are

stated with resp ect to the sp eak er's p oin t of view.

Rule 7 is used to adopt the goal of informing the hearer that there is an error in

Plan . The conditions sp ecify that Plan is a m utual plan, that there is an error in the

plan, and that neither agen t already has a plan, APlan , to mak e it m utually b eliev ed

that there is an error in Plan .

R ule 7

goal(Speak er, mb (Sp eak er ,He are r,e rr or( Pla n,N od e)) ) (

mgoal(Spea ker ,He ar er, Pla n,G oa l) &

error(Plan ,No de) &

not(plan(A gt, APl an ,mb (Sp eak er ,He are r,e rr or( Pla n, Nod e)) ))

Rule 8 is used to adopt the goal of replacing a plan, Plan , that has an error. The

conditions for applying this rule sp ecify that Plan is a m utual plan, that b oth the
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sp eak er and hearer b eliev e there is an error in Plan , and that neither agen t already

has a plan, APlan , to replace it.

15

R ule 8

goal(Speak er, mb (Sp eak er ,He are r,r ep lac e(P lan ,N ewP lan )) ) (

mgoal(Spea ker ,He ar er, Pla n,G oa l) &

error(Plan ,No de) &

bel(Hearer ,er ror (P lan ,No de) ) &

not(plan(A gt, APl an ,mb (Sp eak er ,He are r,r ep lac e(P la n,N ewP lan )) ))

Rule 9 is used to adopt the goal of comm unicating the sp eak er's acceptance of the

m utual plan. This rule ensures that the agen t who prop osed the plan do esn't initiate

the acceptance of it.

R ule 9

goal(Speak er, mb (Sp eak er ,He are r,a ch iev e(P lan ,G oal ))) (

mgoal(Spea ker ,He ar er, Pla n,G oa l) &

achieve(Pl an, Goa l) &

contribute d(H ear er ,Pl an)

5.2.3 Ac hieving Discourse Goals

No w that w e ha v e seen ho w the sp eak er adopts goals, w e can fo cus on ho w the sp eak er

can construct a plan to ac hiev e these goals. First, the goals that w e are in terested in

in v olv e collab orating with another agen t, and in v olv e the other agen t either adopting

a b elief, up dating the m utual plan, or iden tifying an ob ject. Since these goals cannot

b e directly ac hiev ed b y a plan of action, the sp eak er m ust instead plan actions that

will indirectly ac hiev e them, for instance b y planning an utterance that results in the

hearer recognizing her goal. So, if the sp eak er has the goal Goal , she will attempt

to construct a plan whose e�ect is bel(Heare r,g oal (Sp ea ker ,Go al )) . After suc h

a plan is constructed, this fact is added to the sp eak er's b eliefs, along with the fact

that the sp eak er con tributed it, and that it is a v alid plan.

plan(Speak er, Pl an, Goa l)

contribute d(S pe ake r,P la n)

evaluation (Pl an ,su cce ss )

15

The statemen t of this goal is problematic. It really states that the hearer has a goal of �nding

a new plan to replace the old plan, and comm unicating this new plan to the sp eak er.
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The sp eak er also adopts mgoals and b eliefs to re
ect the e�ect of the constructed

plan. The rules that w e giv e to accoun t for this pro cess are similar to the rules giv en

in the previous section for adding an mgoal or a b elief on the basis of an inferred

plan. Ho w ev er, these rules are from the p oin t of view of the sp eak er rather than the

hearer.

Rule 10 is a duplicate of rule 1, and is used b y the sp eak er to adopt an mgoal in

an ticipation of the hearer adopting it.

R ule 10

mgoal(Spea ker ,H ear er, Pl an, Goa l) (

plan(Speak er, Pla n, Goa l) &

Goal = knowref(H ea rer ,En tit y)

Rule 11 is a duplicate of rule 4 and is used to up date the mgoal . This rule

presupp oses the hearer's acceptance of the sp eak er's plan, SPlan . Note that it is

this rule, and not an action in the constructed plan, that actually replaces the old

referring expression plan b y a new plan.

R ule 11

replace(Pl an, Ne wPl an) (

mgoal(Spea ker ,He ar er, Pla n,G oa l) &

plan(Speak er, SPl an ,mb (Sp eak er ,He are r,r ep lac e(P la n,N ewP lan )) )

Rule 12 is used to adopt the b elief that the hearer b eliev es there is a error in the

m utual plan.

16

R ule 12

bel(Hearer ,er ro r(P lan ,N ode )) (

plan(Speak er, SPl an ,mb (Sp eak er ,He are r,e rr or( Pla n, Nod e)) )

Rule 13 is a duplicate of rule 5.

R ule 13

achieve(Pl an, Go al) (

mgoal(Spea ker ,He ar er, Pla n,G oa l) &

evaluation (Pl an, su cce ss) &

true(Goal)

16

Its coun terpart is rule 2, but due to the inconsisten t w a y that m utual b elief is handled, it is not

iden tical.
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5.3 An Example

In this section, w e illustrate ho w our mo del accoun ts for ho w an agen t adopts dis-

course goals to judge and refashion the curren t referring expression. W e fo cus on the

application of the rules that w e presen ted in the previous section and the b eliefs that

are adopted ab out the plan that is constructed or inferred. In this example, w e use

dialogue (5.3) and sho w ho w the system, taking the role of p erson A (the initiator),

reasons ab out the plan that it infers from the second utterance, and ho w this rea-

soning pro cess leads it to adopting discourse goals that it attempts to ac hiev e in the

third utterance.

(5.3) A:

1

See the blac k bird.

B:

2

The small one?

A:

3

No, the large one.

B:

4

Ok a y .

W e �rst need to pro vide the appropriate con text, in order for the system to un-

derstand the second utterance. So, let's assume that the system has the follo wing

mgoal , where p1 is the plan deriv ation corresp onding to the referring expression \the

blac k bird."

mgoal(syst em, us er, p1, kn owr ef( use r, ent ity (1, bi rd2 )))

F or the second utterance, the system is the hearer and is giv en as input the surface

sp eec h acts that underlie the utterance \the small one?"

s-postpone (Pl an )

s-actions( Pla n, [s- att ri b(e nti ty( 1, Obj ect ), � X � s ize (X ,sm all ))] )

Although the t w o actions s-postpone and s-actions arise from the same utterance,

w e assume that the parser has separated them.

17

Starting with the s-postpone action, the system p erforms plan recognition and

infers that the user's plan, p31 , is an instance of postpone-p lan . The constrain ts

and men tal actions of the plan are then ev aluated, and the plan is found to b e v alid.

F rom the e�ect of the plan, the system infers that the user's goal is to inform the

system that the user �nds the referring expression plan underconstrained ( p28 is the

constrain t of the plan instance of the referring expression plan that terminates the

addition of mo di�ers). F rom this pro cess, the system adds the follo wing b eliefs:

17

This allo ws us to consider con v ersational mo v es separately , whic h simpli�es our implemen tatio n.
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plan(user, p31 ,m b(s yst em ,us er, err or (p1 ,p2 8))

contribute d(u se r,p 31)

evaluation (p3 1, suc ces s)

Since plan p1 is a m utual plan, rule 2 and 3 are applied, resulting in the follo wing

b eliefs:

bel(user,e rro r( p1, p28 ))

error(p1,p 28)

Next, starting with the s-actions action, the system again p erforms plan recog-

nition and infers that the user's plan is either an instance of expand-pla n or an

instance of replace-pl an . F rom ev aluating the constrain ts and men tal actions of

the t w o plan deriv ations, the system �nds expand-pl an v alid, but �nds a violation

with replace-p lan . So, the system c ho oses expand-pla n as the plan underlying the

utterance. This leads to the system adopting the follo wing b eliefs, where p57 is the

referring expression plan that can b e glossed as \the small blac k bird" and p42 is the

expand-pla n deriv ation.

plan(syste m,p 42 ,mb (sy st em, use r,r ep lac e(p 1,p 57 )))

18

contribute d(u se r,p 42)

evaluation (p4 2, suc ces s)

The system then applies rule 4, resulting in the follo wing b elief b eing adopted:

replace(p1 ,p5 7)

This causes the b elief mo dule to up date the mgoal , so that it refers to p57 rather

than p1 . The b elief mo dule also ev aluates p57 , and it �nds that a constrain t, p90 , on

the surface sp eec h act that describ es the ob ject's size is unsatis�able. This results in

the follo wing b eliefs b eing adopted:

contribute d(u se r,p 57)

evaluation (p5 7, fai lur e( p90 ))

mgoal(syst em, us er, p57 ,k now ref (us er ,en tit y(1 ,b ird 2)) )

18

Actually , the second parameter of replace is not p57 , but the plan deriv ation corresp onding to

it.
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Rule 6 can no w b e applied, leading to the follo wing b elief:

error(p57, p90 )

This exhausts the b eliefs that can b e adopted from the user's inferred plans and

goals, and so the system no w switc hes from b eing the hearer of the second utterance

to b eing the sp eak er of the third utterance. So, the system no w c hec ks to see if there

are an y goals that it can adopt. Using rule 7, it adopts the goal to inform the user

that there is an error in the refashioned plan.

goal(syste m,m b( sys tem ,u ser ,er ror (p 57, p90 )))

The system then constructs a plan to satisfy this goal (an instance of reject-pl an ).

After constructing this plan, p97 , the system adds the follo wing b eliefs:

plan(syste m,p 97 ,mb (sy st em, use r,e rr or( p57 ,p9 0) ))

contribute d(s ys tem ,p9 7)

evaluation (p9 7, suc ces s)

This then allo ws the system to apply rule 12, and so adopt the b elief that the user

b eliev es there is an error in the referring expression caused b y the constrain t of the

surface sp eec h act that describ es the size of the ob ject.

bel(user,e rro r( p57 ,p9 0) )

This is the only b elief that can b e added from the constructed plan, and so the

system lo oks for more goals to pursue. Since the system b eliev es that the user will

b eliev e that there is an error in the referring expression plan, it uses rule 8 to adopt

the goal to replace it b y a new plan.

goal(syste m,m b( sys tem ,u ser ,re pla ce (p5 7,N ewP la n)) )

The system constructs a plan that ac hiev es this goal (an instance of replace-pl an ),

and adds the follo wing b eliefs ab out the plan, p107 , where p123 is the new referring

expression plan.

plan(syste m,p 10 7,m b(s ys tem ,us er, re pla ce( p57 ,p 123 )))

contribute d(s ys tem ,p1 07 )

evaluation (p1 07 ,su cce ss )
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The system can no w add the follo wing b elief, using rule 11, to replace the referring

expression plan b y the new plan.

replace(p5 7,p 12 3)

By adding this b elief, the b elief mo dule up dates the mgoal (replaces p57 b y p123 ),

and adds the follo wing b eliefs:

contribute d(s ys tem ,p1 23 )

evaluation (p1 23 ,su cce ss )

mgoal(syst em, us er, p12 3, kno wre f(u se r,e nti ty( 1, bir d2) ))

Also, the system adds the b elief, sanctioned b y rule 13, that it b eliev es the refashioned

referring expression plan, p113 , will allo w the user to iden tit y the referen t.

achieve(p1 23, kn owr ef( us er, ent ity (1 ,bi rd2 )))

5.4 Summary

In this section, w e ha v e dra wn on Clark and Wilk es-Gibbs's mo del of ho w participan ts

collab orate in making a referring expression, and Clark and Sc haefer's w ork on con-

tributing to discourse. This has allo w ed us to justify ho w subsequen t judgemen ts and

refashionings are mo deled, and to motiv ate our accoun t of ho w an agen t adopts goals

to mak e judgemen t and refashionings un til a referring expression is accepted. So, w e

ha v e b een able to incorp orate collab orativ e activit y in to a goal-orien ted approac h to

language.

Ho w ev er, as this c hapter has sho wn, there are still man y unresolv ed issues, and

man y simplifying assumptions that m ust b e remo v ed. In particular, our accoun t of

ho w an agen t adopts an mgoal , b elief, or goal m ust b e set in to a more formal mo del,

and an mgoal m ust either b e de�ned as a primitiv e in this mo del, suc h as we-intention ,

or b e de�ned in terms of the other op erators. Also, there is the issue of when should

an agen t adopt an mgoal , and what sort of goals he should ev en consider.
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Chapter 6

An Example

In this c hapter, w e giv e an example of our system in op eration. (The full trace can

b e found in app endix A). F or this example, w e use dialogue (6.1) and sho w ho w the

system collab orates in making the referring action successful.

(6.1) A:

1

See the w eird creature.

B:

2

In the corner?

A:

3

No, on the television.

B:

4

Ok a y .

Dialogue (6.1) is based on dialogue (6.2) from the Lund corpus (Sv artvik and

Quirk, 1980, S.2.4a:1{8).

(6.2) B:

1

what's that w eird creature o v er there

c:

2

in the corner

B:

3

mhm

c:

4

it's just a fern plan t

B:

5

no the one to the left of it

c:

6

that's [the] television aerial

W e do not use the original dialogue, (6.2), b ecause it in v olv es a n um b er of com-

plexities that w e ha v en't addressed in this thesis. First, in the �rst three lines, the

participan ts are collab orating on a referring expression that is em b edded inside a

request. The fourth utterance is a resp onse to the request. But, the resp onse sho ws

that the resp onder did not iden tify the righ t referen t. So, in the �fth utterance, the
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initiator refashions the previous referring expression, whic h then allo ws the resp onder

to prop erly resp ond to the request.

A second complexit y of the original dialogue is that the refashioning in the �fth

utterance refers to the referen t of the rejected referring expression. So, to pro cess this

utterance, our system w ould need a mo del of the atten tional space and w ould need

to b e able to construct and resolv e anaphoric references.

A third complexit y is that in the �rst utterance there is a referring expression,

\o v er there", em b edded inside of another referring expression. Hence, the second

utterance is am biguous as to whic h referring expression it is clarifying.

Due to these complexities, dialogue (6.2) could b e regarded as a holy-gr ail or

b enc hmark for an ev en tual p erfect system. Since our mo del and implem en tation is

not at this stage, w e ha v e simpli�ed the dialogue so as to remo v e these complexitie s,

with the result b eing dialogue (6.1).

W e are no w ready to sho w our system in op eration. In dialogue (6.1), the system

will tak e the role of p erson B, who is the resp onder. In order to accoun t for B's

utterances, the system is giv en the follo wing b eliefs:

category(f ern 1, cre atu re )

assessment (fe rn 1,w eir d)

in(fern1,c orn er 1)

category(a nte nn a1, cre at ure )

assessment (an te nna 1,w ei rd)

on(antenna 1,t el evi sio n1 )

category(c orn er 1,c orn er )

category(t ele vi sio n1, te lev isi on)

world([fer n1, an ten na1 ,c orn er1 ,te le vis ion 1])

So, the system b eliev es that there are t w o ob jects that are \w eird creatures," a

television an tenna that is on the television; and a fern plan t that is in the corner.

6.1 Understanding \The w eird creature"

F or the �rst sen tence, the system is giv en as input the surface sp eec h actions under-

lying \the w eird creature."

s-refer(en tit y( 1,O bje ct ))

s-attrib(e nti ty (1, Obj ec t), � X � ass ess men t(X ,w eir d))

s-attrib(e nti ty (1, Obj ec t), � X � cat ego ry( X,c re atu re) )

69



p1: refer(enti ty( 1, Obj ect ))

s-refer(en ti ty( 1,O bj ect ))

describe(e nt ity (1, Ob jec t))

headnoun( ent ity (1 ,Ob jec t), Ca nd)

s-attrib( ent it y(1 ,Ob jec t) , � X � cat eg ory (X, cr eat ure ))

Constr aint: mb(user,sys tem ,c ate gor y(O bj ect ,cr ea tur e))

subset([f ern 1, ant enn a1, co rne r1, tel ev isi on1 ], � X � ub(u se r,s yst em,

category(X ,cr eat ure )) ,Ca nd)

modifiers (en tit y( 1,O bje ct) ,C and )

modifier( ent it y(1 ,Ob jec t) ,Ca nd, Can d1 )

s-attrib( en tit y(1 ,Ob je ct) , � X � as ses sme nt (X, wei rd) )

Constr aint: mb(user,sys te m,a sse ssm en t(O bje ct ,we ird ))

subset(Ca nd , � X � ub( us er, sys tem ,

( � X � assessment (X ,we ird ))( X) ),C and 1)

modifiers (en ti ty( 1,O bje ct ),C and 1)

Constr aint: p28: Cand1=[Obje ct ]

null

E�e ct: bel(system, goa l(u se r,k now ref (s yst em, ent it y(1 ,Ob je ct) )))

Figure 6.1: Recognized Referring Expression Plan ( p1 )

The system in v ok es the plan recognizer to deriv e a plan deriv ation whose yield is the

set of observ ed surface sp eec h actions. The resulting plan deriv ation, p1 , is sho wn in

�gure 6.1 (with the where-predicates instan tiated).

Next, the plan deriv ation is ev aluated. Sho wn b elo w are the constrain ts and

men tal actions that are ev aluated, and the v ariable instan tiations that result. As can

b e seen, the subset action in the headnoun plan is ev aluated �rst, then the subset

action in the modifier plan, and then the constrain t on the modifiers plan that

terminates the addition of mo di�ers. Ho w ev er, the constrain t fails, since the plan

ev aluator �nds that there are t w o ob jects that matc h the description rather than one.

In other w ords, the system cannot determine if the user is referring to the an tenna or

the fern plan t.

subset([fe rn1 ,a nte nna 1, cor ner 1,t el evi sio n1] , � X � ub (s yst em, use r,

category(X, cre atu re )), Can d)

Cand = [antenna1,fern1]
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subset([an ten na 1,f ern 1] , � X � ub( sy ste m,u ser ,a sse ssm en t(X ,we ird )) ,

Cand1)

Cand1 = [antenna1,fern1]

Cand1=[Obj ect ]

*** c annot b e satis�e d ***

No w that the plan has b een inferred, the follo wing b eliefs ab out the inferred plan are

added to the system's b eliefs:

plan(user, p1, kn owr ef( sy ste m,e nti ty (1, Obj ect )) )

contribute d(u se r,p 1)

evaluation (p1 ,f ail ure (p 28) )

The system then c hec ks to see if it can apply an y of its rules, as giv en in section 5.2,

for adding b eliefs ab out the inferred plan. This leads to the system adopting the

follo wing b eliefs, sanctioned b y rule 1 and rule 6, resp ectiv ely:

mgoal(syst em, us er, p1, kn owr ef( sys te m,e nti ty( 1, Obj ect )) )

error(p1,p 28)

6.2 Constructing \In the corner?"

The system next c hec ks if there are an y goals that it should adopt. Since it found the

referring expression plan in v alid, it giv es itself t w o goals. The �rst goal is to inform

the user that the referring expression w as not successful and the second is to refashion

it. The surface sp eec h actions that are the yield of the plans that it constructs w ould

b e realized b y \in the corner?"

6.2.1 Judgemen t Plan

The system giv es itself the goal of making it m utually b eliev ed that the referring

expression plan is in v alid. It do es this b y w a y of rule 7.

goal(syste m,m b( sys tem ,u ser ,er ror (p 1,p 28) ))

The system then constructs a plan to ac hiev e the follo wing e�ect that is based on

this goal:

bel(hearer ,go al (sy ste m, mb( sys tem ,u ser ,er ror (p 1,p 28) )) )
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p31: postpone-p la n(p 1)

Constr aint: error(p1, p28 )

plan(user ,p1 ,k now ref (sy st em, ent it y(1 ,Va r1) ))

constrain t(p 1, Par ent Pla n, Err orN od e)

content(p 1,P ar ent Pla n,C on ten t)

yield(p1, Par en tPl an, [])

Content = modifiers( Ent it y,C and )

Instantiation: Go al = knowr ef(system,entity(1,Obje ct))

Par entPlan = p26

Content = mo di�ers(entity(1,Obje ct),[antenna1,fern1]))

Entity = entity(1,Obje ct)

Cand = [antenna1,fern1]

s-postpone (p 1)

E�e ct: bel(user,go al( sys te m,m b(s yst em ,us er, err or (p1 ,p2 8) )))

Figure 6.2: Constructed Judgemen t Plan ( p31 )

Since the referring expression is underconstrained, the plan constructor builds an

instance of postpone-p la n , p31 , as sho wn in �gure 6.2. The yield of this plan is

s-postpone (p1 ) and this action w ould b e passed to the generator.

1

The system then adds the follo wing b eliefs ab out the constructed plan:

plan(syste m,p 31 ,mb (sy st em, use r,e rr or( p1, p28 )) )

contribute d(s ys tem ,p3 1)

evaluation (p3 1, suc ces s)

The system then applies rule 12 and infers that the user will b eliev e that there is an

error in the plan.

bel(user,e rro r( p1, p28 ))

6.2.2 Refashioning Plan

The system next c hec ks to see if there are an y other goals it should adopt. By applying

rule 8, it giv es itself the goal of refashioning the in v alid referring expression plan and

of informing the user of the new plan:

goal(syste m,m b( sys tem ,u ser ,re pla ce (p1 ,Ne wPl an )))

1

W e assume that the generator will w ait with linguistically realizing this action so as to b e able

to com bine it with the s-actions surface sp eec h act that it receiv es next.

72



p42: expand-pla n( p1)

Constr aint: error(p1, Err or Nod e)

plan(user ,p1 ,G oal )

constrain t(p 1, Par ent Pla n, Err orN od e)

content(p 1,P ar ent Pla n,C on ten t)

yield(p1, Par en tPl an, [])

Content = modifiers( Ent it y,C and )

Instantiation: Err orNo de = p28

Go al = knowr ef(system,entity(1,V ar))

Par entPlan = p26

Content = mo di�ers(entity(1,V ar),[antenna1,fern1])

Entity = entity(1,V ar)

Cand = [antenna1,fern1]

member(Obj ec t,C and )

Instantiation: Obje ct = fern1

ref(Entity ,O bje ct)

Instantiation: V ar = fern1

construct( mo dif ier s( Ent ity ,Ca nd ,Ex pan sio n, Act ion s)

Instantiation: Exp ansion

A ctions

substitute (p 1,P are nt Pla n,E xpa ns ion ,Ne wPl an ,Ac tio ns )

Instantiation: NewPlan

s-actions( p1 ,Ac tio ns )

E�e ct: bel(user,go al( sys te m,m b(s yst em ,us er, rep la ce( p1, Ne wPl an) )))

Figure 6.3: Constructed Refashioning Plan ( p42 )

The system then constructs a plan to ac hiev e the follo wing e�ect that is based on

this goal:

bel(user,g oal (s yst em, mb (sy ste m,u se r,r epl ace (p 1,N ewP la n)) ))

The plan constructor builds a plan deriv ation, p42 , based on expand-pla n (�g-

ure 6.3)

2

. In constructing this plan, the system c ho oses one of the ob jects that

matc hed the original description as the lik ely referen t; in this case it happ ens to

c ho ose the ob ject in the corner. It then constructs an expansion to distinguish this

ob ject from the others that matc hed, and this expansion is incorp orated in to the old

referring expression plan, creating a new expanded plan. The expansion is sho wn in

�gure 6.4, and the surface sp eec h actions of the expansion are sho wn b elo w. These

2

W e do not sho w the v alue for the v ariables Expansion , Actions , and NewPlan due to space and

formatting considerations. Ho w ev er, w e do indicate where they are instan tiated.
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modifiers( ent it y(1 ,fe rn 1), [an ten na 1,f ern 1] )

modifier(e nt ity (1, fe rn1 ),[ ant en na1 ,fe rn1 ], [fe rn1 ])

s-attrib- rel (en ti ty( 1,f ern 1) ,en tit y(4 ,c orn er1 ), � X � � Y � in(X ,Y) )

Constr aint: mb(system,u ser ,in (f ern 1,c or ner 1))

subset([a nte nna 1, fer n1] , � X � ub (sy ste m, use r,

(( � X � � Y � in(X,Y))(X )) (co rne r1 )), [fe rn1 ])

ref(entit y(4 ,co rn er1 ),c orn er 1)

refer(ent ity (4, co rne r1) )

s-refer(e nti ty (4, cor ner 1) )

describe( ent it y(4 ,co rne r1 ))

headnoun( en tit y(4 ,co rn er1 ),[ cor ne r1] )

s-attrib(en tit y(4 ,c orn er1 ), � X � c ate gor y( X,c orn er ))

Constr aint: mb(system,u ser ,ca te gor y(c orn er 1,c orn er ))

subset([fer n1, ant en na1 ,co rne r1 ,te lev is ion 1],

� X � ub(system, use r,c ate go ry( X,c orn er )), [co rn er1 ])

modifiers (e nti ty( 4,c or ner 1), [co rn er1 ])

Constr aint: [corner1]=[ co rne r1]

null

E�e ct: bel(user,go al (sy ste m,k no wre f(u ser ,e nti ty( 4, cor ner 1)) ))

Figure 6.4: Constructed Expansion

actions are em b edded inside the surface sp eec h action s-actions , whic h is giv en to

the generator.

s-attrib(e nti ty (4, cor ne r1) , � X � ca teg ory (X, co rne r)) ,

s-refer(en tit y( 4,c orn er 1)) ,

s-attrib-r el( en tit y(1 ,f ern 1), ent it y(4 ,co rne r1 ), � X � � Y � in (X, Y) )

The system then up dates its b eliefs to re
ect the constructed plan:

plan(syste m,p 42 ,mb (sy st em, use r,r ep lac e(p 1,N ew Pla n)) )

contribute d(s ys tem ,p4 2)

evaluation (p4 2, suc ces s)

Next, it applies rule 11 and adds the b elief that the new expanded plan, p57 , replaces

the old referring expression plan, p1 .

replace(p1 ,Ne wP lan )
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Since the ab o v e b elief is not view ed as a primitiv e prop osition b y the b elief mo dule,

the b elief mo dule instead adds the follo wing b eliefs and revises the mgoal that p1 w as

con tributing to w ards:

contribute d(s ys tem ,p5 7)

evaluation (p5 7, suc ces s)

mgoal(syst em, us er, p57 ,k now ref (sy st em, ent ity (1 ,Ob jec t) ))

6.3 Understanding \No, on the television"

The user next utters \No, on the television." Belo w are the surface sp eec h actions

that underlie this utterance. Note that w e are assuming that the parser determines

whic h surface sp eec h actions are rejected.

3

s-reject(p 57, [

s-attrib-r el (en tit y( 1,f ern 1), en tit y(4 ,co rn er1 ), � X � � Y � in (X ,Y) )

])

s-actions( p57 ,[

s-attrib-r el (en tit y( 1,O bje ct) ,e nti ty( 38, Ob jec t2) , � X � � Y � on (X, Y)) ,

s-refer(en ti ty( 38, Ob jec t1) ),

s-attrib(e nt ity (38 ,O bje ct1 ), � X � c ate gor y( X,t ele vi sio n))

])

Although the t w o actions s-reject and s-actions arise from the same utterance,

w e assume that the parser has separated them.

4

6.3.1 Judgemen t Plan

The system starts with the action s-reject(p 57 ,Ac tio ns ) , where Actions is giv en

b elo w:

s-attrib-r el( en tit y(1 ,f ern 1), ent it y(4 ,co rne r1 ), � X � � Y � in (X, Y) )

It in v ok es the plan recognizer, whic h deriv es the deriv ation, p119 , sho wn in �gure 6.5

(with the where-predicates instan tiated). The system then ev aluates the constrain ts

3

It could b e argued that the surface sp eec h actions that are em b edded in s-reject should b e all

three actions that w ere added b y the previous utterance.

4

This allo ws us to consider con v ersational mo v es separately , whic h simpli�es our implemen tatio n.
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p119: reject-pl an( p57 )

Constr aint: error(p57 ,Er ro rNo de)

plan(syst em, p5 7,G oal )

constrain t(p 57 ,Pa ren tPl an ,Er ror No de)

yield(p57 ,Pa re ntP lan ,Ac ti ons )

length(Ac tio ns ,1)

s-reject(p 57 ,Ac tio ns )

E�e ct: bel(system, goa l(u se r,m b(u ser ,s yst em, err or (p5 7,E rr orN ode ))) )

Figure 6.5: Recognized Judgemen t Plan ( p119 )

and men tal actions as sho wn b elo w:

error(p57, Err or Nod e)

plan(syste m,p 57 ,Go al)

Go al = knowr ef(system,entity(1,Obje ct))

yield(p57, Par en tPl an, Ac tio ns)

Par entPlan = p86

constraint (p5 7, Par ent Pl an, Err orN od e)

Err orNo de = p91

length(Act ion s, 1)

Note that the plan ev aluator ev aluates yield , whic h results in ParentPla n b eing

instan tiated. This allo ws constraint to b e ev aluated, resulting in ErrorNode b eing

instan tiated to p91 . So, the system is able to determine wh y the referring expression

is not acceptable, whic h is b ecause the constrain t p91 do es not hold.

After inferring the user's plan, the system up dates its b eliefs:

plan(user, p11 9, mb( sys te m,u ser ,er ro r(p 57, p91 )) )

contribute d(u se r,p 119 )

evaluation (p1 19 ,su cce ss )

The system then applies rule 2 and rule 3, and so adopts the b eliefs that the referring

expression is o v erconstrained:

bel(user,e rro r( p57 ,p9 1) )

error(p57, p91 )

With these b eliefs, the system will ha v e the con text that it needs to understand the

user's refashioning plan.
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p129: replace-p lan (p5 7)

Constr aint: error(p57 ,Er ro rNo de)

plan(syst em, p5 7,G oal )

constrain t(p 57 ,Pa ren tPl an ,Er ror No de)

step(p57, Mod if ier Pla n,P ar ent Pla n)

content(p 57, Mo dif ier Pla n, Con ten t)

Content = modifier(E nti ty ,Ca nd, Ca nd1 )

member(Obj ec t1, Can d)

ref(Entity ,O bje ct1 )

construct( mo dif ier (E nti ty, Can d, Can d1) ,Ex pa nsi on, Ac tio ns)

substitute (p 57, Mod if ier Pla n,E xp ans ion ,Ne wP lan ,Ac ti ons ])

evaluate(N ew Pla n)

s-actions( p5 7,A cti on s)

E�e ct: bel(system, goa l(u se r,m b(u ser ,s yst em, rep la ce( p57 ,N ewP lan ))) )

Figure 6.6: Recognized Refashioning Plan ( p129 )

6.3.2 Refashioning Plan

The system next p erforms plan recognition starting with the surface sp eec h action

s-actions( p57 ,A cti ons ) , where Actions is giv en b elo w:

s-attrib-r el( en tit y(1 ,O bje ct) ,en ti ty( 38, Obj ec t2) , � X � � Y � on( X, Y))

s-refer(en tit y( 38, Obj ec t1) )

s-attrib(e nti ty (38 ,Ob je ct1 ), � X � c ate gor y(X ,t ele vis io n))

The resulting deriv ation, p129 , is sho wn in �gure 6.6 (with the where-predicates

instan tiated). Next it ev aluates the constrain ts and men tal actions as sho wn b elo w:

5

error(p57, Err or Nod e)

Err orNo de = p91

plan(syste m,p 57 ,Go al)

Go al = knowr ef(system,entity(1,Obje ct))

constraint (p5 7, Par ent Pl an, Err orN od e)

Par entPlan = p86

5

As in �gure 6.3, w e do not sho w the v alues for Expansion , Actions , and NewPlan . Ho w ev er, w e

do indicate where they are instan tiated.
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step(p57,M odi fi erP lan ,P are ntP lan )

Mo di�erPlan = p83

content(p5 7,M od ifi erP la n,C ont ent )

Content = mo di�er(entity(1,fern1),[antenna1,fern1],[fern1])

Content = modifier(En ti ty, Can d,C an d1)

Entity = entity(1,fern1)

Cand = [antenna1,fern1]

Cand1 = [fern1]

ref(Entity ,Ob je ct1 )

Obje ct1 = fern1

member(Obj ect 1, Can d)

construct( mod if ier (En ti ty, Can d,C an d1) ,Ex pan si on, Act io ns)

Exp ansion

substitute (p5 7, Mod ifi er Pla n,E xpa ns ion ,Ne wPl an ,Ac tio ns )

NewPlan

evaluate(N ewP la n)

F rom ev aluating construct , the v ariable Expansion is instan tiated and its v alue

(with the where-predicates instan tiated) is sho wn in �gure 6.7. Although the v alue

for NewPlan is not sho wn, it has b een instan tiated to a plan deriv ation, p145 , b y the

substitute action.

No w that the system has inferred the user's plan, p129 , it up dates its b eliefs:

plan(user, p12 9, mb( sys te m,u ser ,re pl ace (p5 7,N ew Pla n)) )

contribute d(u se r,p 129 )

evaluation (p1 29 ,su cce ss )

The system then applies rule 4 and adopts the b elief that the new referring expression

plan, p145 , replaces the old plan, p57 .

replace(p5 7,N ew Pla n)
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modifier(e nti ty (1, Obj ec t), Can d1, Ca nd2 )

s-attrib-r el (en tit y( 1,O bje ct) ,e nti ty( 38, Ob jec t1) , � X � � Y � on (X, Y))

Constr aint: mb(user,s ys tem ,on (Ob je ct, Obj ec t1) )

ref(entity (3 8,O bje ct 1), Var 1)

subset(Can d1 , � X � ub (us er, sys te m,( ( � X � � Y � on( X, Y)) (X) )(V ar 1)) ,Ca nd 2)

refer(enti ty (38 ,Ob je ct1 ))

s-refer(e nti ty( 38 ,Ob jec t1) )

describe( ent ity (3 8,O bje ct1 ))

headnoun( ent it y(3 8,O bje ct 1), Can d3)

s-attrib( en tit y(3 8,O bj ect 1), � X � cat ego ry (X, tel evi si on) )

Constr aint: mb(user,sys te m,c ate gor y( Obj ect 1, tel evi sio n) )

subset([f er n1, ant enn a1 ,co rne r1, te lev isi on 1],

� X � ub(user,sys te m,c ate gor y( X,t ele vi sio n)) ,Ca nd 3)

modifiers (en ti ty( 38, Obj ec t1) ,Ca nd3 )

Constr aint: Cand3=[Obje ct1 ]

null

E�e ct: bel(system, goa l( use r,k now re f(s yst em, en tit y(3 8, Obj ect 1)) ))

Figure 6.7: Recognized Expansion

Since the b elief mo dule do es not view this as a primitiv e prop osition, the b elief mo dule

adds the follo wing b eliefs and revises the mgoal that p57 con tributed to w ards:

contribute d(u se r,p 145 )

mgoal(syst em, us er, p14 5, kno wre f(s ys tem ,en tit y( 1,O bje ct )))

The b elief mo dule also in v ok es the plan ev aluator on the new referring expression

plan. Sho wn b elo w are the constrain ts and men tal actions that it ev aluates:

subset([fe rn1 ,a nte nna 1, cor ner 1,t el evi sio n1] , � X � ub (s yst em, use r,

category(X, cre atu re )), Can d)

Cand = [antenna1,fern1]

subset(Can d, � X � u b(s yst em ,us er, as ses sme nt( X, wei rd) ), Can d1)

Cand1 = [antenna1,fern1]

ref(entity (38 ,O bje ct1 ), Var 1)

Obje ct1 = V ar1

6

6

This means that the t w o v ariables are no w co-referen tial.
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subset([fe rn1 ,a nte nna 1, cor ner 1,t el evi sio n1] , � X � ub (s yst em, use r,

category(X, tel evi si on) ),C and 3)

Cand3 = [television1]

Cand3=[Obj ect 1]

Obje ct1 = television1

subset(Can d1, � X � ub( sys te m,u ser ,o n(X ,Va r1) ), Can d2)

Cand2 = [antenna1]

mb(system, use r, cat ego ry (Ob jec t1, te lev isi on) )

[antenna1] =[O bj ect ]

Obje ct = antenna1

mb(system, use r, cat ego ry (Ob jec t,c re atu re) )

mb(system, use r, ass ess me nt( Obj ect ,w eir d))

mb(system, use r, on( Obj ec t,O bje ct1 ))

Since the plan ev aluator �nds the referring expression plan p145 v alid, the follo wing

b elief is added:

evaluation (p1 45 ,su cce ss )

The system can no w apply rule 5. F or con v enience, w e ha v e rep eated rule 5 b elo w,

with the v ariables instan tiated:

R ule 5

achieve(p1 45, kn owr ef( sy ste m,e nti ty (1, Obj ect )) (

mgoal(Hear er, Spe ak er, p14 5,k no wre f(s yst em ,en tit y( 1,O bje ct) ) &

evaluation (p1 45, su cce ss) &

true(knowr ef( sys te m,e nti ty( 1, Obj ect )))

It is easy to see that the �rst t w o conditions hold, due to the b eliefs that w ere

just added. The third condition, ho w ev er, is not as straigh tforw ard. In the plan

deriv ation p145 , Object is instan tiated to antenna1 . Ho w ev er, it is not instan tiated

in the mgoal prop osition. Hence, our knowref predicate not only c hec ks the con ten ts

of the discourse en tit y that it tak es as a parameter, it also c hec ks if there is a plan

80



p207: accept-pl an( p14 5)

Constr aint: achieve(p 145 ,k now ref (sy st em, ent it y(1 ,an ten na 1)) )

plan(user ,p1 45 ,kn owr ef( sy ste m,e nt ity (1, ant en na1 )))

s-accept(p 14 5)

E�e ct: bel(user,go al( sys te m,m b(s yst em ,us er, ach ie ve( p14 5,

knowref(sys te m,e nti ty( 1, ant enn a1 ))) )))

Figure 6.8: Constructed Judgemen t Plan ( p207 )

deriv ation that con tains this information. In this case there is, namely p145 , and so

knowref succeeds.

7

Th us the system adds the follo wing b elief:

achieve(p1 45, kn owr ef( sy ste m,e nti ty (1, ant enn a1 )))

6.4 Constructing \Ok a y"

Since the system has inferred the referen t of the refashioned referring expression, it

can apply rule 9 and so adopts the goal of informing the user that it has iden ti�ed

the referen t.

goal(syste m,m b( sys tem ,u ser ,ac hie ve (p1 45,

knowref(sy ste m,e nt ity (1, ant en na1 ))) ))

In �gure 6.8, the plan deriv ation, p207 , that w as constructed to ac hiev e this goal is

sho wn. So, the system giv es the generator the action s-accept( p14 5) , whic h w ould

b e realized b y \Ok a y ."

Lastly , the system adds the follo wing b eliefs ab out the constructed plan:

evaluation (p2 07 ,su cce ss )

plan(syste m,p 20 7,m b(s ys tem ,us er, ac hie ve( p14 5, kno wre f( sys tem ,

entity(1,a nte nna 1) ))) )

contribute d(s ys tem ,p2 07 )

7

This treatmen t is somewhat problematic, but it is due to our simplistic treatmen t of discourse

en tities.
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Chapter 7

Implemen tation

In this c hapter w e outline our implem en t ation, sp eci�cally , our plan construction

algorithm, our plan inference algorithm, and our b elief mo dule. W e also discuss the

role of discourse en tities in our implem en tation.

The system is implem en te d in Prolog, and w e use Prolog v ariables to enco de

the v ariables that are in our plan sc hemas. By doing this, once a plan v ariable

is instan tiated, all co-referen tial v ariables are also instan tiated. The use of Prolog

v ariables has also in
uenced the manner in whic h w e presen t our examples, for if a

v ariable is instan tiated, w e sho w its v alue rather than its name.

7.1 Discourse En tities

W e use discourse en tities to represen t the referring expression that is b eing collab-

orated up on; but more imp ortan tly , to indirectly represen t the ob ject that is b eing

referred to. Discourse en tities are represen ted b y the predicate entity(Var ,Ob jec t) ,

where Object represen ts the ob ject b eing referred to and Var is a unique iden ti�er.

Discourse en tities are parameters of all surface sp eec h actions that giv e rise to

referring expressions, th us capturing the coherency among the actions. This b ecomes

esp ecially imp ortan t when there is a referring expression em b edded inside another

referring expression. F or instance, \the blac k bird in the cage" w ould corresp ond to

the follo wing surface sp eec h actions:

s-refer(En tit y1 )

s-attrib(E nti ty 1, � X � na me (X, bir d) )

s-attrib(E nti ty 1, � X � co lo ur( X,b ro wn) )

s-attrib-r el( En tit y1, En tit y2, � X � � Y � in( X,Y ))
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s-refer(En tit y2 )

s-attrib(E nti ty 2, � X � na me (X, cag e) )

As can b e seen, the discourse en tities, Entity1 and Entity2 , indicate whic h ob ject

that eac h surface sp eec h action is ab out.

An adv an tage of using discourse en tities, rather than a term represen ting the ob-

ject itself, is that the relationship among the surface sp eec h actions is captured with-

out relying on using Prolog v ariables. Consider again the ab o v e referring expression.

The input to our system w ould ha v e Entity1 instan tiated to entity(1, Obj 1) and

Entity2 instan tiated to entity(2,O bj2 ) . Since these t w o discourse en tities cannot

b e uni�ed ( 1 and 2 cannot b e uni�ed), the plan recognition pro cess can use standard

Prolog uni�cation when deriving a plan deriv ation.

7.2 Plan Construction

Before w e discuss our plan construction algorithm, w e need to giv e a more formal

de�nition of a what a plan deriv ation is. A plan deriv ation can b e de�ned recursiv ely

as follo ws. W e start with a plan instance as the ro ot of the deriv ation. F or eac h plan

instance in the deriv ation, eac h plan header in its decomp osition is expanded in to a

plan instance, and the plan header is uni�ed with the header of the plan instance. An

instan tiated deriv ation is a plan deriv ation in whic h all v ariables in the plan instances

are instan tiated, and all co-referen tial v ariables ha v e the same v alue.

Motiv ated b y P ollac k (1986), w e view an instan tiated plan deriv ation not as a

data structure, but as a men tal ob ject that an agen t has b eliefs ab out. The men tal

actions migh t not b e executable and the constrain ts migh t not hold.

1

An agen t will

view an instan tiated plan deriv ation as v alid just in case it b eliev es that all of its

constrain ts hold and all of its men tal actions are executable.

No w that this bac kground has b een giv en, w e can state what our plan constructor

do es. Giv en an e�ect, the plan constructor �nds an instan tiated plan deriv ation that

is v alid (with resp ect to the planning agen t's b eliefs), and whose ro ot plan ac hiev es

the e�ect. The yield of the plan deriv ation can then b e giv en as input to a mo dule

that generates the surface form of the utterance.

1

Since w e assume that the plan library is shared and that agen ts can execute surface sp eec h

actions, w e do not consider b eliefs ab out generation or ab out the executabilit y of primitiv e actions.
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7.2.1 Plan Construction Heuristics

In constructing a plan deriv ation to accomplish an e�ect, there migh t b e man y p os-

sible plan deriv ations to c ho ose from. This is particularly true when constructing a

referring expression plan, since the plan sc hemas do not enco de an y preference for a

description of minimal length. W e ha v e in ten tionally designed our plan sc hemas to

exclude preference information. W e feel that suc h information should b e captured

as general heuristics that the plan constructor uses in c ho osing one plan deriv ation

o v er another. A b ene�t of this approac h is that the heuristics can b e applied to

plan construction in general rather than ha ving preference information for ev ery plan

sc hema. Also, it is not en tirely clear ho w preference information should b e used for

plan inference.

In section 3.6, w e prop osed that one suc h planning heuristic w ould b e to prefer

plan deriv ations with the few est n um b er of primitiv e actions. This heuristic cap-

tures the preference of p eople to use descriptions of minim al length and th us a v oid

con v ersational implicature (Reiter, 1990).

There are other heuristics that could also b e used. F or instance, an agen t not only

has the goal that it is curren tly constructing a plan to ac hiev e, it also has man y other

goals. Hence, plan deriv ations could b e judged in terms of ho w w ell they con tribute to

satisfying these goals. Also, in constructing a plan for comm unicating with another

agen t, the sp eak er migh t ha v e to mak e assumptions ab out the hearer's b eliefs. A

plan deriv ation that mak es a minim al n um b er of assumptions or that is based on the

strongest b eliefs w ould b e preferable.

In implem en ting a planner that uses heuristics in c ho osing a plan, it is neces-

sary to incorp orate these heuristics as early in the construction pro cess as p ossible.

Otherwise there will b e a com binatorial explosion of plan deriv ations to consider. In

our implem en tation, the plan constructor orders the plan deriv ations b y the n um b er

of primitiv e actions. A t eac h step, it expands the plan deriv ation with the few est

n um b er of primitiv e actions.

A side e�ect resulting from the w a y our plan sc hemas ha v e b een enco ded is that

plan deriv ations are not view ed as in v alid on the basis of ha ving duplicate primitiv e

action instances. Since suc h deriv ations will not b e c hosen due to the heuristic, our

plan constructor immedi ately remo v es them from consideration.

7.2.2 The Plan Construction Algorithm

The plan constructor is implem en te d using a b est-�rst searc h strategy . It starts with

the set of plan sc hemas that satisfy the e�ect that is to b e ac hiev ed. It �nds all
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plan deriv ations whose constrain ts are satis�able, and puts them in to a list of partial

plan deriv ations. Eac h partial plan deriv ation in the list has an asso ciated list of

unexpanded no des and this list is initialized to its decomp osition. The algorithm

then rep eatedly remo v es the partial plan deriv ation with the few est n um b er of prim-

itiv e actions, �nds all expansions of its leftmost unexpanded no de, and adds these

expansions (p ossibly none) to the list. This pro cess is rep eated un til it �nds a plan

deriv ation that do es not ha v e an y unexpanded no des. Giv en b elo w is the algorithm

for expanding a no de:

� men tal action

{ P erform the action.

2

� primitiv e action

{ Instan tiate the where-predicates.

{ Ensure constrain ts are satis�able (instan tiate v ariables).

{ Ensure action is not already in the deriv ation.

� plan header (that is not a primitiv e action)

{ Instan tiate the where-predicates.

{ Ensure constrain ts are satis�able (instan tiate v ariables).

{ Add decomp osition to the fron t of the list of unexpanded no des.

7.3 Plan Inference

In order for a hearer to understand an utterance, he m ust determine what the sp eak er

in tended b y w a y of the utterance. In our mo del, this is accomplished b y plan inference.

By inferring the plan deriv ation that underlies the utterance, the hearer can determine

the e�ect that the sp eak er in tended the plan to ac hiev e.

Since the sp eak er and hearer do not ha v e the same b eliefs, the hearer m ust b e

able to infer a plan ev en if he w ould view it as in v alid. F ollo wing P ollac k (1986), our

plan inference pro cess can infer in v alid plans in whic h either a constrain t do es not

hold or a men tal action is not executable. Since w e assume the plan library is shared

2

Men tal actions are p erformed immediately . This allo ws the action to a�ect the rest of the

construction pro cess.
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and since the primitiv e actions ha v e already b een executed, w e do not considered the

other t yp es of in v alidities that P ollac k considers.

In inferring a plan deriv ation, w e �rst try to �nd a plan deriv ation that accoun ts

for the primitiv e actions that w ere observ ed. Second, w e ev aluate it b y attempting

to �nd an instan tiation for the v ariables suc h that all of the constrain ts hold and the

men tal actions are satis�able with resp ect to the hearer's b eliefs ab out the sp eak er's

b eliefs. W e refer to the �rst pro cess as plan recognition, and the second pro cess as

plan ev aluation.

In ev aluating a plan deriv ation, w e migh t not b e able to �nd an instan tiation

for the v ariables.

3

In this case, the hearer will view the plan as in v alid. Ho w ev er,

as P ollac k (1986, p. 5) p oin ts out, \simply kno wing that a plan is in v alid is not

su�cien t|agen ts m ust also b e able to lo cate the source(s) of the in v alidit y ." So,

when a plan is found to b e in v alid, w e determine the constrain t or men tal action that

is the source of the in v alidit y .

7.3.1 Plan Recognition

The plan recognition pro cess attempts to �nd a plan deriv ation whose yield is the set

of primitiv e actions that w as observ ed and whose ro ot plan is a sp ecially mark ed end

plan.

4

It do es not consider whether the constrain ts and men tal actions are satis�able,

but it do es unify the v ariables in the plan headers in to the plan deriv ation. Hence

plan deriv ations in whic h this uni�cation cannot pro ceed are rejected.

The plan recognizer used in this system is based on c hart parsing (see Allen

1987 ).

5

It has b een mo di�ed to parse actions instead of w ords and w e ha v e remo v ed

the restriction that the input b e ordered. So, the edges in our c hart represen t the set

of primitiv e actions that is accoun ted for b y the edge, rather than a start and end

v ertex of a list of w ords. A side e�ect of this is that primitiv e actions need to express

an y relationships with other actions that are implici t in the utterance. F or referring

expressions, this is captured b y the use of discourse en tities.

The parsing strategy is essen tially b ottom-up, breadth-�rst. There is an exception

though. Some of the non-primitiv e plan sc hemas ha v e a decomp osition that consists

of only men tal actions (e.g., relax-con str ain t ) or ha v e a n ull decomp osition (e.g.,

the modifiers sc hema for terminating the recursion). Since the parsing strategy

is b ottom-up starting from the primitiv e actions that w ere observ ed, plans of this

3

W e will not consider the case where the plan recognition pro cess is not able to �nd an y plan

deriv ation that accoun ts for the primitiv e actions.

4

Our usage of end plans follo ws Kautz and Allen (1986).

5

The actual co de is based on the c hart parser giv en b y Ross (1989).
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t yp e will nev er b e added to the c hart, and hence plan deriv ations that include them

w ould not b e prop erly recognized. Our solution to this problem is that whenev er

an activ e edge is added to the c hart, a searc h is made to see if it has an y leftmost

descenden ts of this t yp e. These descenden ts are then added as inactiv e en tries, and

normal b ottom-up parsing can then connect them to the activ e edges that need them.

Applying parsing tec hniques to plan recognition is not a new idea. Sidner (1985)

suggests the idea, and Vilain (1990) formalizes it in terms of c hart parsing b y recasting

the w ork of Kautz and Allen (1986) on plan recognition. Unfortunately , Vilain sho ws

that recognizing plans with abstraction and partial step order, whic h c haracterizes

our w ork, is NP-complete.

7.3.2 Plan Ev aluation

After a plan deriv ation has b een recognized, the plan is ev aluated. The plan ev aluation

algorithm tries to ev aluate the constrain ts and men tal actions. It prefers to ev aluate

them in the order that the plan constructor uses in constructing the plan deriv ation.

Ho w ev er, the plan sc hemas ha v e b een form ulated for plan construction, and there

is a di�erence in the kno wledge that the sp eak er has when constructing a plan to

accomplish a certain goal and the kno wledge that the hearer has when trying to infer

the plan of another agen t from the observ ed primitiv e actions. So, it migh t not b e

e�cien t or ev en p ossible to ev aluate plan deriv ations in the order sp eci�ed in the plan

sc hemas. The plan ev aluator tak es this in to accoun t b y using meta-lev el kno wledge

to c ho ose the order in whic h to ev aluate the constrain ts and men tal actions in the

plan deriv ation. This kno wledge enco des whic h parameters of a predicate should b e

instan tiated b efore it can b e ev aluated. Note that since predicates migh t include other

predicates as parameters, the order of ev aluation dep ends on all of the predicates in

a constrain t or men tal action. F or instance, for bel(user,co lou r(O bj ect ,bl ack )) ,

meta-kno wledge ab out bel and colour is considered. F urthermore, the predicate

subset(Set , � X � Pr op, Sub se t)

requires sp ecial treatmen t. This predicate can b e ev aluated if Set is instan tiated and

Prop , with X instan tiated to a dumm y v alue, can b e ev aluated.

If the plan ev aluator is not successful, one of the constrain ts or men tal actions

in the inferred plan deriv ation will b e found to b e unsatis�able. Since the ev aluator

dynamically c ho oses the order in whic h to ev aluate the constrain ts and men tal actions,

the one that it failed on migh t not b e the cause of the error. Hence, when it �nds an

error, it tries to determine if the error is a result of a constrain t or men tal action whose

ev aluation w as p ostp oned. Our algorithm for determining the cause lo oks for syn tactic
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similarities. All of the p ostp oned constrain ts and men tal actions, and the no de that

it failed on are stripp ed do wn to their base prop ositions. This in v olv es stripping o�

the op erators subset , mb , ub , bel , and � X . With these stripp ed prop ositions, the

ev aluator c hec ks to see if an y of the p ostp oned constrain ts or men tal actions uni�es

with the failed no de. F or instance, consider the situation where the ev aluator �nds

that the follo wing men tal action fails:

subset([bi rd1 ,b ird 2], � X � ub( use r, sys tem ,co lo ur( X,b la ck) ),N ewC an d)

The ev aluator w ould b e able to determine that it w as the follo wing p ostp oned con-

strain t that w as the cause of the error:

mb(user,sy ste m, col our (O bje ct, bla ck ))

As men tioned in section 4.6 and section 5.1.3, the plan ev aluator treats construct

and evaluate sp ecially . When ev aluating construct , the ev aluator kno ws the prim-

itiv e actions that construct m ust accoun t for and the goal it is trying to ac hiev e.

So, the ev aluator in v ok es the plan recognizer rather than the plan constructor. F or

evaluate , the plan ev aluator do es not ev aluate it.

The algorithm pro ceeds as follo ws: It �rst ev aluates all of the where-predicates.

Second, it gathers all of the constrain ts and men tal actions in to a list. Third, it

iterativ ely c ho oses the �rst unev aluated constrain t or men tal action that has the

required parameters instan tiated as determined b y the meta-kno wledge, and tries to

pro v e that it is satis�able; this results in its v ariables b eing instan tiated, as w ell as an y

co-referen tial v ariables in other constrain ts and men tal actions b eing instan tiated. If

it fails in ev aluating a constrain t or men tal action, then it determines whic h constrain t

or men tal action is the cause of the failure.

7.4 Belief Mo dule

W e ha v e incorp orated a b elief mo dule in to our system. This mo dule pro vides the

minim um functionalit y that is needed in order to supp ort plan construction, plan in-

ference, and the adoption of b eliefs and goals. Tw o functions are pro vided, a function

for adding a new b elief, and a function for testing whether the system holds a b elief.

W e do not pro vide a function for retracting a b elief.

W e represen t our b eliefs in ternally using the predicate abel(N,Pr op) (Cohen and

Lev esque, 1990, p. 232), whic h is the N th alternating b elief b et w een the system and

the user. The prop osition abel(1,Pr op) represen ts that the system b eliev es Prop ,
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abel(2,Pro p) represen ts that the system b eliev es the user b eliev es Prop , etc. W e do

not allo w the prop osition inside abel to include an y b elief op erators. Since abel is

the only predicate that w e use for represen ting b eliefs, w e do not represen t m utual

b elief, but as men tioned b elo w, w e ha v e rules for inferring it.

When adding a new b elief, the e�ect that this b elief has on the other b eliefs

m ust b e tak en in to consideration. This is esp ecially true when adding the prop osition

replace(Pl an, Ne wPl an) and error(Pla n,N od e) . F or replace , if the system has a

b elief ab out an mgoal that has Plan as a parameter, Plan is replaced b y NewPlan .

F or error(Plan, Nod e) , where Node is a constrain t in v olving m utual b elief, w e could

add evidence so that this m utual b elief will not b e inferred in the future. Ho w ev er,

w e do not address this issue.

When determining whether our system holds a b elief, w e use a n um b er of inference

rules. The �rst inference rule allo ws the system to assume that if the system b eliev es

a prop osition then it is m utually b eliev ed. In particular, w e can use this rule to deriv e

that the system b eliev es that the user b eliev es Prop if the system b eliev es it. This

rule is in tended to corresp ond with the co-presence heuristics of Clark and Marshall

(1981) and it only applies to certain predicates, suc h as mgoal , colour , and size .

This rule is ob viously to o strong, for it should ensure that there is no evidence to the

con trary (see Nadath ur and Joshi 1983 ).

The second inference rule is used to ascrib e b eliefs based on other b eliefs that the

system has. This includes inferring that the system and the user ha v e a plan if they

ha v e an mgoal .

A third inference rule is used to allo w the system to assume a b elief based on no

evidence. As with the �rst rule, this rule applies only to certain predicates. In this

case, it allo ws the system to b eliev e that the user b eliev es that there is an error in

a plan deriv ation. Note that without this inference rule, the system w ould �nd an

inferred judgemen t plan to b e in v alid.

A fourth inference rule sanctions the b elief that Prop holds if the prop osition

relax(Prop 1,P ro p) is b eliev ed, and Prop1 is also b eliev ed.
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Chapter 8

Conclusion

W e ha v e presen ted a computational mo del of ho w a con v ersational participan t collab-

orates in making a referring expression. Our w ork is based on the mo del that Clark

and Wilk es-Gibbs (1986) prop ose, augmen ted with the w ork done b y Clark and Sc hae-

fer (1989) on con tributing to discourse. In recasting their w ork in to a computational

mo del, w e ha v e adopted the view that language is goal-orien ted b eha viour. This has

allo w ed us to do the follo wing. First, accoun t for the tasks of building a referring

expression and iden tifying its referen t b y using plan construction and plan recogni-

tion. Second, accoun t for the con v ersational mo v es that participan ts mak e during the

acceptance pro cess b y using meta-plans. Third, sho w ho w b eliefs are adopted from

an inferred plan, whic h in turn giv es rise to the adoption of discourse goals to further

the collab orativ e activit y .

Although our w ork has fo cused on referring expressions, w e feel that it is relev an t

to collab oration in general and to ho w agen ts con tribute to discourse. So, in the

next section, w e commen t on what it means for t w o agen ts to b e collab orating in

building a plan, and ho w this mo de of in teraction di�ers from viewing one of the

agen ts as an information pro vider. Then in the follo wing section, w e return to the

discussion in section 5.1.2 on judging con tributions. In the renew ed discussion, w e

prop ose a formalization of the criteria for accepting con tributions in terms of discourse

in ten tions.

Then in the remainder of the c hapter, w e discuss a few assumptions that w e

ha v e made in our w ork that are w orth noting; w e compare our w ork to Litman and

Allen (1987) and to Grosz and Sidner (1990); and w e conclude b y p oin ting our some

directions for future researc h.
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8.1 Collab oration

There are man y w a ys that agen ts in teract in con v ersation. In this thesis, w e ha v e

lo ok ed at ho w agen ts collab orate in making a referring expression, whic h w e ha v e

equated with collab orating in building a plan. But what do es it mean for t w o agen ts

to collab orate in building a plan? F rom the w ork of Clark and Wilk es-Gibbs, w e ha v e

iden ti�ed this with ha ving m utual resp onsibilit y in building a plan to ac hiev e a goal,

and where the agen ts in teract b y judging and refashioning the curren t plan.

Before exploring this further, let's re-examine dialogue (5.1), reprin ted here as

dialogue (8.1).

(8.1) P:

1

The 8:50 to Mon treal?

C:

2

8:50 to Mon treal. Gate 7.

P:

3

Where is it?

C:

4

Do wn this w a y to y our left. Second one on the left.

P:

5

OK. Thank y ou.

In this dialogue, the passenger has a plan to b oard a train. Ho w ev er, her plan is

undersp eci�ed, and hence she requests information from the clerk and has an exp ec-

tation that he will answ er her request. Ho w ev er, the passenger and the clerk are

not collab orating in building this plan. The passenger is simply using the clerk as

a resource for obtaining information, and so she is con trolling the con v ersation (see

W alk er and Whittak er, 1990 ). Note that the clerk migh t ev en infer the passenger's

plan, but he do es this in order to pro vide additional con text for her question, or to

b e able to an ticipate an y obstacles in her plan (Allen, 1979).

1

So, there are di�eren t w a ys that agen ts can in teract with resp ect to building a

plan. In the case of referring expressions, the agen ts are m utually resp onsible for

ac hieving the goal. W e feel that this allo ws the agen ts to in teract suc h that neither

agen t assumes con trol of the dialogue, th us allo wing b oth agen ts to con tribute to the

b est of their abilit y without b eing guided or imp eded b y the other agen t. This results

in the agen ts minim iz ing their com bined e�ort in ac hieving the goal. This t yp e of

in teraction is not p ossible in dialogue (8.1), since the agen ts do not ha v e the plan in

1

This of course means that the passenger m ust b e able to understand an y helpful commen ts from

the clerk. Hence the passenger should b e able to understand the clerk's resp onse with resp ect to

her underlying plan, rather than just with resp ect to the request. F or instance, the passenger, after

uttering \Where is it?", should b e able to understand a resp onse suc h as \It is the only gate" or

\F ollo w that p erson."
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their common ground, nor are they necessarily m utually resp onsible. Additionally ,

it w ould not b e exp edien t for the agen ts to collab orate in the building of the plan,

since the passenger is p erfectly able to build the plan herself|she simply needs some

information.

8.2 Accepting Con tributions

In pro viding a computational mo del of ho w agen ts collab orate in making a referring

expression, w e ha v e adopted the view of Clark and Sc haefer (1989) that the judgemen t

and refashioning mo v es are also con tributions and hence are judged in accordance with

whether the hearer \b eliev es he is understanding w ell enough for curren t purp oses"

(p. 267). In section section 5.1.2, w e ga v e criteria for determining whether judgemen ts

and refashionings are understo o d that do not dep end on whether the refashioned

referring expression is acceptable. Hence w e distinguish b et w een the acceptance of

a refashioning mo v e and the acceptance of the refashioned referring expression. The

outcome of this is that when a refashioning mo v e is accepted, the common ground

of the participan ts is up dated to re
ect the refashioned referring expression, th us

allo wing it to b e judged and refashioned in the same w a y as the initial referring

expression, as Clark and Wilk es-Gibbs (1986) claim.

W e ha v e relied on Clark and Sc haefer's prop osal that a hearer accepts a con tri-

bution dep ending on whether he has understo o d it w ell enough for curren t purp oses.

But, in general, what is the curren t purp ose that they allude to? W e feel that a

k ey to understanding this is to relate their w ork to that done b y Grosz and Sidner

(1986) on in ten tions and discourse structure. Utterances ha v e purp oses asso ciated

with them, and these utterances are em b edded in discourse segmen ts that also ha v e a

purp ose. So, in determining whether to accept a con tribution, it is only the purp ose

that is asso ciated with the con tribution that comes in to pla y in determining whether

to accept it. Note that an utterance migh t b e in tended to ful�ll the purp ose of the

segmen t that it is em b edded in. But if it do esn't, then this is not grounds for rejecting

the con tribution, but only grounds for not ending that discourse segmen t.

With this in terpretation of Clark and Sc haefer's criteria, let's re-examine the ac-

ceptance pro cess for a referring expression. First, since there is an in ten tion underly-

ing a referring expression, namely for the resp onder to iden tify the referen t, w e will

assume that the utterance of a referring expression initiates a new discourse segmen t,

sa y DS1 . After a referring expression has b een uttered, if the resp onder cannot iden-

tify the referen t then he will not accept it, since his curren t purp ose is to understand

the referen t. The t w o participan ts will hence mak e judgemen ts and refashionings, and
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these are discourse segmen ts em b edded inside segmen t DS1 . The purp ose of these seg-

men ts is not the same as the purp ose of DS1 . F or a judgemen t mo v e, it is to inform

the other participan t of a judgemen t, and for a refashioning mo v e, it is to inform the

other of a replacemen t referring expression. Hence, they are accepted and so their

discourse segmen ts are ended indep enden tly of the acceptance of the curren t referring

expression. So, subsequen t judgemen ts and refashionings are em b edded directly in

DS1 . Once the con v ersational participan ts accept the referring expression, not only

is the acceptance accepted, but it also causes the curren t discourse segmen t, DS1 , to

end.

In section 5.1.1, w e examined sub dialogue (5.1), rep eated as (8.1), to illustrate

the relev ance of Clark and Sc haefer's w ork. In particular, w e claimed that the third

utterance implici tly accepts the second utterance and so is not a con tribution to

accept it. Let's no w re-examine it in the ligh t of discourse segmen ts and in ten tions.

DS1 (I1)
DS2 (I2)

DS3 (I3)

P:

1

The 8:50 to Mon treal?

DS4 (I4)

C:

2

8:50 to Mon treal. Gate 7.

DS5 (I5)
DS6 (I6)

P:

3

Where is it?

Figure 8.1: Discourse Segmen ts for Dialogue (5.1)

In �gure 8.1, w e ha v e reprin ted the �rst three utterances, and indicated what w e

think is the discourse structure of the dialogue. F or the �rst utterance, w e claim that

there are three distinct in ten tions| I1 , I2 , and I3 |underlying it.

I1: P in tends to kno w the lo cation of the train so that she can b oard it.

I2: P in tends C to inform her of the lo cation of the train.

I3: P in tends C to kno w that she w an ts him to inform her of the lo cation

of the train.

Note that I1 dominates I2 , and I2 dominates I3 . As sho wn in �gure 8.1, this giv es

rise to three discourse segmen ts, DS1 , DS2 , and DS3 , corresp onding to I1 , I2 , and I3 ,

resp ectiv ely .

No w the second utterance, whic h is itself a discourse segmen t, DS4 , is b eing used

to ac hiev e C's in ten tion that P kno w that the train is at gate 7. So, this utterance

implicitl y accepts the �rst utterance, and so signals the end of DS3 . Note that DS4 is

em b edded inside DS2 , since I2 dominates I4 . The third utterance is the con tro v ersial

one with regard to whether or not it signals the end of DS2 and DS4 . W e claim that
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it do es, since the third utterance sho ws that P has understo o d the second utterance

w ell enough for the purp oses I2 and I4 . Hence, her utterance signals the acceptance

of the second utterance. Ho w ev er, since she do esn't kno w the lo cation w ell enough

to b oard the train, her utterance is em b edded inside of DS1 .

8.3 A F ew Assumptions

In this section, w e discuss a few assumptions that w e ha v e made in carrying out our

researc h that w e feel are w orth noting.

8.3.1 Initiator and Resp onder

In collab orating to mak e a referring expression, the initiator and the resp onder ha v e

di�eren t roles. The initiator kno ws the iden tify of the referen t and the resp onder

is trying to iden tify it. So, if the initiator refashions a referring expression, the

utterance can b e in terpreted as \The one that : : : ", but if the resp onder refashions,

the utterance can b e in terpreted as \Do y ou mean the one that : : : ?"

Clark and Wilk es-Gibbs (1986), in their mo del of the acceptance pro cess, do not

distinguish b et w een the initiator and the resp onder. Hence, it is unclear ho w their

mo del accoun ts for the di�erence in the surface forms b et w een the initiator and the

resp onder's utterances. Our mo del also do esn't accoun t for the di�erence in the forms

of the utterances. In fact, the same meta-plans and surface sp eec h acts are used b y

b oth agen ts in judging and refashioning referring expressions.

One a v en ue that is w orth pursuing is the use of try markers . Clark and Wilk es-

Gibbs prop ose that try markers (rising in tonation) are used b y a sp eak er to express

her con�dence in an utterance. P erhaps this can accoun t for the di�erence b et w een

the initiator's utterances and the resp onder's, since the resp onder w ould not b e as

con�den t as the initiator w ould b e that his refashioned referring expression iden ti�es

the referen t. In our mo del, w e ha v e not addressed sp eak er con�dence, and so it is

di�cult to sa y whether it can adequately accoun t for the ab o v e phenomena.

8.3.2 Surface Sp eec h Acts

W e ha v e p ostulated the follo wing surface sp eec h actions:

Referring:

s-refer

94



A ttributing:

s-attrib , s-attrib-r el , and s-attrib-re l-g ro up

Expressing judgemen t:

s-accept , s-reject , and s-postpone

Refashioning:

s-expand

Although w e could ha v e view ed these as acts of informing, this w ould ha v e shifted the

complexit y in to the parameter of the inform and it is unclear whether an ything w ould

ha v e b een gained. Instead, w e feel that a parser can determine the surface sp eec h

actions, esp ecially if it has access to a mo del of the discourse to help it disam biguate

the utterance. Additionally , it should b e easier for the generator to determine an

appropriate surface form.

8.3.3 Presen tations

Clark and Wilk es-Gibbs (1986) and Clark and Sc haefer (1989) talk ab out presen ta-

tions of a con tribution, as w ell as judgemen ts and refashionings. W e ha v e view ed the

presen tation of a con tribution as b eing implici t. Hence, the e�ect of our refer plan is

not to inform the hearer of a referring expression plan, but to ha v e the hearer b eliev e

that the sp eak er has the goal for the hearer of iden tifying the referen t. W e assume

that the hearer do esn't need to kno w that the sp eak er has presen ted a plan, b ecause

this will b e ob vious if he has understo o d the utterance.

8.4 Comparisons to Other W ork

In this section, w e compare our w ork to Litman and Allen (1987), and Grosz and

Sidner (1990). W e ha v e limited ourselv es to these w orks b ecause w e feel that they

come closest to o�ering the framew ork for collab orativ e b eha viour that w e prop ose.

8.4.1 Litman and Allen

Litman and Allen's w ork on understanding clari�cation sub dialogues has in
uenced

our w ork greatly . It has pro vided us with the idea of using meta-plans to accoun t for

referring expressions that can b e reasoned ab out and manipulated in the planning

paradigm.

There are sev eral ma jor di�erences b et w een our w ork and theirs. First, our w ork

extends theirs, since it also accoun ts for the construction of an utterance and ho w
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discourse goals arise from inferring a plan. Second, w e accoun t for collab oration.

So, our discourse plans are di�eren t from theirs, and w e mo del an agen t's discourse

exp ectations b y w a y of in ten tions rather than a more rigid plan stac k. Third, w e tak e

in to accoun t ho w plans are up dated to re
ect the con tributions of the participan ts,

a problem that w e feel causes Litman and Allen to improp erly recognize when a

con tribution is accepted.

8.4.2 Grosz and Sidner

Grosz and Sidner (1990)

2

are in terested in the t yp e of plans that underlie discourse

where the agen ts are collab orating in order to ac hiev e some goal. They prop ose that

agen ts are building a shared plan. Their de�nition of a shared plan is in terms of the

m utual b eliefs and in ten tions of the participan ts regarding the actions that comprise

the plan. They also discuss partial shared plans, whic h they de�ne as follo ws: \First,

[a partial shared plan] ma y con tain only some of the full collection of b eliefs and

in ten tions of its asso ciated full shared plan. Second, some of the b eliefs included in

it ma y b e only partially sp eci�ed : : : " (Grosz and Sidner, 1990, p. 431). They then

use this to sho w ho w their partial shared plans are up dated b y recognizing the b eliefs

and in ten tions underlying an utterance.

Our mo del di�ers from theirs in t w o imp ortan t asp ects.

3

First, not only do agen ts

ha v e a collection of b eliefs and in ten tions regarding the actions of a (partial) shared

plan, w e feel that they also ha v e an in ten tion ab out the goal. It is this in ten tion

in conjunction with the partial shared plan that sanctions the adoption of b eliefs

and in ten tions ab out p oten tial actions that will con tribute to the goal, rather than

merely the partial shared plan as indicated b y their second con v ersational default rule

(CDR2).

Second, w e feel that their de�nition of a partial shared plan is to o restrictiv e.

They require, in order for an action to b e part of a partial shared plan, that b oth

agen ts b eliev e (in fact m utually b eliev e) that an action c ontributes to the goal, where

the action con tributes b y either enabling or gener ating

4

the goal. Ho w ev er, this is to o

strong. In collab orating to ac hiev e a m utual goal, participan ts sometimes prop ose

an action that is not b eliev ed b y the other participan t or ev en the participan t that

2

See also the subsequen t w ork b y Lo c h baum, Grosz, and Sidner (1990) and Lo c h baum (1991).

3

Their w ork also addresses a n um b er of issues that w e ha v e not concerned ourselv es with. First,

w e do not need to represen t that an agen t in tends to p erform an action or that it is able to execute

the action (b ecause the actions ha v e already b een p erformed). Second, w e assume that agen ts ha v e

complete kno wledge of the plan sc hemas and that this kno wledge is shared.

4

They consider sev eral t yp es of generation to accoun t for sim ultaneous actions, consecutiv e ac-

tions, etc.
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is prop osing it. By failing to represen t suc h states, their mo del will b e unable to

represen t the in termediate states in whic h a hearer migh t ha v e understo o d ho w the

sp eak er's utterance con tributes to a plan, but do esn't agree with it. In section 5.1.1

w e sho w ed that this is imp ortan t, since if a refashioning is understo o d, the common

ground is up dated, and w e feel that this should corresp ond to up dating the shared

plan. F urthermore, ev en the �nal plan migh t con tain an action that is not m utually

b eliev ed to b e executable, as evidenced b y an utterance suc h as \I don't think it will

w ork, but let's try it an yw a ys." P erhaps the only requiremen t should b e that the

plan is not incoheren t.

8.5 F uture Direction

There are man y w a ys that this researc h can b e extended. P erhaps the most ob vious

w ould b e to extend the co v erage of the mo del. W e ha v e examined one t yp e of refer-

ring expression. W e feel that our approac h can b e extended to handle references to

ob jects in fo cus, references to ob jects outside of App elt's shar e d c onc ept activation

with identi�c ation intention (1985c), and references in whic h the sp eak er is uncertain

ab out the adequacy of the constructed referring expression. Also, the meta-plans that

w e ha v e giv en do not handle all t yp es of judgemen t and refashionings of referring ex-

pressions. Hence, our co v erage of them could b e expanded and ev en generalized so as

to handle plans other than just referring expressions. By extending our mo del in this

w a y , w e should b e able to accoun t for our b enc hmark dialogue, dialogue (6.2) giv en

in c hapter 6, without simplifying it.

A second area for future researc h is to incorp orate a b etter mo del of an agen t's

b eliefs. When agen ts collab orate, their b eliefs of the other agen t as w ell as their

o wn b eliefs are b eing revised. This b elief revision not only facilitates subsequen t

references, but it is also an in tegral part of the acceptance pro cess, for the agen ts

are acquiring b eliefs that facilitate them in making a referring expression acceptable

to b oth participan ts. Ho w ev er, in this thesis w e ha v e left this asp ect practically

unexplored.

A third area w ould b e to further in v estigate collab orativ e b eha viour. In this

thesis, w e ha v e touc hed up on a n um b er of questions that need to b e answ ered more

fully . First, what do es it mean to sa y that t w o agen ts are collab orating, and what

b eha vioral e�ects will b e manifested? Second, ho w do es this mo de of in teraction di�er

from other mo des, suc h as ho w a master and an appren tice in teract? Third, ho w do

agen ts establish a mo de of in teraction based on collab oration? F ourth, what reasons

do agen ts consider in deciding whether to establish suc h a mo de? By answ ering these
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questions, w e will not only ha v e a b etter mo del to base natural language in terfaces

on, but w e will also ha v e a b etter understanding of ho w p eople in teract.
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App endix A

T race of the System

In this app endix, w e giv e the full trace of the example that w as presen ted in c hapter 6.

In this example, the system tak es the role of the resp onder, p erson B, in dialogue (6.1),

rep eated b elo w as dialogue (A.1).

(A.1) A:

1

See the w eird creature.

B:

2

In the corner?

A:

3

No, on the television.

B:

4

Ok a y .

In the trace, lam b da expressions, � X � Prop, are represen ted as:

X^Prop

Prop ositions of the form ( � X � Prop)(Y) are represen ted as:

apply(X^Pr op, Y)

Prolog v ariables are represen ted as n , where n is an in teger. Lines in the trace ha v e

b een formatted so that they will �t on the page. Where a line has b een brok en,

a dash follo w ed b y a space is used to start the con tin uation. Plan deriv ations and

lists of actions ha v e b een formatted for readabilit y . When they are a parameter in a

prop osition, they are represen ted as a v ariable of the form Vn , where n is an in teger.

On a line follo wing the prop osition, the v alue of the v ariable is giv en. Section titles,

whic h corresp ond to the section titles of c hapter 6, ha v e b een inserted in to the trace.
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A.1 Initialization

User Model: Adding Proposition

category(f ern 1,c rea tu re)

User Model: Adding Proposition

assessment (fe rn1 ,we ir d)

User Model: Adding Proposition

in(fern1,c orn er1 )

User Model: Adding Proposition

category(a nte nna 1,c re atu re)

User Model: Adding Proposition

assessment (an ten na1 ,w eir d)

User Model: Adding Proposition

on(antenna 1,t ele vis io n1)

User Model: Adding Proposition

category(c orn er1 ,co rn er)

User Model: Adding Proposition

category(t ele vis ion 1, tel evi sio n)

User Model: Adding Proposition

world([fer n1, ant enn a1 ,co rne r1, tel ev isi on1 ])

A.2 Understanding \The w eird creature"

========== ===

Understand ing

========== ===

---------- --- --

Plan Recognizer

---------- --- --

Actions = s-refer(ent ity (1, _95 ))

s-attrib(en tit y(1 ,_9 5), _1 15^ ass ess men t( _11 5,w eir d))

s-attrib(en tit y(1 ,_9 5), _1 26^ cat ego ry( _1 26, cre atu re) )

Initial Setup

---------- ---

Adding inactive edge:

Head: s-refer(en tit y( 1,_ 285 15) )

Acts: s-refer(en tit y( 1,_ 285 15) )

Adding active edge:

Head: refer(_337 53)

Need: s-refer(_3 375 3)

Adding config (from active edge):

Active: refer(_3375 3)

Inactive: s-refer(ent ity (1, _28 515 ))

Adding inactive edge:

Head: s-attrib(e nti ty (1, _28 515 ),_ 28 525 ^as ses sme nt (_2 852 5,w eir d) )

Acts: s-attrib(e nti ty (1, _28 515 ),_ 28 525 ^as ses sme nt (_2 852 5,w eir d) )

Adding active edge:

Head: modifier(_ 469 79 ,_4 698 0,_ 469 81 )

Need: s-attrib(_ 469 79 ,_4 701 9)

Adding config (from active edge):
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Active: modifier(_4 697 9,_ 469 80, _4 698 1)

Inactive: s-attrib(en tit y(1 ,_2 851 5) ,_2 852 5^a sse ss men t(_ 285 25, we ird ))

Adding inactive edge:

Head: s-attrib(e nti ty (1, _28 515 ),_ 28 539 ^ca teg ory (_ 285 39, cre atu re ))

Acts: s-attrib(e nti ty (1, _28 515 ),_ 28 539 ^ca teg ory (_ 285 39, cre atu re ))

Adding config (from inactive edge):

Active: modifier(_4 697 9,_ 469 80, _4 698 1)

Inactive: s-attrib(en tit y(1 ,_2 851 5) ,_2 853 9^c ate go ry( _28 539 ,cr ea tur e))

Adding active edge:

Head: headnoun(_ 634 27 ,_6 342 8)

Need: s-attrib(_ 634 27 ,_6 346 2^c ate go ry( _63 462 ,_6 34 70) )

Adding config (from active edge):

Active: headnoun(_6 342 7,_ 634 28)

Inactive: s-attrib(en tit y(1 ,_2 851 5) ,_2 853 9^c ate go ry( _28 539 ,cr ea tur e))

Adding active edge:

Head: modifier(_ 633 57 ,_6 335 8,_ 633 59 )

Need: s-attrib(_ 633 57 ,_6 339 7)

***duplica te active edge (removed)* **

End of Initial Setup

---------- --- --- --- -

Applying config (3 left, step 1)

---------- --- --- --- -- --- --- --- --- -

Active: refer(_3375 3)

Inactive: s-refer(ent ity (1, _28 515 ))

Adding active edge:

Head: refer(enti ty( 1, _93 284 ))

Need: describe(e nti ty (1, _93 284 ))

Acts: s-refer(en tit y( 1,_ 932 84) )

Applying config (2 left, step 2)

---------- --- --- --- -- --- --- --- --- -

Active: modifier(_4 697 9,_ 469 80, _4 698 1)

Inactive: s-attrib(en tit y(1 ,_2 851 5) ,_2 852 5^a sse ss men t(_ 285 25, we ird ))

Adding inactive edge:

Head: modifier(e nti ty (1, _10 581 8), _1 056 52, _10 565 3)

Acts: s-attrib(e nti ty (1, _10 581 8), _1 058 20^ ass ess me nt( _10 582 0,w ei rd) )

Adding active edge:

Head: modifiers( _11 23 77, _11 237 8)

Need: modifier(_ 112 37 7,_ 112 378 ,_1 12 403 )

Adding config (from active edge):

Active: modifiers(_ 112 377 ,_1 123 78 )

Inactive: modifier(en tit y(1 ,_1 058 18 ),_ 105 652 ,_1 05 653 )

Applying config (2 left, step 3)

---------- --- --- --- -- --- --- --- --- -

Active: modifier(_4 697 9,_ 469 80, _4 698 1)

Inactive: s-attrib(en tit y(1 ,_2 851 5) ,_2 853 9^c ate go ry( _28 539 ,cr ea tur e))

Adding inactive edge:

Head: modifier(e nti ty (1, _12 685 4), _1 266 88, _12 668 9)

Acts: s-attrib(e nti ty (1, _12 685 4), _1 268 56^ cat ego ry (_1 268 56, cre at ure ))

Adding config (from inactive edge):

Active: modifiers(_ 112 377 ,_1 123 78 )

Inactive: modifier(en tit y(1 ,_1 268 54 ),_ 126 688 ,_1 26 689 )
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Adding active edge:

Head: modifiers( _13 34 13, _13 341 4)

Need: modifier(_ 133 41 3,_ 133 414 ,_1 33 439 )

***duplica te active edge (removed)* **

Applying config (2 left, step 4)

---------- --- --- --- -- --- --- --- --- -

Active: headnoun(_6 342 7,_ 634 28)

Inactive: s-attrib(en tit y(1 ,_2 851 5) ,_2 853 9^c ate go ry( _28 539 ,cr ea tur e))

Adding inactive edge:

Head: headnoun(e nti ty (1, _15 047 4), _1 503 00)

Acts: s-attrib(e nti ty (1, _15 047 4), _1 503 34^ cat ego ry (_1 503 34, cre at ure ))

Adding active edge:

Head: describe(_ 156 71 0)

Need: headnoun(_ 156 71 0,_ 156 733 )

Adding config (from active edge):

Active: describe(_1 567 10)

Inactive: headnoun(en tit y(1 ,_1 504 74 ),_ 150 300 )

Applying config (2 left, step 5)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(_ 112 377 ,_1 123 78 )

Inactive: modifier(en tit y(1 ,_1 058 18 ),_ 105 652 ,_1 05 653 )

Adding active edge:

Head: modifiers( ent it y(1 ,_1 688 21) ,_ 168 669 )

Need: modifiers( ent it y(1 ,_1 688 21) ,_ 168 694 )

Acts: s-attrib(e nti ty (1, _16 882 1), _1 688 64^ ass ess me nt( _16 886 4,w ei rd) )

***Topdown addition of inactive entries (1)***

Adding inactive edge:

Head: modifiers( ent it y(1 ,_1 772 35) ,_ 177 232 )

Adding config (from inactive edge):

Active: modifiers(e nti ty( 1,_ 168 82 1), _16 866 9)

Inactive: modifiers(e nti ty( 1,_ 177 23 5), _17 723 2)

Applying config (2 left, step 6)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(_ 112 377 ,_1 123 78 )

Inactive: modifier(en tit y(1 ,_1 268 54 ),_ 126 688 ,_1 26 689 )

Adding active edge:

Head: modifiers( ent it y(1 ,_1 908 89) ,_ 190 737 )

Need: modifiers( ent it y(1 ,_1 908 89) ,_ 190 762 )

Acts: s-attrib(e nti ty (1, _19 088 9), _1 909 32^ cat ego ry (_1 909 32, cre at ure ))

Adding config (from active edge):

Active: modifiers(e nti ty( 1,_ 190 88 9), _19 073 7)

Inactive: modifiers(e nti ty( 1,_ 177 23 5), _17 723 2)

***Topdown addition of inactive entries (1)***

Adding inactive edge:

Head: modifiers( ent it y(1 ,_1 993 03) ,_ 199 300 )

***duplica te inactive edge***

Applying config (2 left, step 7)

---------- --- --- --- -- --- --- --- --- -

Active: describe(_1 567 10)

Inactive: headnoun(en tit y(1 ,_1 504 74 ),_ 150 300 )
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Adding active edge:

Head: describe(e nti ty (1, _21 743 2))

Need: modifiers( ent it y(1 ,_2 174 32) ,_ 217 306 )

Acts: s-attrib(e nti ty (1, _21 743 2), _2 174 78^ cat ego ry (_2 174 78, cre at ure ))

Adding config (from active edge):

Active: describe(en tit y(1 ,_2 174 32 ))

Inactive: modifiers(e nti ty( 1,_ 177 23 5), _17 723 2)

***Topdown addition of inactive entries (1)***

Adding inactive edge:

Head: modifiers( ent it y(1 ,_2 255 22) ,_ 225 519 )

***duplica te inactive edge***

Applying config (2 left, step 8)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(e nti ty( 1,_ 168 82 1), _16 866 9)

Inactive: modifiers(e nti ty( 1,_ 177 23 5), _17 723 2)

Adding inactive edge:

Head: modifiers( ent it y(1 ,_2 442 91) ,_ 244 288 )

Acts: s-attrib(e nti ty (1, _24 429 1), _2 443 51^ ass ess me nt( _24 435 1,w ei rd) )

Adding config (from inactive edge):

Active: describe(en tit y(1 ,_2 174 32 ))

Inactive: modifiers(e nti ty( 1,_ 244 29 1), _24 428 8)

Adding config (from inactive edge):

Active: modifiers(e nti ty( 1,_ 190 88 9), _19 073 7)

Inactive: modifiers(e nti ty( 1,_ 244 29 1), _24 428 8)

Applying config (3 left, step 9)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(e nti ty( 1,_ 190 88 9), _19 073 7)

Inactive: modifiers(e nti ty( 1,_ 177 23 5), _17 723 2)

Adding inactive edge:

Head: modifiers( ent it y(1 ,_2 656 35) ,_ 265 632 )

Acts: s-attrib(e nti ty (1, _26 563 5), _2 656 95^ cat ego ry (_2 656 95, cre at ure ))

Adding config (from inactive edge):

Active: modifiers(e nti ty( 1,_ 168 82 1), _16 866 9)

Inactive: modifiers(e nti ty( 1,_ 265 63 5), _26 563 2)

Applying config (3 left, step 10)

---------- --- --- --- -- --- --- --- --- -

Active: describe(en tit y(1 ,_2 174 32 ))

Inactive: modifiers(e nti ty( 1,_ 177 23 5), _17 723 2)

Adding inactive edge:

Head: describe(e nti ty (1, _28 226 9))

Acts: s-attrib(e nti ty (1, _28 226 9), _2 823 31^ cat ego ry (_2 823 31, cre at ure ))

Adding config (from inactive edge):

Active: refer(entit y(1 ,_9 328 4))

Inactive: describe(en tit y(1 ,_2 822 69 ))

Applying config (3 left, step 11)

---------- --- --- --- -- --- --- --- --- -

Active: describe(en tit y(1 ,_2 174 32 ))

Inactive: modifiers(e nti ty( 1,_ 244 29 1), _24 428 8)

Adding inactive edge:

Head: describe(e nti ty (1, _29 793 6))

Acts: s-attrib(e nti ty (1, _29 793 6), _2 979 98^ cat ego ry (_2 979 98, cre at ure ))

s-attrib(e nti ty (1, _29 793 6), _2 982 48^ ass ess me nt( _29 824 8,w ei rd) )
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Adding config (from inactive edge):

Active: refer(entit y(1 ,_9 328 4))

Inactive: describe(en tit y(1 ,_2 979 36 ))

Applying config (3 left, step 12)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(e nti ty( 1,_ 190 88 9), _19 073 7)

Inactive: modifiers(e nti ty( 1,_ 244 29 1), _24 428 8)

Adding inactive edge:

Head: modifiers( ent it y(1 ,_3 172 35) ,_ 317 232 )

Acts: s-attrib(e nti ty (1, _31 723 5), _3 172 95^ cat ego ry (_3 172 95, cre at ure ))

s-attrib(e nti ty (1, _31 723 5), _3 175 51^ ass ess me nt( _31 755 1,w ei rd) )

Applying config (2 left, step 13)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(e nti ty( 1,_ 168 82 1), _16 866 9)

Inactive: modifiers(e nti ty( 1,_ 265 63 5), _26 563 2)

Adding inactive edge:

Head: modifiers( ent it y(1 ,_3 327 13) ,_ 332 710 )

Acts: s-attrib(e nti ty (1, _33 271 3), _3 327 73^ ass ess me nt( _33 277 3,w ei rd) )

s-attrib(e nti ty (1, _33 271 3), _3 330 29^ cat ego ry (_3 330 29, cre at ure ))

Applying config (1 left, step 14)

---------- --- --- --- -- --- --- --- --- -

Active: refer(entit y(1 ,_9 328 4))

Inactive: describe(en tit y(1 ,_2 822 69 ))

Adding inactive edge:

Head: refer(enti ty( 1, _34 746 9))

Acts: s-refer(en tit y( 1,_ 347 469 ))

s-attrib(e nti ty (1, _34 746 9), _3 477 19^ cat ego ry (_3 477 19, cre at ure ))

Applying config (0 left, step 15)

---------- --- --- --- -- --- --- --- --- -

Active: refer(entit y(1 ,_9 328 4))

Inactive: describe(en tit y(1 ,_2 979 36 ))

Adding inactive edge:

Head: refer(enti ty( 1, _36 027 1))

Acts: s-refer(en tit y( 1,_ 360 271 ))

s-attrib(e nti ty (1, _36 027 1), _3 605 21^ cat ego ry (_3 605 21, cre at ure ))

s-attrib(e nti ty (1, _36 027 1), _3 606 28^ ass ess me nt( _36 062 8,w ei rd) )

*** Agenda Empty ***

Number of complete plans found: 1

---------- --- --- --- -- ---

Consider Plan Derivation

---------- --- --- --- -- ---

refer(enti ty( 1,_ 377 10 9))

+-s-refer( ent ity (1, _3 771 09) )

+-describe (en tit y(1 ,_ 377 109 ))

+-headnoun( ent ity (1 ,_3 771 09) ,_3 77 163 )

| +-s-attri b(e nti ty (1, _37 710 9), _3 771 97^ cat ego ry (_3 771 97, cre at ure ))

| +-subset( _37 717 8, _37 719 7^u b(_ 37 717 0,_ 377 174 ,c ate gor y(_ 377 19 7,c rea tur e)) ,_ 377 163 )

+-modifiers (en tit y( 1,_ 377 109 ),_ 37 716 3)

+-modifie r(e nti ty (1, _37 710 9), _3 771 63, _37 727 4)

| +-s-attrib (en ti ty( 1,_ 377 109 ), _37 730 4^a sse ss men t(_ 377 304 ,w eir d))

| +-subset(_ 377 16 3,_ 377 341 ^ub (_ 377 281 ,_3 772 85 ,ap ply (_3 773 04 ^as ses sme nt( _3 773 04, wei rd) ,_ 377 341 )),

| - _377274)

+-modifie rs( ent it y(1 ,_3 771 09) ,_ 377 274 )

+-null
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--------

Evaluate

--------

postponing evaluation of mb(system, use r,c ate gor y( _37 710 9,c rea tu re) )

<ma> subset([fe rn1 ,a nte nna 1,c orn er 1,t ele vis ion 1] ,_3 771 97^ ub( sy ste m,u ser ,ca te gor y(_ 377 197 ,c rea tur e)) ,

- _377163)

postponing evaluation of mb(system, use r,c ate gor y( _37 710 9,c rea tu re) )

postponing evaluation of mb(system, use r,a sse ssm en t(_ 377 109 ,we ir d))

<ma> subset([an ten na 1,f ern 1], _37 73 41^ ub( sys tem ,u ser ,as ses sme nt (_3 773 41, wei rd )), _37 727 4)

postponing evaluation of mb(system, use r,c ate gor y( _37 710 9,c rea tu re) )

postponing evaluation of mb(system, use r,a sse ssm en t(_ 377 109 ,we ir d))

<con> [antenna1, fer n1 ]=[ _37 710 9]

*** failed ***

Failure Evaluation

---------- --- --- --

Failure Node: [antenna1, fer n1] =[_ 37 710 9]

Inferred Plan

---------- ---

_414955:re fer (en tit y( 1,_ 377 109 ))

+-_415331: s-r efe r(e nt ity (1, _37 710 9) )

+-_415567: des cri be( en tit y(1 ,_3 771 09 ))

+-_415761:h ead nou n( ent ity (1, _37 71 09) ,[a nte nna 1, fer n1] )

| +-_416228 :s- att ri b(e nti ty( 1,_ 37 710 9), _37 719 7^ cat ego ry( _37 71 97, cre atu re) )

| +-_416828 :su bse t( [fe rn1 ,an ten na 1,c orn er1 ,te le vis ion 1], _37 71 97^ ub( use r,s ys tem ,ca teg ory (_ 377 197 ,

| - creature)) ,[ ant enn a1, fer n1 ])

+-_416961:m odi fie rs (en tit y(1 ,_3 77 109 ),[ ant enn a1 ,fe rn1 ])

+-_417155 :mo dif ie r(e nti ty( 1,_ 13 141 ),[ ant enn a1 ,fe rn1 ],[ ant en na1 ,fe rn1 ])

| +-_13507:s -at tr ib( ent ity (1, _1 314 1), _13 235 ^a sse ssm ent (_1 32 35, wei rd) )

| +-_13547:s ubs et ([a nte nna 1,f er n1] ,_1 326 2^u b( use r,s yst em, ap ply (_1 323 5^a ss ess men t(_ 132 35 ,we ird ),

| - _13262)),[ ant enn a1, fer n1 ])

+-_13552: mod ifi er s(e nti ty( 1,_ 13 141 ),[ ant enn a1 ,fe rn1 ])

+-_13582:n ull

User Model: Adding Proposition

plan(user, p1, kno wre f( sys tem ,en tit y( 1,_ 131 41) ))

User Model: Adding Proposition

contribute d(u ser ,p1 )

User Model: Adding Proposition

evaluation (p1 ,fa ilu re (p2 8))

========== === =

Checking Rules

========== === =

Adding beliefs about the inferred plan

Applying rule1

User Model: Adding Proposition

mgoal(syst em, use r,p 1, kno wre f(s yst em ,en tit y(1 ,_6 12 41) ))

Applying rule6

User Model: Adding Proposition

error(p1,p 28)

A.3 Constructing \In the corner?"

========== === =

Checking Rules

========== === =

Adding goals
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Applying rule7

User Model: Adding Proposition

goal(syste m,m b(s yst em ,us er, err or( p1 ,p2 8)) )

==========

Responding

==========

Goal : mb(system,u se r,e rro r(p 1,p 28 ))

Effect: bel(user,go al (sy ste m,m b(s ys tem ,us er, err or (p1 ,p2 8)) ))

---------

Construct

---------

Initial Setup

---------- ---

Trying: reject-plan (p 1)

<con> error(p1,p 28)

<con> plan(user, p1, _8 626 8)

<con> constraint (p1 ,_ 862 73, p28 )

<con> yield(p1,p 26, _8 628 0)

<con> length([], 1)

*** failed ***

Trying: postpone-pl an (p1 )

<con> error(p1,p 28)

<con> plan(user, p1, _8 626 8)

<con> constraint (p1 ,_ 862 73, p28 )

<con> content(p1 ,p2 6, _86 280 )

<con> yield(p1,p 26, [] )

<con> modifiers( ent it y(1 ,_9 960 1), [a nte nna 1,f ern 1] )=m odi fie rs( _8 629 3,_ 862 94)

New edge added

End of Initializati on

---------- --- --- --- --

Expanding (step 0 active 1)

---------- --- --- --- -- --- --- --

Head: postpone-p lan (p 1)

Need: s-postpone (p1 )

Trying: s-postpone( p1 )

New edge added

Constructe d Plan

---------- --- ---

postpone-p lan (p1 )

+-s-postpo ne( p1)

Actions to be fed to generator

---------- --- --- --- -- --- --- ---

s-postpone (p1 )

User Model: Adding Proposition

plan(syste m,p 31, mb( sy ste m,u ser ,er ro r(p 1,p 28) ))

User Model: Adding Proposition

contribute d(s yst em, p3 1)

User Model: Adding Proposition

evaluation (p3 1,s ucc es s)

========== === =

Checking Rules

========== === =

Adding beliefs about the constructe d plan
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Applying rule12

User Model: Adding Proposition

bel(user,e rro r(p 1,p 28 ))

========== === =

Checking Rules

========== === =

Adding goals

Applying rule8

User Model: Adding Proposition

goal(syste m,m b(s yst em ,us er, rep lac e( p1, _11 619 2)) )

==========

Responding

==========

Goal : mb(system,u se r,r epl ace (p1 ,_ 124 779 ))

Effect: bel(user,go al (sy ste m,m b(s ys tem ,us er, rep la ce( p1, _12 477 9) )))

---------

Construct

---------

Initial Setup

---------- ---

Trying: replace-pla n( p1)

<con> error(p1,_ 128 35 5)

<con> plan(user, p1, _1 283 61)

<con> content(p1 ,p2 8, _12 836 7)

New edge added

Trying: replace-pla n( p1)

<con> error(p1,_ 128 35 5)

<con> plan(user, p1, _1 283 61)

<con> constraint (p1 ,_ 128 366 ,p2 8)

<con> step(p1,_1 283 72 ,p2 6)

<con> content(p1 ,p1 6, _12 837 9)

<con> modifiers( ent it y(1 ,_1 458 06) ,[ ant enn a1, fer n1 ])= mod ifi er( _1 283 86, _12 838 7, _12 838 8)

*** failed ***

Trying: expand-plan (p 1)

<con> error(p1,_ 128 35 5)

<con> plan(user, p1, _1 283 61)

<con> constraint (p1 ,_ 128 366 ,p2 8)

<con> content(p1 ,p2 6, _12 837 3)

<con> yield(p1,p 26, [] )

<con> modifiers( ent it y(1 ,_1 416 91) ,[ ant enn a1, fer n1 ])= mod ifi ers (_ 128 386 ,_1 283 87 )

New edge added

End of Initializati on

---------- --- --- --- --

Expanding (step 0 active 2)

---------- --- --- --- -- --- --- --

Head: expand-pla n(p 1)

Need: member(_12 816 7, [an ten na1 ,fe rn 1])

<ma> member(_12 816 7, [an ten na1 ,fe rn 1])

New edge added

Expanding (step 1 active 2)

---------- --- --- --- -- --- --- --

Head: replace-pl an( p1 )

Need: relax-cons tra in t([ ant enn a1, fe rn1 ]=[ _12 840 4] ,_1 283 96)

No edges added

Expanding (step 2 active 1)

---------- --- --- --- -- --- --- --

Head: expand-pla n(p 1)

Need: ref(entity (1, _1 338 13) ,an ten na 1)
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<ma> ref(entity (1, _1 338 13) ,an ten na 1)

New edge added

Expanding (step 3 active 1)

---------- --- --- --- -- --- --- --

Head: expand-pla n(p 1)

Need: construct( mod if ier s(e nti ty( 1, ant enn a1) ,[a nt enn a1, fer n1] ), _14 391 2,_ 143 91 3)

Invoking construct recursively

---------

Construct

---------

Initial Setup

---------- ---

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

<con> [antenna1, fer n1 ]=[ ant enn a1]

*** failed ***

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

End of Initializati on

---------- --- --- --- --

Expanding (step 0 active 2)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifier(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ],_ 149 322 )

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_1 493 22)

New edge added

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_1 493 22)

New edge added

Expanding (step 1 active 3)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el- gr oup (en tit y(1 ,a nte nna 1), _14 92 53, [an ten na1 ,f ern 1])

Trying: s-attrib-re l- gro up( ent ity (1 ,an ten na1 ),_ 16 518 1^m ax( siz e, _16 518 1), [an te nna 1,f ern 1])

<con> mb(system, use r, max (si ze, ant en na1 ,[a nte nna 1, fer n1] ))

*** failed ***

No edges added

Expanding (step 2 active 2)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (1, ant enn a1) ,_ 157 458 )

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_1 715 63^ cat eg ory (_1 715 63, _1 715 67) )

<con> mb(system, use r, cat ego ry( ant en na1 ,_1 715 67) )

New edge added

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_1 715 63^ col ou r(_ 171 563 ,_1 71 567 ))

<con> mb(system, use r, col our (an ten na 1,_ 171 567 ))

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_1 715 63^ siz e( _17 156 3,_ 171 56 7))

<con> mb(system, use r, siz e(a nte nna 1, _17 156 7))

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_1 715 63^ ass es sme nt( _17 156 3, _17 156 7))

<con> mb(system, use r, ass ess men t(a nt enn a1, _17 156 7) )

New edge added

Expanding (step 3 active 3)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el( en tit y(1 ,an ten na 1), _15 730 0,_ 15 730 1)

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 157 300 ,_ 178 834 ^_1 788 37 ^at (_1 788 34, _1 788 37) )

<con> mb(system, use r, at( ant enn a1, _1 788 59) )
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*** failed ***

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 157 300 ,_ 178 834 ^_1 788 37 ^on (_1 788 34, _1 788 37) )

<con> mb(system, use r, on( ant enn a1, _1 788 59) )

New edge added

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 157 300 ,_ 178 834 ^_1 788 37 ^in (_1 788 34, _1 788 37) )

<con> mb(system, use r, in( ant enn a1, _1 788 59) )

*** failed ***

Expanding (step 4 active 3)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _17 14 05^ ub( sys tem ,u ser ,ap ply (_1 71 415 ^as ses sme nt (_1 714 15, wei rd ),_ 171 405 ))

- ,_171399)

<ma> subset([an ten na 1,f ern 1], _17 14 05^ ub( sys tem ,u ser ,ap ply (_1 71 415 ^as ses sme nt (_1 714 15, wei rd ),_ 171 405 ))

- ,_171399)

New edge added

Expanding (step 5 active 3)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _17 15 92^ ub( sys tem ,u ser ,ap ply (_1 71 602 ^ca teg ory (_ 171 602 ,cr eat ur e), _17 159 2)

- ),_171586)

<ma> subset([an ten na 1,f ern 1], _17 15 92^ ub( sys tem ,u ser ,ap ply (_1 71 602 ^ca teg ory (_ 171 602 ,cr eat ur e), _17 159 2)

- ),_171586)

New edge added

Expanding (step 6 active 3)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: ref(entity (3, te lev isi on1 ),_ 17 866 8)

<ma> ref(entity (3, te lev isi on1 ),_ 17 866 8)

New edge added

Expanding (step 7 active 3)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

<con> [antenna1, fer n1 ]=[ ant enn a1]

*** failed ***

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Expanding (step 8 active 4)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

<con> [antenna1, fer n1 ]=[ ant enn a1]

*** failed ***

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Expanding (step 9 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _20 71 45^ ub( sys tem ,u ser ,ap ply (ap pl y(_ 207 158 ^_2 07 161 ^on (_2 071 58 ,_2 071 61) ,

- _207145),t el evi sio n1) ),_ 20 713 9)

<ma> subset([an ten na 1,f ern 1], _20 71 45^ ub( sys tem ,u ser ,ap ply (ap pl y(_ 207 158 ^_2 07 161 ^on (_2 071 58 ,_2 071 61) ,

- _207145),t el evi sio n1) ),_ 20 713 9)

New edge added

Expanding (step 10 active 5)

---------- --- --- --- -- --- --- --
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Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifier(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ],_ 214 782 )

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_2 147 82)

New edge added

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_2 147 82)

New edge added

Expanding (step 11 active 6)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el- gr oup (en tit y(1 ,a nte nna 1), _21 45 66, [an ten na1 ,f ern 1])

Trying: s-attrib-re l- gro up( ent ity (1 ,an ten na1 ),_ 25 149 7^m ax( siz e, _25 149 7), [an te nna 1,f ern 1])

<con> mb(system, use r, max (si ze, ant en na1 ,[a nte nna 1, fer n1] ))

*** failed ***

No edges added

Expanding (step 12 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifier(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ],_ 222 591 )

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_2 225 91)

New edge added

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_2 225 91)

New edge added

Expanding (step 13 active 6)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el- gr oup (en tit y(1 ,a nte nna 1), _22 23 75, [an ten na1 ,f ern 1])

Trying: s-attrib-re l- gro up( ent ity (1 ,an ten na1 ),_ 26 722 6^m ax( siz e, _26 722 6), [an te nna 1,f ern 1])

<con> mb(system, use r, max (si ze, ant en na1 ,[a nte nna 1, fer n1] ))

*** failed ***

No edges added

Expanding (step 14 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: refer(enti ty( 3, tel evi sio n1) )

Trying: refer(entit y( 3,t ele vis ion 1) )

New edge added

Expanding (step 15 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (1, ant enn a1) ,_ 243 201 )

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_2 802 36^ cat eg ory (_2 802 36, _2 802 40) )

<con> mb(system, use r, cat ego ry( ant en na1 ,_2 802 40) )

New edge added

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_2 802 36^ col ou r(_ 280 236 ,_2 80 240 ))

<con> mb(system, use r, col our (an ten na 1,_ 280 240 ))

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_2 802 36^ siz e( _28 023 6,_ 280 24 0))

<con> mb(system, use r, siz e(a nte nna 1, _28 024 0))

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_2 802 36^ ass es sme nt( _28 023 6, _28 024 0))

<con> mb(system, use r, ass ess men t(a nt enn a1, _28 024 0) )

*** throwing out candidate (repeated action) ***

Expanding (step 16 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el( en tit y(1 ,an ten na 1), _24 289 6,_ 24 289 7)

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 242 896 ,_ 287 656 ^_2 876 59 ^at (_2 876 56, _2 876 59) )

<con> mb(system, use r, at( ant enn a1, _2 876 81) )

*** failed ***

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 242 896 ,_ 287 656 ^_2 876 59 ^on (_2 876 56, _2 876 59) )

<con> mb(system, use r, on( ant enn a1, _2 876 81) )

New edge added
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Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 242 896 ,_ 287 656 ^_2 876 59 ^in (_2 876 56, _2 876 59) )

<con> mb(system, use r, in( ant enn a1, _2 876 81) )

*** failed ***

Expanding (step 17 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (1, ant enn a1) ,_ 258 930 )

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_2 947 68^ cat eg ory (_2 947 68, _2 947 72) )

<con> mb(system, use r, cat ego ry( ant en na1 ,_2 947 72) )

*** throwing out candidate (repeated action) ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_2 947 68^ col ou r(_ 294 768 ,_2 94 772 ))

<con> mb(system, use r, col our (an ten na 1,_ 294 772 ))

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_2 947 68^ siz e( _29 476 8,_ 294 77 2))

<con> mb(system, use r, siz e(a nte nna 1, _29 477 2))

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_2 947 68^ ass es sme nt( _29 476 8, _29 477 2))

<con> mb(system, use r, ass ess men t(a nt enn a1, _29 477 2) )

New edge added

Expanding (step 18 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el( en tit y(1 ,an ten na 1), _25 862 5,_ 25 862 6)

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 258 625 ,_ 302 188 ^_3 021 91 ^at (_3 021 88, _3 021 91) )

<con> mb(system, use r, at( ant enn a1, _3 022 13) )

*** failed ***

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 258 625 ,_ 302 188 ^_3 021 91 ^on (_3 021 88, _3 021 91) )

<con> mb(system, use r, on( ant enn a1, _3 022 13) )

New edge added

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 258 625 ,_ 302 188 ^_3 021 91 ^in (_3 021 88, _3 021 91) )

<con> mb(system, use r, in( ant enn a1, _3 022 13) )

*** failed ***

Expanding (step 19 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-refer(en tit y( 3,t ele vis ion 1) )

Trying: s-refer(ent it y(3 ,te lev isi on 1))

New edge added

Expanding (step 20 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _28 00 78^ ub( sys tem ,u ser ,ap ply (_2 80 088 ^ca teg ory (_ 280 088 ,cr eat ur e), _28 007 8)

- ),_280072)

<ma> subset([an ten na 1,f ern 1], _28 00 78^ ub( sys tem ,u ser ,ap ply (_2 80 088 ^ca teg ory (_ 280 088 ,cr eat ur e), _28 007 8)

- ),_280072)

New edge added

Expanding (step 21 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: ref(entity (6, te lev isi on1 ),_ 28 749 0)

<ma> ref(entity (6, te lev isi on1 ),_ 28 749 0)

New edge added

Expanding (step 22 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _29 46 10^ ub( sys tem ,u ser ,ap ply (_2 94 620 ^as ses sme nt (_2 946 20, wei rd ),_ 294 610 ))

- ,_294604)

<ma> subset([an ten na 1,f ern 1], _29 46 10^ ub( sys tem ,u ser ,ap ply (_2 94 620 ^as ses sme nt (_2 946 20, wei rd ),_ 294 610 ))

- ,_294604)

New edge added

Expanding (step 23 active 5)
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---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: ref(entity (9, te lev isi on1 ),_ 30 202 2)

<ma> ref(entity (9, te lev isi on1 ),_ 30 202 2)

New edge added

Expanding (step 24 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: describe(e nti ty (3, tel evi sio n1 ))

Trying: describe(en ti ty( 3,t ele vis io n1) )

New edge added

Expanding (step 25 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

<con> [antenna1, fer n1 ]=[ ant enn a1]

*** failed ***

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Expanding (step 26 active 6)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _32 72 00^ ub( sys tem ,u ser ,ap ply (ap pl y(_ 327 213 ^_3 27 216 ^on (_3 272 13 ,_3 272 16) ,

- _327200),t el evi sio n1) ),_ 32 719 4)

<ma> subset([an ten na 1,f ern 1], _32 72 00^ ub( sys tem ,u ser ,ap ply (ap pl y(_ 327 213 ^_3 27 216 ^on (_3 272 13 ,_3 272 16) ,

- _327200),t el evi sio n1) ),_ 32 719 4)

New edge added

Expanding (step 27 active 6)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

<con> [antenna1, fer n1 ]=[ ant enn a1]

*** failed ***

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1, fe rn1 ])

New edge added

Expanding (step 28 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _34 58 41^ ub( sys tem ,u ser ,ap ply (ap pl y(_ 345 854 ^_3 45 857 ^on (_3 458 54 ,_3 458 57) ,

- _345841),t el evi sio n1) ),_ 34 583 5)

<ma> subset([an ten na 1,f ern 1], _34 58 41^ ub( sys tem ,u ser ,ap ply (ap pl y(_ 345 854 ^_3 45 857 ^on (_3 458 54 ,_3 458 57) ,

- _345841),t el evi sio n1) ),_ 34 583 5)

New edge added

Expanding (step 29 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: headnoun(e nti ty (3, tel evi sio n1 ),_ 352 654 )

Trying: headnoun(en ti ty( 3,t ele vis io n1) ,_3 526 54)

New edge added

Expanding (step 30 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifier(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ],_ 360 849 )

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_3 608 49)

New edge added
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Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_3 608 49)

New edge added

Expanding (step 31 active 8)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el- gr oup (en tit y(1 ,a nte nna 1), _36 04 86, [an ten na1 ,f ern 1])

Trying: s-attrib-re l- gro up( ent ity (1 ,an ten na1 ),_ 41 979 7^m ax( siz e, _41 979 7), [an te nna 1,f ern 1])

<con> mb(system, use r, max (si ze, ant en na1 ,[a nte nna 1, fer n1] ))

*** failed ***

No edges added

Expanding (step 32 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: refer(enti ty( 6, tel evi sio n1) )

Trying: refer(entit y( 6,t ele vis ion 1) )

New edge added

Expanding (step 33 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifier(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ],_ 381 996 )

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_3 819 96)

New edge added

Trying: modifier(en ti ty( 1,a nte nna 1) ,[a nte nna 1,f er n1] ,_3 819 96)

New edge added

Expanding (step 34 active 8)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el- gr oup (en tit y(1 ,a nte nna 1), _38 16 33, [an ten na1 ,f ern 1])

Trying: s-attrib-re l- gro up( ent ity (1 ,an ten na1 ),_ 44 325 5^m ax( siz e, _44 325 5), [an te nna 1,f ern 1])

<con> mb(system, use r, max (si ze, ant en na1 ,[a nte nna 1, fer n1] ))

*** failed ***

No edges added

Expanding (step 35 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: refer(enti ty( 9, tel evi sio n1) )

Trying: refer(entit y( 9,t ele vis ion 1) )

New edge added

Expanding (step 36 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (3, tel evi sio n1 ),_ 402 197 ^ca te gor y(_ 402 197 ,_ 402 201 ))

Trying: s-attrib(en ti ty( 3,t ele vis io n1) ,_4 021 97^ ca teg ory (_4 021 97 ,_4 022 01) )

<con> mb(system, use r, cat ego ry( tel ev isi on1 ,_2 736 1) )

New edge added

Expanding (step 37 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (1, ant enn a1) ,_ 282 37)

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_3 856 5^c ate go ry( _38 565 ,_3 85 69) )

<con> mb(system, use r, cat ego ry( ant en na1 ,_3 856 9))

*** throwing out candidate (repeated action) ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_3 856 5^c olo ur (_3 856 5,_ 385 69 ))

<con> mb(system, use r, col our (an ten na 1,_ 385 69) )

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_3 856 5^s ize (_ 385 65, _38 569 ))

<con> mb(system, use r, siz e(a nte nna 1, _38 569 ))

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_3 856 5^a sse ss men t(_ 385 65, _3 856 9))

<con> mb(system, use r, ass ess men t(a nt enn a1, _38 569 ))

*** throwing out candidate (repeated action) ***
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No edges added

Expanding (step 38 active 6)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el( en tit y(1 ,an ten na 1), _27 799 ,_2 78 00)

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 277 99, _4 520 7^_ 452 10^ at (_4 520 7,_ 452 10 ))

<con> mb(system, use r, at( ant enn a1, _4 523 2))

*** failed ***

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 277 99, _4 520 7^_ 452 10^ on (_4 520 7,_ 452 10 ))

<con> mb(system, use r, on( ant enn a1, _4 523 2))

New edge added

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 277 99, _4 520 7^_ 452 10^ in (_4 520 7,_ 452 10 ))

<con> mb(system, use r, in( ant enn a1, _4 523 2))

*** failed ***

Expanding (step 39 active 6)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-refer(en tit y( 6,t ele vis ion 1) )

Trying: s-refer(ent it y(6 ,te lev isi on 1))

New edge added

Expanding (step 40 active 6)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (1, ant enn a1) ,_ 296 42)

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_5 987 9^c ate go ry( _59 879 ,_5 98 83) )

<con> mb(system, use r, cat ego ry( ant en na1 ,_5 988 3))

*** throwing out candidate (repeated action) ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_5 987 9^c olo ur (_5 987 9,_ 598 83 ))

<con> mb(system, use r, col our (an ten na 1,_ 598 83) )

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_5 987 9^s ize (_ 598 79, _59 883 ))

<con> mb(system, use r, siz e(a nte nna 1, _59 883 ))

*** failed ***

Trying: s-attrib(en ti ty( 1,a nte nna 1) ,_5 987 9^a sse ss men t(_ 598 79, _5 988 3))

<con> mb(system, use r, ass ess men t(a nt enn a1, _59 883 ))

*** throwing out candidate (repeated action) ***

No edges added

Expanding (step 41 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el( en tit y(1 ,an ten na 1), _29 204 ,_2 92 05)

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 292 04, _6 652 1^_ 665 24^ at (_6 652 1,_ 665 24 ))

<con> mb(system, use r, at( ant enn a1, _6 654 6))

*** failed ***

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 292 04, _6 652 1^_ 665 24^ on (_6 652 1,_ 665 24 ))

<con> mb(system, use r, on( ant enn a1, _6 654 6))

New edge added

Trying: s-attrib-re l( ent ity (1, ant en na1 ),_ 292 04, _6 652 1^_ 665 24^ in (_6 652 1,_ 665 24 ))

<con> mb(system, use r, in( ant enn a1, _6 654 6))

*** failed ***

Expanding (step 42 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-refer(en tit y( 9,t ele vis ion 1) )

Trying: s-refer(ent it y(9 ,te lev isi on 1))

New edge added

Expanding (step 43 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([fe rn1 ,a nte nna 1,c orn er 1,t ele vis ion 1] ,_3 093 2^u b(s ys tem ,us er, cat eg ory (_3 093 2,t el evi sio n)) ,

- _30922)

<ma> subset([fe rn1 ,a nte nna 1,c orn er 1,t ele vis ion 1] ,_3 093 2^u b(s ys tem ,us er, cat eg ory (_3 093 2,t el evi sio n)) ,
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- _30922)

New edge added

Expanding (step 44 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: ref(entity (12 ,t ele vis ion 1), _4 504 1)

<ma> ref(entity (12 ,t ele vis ion 1), _4 504 1)

New edge added

Expanding (step 45 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: describe(e nti ty (6, tel evi sio n1 ))

Trying: describe(en ti ty( 6,t ele vis io n1) )

New edge added

Expanding (step 46 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: ref(entity (15 ,t ele vis ion 1), _6 635 5)

<ma> ref(entity (15 ,t ele vis ion 1), _6 635 5)

New edge added

Expanding (step 47 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: describe(e nti ty (9, tel evi sio n1 ))

Trying: describe(en ti ty( 9,t ele vis io n1) )

New edge added

Expanding (step 48 active 5)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifiers( ent it y(3 ,te lev isi on 1), [te lev isi on 1])

Trying: modifiers(e nt ity (3, tel evi si on1 ),[ tel evi si on1 ])

New edge added

Trying: modifiers(e nt ity (3, tel evi si on1 ),[ tel evi si on1 ])

<con> [televisio n1] =[ tel evi sio n1]

New edge added

Trying: modifiers(e nt ity (3, tel evi si on1 ),[ tel evi si on1 ])

New edge added

Expanding (step 49 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _92 48 4^u b(s yst em, us er, app ly( app ly (_9 249 7^_ 925 00 ^on (_9 249 7,_ 92 500 ),

- _92484),te le vis ion 1)) ,_9 24 78)

<ma> subset([an ten na 1,f ern 1], _92 48 4^u b(s yst em, us er, app ly( app ly (_9 249 7^_ 925 00 ^on (_9 249 7,_ 92 500 ),

- _92484),te le vis ion 1)) ,_9 24 78)

New edge added

Expanding (step 50 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: headnoun(e nti ty (6, tel evi sio n1 ),_ 996 78)

Trying: headnoun(en ti ty( 6,t ele vis io n1) ,_9 967 8)

New edge added

Expanding (step 51 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: subset([an ten na 1,f ern 1], _10 72 98^ ub( sys tem ,u ser ,ap ply (ap pl y(_ 107 311 ^_1 07 314 ^on (_1 073 11 ,_1 073 14) ,

- _107298),t el evi sio n1) ),_ 10 729 2)

<ma> subset([an ten na 1,f ern 1], _10 72 98^ ub( sys tem ,u ser ,ap ply (ap pl y(_ 107 311 ^_1 07 314 ^on (_1 073 11 ,_1 073 14) ,

- _107298),t el evi sio n1) ),_ 10 729 2)

New edge added
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Expanding (step 52 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: headnoun(e nti ty (9, tel evi sio n1 ),_ 114 492 )

Trying: headnoun(en ti ty( 9,t ele vis io n1) ,_1 144 92)

New edge added

Expanding (step 53 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: null

New edge added

Expanding (step 54 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifier(e nti ty (3, tel evi sio n1 ),[ tel evi sio n1 ],_ 123 290 )

Trying: modifier(en ti ty( 3,t ele vis io n1) ,[t ele vis io n1] ,_1 232 90)

New edge added

Trying: modifier(en ti ty( 3,t ele vis io n1) ,[t ele vis io n1] ,_1 232 90)

New edge added

Expanding (step 55 active 8)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el- gr oup (en tit y(3 ,t ele vis ion 1), _1 223 27, [te lev is ion 1])

Trying: s-attrib-re l- gro up( ent ity (3 ,te lev isi on1 ), _18 845 5^m ax( si ze, _18 845 5), [t ele vis ion 1])

<con> mb(system, use r, max (si ze, tel ev isi on1 ,[t ele vi sio n1] ))

*** failed ***

No edges added

Expanding (step 56 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: refer(enti ty( 12 ,te lev isi on1 ))

Trying: refer(entit y( 12, tel evi sio n1 ))

New edge added

Expanding (step 57 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (6, tel evi sio n1 ),_ 144 010 ^ca te gor y(_ 144 010 ,_ 144 014 ))

Trying: s-attrib(en ti ty( 6,t ele vis io n1) ,_1 440 10^ ca teg ory (_1 440 10 ,_1 440 14) )

<con> mb(system, use r, cat ego ry( tel ev isi on1 ,_1 440 14 ))

New edge added

Expanding (step 58 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: refer(enti ty( 15 ,te lev isi on1 ))

Trying: refer(entit y( 15, tel evi sio n1 ))

New edge added

Expanding (step 59 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (9, tel evi sio n1 ),_ 164 771 ^ca te gor y(_ 164 771 ,_ 164 775 ))

Trying: s-attrib(en ti ty( 9,t ele vis io n1) ,_1 647 71^ ca teg ory (_1 647 71 ,_1 647 75) )

<con> mb(system, use r, cat ego ry( tel ev isi on1 ,_1 647 75 ))

New edge added

Expanding (step 60 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ])

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1] )

New edge added

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1] )
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<con> [antenna1] =[a nt enn a1]

New edge added

Trying: modifiers(e nt ity (1, ant enn a1 ),[ ant enn a1] )

New edge added

Expanding (step 61 active 9)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib(e nti ty (3, tel evi sio n1 ),_ 179 685 )

Trying: s-attrib(en ti ty( 3,t ele vis io n1) ,_2 375 20^ ca teg ory (_2 375 20 ,_2 375 24) )

<con> mb(system, use r, cat ego ry( tel ev isi on1 ,_2 375 24 ))

*** throwing out candidate (repeated action) ***

Trying: s-attrib(en ti ty( 3,t ele vis io n1) ,_2 375 20^ co lou r(_ 237 520 ,_ 237 524 ))

<con> mb(system, use r, col our (te lev is ion 1,_ 237 524 ))

*** failed ***

Trying: s-attrib(en ti ty( 3,t ele vis io n1) ,_2 375 20^ si ze( _23 752 0,_ 23 752 4))

<con> mb(system, use r, siz e(t ele vis io n1, _23 752 4))

*** failed ***

Trying: s-attrib(en ti ty( 3,t ele vis io n1) ,_2 375 20^ as ses sme nt( _23 75 20, _23 752 4))

<con> mb(system, use r, ass ess men t(t el evi sio n1, _23 75 24) )

*** failed ***

No edges added

Expanding (step 62 active 8)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-attrib-r el( en tit y(3 ,te lev is ion 1), _17 912 0, _17 912 1)

Trying: s-attrib-re l( ent ity (3, tel ev isi on1 ),_ 179 12 0,_ 244 162 ^_2 44 165 ^at (_2 441 62 ,_2 441 65) )

<con> mb(system, use r, at( tel evi sio n1 ,_2 441 87) )

*** failed ***

Trying: s-attrib-re l( ent ity (3, tel ev isi on1 ),_ 179 12 0,_ 244 162 ^_2 44 165 ^on (_2 441 62 ,_2 441 65) )

<con> mb(system, use r, on( tel evi sio n1 ,_2 441 87) )

*** failed ***

Trying: s-attrib-re l( ent ity (3, tel ev isi on1 ),_ 179 12 0,_ 244 162 ^_2 44 165 ^in (_2 441 62 ,_2 441 65) )

<con> mb(system, use r, in( tel evi sio n1 ,_2 441 87) )

*** failed ***

No edges added

Expanding (step 63 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-refer(en tit y( 12, tel evi sio n1 ))

Trying: s-refer(ent it y(1 2,t ele vis io n1) )

New edge added

Expanding (step 64 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: s-refer(en tit y( 15, tel evi sio n1 ))

Trying: s-refer(ent it y(1 5,t ele vis io n1) )

New edge added

Expanding (step 65 active 7)

---------- --- --- --- -- --- --- --

Head: modifiers( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1])

Need: null

New edge added

Returning from recursive call to construct

Expanding (step 4 active 1)

---------- --- --- --- -- --- --- --

Head: expand-pla n(p 1)

Need: substitute (p1 ,p 26, V1, _16 401 ,V 2)

V1=modifie rs( en tit y(1 ,an ten na 1), [an ten na1 ,f ern 1])

+-modifier (e nti ty( 1,a nte nn a1) ,[a nte nna 1, fer n1] ,[a nte nn a1] )

| +-s-attrib -re l(e nti ty( 1, ant enn a1) ,en ti ty( 3,t ele vis io n1) ,_1 647 6^_ 16 479 ^on (_1 647 6, _16 479 ))

| +-ref(enti ty( 3,t ele vis io n1) ,te lev isi on 1)
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| +-subset([ ant enn a1, fer n1 ],_ 165 36^ ub( sy ste m,u ser ,ap pl y(a ppl y(_ 164 76 ^_1 647 9^o n(_ 16 476 ,_1 647 9)

| | - ,_16536),te lev isi on 1)) ,[a nte nna 1] )

| +-refer(en tit y(3 ,te lev is ion 1))

| +-s-refer(e nti ty( 3,t el evi sio n1) )

| +-describe( ent ity (3, te lev isi on1 ))

| +-headnou n(e nti ty( 3, tel evi sio n1) ,[ tel evi sio n1] )

| | +-s-attrib (en tit y( 3,t ele vis ion 1) ,_1 667 2^c ate go ry( _16 672 ,te le vis ion ))

| | +-subset([ fer n1, an ten na1 ,co rne r1 ,te lev isi on1 ], _16 672 ^ub (sy st em, use r,c ate go ry( _16 672 ,

| | - television) ), [te lev isi on1 ])

| +-modifie rs( ent ity (3 ,te lev isi on1 ), [te lev isi on1 ])

| +-null

+-modifier s( ent ity (1, ant en na1 ),[ ant enn a1 ])

+-null

V2=s-attri b(e nt ity (3, tel evi si on1 ),_ 166 72^ ca teg ory (_1 667 2, tel evi sio n))

s-refer(en ti ty( 3,t ele vis io n1) )

s-attrib-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _16 476 ^_1 647 9^ on( _16 476 ,_1 64 79) )

<ma> substitute (p1 ,p 26, V1, _16 401 ,V 2)

V1=modifie rs( en tit y(1 ,an ten na 1), [an ten na1 ,f ern 1])

+-modifier (e nti ty( 1,a nte nn a1) ,[a nte nna 1, fer n1] ,[a nte nn a1] )

| +-s-attrib -re l(e nti ty( 1, ant enn a1) ,en ti ty( 3,t ele vis io n1) ,_1 647 6^_ 16 479 ^on (_1 647 6, _16 479 ))

| +-ref(enti ty( 3,t ele vis io n1) ,te lev isi on 1)

| +-subset([ ant enn a1, fer n1 ],_ 165 36^ ub( sy ste m,u ser ,ap pl y(a ppl y(_ 164 76 ^_1 647 9^o n(_ 16 476 ,_1 647 9)

| | - ,_16536),te lev isi on 1)) ,[a nte nna 1] )

| +-refer(en tit y(3 ,te lev is ion 1))

| +-s-refer(e nti ty( 3,t el evi sio n1) )

| +-describe( ent ity (3, te lev isi on1 ))

| +-headnou n(e nti ty( 3, tel evi sio n1) ,[ tel evi sio n1] )

| | +-s-attrib (en tit y( 3,t ele vis ion 1) ,_1 667 2^c ate go ry( _16 672 ,te le vis ion ))

| | +-subset([ fer n1, an ten na1 ,co rne r1 ,te lev isi on1 ], _16 672 ^ub (sy st em, use r,c ate go ry( _16 672 ,

| | - television) ), [te lev isi on1 ])

| +-modifie rs( ent ity (3 ,te lev isi on1 ), [te lev isi on1 ])

| +-null

+-modifier s( ent ity (1, ant en na1 ),[ ant enn a1 ])

+-null

V2=s-attri b(e nt ity (3, tel evi si on1 ),_ 166 72^ ca teg ory (_1 667 2, tel evi sio n))

s-refer(en ti ty( 3,t ele vis io n1) )

s-attrib-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _16 476 ^_1 647 9^ on( _16 476 ,_1 64 79) )

New edge added

Expanding (step 5 active 1)

---------- --- --- --- -- --- --- --

Head: expand-pla n(p 1)

Need: s-reject(p 1,V 1)

V1=s-attri b(e nt ity (3, tel evi si on1 ),_ 938 09^ ca teg ory (_9 380 9, tel evi sio n))

s-refer(en ti ty( 3,t ele vis io n1) )

s-attrib-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _93 834 ^_9 383 7^ on( _93 834 ,_9 38 37) )

Trying: s-reject(p1 ,V 1)

V1=s-attrib (e nti ty( 3,t ele vi sio n1) ,_9 380 9^ cat ego ry( _93 80 9,t ele vis ion ))

s-refer(en tit y(3 ,te lev is ion 1))

s-attrib-r el( ent ity (1, an ten na1 ),e nti ty (3, tel evi sio n1 ),_ 938 34^ _93 83 7^o n(_ 938 34, _9 383 7))

New edge added

Constructe d Plan

---------- --- ---

expand-pla n(p 1)

+-member(a nte nna 1,[ an ten na1 ,fe rn1 ])

+-ref(enti ty( 1,a nte nn a1) ,an ten na1 )

+-construc t(m odi fie rs (en tit y(1 ,an te nna 1), [an ten na 1,f ern 1]) ,V1 ,V 2)

| V1=modifier s(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ])

| +-modifier( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1], [an ten na1 ])

| | +-s-attrib-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _11 892 1^_ 118 92 4^o n(_ 118 921 ,_ 118 924 ))

| | +-ref(entity (3 ,te lev isi on1 ), tel evi sio n1)

| | +-subset([an te nna 1,f ern 1], _1 191 84^ ub( sys te m,u ser ,ap ply (a ppl y(_ 118 921 ^_ 118 924 ^on (_1 18 921 ,_1 189 24

| | | - ),_119184 ),t ele vis ion 1) ),[ ant enn a1] )

| | +-refer(enti ty (3, tel evi sio n1 ))

| | +-s-refer( en tit y(3 ,te lev is ion 1))

| | +-describe (e nti ty( 3,t ele vi sio n1) )
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| | +-headnoun (en tit y(3 ,te le vis ion 1), [te le vis ion 1])

| | | +-s-attrib( ent ity (3, te lev isi on1 ),_ 11 889 6^c ate gor y( _11 889 6,t ele vi sio n))

| | | +-subset([f ern 1,a nte nn a1, cor ner 1,t el evi sio n1] ,_1 18 896 ^ub (sy ste m, use r,c ate gor y( _11 889 6,

| | | - televisio n)) ,[t el evi sio n1] )

| | +-modifier s(e nti ty( 3,t el evi sio n1) ,[t el evi sio n1] )

| | +-null

| +-modifiers (en ti ty( 1,a nte nna 1) ,[a nte nna 1])

| +-null

| V2=s-attrib (en tit y( 3,t ele vis ion 1) ,_1 188 96^ cat eg ory (_1 188 96, te lev isi on) )

| s-refer(ent ity (3 ,te lev isi on1 ))

| s-attrib-re l(e nt ity (1, ant enn a1 ),e nti ty( 3,t el evi sio n1) ,_1 18 921 ^_1 189 24^ on (_1 189 21, _11 89 24) )

+-substitu te( p1, p26 ,V 1,V 2,V 3)

| V1=modifier s(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ])

| +-modifier( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1], [an ten na1 ])

| | +-s-attrib-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _11 892 1^_ 118 92 4^o n(_ 118 921 ,_ 118 924 ))

| | +-ref(entity (3 ,te lev isi on1 ), tel evi sio n1)

| | +-subset([an te nna 1,f ern 1], _1 191 84^ ub( sys te m,u ser ,ap ply (a ppl y(_ 118 921 ^_ 118 924 ^on (_1 18 921 ,_1 189 24

| | | - ),_119184 ),t ele vis ion 1) ),[ ant enn a1] )

| | +-refer(enti ty (3, tel evi sio n1 ))

| | +-s-refer( en tit y(3 ,te lev is ion 1))

| | +-describe (e nti ty( 3,t ele vi sio n1) )

| | +-headnoun (en tit y(3 ,te le vis ion 1), [te le vis ion 1])

| | | +-s-attrib( ent ity (3, te lev isi on1 ),_ 11 889 6^c ate gor y( _11 889 6,t ele vi sio n))

| | | +-subset([f ern 1,a nte nn a1, cor ner 1,t el evi sio n1] ,_1 18 896 ^ub (sy ste m, use r,c ate gor y( _11 889 6,

| | | - televisio n)) ,[t el evi sio n1] )

| | +-modifier s(e nti ty( 3,t el evi sio n1) ,[t el evi sio n1] )

| | +-null

| +-modifiers (en ti ty( 1,a nte nna 1) ,[a nte nna 1])

| +-null

| V2=_119932: ref er( en tit y(1 ,an ten na 1))

| +-_119965:s -re fe r(e nti ty( 1,a nt enn a1) )

| +-_119984:d esc ri be( ent ity (1, an ten na1 ))

| +-_120003:he ad nou n(e nti ty( 1, ant enn a1) ,_1 20 016 )

| | +-_120044: s- att rib (en tit y( 1,a nte nna 1), _1 200 62^ cat ego ry (_1 200 62, cre at ure ))

| | +-_120107: su bse t(_ 120 040 ,_ 120 062 ^ub (_1 20 026 ,_1 200 33, ca teg ory (_1 200 62 ,cr eat ure )), _1 200 16)

| +-_120126:mo di fie rs( ent ity (1 ,an ten na1 ),_ 12 001 6)

| +-_120146: mo dif ier (en tit y( 1,a nte nna 1), _1 200 16, [an ten na 1,f ern 1])

| | +-_120185: s-a ttr ib( ent it y(1 ,an ten na1 ), _12 020 3^a sse ss men t(_ 120 203 ,w eir d))

| | +-_120248: sub set (_1 200 16 ,_1 202 55^ ub( _1 201 74, _12 018 1, app ly( _12 020 3^ ass ess men t(_ 12 020 3,w eir d)

| | - ,_120255)), [an ten na 1,f ern 1])

| +-_120277: mo dif ier s(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ])

| +-_120301: mod ifi er( ent it y(1 ,an ten na1 ), [an ten na1 ,fe rn 1], [an ten na1 ])

| | +-_120342:s -at tri b-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _11 892 1^_ 118 92 4^o n(

| | | - _118921,_ 118 924 ))

| | +-_120423:r ef( ent ity (3 ,te lev isi on1 ), tel evi sio n1)

| | +-_120434:s ubs et( [an te nna 1,f ern 1], _1 191 84^ ub( sys te m,u ser ,ap ply (a ppl y(_ 118 921 ^_ 118 924 ^on (

| | | - _118921,_ 118 924 ), _11 918 4), tel ev isi on1 )), [an te nna 1])

| | +-_120471:r efe r(e nti ty (3, tel evi sio n1 ))

| | +-_120504 :s- ref er( en tit y(3 ,te lev is ion 1))

| | +-_120523 :de scr ibe (e nti ty( 3,t ele vi sio n1) )

| | +-_120542: hea dno un (en tit y(3 ,te le vis ion 1), [te le vis ion 1])

| | | +-_120593:s -at tr ib( ent ity (3, te lev isi on1 ),_ 11 889 6^c ate gor y( _11 889 6,t ele vi sio n))

| | | +-_120656:s ubs et ([f ern 1,a nte nn a1, cor ner 1,t el evi sio n1] ,_1 18 896 ^ub (sy ste m, use r,

| | | - category(_1 188 96, tel evi si on) ),[ tel evi si on1 ])

| | +-_120685: mod ifi er s(e nti ty( 3,t el evi sio n1) ,[t el evi sio n1] )

| | +-_120730:n ull

| +-_120752: mod ifi ers (en ti ty( 1,a nte nna 1) ,[a nte nna 1])

| +-_120797:n ull

| V3=s-attrib (en tit y( 3,t ele vis ion 1) ,_1 188 96^ cat eg ory (_1 188 96, te lev isi on) )

| s-refer(ent ity (3 ,te lev isi on1 ))

| s-attrib-re l(e nt ity (1, ant enn a1 ),e nti ty( 3,t el evi sio n1) ,_1 18 921 ^_1 189 24^ on (_1 189 21, _11 89 24) )

+-s-reject (p1 ,V1 )

V1=s-attrib (en tit y( 3,t ele vis ion 1) ,_1 188 96^ cat eg ory (_1 188 96, te lev isi on) )

s-refer(ent ity (3 ,te lev isi on1 ))

s-attrib-re l(e nt ity (1, ant enn a1 ),e nti ty( 3,t el evi sio n1) ,_1 18 921 ^_1 189 24^ on (_1 189 21, _11 89 24) )

Actions to be fed to generator

---------- --- --- --- -- --- --- ---
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s-reject(p 1,V 1)

V1=s-attri b(e nti ty( 3, tel evi sio n1) ,_ 118 896 ^ca teg or y(_ 118 896 ,te le vis ion ))

s-refer(en tit y(3 ,t ele vis ion 1))

s-attrib-r el( ent it y(1 ,an ten na1 ), ent ity (3, tel ev isi on1 ),_ 118 92 1^_ 118 924 ^on (_ 118 921 ,_1 189 24 ))

User Model: Adding Proposition

plan(syste m,p 42, mb( sy ste m,u ser ,re pl ace (p1 ,V1 )))

V1=_119932 :re fer (en ti ty( 1,a nte nna 1) )

+-_119965: s-r efe r( ent ity (1, ant en na1 ))

+-_119984: des cri be (en tit y(1 ,an te nna 1))

+-_120003:h ead no un( ent ity (1, an ten na1 ),_ 120 01 6)

| +-_120044:s- at tri b(e nti ty( 1, ant enn a1) ,_1 20 062 ^ca teg ory (_ 120 062 ,cr eat ur e))

| +-_120107:su bs et( _12 004 0,_ 12 006 2^u b(_ 120 02 6,_ 120 033 ,ca te gor y(_ 120 062 ,c rea tur e)) ,_1 20 016 )

+-_120126:m odi fi ers (en tit y(1 ,a nte nna 1), _12 00 16)

+-_120146:mo di fie r(e nti ty( 1, ant enn a1) ,_1 20 016 ,[a nte nna 1, fer n1] )

| +-_120185: s- att rib (en tit y( 1,a nte nna 1), _1 202 03^ ass ess me nt( _12 020 3,w ei rd) )

| +-_120248: su bse t(_ 120 016 ,_ 120 255 ^ub (_1 20 174 ,_1 201 81, ap ply (_1 202 03^ as ses sme nt( _12 02 03, wei rd) ,

| - _120255)), [an ten na1 ,f ern 1])

+-_120277:mo di fie rs( ent ity (1 ,an ten na1 ),[ an ten na1 ,fe rn1 ])

+-_120301: mo dif ier (en tit y( 1,a nte nna 1), [a nte nna 1,f ern 1] ,[a nte nna 1])

| +-_120342: s-a ttr ib- rel (e nti ty( 1,a nte nn a1) ,en tit y(3 ,t ele vis ion 1), _1 189 21^ _11 892 4^ on( _11 892 1,

| | - _118924))

| +-_120423: ref (en tit y(3 ,t ele vis ion 1), te lev isi on1 )

| +-_120434: sub set ([a nte nn a1, fer n1] ,_1 19 184 ^ub (sy ste m, use r,a ppl y(a pp ly( _11 892 1^_ 11 892 4^o n(

| | - _118921,_11 892 4), _1 191 84) ,te lev is ion 1)) ,[a nte nn a1] )

| +-_16546:r efe r(e nti ty( 3, tel evi sio n1) )

| +-_16579:s- ref er( ent it y(3 ,te lev isi on 1))

| +-_16598:de scr ibe (en ti ty( 3,t ele vis io n1) )

| +-_16617: hea dno un( en tit y(3 ,te lev is ion 1), [te lev is ion 1])

| | +-_16668:s -at tri b( ent ity (3, tel ev isi on1 ),_ 149 71 ^ca teg ory (_1 49 71, tel evi sio n) )

| | +-_16731:s ubs et( [f ern 1,a nte nna 1, cor ner 1,t ele vi sio n1] ,_1 497 1^ ub( sys tem ,us er ,ca teg ory (

| | - _14971,tele vi sio n)) ,[t ele vi sio n1] )

| +-_16760: mod ifi ers (e nti ty( 3,t ele vi sio n1) ,[t ele vi sio n1] )

| +-_16805:n ull

+-_16827:m od ifi ers (en tit y( 1,a nte nna 1), [a nte nna 1])

+-_16872:n ull

User Model: Adding Proposition

contribute d(s yst em, p4 2)

User Model: Adding Proposition

evaluation (p4 2,s ucc es s)

========== === =

Checking Rules

========== === =

Adding beliefs about the constructe d plan

Applying rule11

User Model: Adding Proposition

replace(p1 ,V1 )

V1=_78726: ref er( ent it y(1 ,an ten na1 ))

+-_78759:s -re fer (e nti ty( 1,a nte nn a1) )

+-_78778:d esc rib e( ent ity (1, ant en na1 ))

+-_78797:he adn ou n(e nti ty( 1,a nt enn a1) ,_7 881 0)

| +-_78838:s-a tt rib (en tit y(1 ,a nte nna 1), _78 85 6^c ate gor y(_ 78 856 ,cr eat ure ))

| +-_78901:sub se t(_ 788 34, _78 85 6^u b(_ 788 20, _7 882 7,c ate gor y( _78 856 ,cr eat ur e)) ,_7 881 0)

+-_78920:mo dif ie rs( ent ity (1, an ten na1 ),_ 788 10 )

+-_78940:mod if ier (en tit y(1 ,a nte nna 1), _78 81 0,[ ant enn a1, fe rn1 ])

| +-_78979:s -a ttr ib( ent ity (1 ,an ten na1 ),_ 78 997 ^as ses sme nt (_7 899 7,w eir d) )

| +-_79042:s ub set (_7 881 0,_ 79 049 ^ub (_7 896 8, _78 975 ,ap ply (_ 789 97^ ass ess me nt( _78 997 ,we ir d), _79 049 ))

| - ,[antenna1 ,fe rn1 ])

+-_79071:mod if ier s(e nti ty( 1, ant enn a1) ,[a nt enn a1, fer n1] )

+-_79095:m od ifi er( ent ity (1 ,an ten na1 ),[ an ten na1 ,fe rn1 ], [an ten na1 ])

| +-_79136:s -at tri b-r el( en tit y(1 ,an ten na 1), ent ity (3, te lev isi on1 ),_ 79 158 ^_7 916 1^o n( _79 158 ,

| | - _79161))

| +-_79217:r ef( ent ity (3, te lev isi on1 ),t el evi sio n1)

| +-_79228:s ubs et( [an ten na 1,f ern 1], _79 23 9^u b(s yst em, us er, app ly( app ly (_7 915 8^_ 791 61 ^on (_7 915 8,
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| | - _79161),_79 239 ),t el evi sio n1) ),[ an ten na1 ])

| +-_79265:r efe r(e nti ty( 3, tel evi sio n1) )

| +-_79298:s- ref er( ent it y(3 ,te lev isi on 1))

| +-_79317:de scr ibe (en ti ty( 3,t ele vis io n1) )

| +-_79336: hea dno un( en tit y(3 ,te lev is ion 1), [te lev is ion 1])

| | +-_79387:s -at tri b( ent ity (3, tel ev isi on1 ),_ 794 05 ^ca teg ory (_7 94 05, tel evi sio n) )

| | +-_79450:s ubs et( [f ern 1,a nte nna 1, cor ner 1,t ele vi sio n1] ,_7 940 5^ ub( sys tem ,us er ,ca teg ory (

| | - _79405,tele vi sio n)) ,[t ele vi sio n1] )

| +-_79479: mod ifi ers (e nti ty( 3,t ele vi sio n1) ,[t ele vi sio n1] )

| +-_79524:n ull

+-_79546:m od ifi ers (en tit y( 1,a nte nna 1), [a nte nna 1])

+-_79591:n ull

removing plan p1 from belief space

User Model: Adding Proposition

contribute d(s yst em, p5 7)

User Model: Adding Proposition

evaluation (p5 7,s ucc es s)

User Model: Adding Proposition

mgoal(syst em, use r,p 57 ,kn owr ef( sys te m,e nti ty( 1,_ 20 595 0)) )

*** mgoal updated ***

Applying rule13

User Model: Adding Proposition

achieve(p5 7,k now ref (s yst em, ent ity (1 ,an ten na1 )))

========== === =

Checking Rules

========== === =

Adding goals

A.4 Understanding \No, on the television"

========== ===

Understand ing

========== ===

---------- --- --

Plan Recognizer

---------- --- --

Actions = s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, ant enn a1) ,en ti ty( 3,t ele vis io n1) ,_2 382 66^ _2 382 69^ on( _23 82 66, _23 826 9)

- )

Initial Setup

---------- ---

Adding inactive edge:

Head: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _25 297 4^_ 252 97 7^o n(_ 252 974 ,_ 252 977 ))

Acts: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _25 297 4^_ 252 97 7^o n(_ 252 974 ,_ 252 977 ))

Adding active edge:

Head: reject-pla n(_ 26 762 2)

Need: s-reject(_ 267 62 2,_ 267 664 )

Adding config (from active edge):

Active: reject-plan (_2 676 22)

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, ant enn a1) ,en ti ty( 3,t ele vis io n1) ,_2 529 74^ _2 529 77^ on( _25 29 74, _25 297 7)

- )
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End of Initial Setup

---------- --- --- --- -

Applying config (0 left, step 1)

---------- --- --- --- -- --- --- --- --- -

Active: reject-plan (_2 676 22)

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, ant enn a1) ,en ti ty( 3,t ele vis io n1) ,_2 529 74^ _2 529 77^ on( _25 29 74, _25 297 7)

- )

Adding inactive edge:

Head: reject-pla n(p 57 )

Acts: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,an te nna 1), ent ity (3 ,te lev isi on1 ), _28 790 2^_ 287 90 5^o n(_ 287 902 ,_ 287 905 ))

*** Agenda Empty ***

Number of complete plans found: 1

---------- --- --- --- -- ---

Consider Plan Derivation

---------- --- --- --- -- ---

reject-pla n(p 57)

+-s-reject (p5 7,V 1)

V1=s-attrib -re l(e nt ity (1, ant enn a1 ),e nti ty( 3,t el evi sio n1) ,_2 98 094 ^_2 980 97^ on (_2 980 94, _29 80 97) )

--------

Evaluate

--------

<con> error(p57, _29 80 62)

<con> plan(syste m,p 57 ,_2 980 68)

postponing evaluation of constraint (p5 7,_ 298 073 ,_ 298 062 )

<con> yield(p57, _29 80 73, [s- att rib -r el( ent ity (1, an ten na1 ),e nti ty (3, tel evi sio n1 ),_ 298 094 ^_2 98 097 ^on (

- _298094,_2 98 097 ))] )

<con> constraint (p5 7, p86 ,_2 980 62)

<con> length([s- att ri b-r el( ent ity (1 ,an ten na1 ),e nt ity (3, tel evi si on1 ),_ 298 094 ^_ 298 097 ^on (_2 98 094 ,_2 980 97

- ))],1)

Inferred Plan

---------- ---

_306665:re jec t-p lan (p 57)

+-_307496: s-r eje ct( p5 7,V 1)

V1=s-attrib -re l(e nt ity (1, ant enn a1 ),e nti ty( 3,t el evi sio n1) ,_2 98 094 ^_2 980 97^ on (_2 980 94, _29 80 97) )

User Model: Adding Proposition

plan(user, p11 9,m b(s ys tem ,us er, err or (p5 7,p 91) ))

User Model: Adding Proposition

contribute d(u ser ,p1 19 )

User Model: Adding Proposition

evaluation (p1 19, suc ce ss)

========== === =

Checking Rules

========== === =

Adding beliefs about the inferred plan

Applying rule2

User Model: Adding Proposition

bel(user,e rro r(p 57, p9 1))

Applying rule3
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User Model: Adding Proposition

error(p57, p91 )

========== ===

Understand ing

========== ===

---------- --- --

Plan Recognizer

---------- --- --

Actions = s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, _38 353 6), ent it y(2 0,_ 383 561 ), _38 358 3^_ 383 58 6^o n(_ 383 583 ,_ 383 586 ))

s-refer(ent ity (20 ,_3 83 561 ))

s-attrib(en tit y(2 0,_ 22 021 ),_ 220 61^ ca teg ory (_2 206 1, tel evi sio n))

Initial Setup

---------- ---

Adding inactive edge:

Head: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,_6 64 82) ,en tit y(2 0, _66 485 ),_ 664 87 ^_6 649 0^o n(_ 66 487 ,_6 649 0))

s-refer(en ti ty( 20, _66 485 ))

s-attrib(e nt ity (20 ,_6 648 5) ,_6 651 1^c ate go ry( _66 511 ,te le vis ion ))

Acts: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,_6 64 82) ,en tit y(2 0, _66 485 ),_ 664 87 ^_6 649 0^o n(_ 66 487 ,_6 649 0))

s-refer(en ti ty( 20, _66 485 ))

s-attrib(e nt ity (20 ,_6 648 5) ,_6 651 1^c ate go ry( _66 511 ,te le vis ion ))

Adding active edge:

Head: replace-pl an( _9 014 3)

Need: relax-cons tra in t(_ 901 79, _90 18 7)

***Topdown addition of inactive entries (2)***

Adding inactive edge:

Head: relax-cons tra in t(m b(_ 933 59, _9 336 0,c ate gor y( _93 363 ,_9 336 4) ),m b(_ 933 59, _9 336 0,_ 933 68) )

Adding config (from inactive edge):

Active: replace-pla n(_ 901 43)

Inactive: relax-const rai nt( mb( _93 35 9,_ 933 60, cat eg ory (_9 336 3,_ 93 364 )), mb( _93 35 9,_ 933 60, _93 36 8))

Adding active edge:

Head: replace-pl an( _9 815 5)

Need: relax-cons tra in t(_ 981 91, _98 19 9)

***duplica te active edge (removed)* **

Adding inactive edge:

Head: relax-cons tra in t(m b(_ 932 63, _9 326 4,c olo ur( _9 326 7,_ 932 68) ), mb( _93 263 ,_9 32 64, _93 272 ))

Adding config (from inactive edge):

Active: replace-pla n(_ 901 43)

Inactive: relax-const rai nt( mb( _93 26 3,_ 932 64, col ou r(_ 932 67, _93 26 8)) ,mb (_9 326 3, _93 264 ,_9 327 2) )

Adding active edge:

Head: replace-pl an( _1 210 95)

Need: relax-cons tra in t(_ 121 131 ,_1 21 139 )

***duplica te active edge (removed)* **

Adding active edge:

Head: replace-pl an( _9 000 8)

Need: s-reject(_ 900 08 ,_9 008 1)

Adding config (from active edge):

Active: replace-pla n(_ 900 08)

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, _66 482 ),e nti ty (20 ,_6 648 5), _6 648 7^_ 664 90^ on (_6 648 7,_ 664 90 ))
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s-refer(ent ity (20 ,_6 64 85) )

s-attrib(en tit y(2 0,_ 66 485 ),_ 665 11^ ca teg ory (_6 651 1, tel evi sio n))

Adding active edge:

Head: expand-pla n(_ 89 879 )

Need: s-reject(_ 898 79 ,_8 995 1)

Adding config (from active edge):

Active: expand-plan (_8 987 9)

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, _66 482 ),e nti ty (20 ,_6 648 5), _6 648 7^_ 664 90^ on (_6 648 7,_ 664 90 ))

s-refer(ent ity (20 ,_6 64 85) )

s-attrib(en tit y(2 0,_ 66 485 ),_ 665 11^ ca teg ory (_6 651 1, tel evi sio n))

End of Initial Setup

---------- --- --- --- -

Applying config (3 left, step 1)

---------- --- --- --- -- --- --- --- --- -

Active: replace-pla n(_ 901 43)

Inactive: relax-const rai nt( mb( _93 35 9,_ 933 60, cat eg ory (_9 336 3,_ 93 364 )), mb( _93 35 9,_ 933 60, _93 36 8))

Adding active edge:

Head: replace-pl an( _1 760 55)

Need: s-reject(_ 176 05 5,_ 176 101 )

Adding config (from active edge):

Active: replace-pla n(_ 176 055 )

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, _66 482 ),e nti ty (20 ,_6 648 5), _6 648 7^_ 664 90^ on (_6 648 7,_ 664 90 ))

s-refer(ent ity (20 ,_6 64 85) )

s-attrib(en tit y(2 0,_ 66 485 ),_ 665 11^ ca teg ory (_6 651 1, tel evi sio n))

Applying config (3 left, step 2)

---------- --- --- --- -- --- --- --- --- -

Active: replace-pla n(_ 901 43)

Inactive: relax-const rai nt( mb( _93 26 3,_ 932 64, col ou r(_ 932 67, _93 26 8)) ,mb (_9 326 3, _93 264 ,_9 327 2) )

Adding active edge:

Head: replace-pl an( _1 971 01)

Need: s-reject(_ 197 10 1,_ 197 147 )

Adding config (from active edge):

Active: replace-pla n(_ 197 101 )

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, _66 482 ),e nti ty (20 ,_6 648 5), _6 648 7^_ 664 90^ on (_6 648 7,_ 664 90 ))

s-refer(ent ity (20 ,_6 64 85) )

s-attrib(en tit y(2 0,_ 66 485 ),_ 665 11^ ca teg ory (_6 651 1, tel evi sio n))

Applying config (3 left, step 3)

---------- --- --- --- -- --- --- --- --- -

Active: replace-pla n(_ 900 08)

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, _66 482 ),e nti ty (20 ,_6 648 5), _6 648 7^_ 664 90^ on (_6 648 7,_ 664 90 ))

s-refer(ent ity (20 ,_6 64 85) )

s-attrib(en tit y(2 0,_ 66 485 ),_ 665 11^ ca teg ory (_6 651 1, tel evi sio n))

Adding inactive edge:

Head: replace-pl an( p5 7)

Acts: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,_2 26 201 ),e nti ty( 20 ,_2 262 04) ,_2 26 206 ^_2 262 09^ on (_2 262 06, _22 62 09) )

s-refer(en ti ty( 20, _22 620 4) )

s-attrib(e nt ity (20 ,_2 262 04 ),_ 226 230 ^ca te gor y(_ 226 230 ,t ele vis ion ))

Applying config (2 left, step 4)

---------- --- --- --- -- --- --- --- --- -

Active: expand-plan (_8 987 9)

Inactive: s-reject(p5 7,V 1)
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V1=s-attrib -re l(e nti ty( 1, _66 482 ),e nti ty (20 ,_6 648 5), _6 648 7^_ 664 90^ on (_6 648 7,_ 664 90 ))

s-refer(ent ity (20 ,_6 64 85) )

s-attrib(en tit y(2 0,_ 66 485 ),_ 665 11^ ca teg ory (_6 651 1, tel evi sio n))

Adding inactive edge:

Head: expand-pla n(p 57 )

Acts: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,_2 52 925 ),e nti ty( 20 ,_2 529 28) ,_2 52 930 ^_2 529 33^ on (_2 529 30, _25 29 33) )

s-refer(en ti ty( 20, _25 292 8) )

s-attrib(e nt ity (20 ,_2 529 28 ),_ 252 954 ^ca te gor y(_ 252 954 ,t ele vis ion ))

Applying config (1 left, step 5)

---------- --- --- --- -- --- --- --- --- -

Active: replace-pla n(_ 176 055 )

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, _66 482 ),e nti ty (20 ,_6 648 5), _6 648 7^_ 664 90^ on (_6 648 7,_ 664 90 ))

s-refer(ent ity (20 ,_6 64 85) )

s-attrib(en tit y(2 0,_ 66 485 ),_ 665 11^ ca teg ory (_6 651 1, tel evi sio n))

Adding inactive edge:

Head: replace-pl an( p5 7)

Acts: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,_2 79 611 ),e nti ty( 20 ,_2 796 14) ,_2 79 616 ^_2 796 19^ on (_2 796 16, _27 96 19) )

s-refer(en ti ty( 20, _27 961 4) )

s-attrib(e nt ity (20 ,_2 796 14 ),_ 279 640 ^ca te gor y(_ 279 640 ,t ele vis ion ))

Applying config (0 left, step 6)

---------- --- --- --- -- --- --- --- --- -

Active: replace-pla n(_ 197 101 )

Inactive: s-reject(p5 7,V 1)

V1=s-attrib -re l(e nti ty( 1, _66 482 ),e nti ty (20 ,_6 648 5), _6 648 7^_ 664 90^ on (_6 648 7,_ 664 90 ))

s-refer(ent ity (20 ,_6 64 85) )

s-attrib(en tit y(2 0,_ 66 485 ),_ 665 11^ ca teg ory (_6 651 1, tel evi sio n))

Adding inactive edge:

Head: replace-pl an( p5 7)

Acts: s-reject(p 57, V1 )

V1=s-attri b-r el (en tit y(1 ,_3 06 218 ),e nti ty( 20 ,_3 062 21) ,_3 06 223 ^_3 062 26^ on (_3 062 23, _30 62 26) )

s-refer(en ti ty( 20, _30 622 1) )

s-attrib(e nt ity (20 ,_3 062 21 ),_ 306 247 ^ca te gor y(_ 306 247 ,t ele vis ion ))

*** Agenda Empty ***

Number of complete plans found: 4

---------- --- --- --- -- ---

Consider Plan Derivation

---------- --- --- --- -- ---

replace-pl an( p57 )

+-relax-co nst rai nt( mb (_3 237 01, _32 37 02, col our (_3 23 705 ,_3 237 06) ), mb( _32 370 1,_ 32 370 2,_ 323 731 ))

| +-_323731=c olo ur( _3 237 05, _32 374 5)

+-substitu te( p57 ,_3 23 687 ,V1 ,_3 237 78 ,V2 )

| V1=mb(_3237 01, _32 37 02, _32 373 1)

| V2=s-attrib -re l(e nt ity (1, _32 379 2) ,en tit y(2 0,_ 32 379 5), _32 379 7^ _32 380 0^o n(_ 32 379 7,_ 323 800 ))

| s-refer(ent ity (2 0,_ 323 795 ))

| s-attrib(en tit y( 20, _32 379 5), _3 238 21^ cat ego ry (_3 238 21, tel ev isi on) )

+-evaluate (_3 237 78)

+-s-reject (p5 7,V 1)

V1=s-attrib -re l(e nt ity (1, _32 379 2) ,en tit y(2 0,_ 32 379 5), _32 379 7^ _32 380 0^o n(_ 32 379 7,_ 323 800 ))

s-refer(ent ity (2 0,_ 323 795 ))

s-attrib(en tit y( 20, _32 379 5), _3 238 21^ cat ego ry (_3 238 21, tel ev isi on) )

--------

Evaluate

--------

<con> error(p57, _32 36 87)
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<con> plan(syste m,p 57 ,_3 236 93)

<con> content(p5 7,p 91 ,mb (sy ste m,u se r,c olo ur( _32 37 05, _32 370 6)) )

*** failed ***

Failure Evaluation

---------- --- --- --

Failure Node: content(p5 7,p 91, mb( sy ste m,u ser ,co lo ur( _32 370 5,_ 32 370 6)) )

---------- --- --- --- -- ---

Consider Plan Derivation

---------- --- --- --- -- ---

replace-pl an( p57 )

+-relax-co nst rai nt( mb (_3 705 60, _37 05 61, cat ego ry( _3 705 64, _37 056 5) ),m b(_ 370 560 ,_ 370 561 ,_3 705 90 ))

| +-_370590=c ate gor y( _37 056 4,_ 370 60 4)

+-substitu te( p57 ,_3 70 546 ,V1 ,_3 706 37 ,V2 )

| V1=mb(_3705 60, _37 05 61, _37 059 0)

| V2=s-attrib -re l(e nt ity (1, _37 065 1) ,en tit y(2 0,_ 37 065 4), _37 065 6^ _37 065 9^o n(_ 37 065 6,_ 370 659 ))

| s-refer(ent ity (2 0,_ 370 654 ))

| s-attrib(en tit y( 20, _37 065 4), _3 706 80^ cat ego ry (_3 706 80, tel ev isi on) )

+-evaluate (_3 706 37)

+-s-reject (p5 7,V 1)

V1=s-attrib -re l(e nt ity (1, _37 065 1) ,en tit y(2 0,_ 37 065 4), _37 065 6^ _37 065 9^o n(_ 37 065 6,_ 370 659 ))

s-refer(ent ity (2 0,_ 370 654 ))

s-attrib(en tit y( 20, _37 065 4), _3 706 80^ cat ego ry (_3 706 80, tel ev isi on) )

--------

Evaluate

--------

<con> error(p57, _37 05 46)

<con> plan(syste m,p 57 ,_3 705 52)

<con> content(p5 7,p 91 ,mb (sy ste m,u se r,c ate gor y(_ 37 056 4,_ 370 565 )) )

*** failed ***

Failure Evaluation

---------- --- --- --

Failure Node: content(p5 7,p 91, mb( sy ste m,u ser ,ca te gor y(_ 370 564 ,_ 370 565 )))

---------- --- --- --- -- ---

Consider Plan Derivation

---------- --- --- --- -- ---

expand-pla n(p 57)

+-member(_ 417 920 ,_4 17 916 )

+-ref(_417 915 ,_4 179 20 )

+-construc t(m odi fie rs (_4 179 15, _41 79 16) ,_4 179 31, V1 )

| V1=s-attrib -re l(e nt ity (1, _41 794 4) ,en tit y(2 0,_ 41 794 7), _41 794 9^ _41 795 2^o n(_ 41 794 9,_ 417 952 ))

| s-refer(ent ity (2 0,_ 417 947 ))

| s-attrib(en tit y( 20, _41 794 7), _4 179 73^ cat ego ry (_4 179 73, tel ev isi on) )

+-substitu te( p57 ,_4 17 895 ,_4 179 31, _4 179 84, V1)

| V1=s-attrib -re l(e nt ity (1, _41 794 4) ,en tit y(2 0,_ 41 794 7), _41 794 9^ _41 795 2^o n(_ 41 794 9,_ 417 952 ))

| s-refer(ent ity (2 0,_ 417 947 ))

| s-attrib(en tit y( 20, _41 794 7), _4 179 73^ cat ego ry (_4 179 73, tel ev isi on) )

+-s-reject (p5 7,V 1)

V1=s-attrib -re l(e nt ity (1, _41 794 4) ,en tit y(2 0,_ 41 794 7), _41 794 9^ _41 795 2^o n(_ 41 794 9,_ 417 952 ))

s-refer(ent ity (2 0,_ 417 947 ))

s-attrib(en tit y( 20, _41 794 7), _4 179 73^ cat ego ry (_4 179 73, tel ev isi on) )

--------

Evaluate

--------

<con> error(p57, _66 67 7)

<con> plan(syste m,p 57 ,_6 668 3)

<con> constraint (p5 7, _66 688 ,p9 1)
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<con> content(p5 7,p 86 ,_6 669 5)

<con> yield(p57, p86 ,[ ])

*** failed ***

Failure Evaluation

---------- --- --- --

Failure Node: yield(p57, p86 ,[] )

---------- --- --- --- -- ---

Consider Plan Derivation

---------- --- --- --- -- ---

replace-pl an( p57 )

+-member(_ 790 24, _79 01 9)

+-ref(_790 18, _79 024 )

+-construc t(m odi fie r( _79 018 ,_7 901 9, _79 020 ),_ 790 35 ,V1 )

| V1=s-attrib -re l(e nt ity (1, _79 049 ), ent ity (20 ,_7 90 52) ,_7 905 4^_ 79 057 ^on (_7 905 4, _79 057 ))

| s-refer(ent ity (2 0,_ 790 52) )

| s-attrib(en tit y( 20, _79 052 ),_ 79 078 ^ca teg ory (_ 790 78, tel evi si on) )

+-substitu te( p57 ,_7 90 04, _79 035 ,_7 90 89, V1)

| V1=s-attrib -re l(e nt ity (1, _79 049 ), ent ity (20 ,_7 90 52) ,_7 905 4^_ 79 057 ^on (_7 905 4, _79 057 ))

| s-refer(ent ity (2 0,_ 790 52) )

| s-attrib(en tit y( 20, _79 052 ),_ 79 078 ^ca teg ory (_ 790 78, tel evi si on) )

+-evaluate (_7 908 9)

+-s-reject (p5 7,V 1)

V1=s-attrib -re l(e nt ity (1, _79 049 ), ent ity (20 ,_7 90 52) ,_7 905 4^_ 79 057 ^on (_7 905 4, _79 057 ))

s-refer(ent ity (2 0,_ 790 52) )

s-attrib(en tit y( 20, _79 052 ),_ 79 078 ^ca teg ory (_ 790 78, tel evi si on) )

--------

Evaluate

--------

<con> error(p57, _78 98 7)

<con> plan(syste m,p 57 ,_7 899 3)

<con> constraint (p5 7, _78 998 ,p9 1)

<con> step(p57,_ 790 04 ,p8 6)

<con> content(p5 7,p 83 ,_7 901 1)

<con> modifier(e nti ty (1, ant enn a1) ,[ ant enn a1, fer n1 ],[ ant enn a1] )= mod ifi er( _79 01 8,_ 790 19, _79 02 0)

postponing evaluation of member(_79 024 ,[a nte nna 1, fer n1] )

<ma> ref(entity (1, an ten na1 ),_ 790 24 )

<ma> member(ant enn a1 ,[a nte nna 1,f er n1] )

<ma> construct( mod if ier (en tit y(1 ,a nte nna 1), [an te nna 1,f ern 1], [a nte nna 1]) ,_7 90 35, V1)

V1=s-attri b-r el (en tit y(1 ,_7 90 49) ,en tit y(2 0, _79 052 ),_ 790 54 ^_7 905 7^o n(_ 79 054 ,_7 905 7))

s-refer(en ti ty( 20, _79 052 ))

s-attrib(e nt ity (20 ,_7 905 2) ,_7 907 8^c ate go ry( _79 078 ,te le vis ion ))

Invoking plan recognizer from evaluate

---------- --- --

Plan Recognizer

---------- --- --

Actions = s-attrib-re l(e nti ty( 1,_ 79 049 ),e nti ty( 20 ,_7 905 2), _79 05 4^_ 790 57^ on( _7 905 4,_ 790 57) )

s-refer(ent ity (20 ,_7 905 2) )

s-attrib(en tit y(2 0,_ 790 52 ),_ 790 78^ cat eg ory (_7 907 8,t el evi sio n))

Initial Setup

---------- ---

Adding inactive edge:

Head: s-attrib-r el( en tit y(1 ,_7 904 9) ,en tit y(2 0,_ 79 052 ),_ 790 54^ _7 905 7^o n(_ 790 54 ,_7 905 7))

Acts: s-attrib-r el( en tit y(1 ,_7 904 9) ,en tit y(2 0,_ 79 052 ),_ 790 54^ _7 905 7^o n(_ 790 54 ,_7 905 7))

Adding active edge:

Head: modifier(_ 203 00 3,_ 203 004 ,_2 03 005 )

Need: s-attrib-r el( _2 030 03, _20 303 2, _20 305 1)
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Adding config (from active edge):

Active: modifier(_2 030 03, _20 300 4, _20 300 5)

Inactive: s-attrib-re l(e nti ty( 1,_ 79 049 ),e nti ty( 20 ,_7 905 2), _79 05 4^_ 790 57^ on( _7 905 4,_ 790 57) )

Adding inactive edge:

Head: s-refer(en tit y( 20, _79 052 ))

Acts: s-refer(en tit y( 20, _79 052 ))

Adding active edge:

Head: refer(_218 166 )

Need: s-refer(_2 181 66 )

Adding config (from active edge):

Active: refer(_2181 66)

Inactive: s-refer(ent ity (20 ,_7 905 2) )

Adding inactive edge:

Head: s-attrib(e nti ty (20 ,_7 905 2), _7 907 8^c ate gor y( _79 078 ,te lev is ion ))

Acts: s-attrib(e nti ty (20 ,_7 905 2), _7 907 8^c ate gor y( _79 078 ,te lev is ion ))

Adding active edge:

Head: headnoun(_ 231 52 6,_ 231 527 )

Need: s-attrib(_ 231 52 6,_ 231 561 ^ca te gor y(_ 231 561 ,_ 231 569 ))

Adding config (from active edge):

Active: headnoun(_2 315 26, _23 152 7)

Inactive: s-attrib(en tit y(2 0,_ 790 52 ),_ 790 78^ cat eg ory (_7 907 8,t el evi sio n))

Adding active edge:

Head: modifier(_ 231 45 6,_ 231 457 ,_2 31 458 )

Need: s-attrib(_ 231 45 6,_ 231 496 )

Adding config (from active edge):

Active: modifier(_2 314 56, _23 145 7, _23 145 8)

Inactive: s-attrib(en tit y(2 0,_ 790 52 ),_ 790 78^ cat eg ory (_7 907 8,t el evi sio n))

End of Initial Setup

---------- --- --- --- -

Applying config (3 left, step 1)

---------- --- --- --- -- --- --- --- --- -

Active: modifier(_2 030 03, _20 300 4, _20 300 5)

Inactive: s-attrib-re l(e nti ty( 1,_ 79 049 ),e nti ty( 20 ,_7 905 2), _79 05 4^_ 790 57^ on( _7 905 4,_ 790 57) )

Adding active edge:

Head: modifier(e nti ty (1, _25 873 5), _2 585 50, _25 855 1)

Need: refer(enti ty( 20 ,_2 587 38) )

Acts: s-attrib-r el( en tit y(1 ,_2 587 35 ),e nti ty( 20, _2 587 38) ,_2 587 40 ^_2 587 43^ on( _2 587 40, _25 874 3) )

Applying config (2 left, step 2)

---------- --- --- --- -- --- --- --- --- -

Active: refer(_2181 66)

Inactive: s-refer(ent ity (20 ,_7 905 2) )

Adding active edge:

Head: refer(enti ty( 20 ,_2 728 25) )

Need: describe(e nti ty (20 ,_2 728 25) )

Acts: s-refer(en tit y( 20, _27 282 5))

Applying config (1 left, step 3)

---------- --- --- --- -- --- --- --- --- -

Active: headnoun(_2 315 26, _23 152 7)

Inactive: s-attrib(en tit y(2 0,_ 790 52 ),_ 790 78^ cat eg ory (_7 907 8,t el evi sio n))

Adding inactive edge:

Head: headnoun(e nti ty (20 ,_2 849 67) ,_ 284 793 )

Acts: s-attrib(e nti ty (20 ,_2 849 67) ,_ 284 827 ^ca teg or y(_ 284 827 ,te le vis ion ))
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Adding active edge:

Head: describe(_ 291 20 3)

Need: headnoun(_ 291 20 3,_ 291 226 )

Adding config (from active edge):

Active: describe(_2 912 03)

Inactive: headnoun(en tit y(2 0,_ 284 96 7), _28 479 3)

Applying config (1 left, step 4)

---------- --- --- --- -- --- --- --- --- -

Active: modifier(_2 314 56, _23 145 7, _23 145 8)

Inactive: s-attrib(en tit y(2 0,_ 790 52 ),_ 790 78^ cat eg ory (_7 907 8,t el evi sio n))

Adding inactive edge:

Head: modifier(e nti ty (20 ,_3 043 78) ,_ 304 212 ,_3 042 13 )

Acts: s-attrib(e nti ty (20 ,_3 043 78) ,_ 304 380 ^ca teg or y(_ 304 380 ,te le vis ion ))

Adding active edge:

Head: modifiers( _31 09 37, _31 093 8)

Need: modifier(_ 310 93 7,_ 310 938 ,_3 10 963 )

Adding config (from active edge):

Active: modifiers(_ 310 937 ,_3 109 38 )

Inactive: modifier(en tit y(2 0,_ 304 37 8), _30 421 2,_ 30 421 3)

Applying config (1 left, step 5)

---------- --- --- --- -- --- --- --- --- -

Active: describe(_2 912 03)

Inactive: headnoun(en tit y(2 0,_ 284 96 7), _28 479 3)

Adding active edge:

Head: describe(e nti ty (20 ,_3 236 42) )

Need: modifiers( ent it y(2 0,_ 323 642 ), _32 351 6)

Acts: s-attrib(e nti ty (20 ,_3 236 42) ,_ 323 688 ^ca teg or y(_ 323 688 ,te le vis ion ))

***Topdown addition of inactive entries (1)***

Adding inactive edge:

Head: modifiers( ent it y(2 0,_ 331 732 ), _33 172 9)

Adding config (from inactive edge):

Active: describe(en tit y(2 0,_ 323 64 2))

Inactive: modifiers(e nti ty( 20, _33 17 32) ,_3 317 29)

Applying config (1 left, step 6)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(_ 310 937 ,_3 109 38 )

Inactive: modifier(en tit y(2 0,_ 304 37 8), _30 421 2,_ 30 421 3)

Adding active edge:

Head: modifiers( ent it y(2 0,_ 345 018 ), _34 486 6)

Need: modifiers( ent it y(2 0,_ 345 018 ), _34 489 1)

Acts: s-attrib(e nti ty (20 ,_3 450 18) ,_ 345 061 ^ca teg or y(_ 345 061 ,te le vis ion ))

Adding config (from active edge):

Active: modifiers(e nti ty( 20, _34 50 18) ,_3 448 66)

Inactive: modifiers(e nti ty( 20, _33 17 32) ,_3 317 29)

***Topdown addition of inactive entries (1)***

Adding inactive edge:

Head: modifiers( ent it y(2 0,_ 353 432 ), _35 342 9)

***duplica te inactive edge***

Applying config (1 left, step 7)

---------- --- --- --- -- --- --- --- --- -

Active: describe(en tit y(2 0,_ 323 64 2))
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Inactive: modifiers(e nti ty( 20, _33 17 32) ,_3 317 29)

Adding inactive edge:

Head: describe(e nti ty (20 ,_3 720 89) )

Acts: s-attrib(e nti ty (20 ,_3 720 89) ,_ 372 151 ^ca teg or y(_ 372 151 ,te le vis ion ))

Adding config (from inactive edge):

Active: refer(entit y(2 0,_ 272 825 ))

Inactive: describe(en tit y(2 0,_ 372 08 9))

Applying config (1 left, step 8)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(e nti ty( 20, _34 50 18) ,_3 448 66)

Inactive: modifiers(e nti ty( 20, _33 17 32) ,_3 317 29)

Adding inactive edge:

Head: modifiers( ent it y(2 0,_ 387 952 ), _38 794 9)

Acts: s-attrib(e nti ty (20 ,_3 879 52) ,_ 388 012 ^ca teg or y(_ 388 012 ,te le vis ion ))

Applying config (0 left, step 9)

---------- --- --- --- -- --- --- --- --- -

Active: refer(entit y(2 0,_ 272 825 ))

Inactive: describe(en tit y(2 0,_ 372 08 9))

Adding inactive edge:

Head: refer(enti ty( 20 ,_3 993 51) )

Acts: s-refer(en tit y( 20, _39 935 1))

s-attrib(e nti ty (20 ,_3 993 51) ,_ 399 601 ^ca teg or y(_ 399 601 ,te le vis ion ))

Adding config (from inactive edge):

Active: modifier(en tit y(1 ,_2 587 35 ),_ 258 550 ,_2 58 551 )

Inactive: refer(entit y(2 0,_ 399 351 ))

Applying config (0 left, step 10)

---------- --- --- --- -- --- --- --- --- -

Active: modifier(en tit y(1 ,_2 587 35 ),_ 258 550 ,_2 58 551 )

Inactive: refer(entit y(2 0,_ 399 351 ))

Adding inactive edge:

Head: modifier(e nti ty (1, _41 753 8), _4 175 34, _41 753 5)

Acts: s-attrib-r el( en tit y(1 ,_4 175 38 ),e nti ty( 20, _4 175 83) ,_4 175 85 ^_4 175 88^ on( _4 175 85, _41 758 8) )

s-refer(en tit y( 20, _41 758 3))

s-attrib(e nti ty (20 ,_4 175 83) ,_ 417 913 ^ca teg or y(_ 417 913 ,te le vis ion ))

Adding config (from inactive edge):

Active: modifiers(_ 310 937 ,_3 109 38 )

Inactive: modifier(en tit y(1 ,_4 175 38 ),_ 417 534 ,_4 17 535 )

Adding active edge:

Head: modifiers( _43 08 57, _43 085 8)

Need: modifier(_ 430 85 7,_ 430 858 ,_4 30 883 )

***duplica te active edge (removed)* **

Applying config (0 left, step 11)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(_ 310 937 ,_3 109 38 )

Inactive: modifier(en tit y(1 ,_4 175 38 ),_ 417 534 ,_4 17 535 )

Adding active edge:

Head: modifiers( ent it y(1 ,_4 471 14) ,_ 446 962 )

Need: modifiers( ent it y(1 ,_4 471 14) ,_ 446 987 )

Acts: s-attrib-r el( en tit y(1 ,_4 471 14 ),e nti ty( 20, _4 471 59) ,_4 471 61 ^_4 471 64^ on( _4 471 61, _44 716 4) )

s-refer(en tit y( 20, _44 715 9))

s-attrib(e nti ty (20 ,_4 471 59) ,_ 447 341 ^ca teg or y(_ 447 341 ,te le vis ion ))

***Topdown addition of inactive entries (1)***
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Adding inactive edge:

Head: modifiers( ent it y(1 ,_7 761 8), _7 761 5)

Adding config (from inactive edge):

Active: modifiers(e nti ty( 1,_ 765 24 ),_ 764 60)

Inactive: modifiers(e nti ty( 1,_ 776 18 ),_ 776 15)

Applying config (0 left, step 12)

---------- --- --- --- -- --- --- --- --- -

Active: modifiers(e nti ty( 1,_ 765 24 ),_ 764 60)

Inactive: modifiers(e nti ty( 1,_ 776 18 ),_ 776 15)

Adding inactive edge:

Head: modifiers( ent it y(1 ,_9 168 5), _9 168 2)

Acts: s-attrib-r el( en tit y(1 ,_9 168 5) ,en tit y(2 0,_ 91 747 ),_ 917 49^ _9 175 2^o n(_ 917 49 ,_9 175 2))

s-refer(en tit y( 20, _91 747 ))

s-attrib(e nti ty (20 ,_9 174 7), _9 192 9^c ate gor y( _91 929 ,te lev is ion ))

*** Agenda Empty ***

Returning from plan recognizer

<ma> substitute (p5 7, p83 ,V1 ,_6 733 9, V2)

V1=modifie r(e nt ity (1, _75 717 ), _75 713 ,_7 571 4)

+-s-attrib -r el( ent ity (1, _7 571 7), ent ity (2 0,_ 757 62) ,_7 57 64^ _75 767 ^on (_ 757 64, _75 767 ))

+-ref(enti ty (20 ,_7 576 2), _7 580 9)

+-subset(_ 75 713 ,_7 582 0^u b( _75 737 ,_7 574 1, app ly( app ly( _7 576 4^_ 757 67^ on (_7 576 4,_ 757 67 ),_ 758 20) ,

| - _75809)),_ 757 14)

+-refer(en ti ty( 20, _75 762 ))

+-s-refer( ent ity (20 ,_7 57 62) )

+-describe (en tit y(2 0,_ 75 762 ))

+-headnoun( ent ity (20 ,_ 757 62) ,_7 593 0)

| +-s-attri b(e nti ty( 20 ,_7 576 2), _75 96 4^c ate gor y(_ 75 964 ,te lev isi on ))

| +-subset( _75 945 ,_7 59 64^ ub( _75 937 ,_ 759 41, cat ego ry (_7 596 4,t ele vi sio n)) ,_7 593 0)

+-modifiers (en tit y(2 0, _75 762 ),_ 759 30 )

+-null

V2=s-attri b-r el (en tit y(1 ,_6 72 99) ,en tit y(2 0, _67 302 ),_ 673 04 ^_6 730 7^o n(_ 67 304 ,_6 730 7))

s-refer(en ti ty( 20, _67 302 ))

s-attrib(e nt ity (20 ,_6 730 2) ,_6 732 8^c ate go ry( _67 328 ,te le vis ion ))

<ma> evaluate(V 1)

V1=_205819 :re fe r(e nti ty( 1,_ 67 299 ))

+-_206195: s- ref er( ent ity (1 ,_6 729 9))

+-_206431: de scr ibe (en tit y( 1,_ 672 99) )

+-_206625: hea dno un( ent it y(1 ,_6 729 9), _1 709 95)

| +-_207092:s -at tri b(e nt ity (1, _67 299 ), _16 886 7^c ate go ry( _16 886 7,c re atu re) )

| +-_207692:s ubs et( _17 10 07, _16 886 7^u b( _17 099 9,_ 171 00 3,c ate gor y(_ 16 886 7,c rea tur e) ),_ 170 995 )

+-_207825: mod ifi ers (en ti ty( 1,_ 672 99) ,_ 170 995 )

+-_208019:m odi fie r(e nt ity (1, _67 299 ), _17 099 5,_ 757 13 )

| +-_208395 :s- att rib (e nti ty( 1,_ 672 99 ),_ 169 008 ^as se ssm ent (_1 690 08 ,we ird ))

| +-_208995 :su bse t(_ 17 099 5,_ 172 892 ^u b(_ 172 875 ,_1 72 879 ,ap ply (_1 69 008 ^as ses sme nt (_1 690 08,

| - weird),_17 289 2) ),_ 757 13)

+-_209128:m odi fie rs( en tit y(1 ,_6 729 9) ,_7 571 3)

+-_209322 :mo dif ier (e nti ty( 1,_ 672 99 ),_ 757 13, _75 71 4)

| +-_209698: s-a ttr ib -re l(e nti ty( 1, _67 299 ),e nti ty (20 ,_6 730 2), _6 730 4^_ 673 07^ on (_6 730 4,

| | - _67307))

| +-_210389: ref (en ti ty( 20, _67 302 ), _75 809 )

| +-_210480: sub set (_ 757 13, _75 820 ^u b(_ 757 37, _75 74 1,a ppl y(a ppl y( _67 304 ^_6 730 7^ on( _67 304 ,

| | - _67307),_75 82 0), _75 809 )), _7 571 4)

| +-_210571: ref er( en tit y(2 0,_ 673 02 ))

| +-_210947:s -re fe r(e nti ty( 20, _6 730 2))

| +-_211183:d esc ri be( ent ity (20 ,_ 673 02) )

| +-_211377:he ad nou n(e nti ty( 20 ,_6 730 2), _75 93 0)

| | +-_211844: s- att rib (en tit y( 20, _67 302 ),_ 67 328 ^ca teg ory (_ 673 28, tel evi si on) )

| | +-_212444: su bse t(_ 759 45, _6 732 8^u b(_ 759 37 ,_7 594 1,c ate go ry( _67 328 ,te le vis ion )),

| | - _75930)

| +-_212577:mo di fie rs( ent ity (2 0,_ 673 02) ,_7 59 30)

| +-_212953: nu ll

+-_213303 :mo dif ier s( ent ity (1, _67 29 9), _75 714 )
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+-_213679: nul l

Inferred Plan

---------- ---

_67531:rep lac e-p lan (p 57)

+-_67597:m emb er( ant en na1 ,[a nte nna 1, fer n1] )

+-_67602:r ef( ent ity (1 ,an ten na1 ),a nt enn a1)

+-_67607:c ons tru ct( mo dif ier (en tit y( 1,a nte nna 1), [a nte nna 1,f ern 1] ,[a nte nna 1]) ,V 1,V 2)

| V1=modifier (en tit y( 1,_ 672 99) ,_7 57 13, _75 714 )

| +-s-attrib- rel (e nti ty( 1,_ 672 99 ),e nti ty( 20, _6 730 2), _67 304 ^_ 673 07^ on( _67 30 4,_ 673 07) )

| +-ref(entit y(2 0, _67 302 ),_ 758 09 )

| +-subset(_7 571 3, _75 820 ^ub (_7 57 37, _75 741 ,ap pl y(a ppl y(_ 673 04 ^_6 730 7^o n(_ 67 304 ,_6 730 7), _7 582 0),

| | - _75809)),_7 571 4)

| +-refer(ent ity (2 0,_ 673 02) )

| +-s-refer(en ti ty( 20, _67 302 ))

| +-describe(e nt ity (20 ,_6 730 2) )

| +-headnoun (e nti ty( 20, _67 30 2), _75 930 )

| | +-s-attrib (en tit y(2 0,_ 67 302 ),_ 673 28^ ca teg ory (_6 732 8, tel evi sio n))

| | +-subset(_ 759 45, _67 328 ^u b(_ 759 37, _75 94 1,c ate gor y(_ 67 328 ,te lev isi on )), _75 930 )

| +-modifier s( ent ity (20 ,_6 73 02) ,_7 593 0)

| +-null

| V2=s-attrib -re l(e nt ity (1, _67 299 ), ent ity (20 ,_6 73 02) ,_6 730 4^_ 67 307 ^on (_6 730 4, _67 307 ))

| s-refer(ent ity (2 0,_ 673 02) )

| s-attrib(en tit y( 20, _67 302 ),_ 67 328 ^ca teg ory (_ 673 28, tel evi si on) )

+-_67612:s ubs tit ute (p 57, p83 ,V1 ,V2 ,V 3)

| V1=modifier (en tit y( 1,_ 672 99) ,_7 57 13, _75 714 )

| +-s-attrib- rel (e nti ty( 1,_ 672 99 ),e nti ty( 20, _6 730 2), _67 304 ^_ 673 07^ on( _67 30 4,_ 673 07) )

| +-ref(entit y(2 0, _67 302 ),_ 758 09 )

| +-subset(_7 571 3, _75 820 ^ub (_7 57 37, _75 741 ,ap pl y(a ppl y(_ 673 04 ^_6 730 7^o n(_ 67 304 ,_6 730 7), _7 582 0),

| | - _75809)),_7 571 4)

| +-refer(ent ity (2 0,_ 673 02) )

| +-s-refer(en ti ty( 20, _67 302 ))

| +-describe(e nt ity (20 ,_6 730 2) )

| +-headnoun (e nti ty( 20, _67 30 2), _75 930 )

| | +-s-attrib (en tit y(2 0,_ 67 302 ),_ 673 28^ ca teg ory (_6 732 8, tel evi sio n))

| | +-subset(_ 759 45, _67 328 ^u b(_ 759 37, _75 94 1,c ate gor y(_ 67 328 ,te lev isi on )), _75 930 )

| +-modifier s( ent ity (20 ,_6 73 02) ,_7 593 0)

| +-null

| V2=_205819: ref er( en tit y(1 ,_6 729 9) )

| +-_206195:s -re fe r(e nti ty( 1,_ 67 299 ))

| +-_206431:d esc ri be( ent ity (1, _6 729 9))

| +-_206625:he ad nou n(e nti ty( 1, _67 299 ),_ 170 99 5)

| | +-_207092: s- att rib (en tit y( 1,_ 672 99) ,_1 68 867 ^ca teg ory (_ 168 867 ,cr eat ur e))

| | +-_207692: su bse t(_ 171 007 ,_ 168 867 ^ub (_1 70 999 ,_1 710 03, ca teg ory (_1 688 67 ,cr eat ure )), _1 709 95)

| +-_207825:mo di fie rs( ent ity (1 ,_6 729 9), _17 09 95)

| +-_208019: mo dif ier (en tit y( 1,_ 672 99) ,_1 70 995 ,_7 571 3)

| | +-_208395: s-a ttr ib( ent it y(1 ,_6 729 9), _1 690 08^ ass ess me nt( _16 900 8,w ei rd) )

| | +-_208995: sub set (_1 709 95 ,_1 728 92^ ub( _1 728 75, _17 287 9, app ly( _16 900 8^ ass ess men t(_ 16 900 8,w eir d)

| | - ,_172892)), _62 437 )

| +-_63139:m od ifi ers (en tit y( 1,_ 621 55) ,_6 24 37)

| +-_63159:m odi fie r(e nti ty (1, _62 155 ),_ 62 437 ,_6 243 8)

| | +-_63189:s- att rib -re l( ent ity (1, _62 15 5), ent ity (20 ,_ 621 58) ,_6 216 0^ _62 163 ^on (_6 21 60, _62 163 ))

| | +-_63234:re f(e nti ty( 20 ,_6 215 8), _62 53 1)

| | +-_63239:su bse t(_ 624 37 ,_6 254 2^u b(_ 62 459 ,_6 246 3,a pp ly( app ly( _62 16 0^_ 621 63^ on( _6 216 0,

| | | - _62163),_ 625 42) ,_ 625 31) ),_ 624 38 )

| | +-_63244:re fer (en tit y( 20, _62 158 ))

| | +-_63274: s-r efe r(e nt ity (20 ,_6 215 8) )

| | +-_63294: des cri be( en tit y(2 0,_ 621 58 ))

| | +-_63314:h ead nou n( ent ity (20 ,_6 21 58) ,_6 263 3)

| | | +-_63349:s- att ri b(e nti ty( 20, _6 215 8), _62 184 ^c ate gor y(_ 621 84 ,te lev isi on) )

| | | +-_63389:su bse t( _62 648 ,_6 218 4^ ub( _62 640 ,_6 26 44, cat ego ry( _6 218 4,t ele vis io n)) ,_6 263 3)

| | +-_63394:m odi fie rs (en tit y(2 0,_ 62 158 ),_ 626 33)

| | +-_63424:nu ll

| +-_63434:m odi fie rs( ent it y(1 ,_6 215 5), _6 243 8)

| +-_63464:nu ll

| V3=s-attrib -re l(e nt ity (1, _62 155 ), ent ity (20 ,_6 21 58) ,_6 216 0^_ 62 163 ^on (_6 216 0, _62 163 ))
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| s-refer(ent ity (2 0,_ 621 58) )

| s-attrib(en tit y( 20, _62 158 ),_ 62 184 ^ca teg ory (_ 621 84, tel evi si on) )

+-_62378:e val uat e(V 1)

| V1=_62894:r efe r(e nt ity (1, _62 155 ))

| +-_62924:s- ref er (en tit y(1 ,_6 21 55) )

| +-_62944:de scr ib e(e nti ty( 1,_ 62 155 ))

| +-_62964:hea dn oun (en tit y(1 ,_ 621 55) ,_6 278 4)

| | +-_62999:s -a ttr ib( ent ity (1 ,_6 215 5), _62 76 1^c ate gor y(_ 62 761 ,cr eat ure ))

| | +-_63039:s ub set (_6 279 0,_ 62 761 ^ub (_6 278 6, _62 788 ,ca teg or y(_ 627 61, cre at ure )), _62 784 )

| +-_63044:mod if ier s(e nti ty( 1, _62 155 ),_ 627 84 )

| +-_63064:m od ifi er( ent ity (1 ,_6 215 5), _62 78 4,_ 624 37)

| | +-_63094:s -at tri b(e nti ty (1, _62 155 ),_ 62 762 ^as ses sme nt (_6 276 2,w eir d) )

| | +-_63134:s ubs et( _62 784 ,_ 628 47^ ub( _62 83 8,_ 628 40, app ly (_6 276 2^a sse ss men t(_ 627 62, we ird ),

| | - _62847)),_6 243 7)

| +-_63139:m od ifi ers (en tit y( 1,_ 621 55) ,_6 24 37)

| +-_63159:m odi fie r(e nti ty (1, _62 155 ),_ 62 437 ,_6 243 8)

| | +-_63189:s- att rib -re l( ent ity (1, _62 15 5), ent ity (20 ,_ 621 58) ,_6 216 0^ _62 163 ^on (_6 21 60, _62 163 ))

| | +-_63234:re f(e nti ty( 20 ,_6 215 8), _62 53 1)

| | +-_63239:su bse t(_ 624 37 ,_6 254 2^u b(_ 62 459 ,_6 246 3,a pp ly( app ly( _62 16 0^_ 621 63^ on( _6 216 0,

| | | - _62163),_ 625 42) ,_ 625 31) ),_ 624 38 )

| | +-_63244:re fer (en tit y( 20, _62 158 ))

| | +-_63274: s-r efe r(e nt ity (20 ,_6 215 8) )

| | +-_63294: des cri be( en tit y(2 0,_ 621 58 ))

| | +-_63314:h ead nou n( ent ity (20 ,_6 21 58) ,_6 263 3)

| | | +-_63349:s- att ri b(e nti ty( 20, _6 215 8), _62 184 ^c ate gor y(_ 621 84 ,te lev isi on) )

| | | +-_63389:su bse t( _62 648 ,_6 218 4^ ub( _62 640 ,_6 26 44, cat ego ry( _6 218 4,t ele vis io n)) ,_6 263 3)

| | +-_63394:m odi fie rs (en tit y(2 0,_ 62 158 ),_ 626 33)

| | +-_63424:nu ll

| +-_63434:m odi fie rs( ent it y(1 ,_6 215 5), _6 243 8)

| +-_63464:nu ll

+-_62383:s -re jec t(p 57 ,V1 )

V1=s-attrib -re l(e nt ity (1, _62 155 ), ent ity (20 ,_6 21 58) ,_6 216 0^_ 62 163 ^on (_6 216 0, _62 163 ))

s-refer(ent ity (2 0,_ 621 58) )

s-attrib(en tit y( 20, _62 158 ),_ 62 184 ^ca teg ory (_ 621 84, tel evi si on) )

User Model: Adding Proposition

plan(user, p12 9,m b(s ys tem ,us er, rep la ce( p57 ,V1 )))

V1=_62894: ref er( ent it y(1 ,_6 215 5))

+-_62924:s -re fer (e nti ty( 1,_ 621 55 ))

+-_62944:d esc rib e( ent ity (1, _62 15 5))

+-_62964:he adn ou n(e nti ty( 1,_ 62 155 ),_ 627 84)

| +-_62999:s-a tt rib (en tit y(1 ,_ 621 55) ,_6 276 1^ cat ego ry( _62 76 1,c rea tur e))

| +-_63039:sub se t(_ 627 90, _62 76 1^u b(_ 627 86, _6 278 8,c ate gor y( _62 761 ,cr eat ur e)) ,_6 278 4)

+-_63044:mo dif ie rs( ent ity (1, _6 215 5), _62 784 )

+-_63064:mod if ier (en tit y(1 ,_ 621 55) ,_6 278 4, _62 437 )

| +-_63094:s -a ttr ib( ent ity (1 ,_6 215 5), _62 76 2^a sse ssm ent (_ 627 62, wei rd) )

| +-_63134:s ub set (_6 278 4,_ 62 847 ^ub (_6 283 8, _62 840 ,ap ply (_ 627 62^ ass ess me nt( _62 762 ,we ir d), _62 847 ))

| - ,_62437)

+-_63139:mod if ier s(e nti ty( 1, _62 155 ),_ 624 37 )

+-_63159:m od ifi er( ent ity (1 ,_6 215 5), _62 43 7,_ 624 38)

| +-_63189:s -at tri b-r el( en tit y(1 ,_6 215 5) ,en tit y(2 0,_ 62 158 ),_ 621 60^ _6 216 3^o n(_ 621 60 ,_6 216 3))

| +-_63234:r ef( ent ity (20 ,_ 621 58) ,_6 253 1)

| +-_63239:s ubs et( _62 437 ,_ 625 42^ ub( _62 45 9,_ 624 63, app ly (ap ply (_6 216 0^ _62 163 ^on (_6 21 60, _62 163 ),

| | - _62542),_62 531 )), _6 243 8)

| +-_63244:r efe r(e nti ty( 20 ,_6 215 8))

| +-_63274:s- ref er( ent it y(2 0,_ 621 58) )

| +-_63294:de scr ibe (en ti ty( 20, _62 158 ))

| +-_63314: hea dno un( en tit y(2 0,_ 621 58 ),_ 626 33)

| | +-_63349:s -at tri b( ent ity (20 ,_6 21 58) ,_6 218 4^c at ego ry( _62 184 ,t ele vis ion ))

| | +-_63389:s ubs et( _6 264 8,_ 621 84^ ub (_6 264 0,_ 626 44 ,ca teg ory (_6 21 84, tel evi sio n) ),_ 626 33)

| +-_63394: mod ifi ers (e nti ty( 20, _62 15 8), _62 633 )

| +-_63424:n ull

+-_63434:m od ifi ers (en tit y( 1,_ 621 55) ,_6 24 38)

+-_63464:n ull

User Model: Adding Proposition

contribute d(u ser ,p1 29 )
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User Model: Adding Proposition

evaluation (p1 29, suc ce ss)

========== === =

Checking Rules

========== === =

Adding beliefs about the inferred plan

Applying rule4

User Model: Adding Proposition

replace(p5 7,V 1)

V1=_361371 :re fer (en ti ty( 1,_ 361 386 ))

+-_361404: s-r efe r( ent ity (1, _36 13 86) )

+-_361423: des cri be (en tit y(1 ,_3 61 386 ))

+-_361442:h ead no un( ent ity (1, _3 613 86) ,_3 614 55 )

| +-_361483:s- at tri b(e nti ty( 1, _36 138 6), _36 15 01^ cat ego ry( _3 615 01, cre atu re ))

| +-_361546:su bs et( _36 147 9,_ 36 150 1^u b(_ 361 46 5,_ 361 472 ,ca te gor y(_ 361 501 ,c rea tur e)) ,_3 61 455 )

+-_361565:m odi fi ers (en tit y(1 ,_ 361 386 ),_ 361 45 5)

+-_361585:mo di fie r(e nti ty( 1, _36 138 6), _36 14 55, _36 159 9)

| +-_361620: s- att rib (en tit y( 1,_ 361 386 ),_ 36 163 8^a sse ssm en t(_ 361 638 ,we ir d))

| +-_361683: su bse t(_ 361 455 ,_ 361 690 ^ub (_3 61 609 ,_3 616 16, ap ply (_3 616 38^ as ses sme nt( _36 16 38, wei rd) ,

| - _361690)), _36 159 9)

+-_361708:mo di fie rs( ent ity (1 ,_3 613 86) ,_3 61 599 )

+-_361728: mo dif ier (en tit y( 1,_ 361 386 ),_ 36 159 9,_ 361 742 )

| +-_361763: s-a ttr ib- rel (e nti ty( 1,_ 361 38 6), ent ity (20 ,_ 361 783 ),_ 361 78 5^_ 361 788 ^on (_ 361 785 ,

| | - _361788))

| +-_361844: ref (en tit y(2 0, _36 178 3), _36 18 48)

| +-_361855: sub set (_3 615 99 ,_3 618 62^ ub( _3 617 52, _36 175 9, app ly( app ly( _3 617 85^ _36 178 8^ on( _36 178 5,

| | - _361788),_3 618 62) ,_ 361 848 )), _36 17 42)

| +-_361886: ref er( ent ity (2 0,_ 361 783 ))

| +-_361919:s -re fer (en ti ty( 20, _36 178 3) )

| +-_361938:d esc rib e(e nt ity (20 ,_3 617 83 ))

| +-_361957 :he adn oun (e nti ty( 20, _36 17 83) ,_3 619 70)

| | +-_361998: s-a ttr ib (en tit y(2 0,_ 36 178 3), _36 201 6^ cat ego ry( _36 20 16, tel evi sio n) )

| | +-_362061: sub set (_ 361 994 ,_3 620 16 ^ub (_3 619 80, _3 619 87, cat ego ry (_3 620 16, tel ev isi on) ),

| | - _361970)

| +-_362080 :mo dif ier s( ent ity (20 ,_3 61 783 ),_ 361 970 )

| +-_362121: nul l

+-_362143: mo dif ier s(e nti ty (1, _36 138 6), _3 617 42)

+-_362184: nul l

--------

Evaluate

--------

postponing evaluation of mb(system, use r,c ate gor y( _64 327 ,cr eat ur e))

<ma> subset([fe rn1 ,a nte nna 1,c orn er 1,t ele vis ion 1] ,_6 444 2^u b(s ys tem ,us er, cat eg ory (_6 444 2,c re atu re) ),

- _64396)

postponing evaluation of mb(system, use r,c ate gor y( _64 327 ,cr eat ur e))

postponing evaluation of mb(system, use r,a sse ssm en t(_ 643 27, wei rd ))

<ma> subset([an ten na 1,f ern 1], _64 63 1^u b(s yst em, us er, ass ess men t( _64 631 ,we ird )) ,_6 454 0)

postponing evaluation of mb(system, use r,c ate gor y( _64 327 ,cr eat ur e))

postponing evaluation of mb(system, use r,a sse ssm en t(_ 643 27, wei rd ))

postponing evaluation of mb(system, use r,o n(_ 643 27 ,_6 472 4))

<ma> ref(entity (20 ,_ 647 24) ,_6 478 9)

postponing evaluation of mb(system, use r,c ate gor y( _64 327 ,cr eat ur e))

postponing evaluation of mb(system, use r,a sse ssm en t(_ 643 27, wei rd ))

postponing evaluation of mb(system, use r,o n(_ 643 27 ,_6 472 4))

postponing evaluation of subset([an ten na1 ,fe rn1 ], _64 803 ^ub (sy st em, use r,o n(_ 64 803 ,_6 472 4)) ,_ 646 83)

postponing evaluation of mb(system, use r,c ate gor y( _64 724 ,te lev is ion ))

<ma> subset([fe rn1 ,a nte nna 1,c orn er 1,t ele vis ion 1] ,_6 495 7^u b(s ys tem ,us er, cat eg ory (_6 495 7,t el evi sio n)) ,

- _64911)

postponing evaluation of mb(system, use r,c ate gor y( _64 327 ,cr eat ur e))

postponing evaluation of mb(system, use r,a sse ssm en t(_ 643 27, wei rd ))

postponing evaluation of mb(system, use r,o n(_ 643 27 ,_6 472 4))

postponing evaluation of subset([an ten na1 ,fe rn1 ], _64 803 ^ub (sy st em, use r,o n(_ 64 803 ,_6 472 4)) ,_ 646 83)

postponing evaluation of mb(system, use r,c ate gor y( _64 724 ,te lev is ion ))

<con> [televisio n1] =[ _64 724 ]
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postponing evaluation of mb(system, use r,c ate gor y( _64 327 ,cr eat ur e))

postponing evaluation of mb(system, use r,a sse ssm en t(_ 643 27, wei rd ))

postponing evaluation of mb(system, use r,o n(_ 643 27 ,te lev isi on1 ))

<ma> subset([an ten na 1,f ern 1], _64 80 3^u b(s yst em, us er, on( _64 803 ,t ele vis ion 1)) ,_ 646 83)

postponing evaluation of mb(system, use r,c ate gor y( _64 327 ,cr eat ur e))

postponing evaluation of mb(system, use r,a sse ssm en t(_ 643 27, wei rd ))

postponing evaluation of mb(system, use r,o n(_ 643 27 ,te lev isi on1 ))

<con> mb(system, use r, cat ego ry( tel ev isi on1 ,te lev is ion ))

postponing evaluation of mb(system, use r,c ate gor y( _64 327 ,cr eat ur e))

postponing evaluation of mb(system, use r,a sse ssm en t(_ 643 27, wei rd ))

postponing evaluation of mb(system, use r,o n(_ 643 27 ,te lev isi on1 ))

<con> [antenna1] =[_ 64 327 ]

<con> mb(system, use r, cat ego ry( ant en na1 ,cr eat ure ))

<con> mb(system, use r, ass ess men t(a nt enn a1, wei rd) )

<con> mb(system, use r, on( ant enn a1, te lev isi on1 ))

removing plan p57 from belief space

User Model: Adding Proposition

contribute d(u ser ,p1 45 )

User Model: Adding Proposition

evaluation (p1 45, suc ce ss)

User Model: Adding Proposition

mgoal(syst em, use r,p 14 5,k now ref (sy st em, ent ity (1, _1 826 82) ))

*** mgoal updated ***

Applying rule5

User Model: Adding Proposition

achieve(p1 45, kno wre f( sys tem ,en tit y( 1,a nte nna 1)) )

A.5 Constructing \Ok a y"

========== === =

Checking Rules

========== === =

Adding goals

Applying rule9

User Model: Adding Proposition

goal(syste m,m b(s yst em ,us er, ach iev e( p14 5,k now ref (s yst em, ent ity (1 ,an ten na1 ))) ))

==========

Responding

==========

Goal : mb(system,u se r,a chi eve (p1 45 ,kn owr ef( sys te m,e nti ty( 1,a nt enn a1) )))

Effect: bel(user,go al (sy ste m,m b(s ys tem ,us er, ach ie ve( p14 5,k now re f(s yst em, ent it y(1 ,an ten na1 )) ))) )

---------

Construct

---------

Initial Setup

---------- ---

Trying: accept-plan (p 145 )

<con> achieve(p1 45, kn owr ef( sys tem ,e nti ty( 1,a nte nn a1) ))

<con> plan(user, p14 5, kno wre f(s yst em ,en tit y(1 ,an te nna 1)) )

New edge added

End of Initializati on

---------- --- --- --- --
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Expanding (step 0 active 1)

---------- --- --- --- -- --- --- --

Head: accept-pla n(p 14 5)

Need: s-accept(p 145 )

Trying: s-accept(p1 45 )

New edge added

Constructe d Plan

---------- --- ---

accept-pla n(p 145 )

+-s-accept (p1 45)

Actions to be fed to generator

---------- --- --- --- -- --- --- ---

s-accept(p 145 )

User Model: Adding Proposition

plan(syste m,p 207 ,mb (s yst em, use r,a ch iev e(p 145 ,kn ow ref (sy ste m,e nt ity (1, ant enn a1 ))) ))

User Model: Adding Proposition

contribute d(s yst em, p2 07)

User Model: Adding Proposition

evaluation (p2 07, suc ce ss)

========== === =

Checking Rules

========== === =

Adding beliefs about the constructe d plan

========== === =

Checking Rules

========== === =

Adding goals
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