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A Model for Incremental Utterance Production in
Task-Oriented Dialogues

KoHJ1 DOHSAKAt and AKIRA SHIMAZUt

This paper presents a computational model for incremental utterance production in task-
oriented spoken dialogues. This model incrementally produces utterances which propose the

solution of a given problem, while simultaneo

usly solving the problem in a stepwise manner.

Even when the solution has been partially determined, this model starts utterances to satisfy
time constraints where pauses in mid-utterance must not exceed a certain length. This model
generates utterances constituting a discourse. Based on the results of an analysis of discourse
structure in a dialogue corpus, it is shown that the fine structure of discourse prevails in
spoken dialogues and contributes to the incremental strategy of utterance production. This
model utilizes such a discourse structure to incrementally produce utterances constituting

a discourse. Pragmatic constraints are

exploited to guarantee the relevance of a discourse,

which are evaluated by an utterance simulation experiment.
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Fig.1 Excerption from transcription of dialogue.
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Table 1  Frequency distribution for utterance units.
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Fig.2 Discourse relations in Fig. 1.
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Table 2 Frequency distributions for discourse relations.

(a) ErkBItR (b) EBIBHE
Elaboration 300 Motivation 66
Sequence 74 Background 14
Cirucumstance 60 Evidence 10
Condition 26 Interpretation 6
Result 26 Concession 3
Purpose 2 Enablement 1
Contrast 1

xRl 5.

Sequence BI#RIZE L LT F X 1 > Di7 5 % R MM
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Fig.4 Sample route map.
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(r1) plan([al, a2, a3}).
(r2) cont(al, {type(al, move), source(al, x1),
manner(al, x2), dest(al, x3)}).
cont(x1, {type(x1, building),
named(x1, “KE¥Ft >~ ¥7)}).
cont(x2, {type(x2, bus)}).
cont(x3, {type(x3, station),
nearest(x3, x1)}).
cont(a2, {type(a2, move), source(a2, x3),
dest(a2, x4)}).
cont(a3, {type(a3, move), source(a3, x4),
manner(a3, x5), dest(a3, x6)}).
cont(x4, {type(x4, station),
nearest(x4, x6)}).
cont(x5, {type(x5, bus)}).
cont(x6, {type(x6, building),
named(x6, “EARt  77)}).
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(r3) plan([ad, a5, a6, a7]).
(r4) cont(ad, {type(ad, move), source(ad, x1),
manner(ad, x2), dest(ad, x7)}).
cont(x7, {type(x7, station),
named(x7, “HH#F")}).
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(r5) persuaded_plan([al, a2, a3]).
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ZOBBEIND,

Act(47TB 3k, Appcon: MM &M,
Effect: %h5%).
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(r9)
(r10)

(rl1)
(r12)

(r13)

(r14)

(r15)

(r16)

WHARE 2 S5k

Act(propose_act(xA), Effect: persuaded_act(*A)).
Decomp(propose_act(xA), Appcon: cont(xA,xC),

Plan: [achieve(described_event(+A, «C, proposal)))).
Act(describe_event.by_elaboration(*E, »C, x At), Effect: described_event(*E, xC, x At)).
Decomp(describe_event_by_elaboration(+E, «C, *At),

Appcon: sThematicRel € «C A xThematicRel =.. [*R,*E, O] A xR # typeA

cont(+0, x0bjC) A xRest = «C — {xThematicRel},

Plan: [achieve(described_obj(+O, *ObjC)),
achieve(described_thematic_rel(sR, O, xE)),
achieve(described_event(E, xRest, «At))]).

Act(describe_obj_with_thematic_rel(*O, +C, xR, *E),
Effect: described-obj(+O, *C) A described_thematic.rel(*R, +O, *E)).
Decomp(describe.obj with_thematic_rel(xO, *C, *R, *E),
Appcon: cont(xE, xEventC) A type(xE, «T) € xEventC,
Plan: [surface.desc.obj(xO,+C, +R, «T))).
Act(describe_event_type(+E, «xC, «At), Appcon: +C = {type(+E, *T)},
Effect: described_event(»E, xC, x At)).
Decomp(describe_event_type(=E, xC, + At), Plan: [surface_desc_event(xE, xC, *At)]).

5 Elaboration BfRIZKS(RETS T v Yo Eek
Fig.5 Definitions for planning utterances based on Elaboration relation.
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(1) 12 Sequence BRI XD BESS = 7T
1, (2) 2 Elaboration BRI ¥ RE ST =
YT THAH, &6, FAL U TBOBE4DBREE
ZRBTIBIIRDE ) RRETTI VA URT B,
(3) FAAUITADHMERERNHFETZ LV L

EE-oTHhL, FOMKERELBMEE bIiEdT

BEWIRETT L EURT S,

ZHUIKEE T — & DR THEEIIBIN S Circumstance
BMERICEICRE T =0 7 Chb. 3BTRS
£ 912, T Motivation BIRICESC RES T
=y TEbREED. UTFIZBVT, (1), (2), 3) 0
RETS7 = VOERETHIIRT.

7.3.2.1 Sequence Bifk

RDOFTEAX—7 (16) 1IN XL > 75> %15
FURASE - ODMBREEITELYTHT S, W
THIE LT IIERYHT.

(r6) Act(propose_acts_in_seq(xP),
Appcon:plan(xP),
Effect:persuaded_plan(* P)).

ROGHRA ) 2 F (r7) 12 (r6) DIFRIERIT AL E
TY5-00FM% 75 2 EHhT 5.

(r7) Decomp(propose_acts_in_seq([x A | *R]),
Appcon:xR # [],
Plan:[achieve(persuaded_act(xA)),

propose_acts_in_seq(*R)]).

Z I 7T, achieve(P) 3HE P %K T 5i7A%Y %K
Y. EE[H|R) W, $—FEN H CHE—EE%R
CREBDVAME RTHBHEI LY A2 ERT.

BIE LT, MMDREEE (15) 12 (16) & (17) %
BATHE, RORETS5> (18) KUK SN B,
(r8) achieve(persuaded_.act(al)),
achieve(persuaded_act(a2)),
achieve(persuaded_act(a3)).

ZDXHIZ, (16) & (r7) DABIZL 5T, FAA
YT BT A EITBEMEICHEE ISR SETY
< &) Sequence BIRICEDC RE STV 2 VERT
E

7.3.2.2 Elaboration Bif&

5 i3 Elaboration B#RICETVWT F A [ V55
DABFEBEFERIERTE0DFTEAF —< LR
Ay FERT. FBAV v F (r12) 2BV, R
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(r18) Act(describe_obj with_existential_precond(»O,*C,*R, *E),
Effect: described_obj(»O, *C) A described_thematic.rel(xR,*0,*E)).
(r19) Decomp(describe_obj_with_ezistential_precond(+O,*C, xR, xE),
Appcon: get.existential_precond(*Precond, O, +E),

Plan: [describe_existential_precond(xPrecond, O, xC),
describe_obj_with_thematic_rel(xO, *C, xR, xE)}).
(r20) Act(describe_ezistential_precond(*Precond, O, *xC),
Effect: described_obj(xO, *C) A described_thematic_rel(subj, O, * Precond)A
described_event(* Precond, {type(+ Precond, ezist)}, present_reason)).
(r21) Decomp(describe_ezistential_precond(* Precond, xO, *C),
Plan: {surface.desc.obj(*O, xC, subj, exist),
surface_desc_event(xPrecond, {type(* Precond, exist)}, present_reason)]).

6 Circumstance BRICKT(RETI v = v Y DLODKEH
Fig.6 Definitions for planning utterances based on Circumstance relation.
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(r17) surface_desc_obj(x1, {type(x1, building),
named(x1, “KE¥Ft > ¥7)},
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).

BB, ¥ NALTTY (13) BPURSN B
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7.3.2.3 Circumstance BJf&
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(r22) cont(a8, {type(a8, geton), dest(a8, x8)}).

cont(x8, {type(x8, bus),
named(x8, “FZND BHFILUITZ”)}).

IDF AL ViTH a8 EERFICRAESEL LV
REBELERTAOICE S5 TRL7 (r9)~(r12)
YEATAE, RORETTOHFIRSINS.

(r23) achieve(described_obj(x8, {type(x8, bus),
named(x8, “F&N BHFIIT E")})),

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

achieve(described _event(a8,
{type(a8, geton)}, proposal)).

I T (r23) /NN 2 DOEMEEITAIIE 6 D
TBAX—=< (r18) LAV v F (119) £ HEAL,
FOERBONZHERIZETHOFICR S &6 O
FABAF—LOMAYV Y FEERALTWLE, XD
RETT B OND.

(r24) surface_desc_obj(x8, {type(x8, bus),
named(x8, “FFDEFILITE")},
subj, exist),

surface_desc_event(el, {type(el, exist)},
present_reason),

surface_desc.obj(x8, {type(x8, bus),
named(x8, “ZFN BEFIIT ")},
dest, geton),

surface_desc_event (a8, {type(a8, geton)},
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proposal).
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(r25) surface.desc_obj(x1, {type(x1, building),
named(x1, “E¥Ft > #7)},
source, move),

surface_desc_obj(x2,{type(x2, bus)},
manner, move),
surface_desc_obj(x7, {type(x7, station),
named(x7, “FH#F")},
dest, move),
surface_desc_event(ad, {type(ad4, move)},
proposal).

FLORET 7 P URSWBETEEL BB 2 18
BIZETAIBROND L, HORETT L IETCR
BIIPH S LVRET T VC XD REEHVH S
3,

HWRET T VICETCRE (ul) O [BREFY DR
IT) MHRESNIET, FLRRETST ~ (125)
PRONIET D, ZOBETRE (ul) TPl sn,
RET7 2 (125) LED BREFHFBEREN L, S35
WA (c1) KL > TT TCIREERADERITEY
BENZ, 8B, ROLI)2REVERSINLZ L
k5.

(u3) REFL 2513 TTR/NAT/REH DR

IT/HEHFEIT/AToTTIRY/

& (u3) KBV TR, [BRFHVOERIT] v
REVHERD [HFHFIT) LVIRFELoTEY

Dec. 1996
ERR (FAR =R BNDL L F- 7
8. REIaL—-Ya %R

ZDETIIE Common Lisp 2> TER X hTw
b MM RBETSS = VDETV 2 — VDER
CIIRENGE L A7 A D 2R L7, PSR
T2 VOEHFIIBLTE, ABTHICE -5
BXEERERICNT 2HEE B 201 18 BOFT
BAX—VL I6BDORIMAY v FE BT, BES
TV A VOEREIIBLTIE, TETCEL
LODEEFOTI6WOITBAX—< L 16 HOTE A
Vv FEgni,

ETNVOMEL SEAARMHOVR L ELT S0
W, ERSN VAT L@ THEFE 32—V a
CRBREITo. ERIFHEEAFNOEZAALHE
ERBLRPo BB L CER SN REL KT 2
ZEIEoTHT o7 120 DREEY, 25 OBHRES
RO ETCOREEMIFERMEL 52 7. M4 TR
Lo ER TR -> RO —8Th 2.

HAEAMS TR LAY A 7 41X RHIR
TFV LD OB LBREEERL 2. ROKEMITR
MWE L s HhORREY S FTITCEVIBHESS 2
REBIZVATANERL-RETHS.

(BAEE 1)

(w4) REHLY I H»513/NAT/BRE)ORE T/
(W5) R—LERFITTTRMTL LR/
(u6) T/HOFMT/TRIRETT/T-T/

(u?) MHBHRT/ERAEIC/IToTLEEW/
(u8) ERME[INA R AT R/

(u9) ZEOBFUTEDNZAN/HHETOT/
(ul0) EhicF->T/

(ull) EEHREFBIT/EY X T

3 (ud) Tit, T4 B TR LI, SHEEAH
#(cl) P ERASWTRLZRBFIBITIONTVS. §
#(cl) #fEbr vk, (ud) TRESNS: [REFL
v IM6Id], [/SAT) Lo KBA (u5) ThHik
NBREH, REVIIRTAEREL LS., ZOBATE
HIPOLEPAEZE COERIRESNTEY, (ub),
(7)) BRESNI. T2, Kl (c2) REL LTHEY
TABORREOEORBEFALDDIBVHLATWS,

a5 (u5) DR TRETEHERED L OBBIHRE S
NTVRWVIBEIZ, (u5) BV TROBEEIER &
7.

(BREEHI 2)
(ul2) TN T/PHEBROEFRBZ T/THEL VD

TEAH



Vol. 37 No. 12

(ul3) 2 — & HEHIFPSLRTTR/HOERT/Ti
RET/AT-oTLEEW

REE (u12) IIFMFRETFAHOICER SN &
F(ul2) ORTEICREPREANER SN TVS., 2
ORETERED S OERBIFMLINTSEY,
BE (u13) 25 F OB E B LD D25, H# (c3)
KEDEFREPSOEBRERET -0 ERRK
ELrFFAHE>OERFIRTLENHS. Lido
T, EHETRECLL: [FHFLPOLETTA] LW
IRBOSTTREFBINL. SHEARNHLERAL 2V
BEITIITECERKRICN L TAEY 2 BEEK
anfr.

9. BEbH I

ARTIE, BEHRTICBVTHRMICRE L EK
FTAHHEEFVERLE., TOEFVTCR, YA2EE
MEOE LSEHEICBNT, HoMESEIONT
L&D, MEOMENERFICRRT Z7-OICRET
HEVIBPHLEEL TS, EFVIIEENEE K
DuVFOFERICBERET 27-D0%E L #RNIE
B 5. BRRIEIBRZ S 201, BAESIIC LR
ELTOVRVBEATRELREL, BELLVORO
FHLEED S,

COEFNVIE—EDRFEL 1 DOPEEE LTERT
3. FAZEMMMED I — AN D RERELY
L, FO&ER»LEE L SEMEICIIFE ORM
REMEIBEEIIBNAZ L ERL, FOMML SRS
WELSWROBFEER I CEMT L2 LERLL. T
WIZE I Vo 7235 L ST EE A OB 2 XEEHE
WEDTWT—EDREY 1 DOFKEL L THRNIZE
RT3, ARESNHFHEVBYTHS 2 LIZFHEER
HHIZ Lo TR S h 2. SEEBHBHOYHRITRE
3Ialb—TarvERIII->THIEINTWS,

SO FmEE LTiIE, ZRTREL/CETLE
RLT, #HEHFELOOT A/ F 8 AARRRE I
MLOOMKRINIRELERT AH7-0DFE L SEER
EFNEMEST LI ENDHD, FELFEME BT
12, HHAESMEIRSE L T ABRPISHFERFIC
BT A4 VFRENAARENERE D, FRTREL
REFMIINES R REFEMNCRELERTH LV
BrFEOOT, WEHMELODOT AV FRHNALE
ERELE ZICABICHATESZESPFTE A,

BB HEIVRBRIIEUCHS VL AHE—
ERTEMEBHERERE, £YHIFR/IIL L TWAEL
A EERRMFIE SNV — TORKICERF L ET.

¥ A 7RO IRIZ BT 5 MRMBREER T TN 2199

2 £ XM

1) Carletta, J., Caley, R. and Isard, S.: A Sys-
tem Architecture for Simulating Time-con-
strained, Language Production, Research Pa-
per HCRC/RP-43, University of Edinburgh
(1993).

2) De Smedt, K. and Kempen, G.: Segment
Grammar: A Formalism for Incremental Sen-
tence Generation, Natural Language Genera-
tion in Artificial Intelligence and Compula-
tional Linguistics, Paris, C.L., Swartout, W.R.
and Mann, W.C. (Eds.), pp.329-349, Kluwer
Academic Publishers (1991).

3) Grice, H.P.: Logic and Conversation, Syntaz
and Semantics Vol.3: Speech Acts, Cole, P. and
Morgan, J. (Eds.), pp.43-58, Academic Press
(1975).

4) Grosz, B.J. and Sidner, C.L.: Attention, Inten-
tions, and the Structure of Discourse, Compu-
tational Linguistics, Vol.12, pp.175-204 (1986).

5) Halliday, M.A.K.: An Introduction to Func-
tional Grammar, Edward Arnold (1994).

6) Hovy, E.H.: Automated Discourse Generation
Using Discourse Structure Relations, Artificial
Intelligence, Vol.63, pp.341-385 (1993).

7) Kempen, G. and Hoenkamp, E.: An Incremen-
tal Procedural Grammar for Sentence Formu-
lation, Cognitive Science, Vol.11, pp.201-258
(1987).

8) Levelt, W.J.M.: Speaking: From Intentions to
Articulation, MIT Press (1989).

9) Mann, W.C. and Thompson, S.A.: Rhetorical
Structure Theory: Towards a Functional The-
ory of Text, Text, Vol.8, pp.243-281 (1988).

10) ML, HETH] @ BREEARELE (W),
<AL BHRM (1992).

11) Moore, J.D. and Paris, C.L.: Planning Text for
Advisory Dialogues: Capturing Intentional and
Rhetorical Information, Computational Lin-
guistics, Vol.19, pp.651-694 (1994).

12) Nakano, M.: Constraint Projection: An Ef-
ficient Treatment of Disjunctive Feature De-
scriptions, Proc. 29th Annual Meeting of the
Association for Computational Linguistics,
pp.307-314 (1991).

13) Pechmann, T.: Incremental Speech Produc-
tion and Referential Overspecification, Linguis-
tics, Vol.27, pp.89-110 (1989).

14) Reithinger, N.: POPEL - A Parallel and
Incremental Natural Language Generation,
Natural Language Generation in Artificial
Intelligence and Computational Linguistics,
Paris, C.L., Swartout, W.R. and Mann, W.C.



2200 WL E SR E

(Eds.), pp.179-199, Kluwer Academic Publish-
ers (1991).

15) Reithinger, N.: The Performance of an In-
cremental Generation for Multi-modal Dia-
log Contributions, Aspects of Automated Nat-
ural Language Generation, Dale, R., Hovy, E.,
Résner, D. and Stock, O. (Eds.), pp.263-276,
Springer-Verlag (1992).

16) Russel, S. and Norvig, P.: Artificial Intel-
ligence: A Modern Approach, Prentice Hall
(1995).

17) B B, JIHRKLC HE7T-s0&RRE, £
44 OFRLABESEE KRR/ LK 3), IN-5,
pp-99-100 (1992).

18) Stenstrém, A.-B.: An Introduction to Spoken
Interaction, Longman (1994).

19) Walker, M.A. and Rambow, O.: The Role of
Cognitive Modeling in Achieving Communica-
tive Intentions, Proc. 7th International Confer-
ence on Natural Language Generation (1994).

(‘PR 8 ¥ 6 A 21 H®Z1Y)
(‘P8 £ 9 A 12 HR$R)

Dec. 1996

iR &= (ELEB)

1962 fE4. 1984 SERRAF R
TH#HMERLTFEHFEE. 1986 £
RERBLRESET. FHENTT A
tt. B{E, NTT Eeofseiridet
EM AR EERMA S V- TERE

M%E. HASHELEOME.EE. BT HEEES
2, NITHEE%S, V7 by 7844, BAZEaH

FR, BRLAR¥YRE2A.

B® B (E&H)

1948 4. 1971 UM KEH#
BEFREE. 1973 ERIKERE
THRELT. AEIRBEBELH
KRB ESEEM AR AR, BIE,

- NTT EBERF FEAT A2/ 7800
EERNREIIN—TY) - Y. BEIIa=—Yar
DOMFEIRE. T¥MM+t. SHELEEEL, FHREEF
=, BFEREREFR, ALHE¥SK, ACL, ACM
&&8.




