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Abstract

In this thesis, we discuss an architecture for spoken dialogue systems that achieves
smooth conversation between a system and its users through appropriate cooper-
ation among system components.

A spoken dialogue system is composed of utterance understanding, utterance
generation, and dialogue control components. We discuss a system architec-
ture with emphasis on how the components should cooperate with each other
to achieve a natural and efficient dialogue. First, we present an utterance under-
standing method based on pragmatic constraints for identifying the referents of
zero-pronouns. Through cooperation between the utterance understanding and
generation components sharing contextual information, the proposed method not
only understands user utterances but also serves for generating relevant system ut-
terances under the context, and it enables a system to achieve a natural dialogue.

Second, we present an incremental utterance production method that allows a
system to generate utterances while handling user responses. In spoken dialogue,
dialogue participants use utterance units that are smaller than sentences in writ-
ten language. Therefore, conventional methods utilizing sentences as utterance
units cannot rapidly handle user responses during system utterances. The pro-
posed method generates utterances incrementally in small utterance units specific
to spoken dialogues. The utterance generation component cooperates with the
dialogue control and utterance understanding components based on collaborative
principles derived from an analysis of human-human dialogues. Through this co-
operation, a system can generate natural utterances while handling user responses.

Third, we present dialogue control methods called dual-cost and trial dual-cost
methods for a system to convey the desired information to the user in as short a
dialogue as possible. The dialogue length is estimated as the sum of the confirma-
tion cost depending on the speech recognition rate and the information transfer
cost depending on the system database content. By choosing a system action
at each point of a dialogue so as to minimize the total dialogue length through
cooperation among the dialogue control, utterance understanding, and utterance
generation components, the proposed methods achieve a more efficient dialogue
than conventional ones. The results of experiments by dialogue simulation and

with human users prove the effectiveness of the proposed methods.
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Plan: 00O 0).
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Act(propose_acts_in_seq(xP), (4.8)
Appcon:plan(xP),
Effect:persuaded_plan(xP)).

Decomp(propose_acts_in_seq([xA | *R)]), (4.9)
Appcon:*R # [],
Plan:[achieve(persuaded_act(xA)),
propose_acts_in_seq(*R)]).

0 4.5 Sequence OO0 O00O0O0OO00OODOODODODOODODOOO
Sequence [ [

0 4600Sequence 000000000000000000000000000
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000000000000000000000000000000 (4.9)0 (4.8)
000000000000000000000000000

000000000000 (450 (48)0 (49 00000000000000
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achieve(persuaded_act(al)), (4.10)
achieve(persuaded_act(a2)),

achieve(persuaded_act(a3)).
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Act(propose_act(xA), Effect: persuaded_act(xA)).

Decomp(propose_act(xA), Appcon: cont(xA, xC'),
Plan: [achieve(described_event(x A, xC| proposal))]).

Act(describe_event_by_elaboration(xE, *C, x At),
Effect: described_event(xE, xC, xAt)).

Decomp(describe_event_by_elaboration(xE, xC, x At),
Appcon: *ThematicRel € xCN
«xThematicRel =.. [«xR,*E, O] A xR # typeA

(4.11)

(4.12)

(4.13)

(4.14)

cont(xO, x0bjC') A xRest = xC' — {*ThematicRel},

Plan: [achieve(described_obj(xO, x0bjC)),
achieve(described_thematic_rel (xR, %O, xE)),
achieve(described_event(xE, x Rest, x At))]).

Act(describe_obj with_thematic_rel(xO, *C, xR, *E),
Effect: described_obj(xO,*C)A
described_thematic_rel(xR, O, xE)).

Decomp(describe_obj with_thematic_rel(xO, *xC, *R, *E),
Appcon: cont(xE, xEventC') A type(xE, xT') € xEventC,
Plan: [surface_desc_obj(xO,*C, R, *T)]).

Act(describe_event type(xE, xC| xAt),
Appcon: xC' = {type(xE,*T)},
Effect: described_event(xE, xC,xAt)).

Decomp(describe_event_type(xE, xC, x At),
Plan: [surface_desc_event(xE, xC, xAt)]).

0 4.6: Elaboration0 0 000000000000 O0OOCODOOO
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Elaboration O O
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F(X,Y,..)=.[FX,Y,..]00 F(X,Y,..)0000 [F,X,Y,..] 000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000

00000000 surfacedescobj 10 0000000000000 OOOO
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00000000000000000000000000 9000000000
000000000000000000000000000000000000
000000000000 (410)0000000000 4600000000
000000000000000000000000000

surface_desc_obj(x1, {type(x1, building), (4.19)
named(x1, “0000007)},
source, move),
surface_desc_obj(x2, {type(x2, bus)}, manner, move),
surface_desc_obj(x3, {type(x3, station), nearest(x3, x1)},
dest, move),

surface_desc_event(al, {type(al, move)}, proposal).
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Act(describe_obj with_existential_precond(xO, xC, xR, *E),
Effect:described_obj(xO, xC)A
described_thematic_rel(xR, «O, *E)).

Decomp(describe_obj with_existential precond(xO, *C, xR, xE),
Appcon: get_existential precond(xPrecond, O, xE),

Plan: [describe_existential _precond(xPrecond, *O, *C),

describe_obj with_thematic_rel(xO,*C, xR, *E)]).

Act(describe_existential precond(*Precond, O, xC'),
Effect: described_obj(xO,*C)A
described_thematic_rel(subj, *O, * Precond)\
described_event(xPrecond,
{type(xPrecond, exist)},

present_reason)).

Decomp(describe_existential precond(x Precond, xO, xC'),

Plan: [surface_desc_obj(xO, *C,| subj, exist),

(4.20)

(4.21)

(4.22)

(4.23)

sur face_desc_event(x Precond, {type(xPrecond, exist)},

present_reason))).

O 4.7: Circumstance U 0000000 OO0OOOOOOOOOOO
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Udodoooobobobboobboboodd presentreason 1000000000
goboobbuoobbooobooobbooobbooo
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cont(a8, {type(a8, geton), dest(a8, x8)}). (4.24)
cont(x8, {type(x8, bus), named(x8, “0O0 D000 DOO7)}).

OobOobobdo8bobobobooboooboooobooboboobooboan
0460000 411)04.14) 0000000000000 QODOOOOOOO

achieve(described_obj(x8, {type(x8, bus), (4.25)
named(x8, “0000000O7)})),

achieve(described_thematic_rel(dest, x8, a8)),

achieve(described_event (a8, {type(a8, geton)}, proposal)).

000 (425) 0000200000000 470000000 (42000000
000 (421)000000000000000000O0O0OD 4600 470000
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surface_desc_obj(x8, {type(x8, bus), (4.26)
named(x8, “0 0000007},
subj, exist),
surface_desc_event(el, {type(el, exist)}, present_reason),
surface_desc_obj(x8, {type(x8, bus),

named(x8, “0000000O7)},
dest, geton),

surface_desc_event (a8, {type(a8, geton)}, proposal).
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Act(propose_act_with_motivation(xA), Effect: persuaded_act(xA)). (4.27)

Decomp(propose_act_with_motivation(xA), (4.28)
Appcon: get_motivation(xP, xA),
Plan: [propose_act(xA), assert_motivation(x P, *A)]).

Act(assert_motivation(xP), Effect: persuaded_prop(xP)). (4.29)

Decomp(assert_motivation(xP), (4.30)
Appcon: cont(xP, xC),

Plan: [described_event(x P, *xC| present_reason))).
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[sur face_desc_obj(xO,*C| *R, *E),
sur face_desc_event(xE, {type(xE,*T)}, xAt)]
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surface_desc_obj(x1, {type(x1, building), (4.31)
named(x1, “0000007)},
source, move),
surface_desc_obj(x2,{type(x2, bus)},
manner, move),
surface_desc_obj(x7, {type(x7, station),
named(x7, “0007)},
dest, move),

surface_desc_event(ad, {type(ad, move)}, proposal).
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