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Abstract

Spoken dialogue systems for information retrieval are very popular in the
research of dialogue systems. Dialogue management is one of the kernel technologies
to set up such systems. In this dissertation, in-depth study and active practice are
carried out on the fundamental theory, the concrete methods, and the practical
application of dialogue management. The achievements are as following:

1. A psychological model for dialogue management is proposed. The current
dialogue management methods focus on the surface layer of dialogue utterances
according to the dialogue model theories that come from the technology of natural
language understanding. These methods cannot be applied to tasks in different
domains and the system performances are not good enough. With the reference to the
theories of dialogue mentality in psycholinguistics, a psychological model for
dialogue management is proposed. With utterance semantics as input and response
semantics as output, this model is made up of three parts: knowledge, history and
strategies, which interact and influence each other. The dialogue management can be
divided into knowledge management, history management, and response reasoning.

2. A knowledge representation method is proposed as Topic Forest. There are
different representations for domain notions and schema in the current dialogue
management methods. Some of them emphasize on representation of notions while
others on representation of schema. That is the radical reason of their poor portability.
The knowledge presentation method named Topic Forest is thus proposed, which is
applicable for domain tasks with multiple topics and complex topics. This method is
powerful to represent the items with different importance to the topic and shared
information between topics. Because the representation of domain notions are
combined together with the representation of domain schema, Topic Forest can be
directly used to represent the dialogue knowledge and dialogue history. This

representation method can replace the current ones in different domain tasks.
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3. The dialogue management method based on Topic Forest is further proposed,
which includes algorithms of knowledge management, history management and
response reasoning. The dialogue management method has been applied to a
background dialogue system called EasyFlight, and the system performance is
excellent. A large-scale system evaluation was executed, which demonstrated good
performance on consistency, flexibility, and portability for the proposed dialogue
management.

4. A customized framework for dialogue systems is proposed, which is capable
of management for multiple concurrent dialogues. The core of the framework is the
dialogue management module applied with the dialogue management method based
on Topic Forest. In the natural language understanding module, an enhanced kind of
context free grammar, which is based on semantic classes, is applied. It is
concluded with the practice of several projects that the framework is very
useful to set up Chinese spoken dialogue systems for information retrieval

rapidly and effectively.

Keywords: dialogue systems, dialogue management, dialogue management

model, customized frameworks for dialogue systems
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ARt gn s anfa Bl R g H T E B AR TE S B0 OC B 1]
fic & A . Ho4 mat_brand . mat_province . mat_city . mat_company .
mat_productl F1 mat_product2 JLZE P& KA 2, HAIH T —&#459.

AT T B SRR R S By N R T R 3] R N S A O e e —
B OSBRI AR SCARBCTE WP S EANREAH R, PRI A e AH [ 3 S O A
SR A 7] B S #g iR] 25, 1 mat_productl #1 mat_product2.

RF— OB DA DB IR R A P U, J5 BRE SCMERE 720 (Null. Copy
B¢ Custom) , &F—ANOCHE 4y SCARFIPE & o ChT B RIE, 5 i DS
T NG SN .

[ato_O_9]Copy K ->xinl he2

8-> bal b2 ->yuan2 yi4
2->erd

9 ->Jiu3 [mat_brand3]Custom
0-> I!ngz FHgEn] -> yil na4 ke3
6 -> liu4

MUTUINACO ->e mOe u0 e tOe ul e i0

7->qil en0e ale cOe 00
3 ->sanl INACO->e i0e n0e a0e _cOe 00
4 ->si4
5 ->wu3 [ato_brand]Null
L=yl B > pai2
[ato_a]Copy T -> pai2 zi3
A->e_a0 )
[mat_province]Copy
[ato_Ib]Copy 2%1%5} ->anl huil
LB->e_l0e b0 JExt -> bei3 jingl

HEK -> chong2 ging4
[mat_brandl]Copy e
fif% ->al zhenl

YN -> aid li4 man4 [mat_province2]Copy

TLEAR -> aid Iv4 senl Bkt -> shan3 xil
[ato_province]Null

[mat_brand2]Copy 4 ->sheng3

44 -> dongl mei2 HIAX ->zi4 zhid qul

oA -> Iva yud i ->shid

=& ->sanllud
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[mat_city]Copy
#2111 -> anl shanl
E2%< ->bal dongl
Fi3 -> bai2 cheng?2

[ato_city]Null
% ->meng2
i ->shi4
B > xian4

[mat_company]Copy

By I e S B A M AL IR BL ghky ) -> al
ba4 zang4 zu2 giangl zu2 zi4 zhi4 zhoul
hong2 yuan2 xian4 nai3 fen3 chang3

By 41 > #R 4 (L fr i ) -> al cheng2 jinl
doul Iv4 se4 shi2 pin3 chang3

B2 L et A IR A w -> al zhenl
ming2 te4 Iv4 se4 shi2 pin3 you3 xian4 gongl
sil

[mat_productl]Copy

B %4k -> al wei4 gul

B B 75 HE Sk -> al wei4 gul guan4 tou0
BT /K-> al zhenl xiao3 mi3

[mat_product2]Copy

HJKT ->bai2 gual zi3

SFZURMSE Pl -> cai4 zi3 pengl tiao2
you? cai4 zi3 you?

S -> caid zi3 sed lal you2

0_chanpin]Null
i ->chan3 pin3
2577 i -> lei4 chan3 pin3

[at
}1‘:

[tag_may_i_ask]Null

#r—F ->cha2yil xia4

LR -> gaod su4 wo3

i) -> qing3 wend

] —F ->wen4 yil xia4

AJm) -> wo3 xiang3 wen4
AUJE -> wo3 xiang3 zhil dao4
Ak -> wo3 xiang3 zhao3

[tag_exist]Null
A ->you3

[tag_not_exist]Null
A -> mei2 you3

[tag_exist_g]Null
A ->you3 mal

[tag_exist_or_not]Null
HXA ->you3 mei2 you3
UFANGEF -> hao3 bu4 hao3

[tag_is]Null
J& ->shid
J&F ->shu3d yu2

[tag_isnot]Null
ANJE ->bud shi4

[tag_is_or_not]Null
AAJE -> shid bud shid

[tag_is_qg]Null
S -> shi4 ma0

[tag_what]Null

ik -> nei3

EAS -> nei3 ged
R -> nei3 xiel
f+4 ->shen2 me0

[tag_at]Null
1 -> zaid

[tag_where]Null
EJL -> na3 er2
WL -> na3 1i3
W) -> na3 de0
Wi -> na3 you3

[tag_how_many]Null
% /> ->duol shao3

JL ->ji3

[tag_question_mark]Null
g ->ma0
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[tag_sheng]Null
44 ->sheng3

[tag_shi]Null
i ->shi4
5 -> di4 fangl

[tag_qgiye]Null

/vH] ->gongl sil

]~ ->chang3

J % ->chang3 jial

iy -> danl wei4

Ml -> qi3 yed

A7) "% -> shengl chan3 chang3 jial
Az -> shengl chan3 shangl

J B ->chang3 shangl

% -> shangl jial

[tag_Ivsechanpin]Null
g0 i -> Iv4 se4 shan3 pin3
SEEED N -> Ivd se4 shi2 pin3

[tag_produce]Null

H ->chul

;= ->chan3

AP -> shengl chan3
H7= -> chul chan3
f ->you3

i -> zuo4

S -> maid

[tag_chanpin]Null
F= i -> chan3 pin3
Fidh ->shangl pin3

[tag_Ib]Null

Fri& S -> biaol zhi4d hao4
g%'5 -> bianl hao4

br5 ->biaol hao4

[tag_chandi]Null
7oL -> chand di4

[tag_pai]Null
8-> pai2

p i -> pin3 pai2
J4-F -> pai2 zi0

[tag_de]Null
] ->do0

[tag_lvse]NULL
2ty -> Iv4 se4

[tag_the]Null
XA~ -> zhed ge4
A~ -> nad ged
X ->zhed

A ->na4
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[Lexical Analysis]
0

[Rules]
Il bri&s

Ib_numberl 0*->ato Ibato 0 9ato 0 9ato 0 9ato 0 9ato 0 9ato 0 9

ato 0 9ato 0 9ato 0 9 ato 0 9ato 0 9ato_ _5

Ib_number 0*-> Ib_numberl

Ib_number 0*-> Ib_numberl ato_a
Ib_number 0*-> Ib_numberl ato_a ato_a
Ib_number 0*->tag_Ib Ib_numberl

I/

brandl 1-> mat_brandl

brandl 1-> mat_brand2

brandl 1-> mat_brand3

brand 2-> brand1

brand 2-> brandl tag_the ato_brand
brand 2*-> brand1 ato_brand

I

province 2-> mat_province

province 2-> mat_province2

province 2*-> mat_province ato_province

/i)
city 2-> mat_city
city 2*-> mat_city ato_city

I/ %
company 2-> mat_company

I 7=
productl 1-> mat_productl
productl 1-> mat_product2

product 2-> productl
product 2-> tag_lvse productl

product 2-> tag_lvsechanpin productl
product 2*-> productl ato_chanpin

VUK B S/

ref_province -> province

ref_city -> city
ref_cify -> ref_province city

ref_company -> company

ref_company -> ref_province company
ref_company -> ref_city company
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Il 4t xx
Il SR = xx
11 xx(ZE) 7= i

I xx 44

1 xx T
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I (XX XX T XX 23]



ref_brand -> brand

ref_brand -> ref_province brand
ref_brand -> ref_city brand
ref_brand -> ref_company brand

ref_product -> product

ref_product -> ref_province product
ref_product *-> ref_province tag_de product
ref_product -> ref_city product

ref_product *-> ref_city tag_de product
ref_product -> ref_company product

ref_product *-> ref_company tag_de product
ref_product -> ref _brand product

ref Ib->tag_Ib

ref_Ib ->ref_product tag_Ib

ref_Ib -> ref_brand tag_lb

ref_chandi -> tag_chandi
ref_chandi -> ref_brand tag_chandi

ref_chandi -> ref_product tag_chandi

I xx %

11 xx 44 xx i

11 (XX 4)XX T xx Jg

11 (xx B (xx T)xx 2> 7] xx f4

11 XX 7= iy

1 XX 28 XX 7=

11 XX 28 (R XX 77 iy

11 (XX 48)Xx T XX 77 i

I (xx 28)xx T[] XX 7= iy
11 (XX 48 (xx TT)xx 23]
I XX 77 iy

I (xx A8 (xx T7)xx 2> #]
11 XX 7= iy

11 (XX 48 (xx i) (xx 2 7])
11 XX JE XX 7=

Il &5

I (xx ) (xx 1) (xx A #])
11 (XX KX 7= AR
11 (XX 48 (xx Ti7)(xx 22 A])
I xx bR

Il 7=

11 (xx A8 (xx 1) (xx 2~ 7])
11 xx WAL 7=

11 (XX 48 (xx 1) (xx 2 A])
I (xx FE)XX 7= i [ 7 3l

I ref_company $5 & H HAKSFRI AT, ref_giye FEA S BARL AR A4

ref_giyel ->tag_qiye
ref_giye2 -> ref_brand tag_giye

ref_giye2 -> ref _product tag_giye
ref_giye -> ref_giyel

ref_giye -> ref_giye2
ref_giye #-> tag_produce ref_giye2

I Ak

11 (XX 28 (xx Ti)(xx 2 )
11 xx Jg A

I (xx A8 (xx 7)) (xx 2~ H])
11 (xx KB)Xx 7= Al

11 (xx 48) A7 xx 4l

Il ref_product $5&H EAKPI 221077 5, ref_chanpin #8435 BAKR Py 2816077

ref_chanpinl -> tag_lvsechanpin
ref_chanpinl ->tag_chanpin

ref_chanpin -> ref_province ref_chanpinl
ref_chanpin -> ref_city ref_chanpinl
ref_chanpin -> ref_company ref_chanpinl

I &A™

Il 7=

11 xx 48 7= i

I (xx 48)xx T 77
I (xx 48 (xx T7)xx 2 #]
11 7=
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ref_chanpin -> ref_brand ref_chanpinl

Il 3 i) A

mark_q_is ->tag_is_or_not

mark_q_is ~-> tag_is tag_question_mark
mark_g_is ->tag_is_q

mark_q_is *->tag_exist_or_not tag_is
mark_q_exist -> tag_exist_or_not
mark_q_exist ~-> tag_exist tag_question_mark
mark_g_exist -> tag_exist_q

mark_q_what -> tag_what

mark_q_what *-> tag_is tag_what
mark_g_what *-> tag_exist tag_what
mark_g_how_many -> tag_how_many
mark_q_how_many *-> tag_is tag_how_many
mark_g_how_many *-> tag_exist tag_how_many
mark_g_tell_me ->tag_may_i_ask
mark_qg_where -> mark_q_is tag_where
mark_qg_where -> tag_where

mark_qg_where -> tag_at tag_where
mark_qg_where -> tag_is tag_where
mark_g_where -> tag_exist tag_where
mark_q_where ~-> tag_at tag_question_mark

11 R R BE 17 1)

I TN 4E

ask_sheng 8-> mark_q_what tag_sheng
query_sheng 8-> ask_sheng

query_sheng 8-> ref_brand ask_sheng
query_sheng 8-> ref_brand ask_sheng tag_produce
query_sheng 8-> ask_sheng tag_produce ref_brand

query_sheng 8-> tag_produce ref_brand ask_sheng

query_sheng 8-> ref_product ask_sheng
query_sheng 8-> ref_product ask_sheng tag_produce

query_sheng 8-> ask_sheng tag_produce ref _product
query_sheng 8-> tag_produce ref_product ask_sheng

query_sheng 8-> ref_chandi ask_sheng
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11 TRy T

ask_shi 8-> mark_g_what tag_shi

ask_shi 8-> tag_is ref_province tag_what tag_shi
query_shi 8-> ask_shi

query_shi 8-> ref_brand ask_shi

query_shi 8-> ref_brand ask_shi tag_produce
query_shi 8-> ask_shi tag_produce ref_brand
query_shi 8-> tag_produce ref_brand ask_shi

query_shi 8-> ref_product ask_shi
query_shi 8-> ref_product ask_shi tag_produce

query_shi 8-> ask_shi tag_produce ref_product
query_shi 8-> tag_produce ref_product ask_shi

query_shi 8-> ref_chandi ask_shi

query_shi 8#-> mark_g_exist ref_company

1177 M 2 R
query_chandi 8-> ref_chandi mark_q_where

query_chandi 8-> mark_qg_where tag_produce

query_chandi 8-> ref_product mark_g_where ref_chanpinl
query_chandi 8-> ref_brand mark_q_where tag_de ato_brand
query_chandi 8-> ref_brand mark_q_where

query_chandi 8-> ref_product mark_g_where

I T WA Al

ask_giye 8-> mark_g_what tag_giye

ask_qiye 8-> tag_is ref_province tag_what tag_giye
ask_qiye 8-> tag_is ref city tag_what tag_qiye
query_qgiye 8-> ask_giye

query_qgiye 8-> ref_brand ask_giye

query_qgiye 8-> ref_brand ask_giye tag_produce

guery_giye 8-> ask_giye tag_produce ref_brand
query_qgiye 8-> tag_produce ref_brand ask_giye

query_qgiye 8-> ref_product ask_giye
query_giye 8-> ref_product ask_qgiye tag_produce

query_giye 8-> ask_giye tag_produce ref_product

query_qiye 8-> tag_produce ref_product ask_giye
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IS E A, WEZD)

ask_pinpai 8-> mark_g_what tag_pai

ask_pinpai 8-> mark_g_what tag_pai tag_de ref_chanpinl

ask_pinpai 8-> mark_g_what tag_pai tag_de productl

ask_pinpai 8-> mark_g_how_many tag_pai

ask_pinpai 8-> mark_g_how_many tag_pai
ref_chanpinl

ask_pinpai 8-> mark_g_how_many tag_pai tag_de productl

query_pinpail 8-> ask_pinpai

query_pinpail 8-> ask_pinpai tag_is ref_chanpinl
query_pinpai 8-> query_pinpail

query_pinpai 8-> ref_product query_pinpail
query_pinpai 8-> ref_province query_pinpail
query_pinpai 8-> ref_city query_pinpail

query_pinpai 8-> ref_company query_pinpail

I 1) 7 i

ask_chanpinl *->tag_produce tag_what
ask_chanpinl 8-> mark_q_what ref_chanpinl
ask_chanpinl 8-> mark_q_exist ref_product
ask_chanpinl 8-> mark_q_what ref_product
ask_chanpinl 8-> mark_q_tell_me ref_product
ask_chanpinl 8-> mark_q_how_many ref_chanpinl
query_chanpinl 8-> ask_chanpinl

query_chanpinl 8-> ask_chanpinl tag_is ref_chanpinl
query_chanpin 8-> query_chanpinl

query_chanpin 8-> ref_province query_chanpinl
query_chanpin 8-> ref_city query_chanpinl

query_chanpin 8-> ref_company query_chanpinl
query_chanpin 8-> ref_brand query_chanpinl

query_chanpin 8-> Ib_number mark_g_what
query_chanpin 8#-> Ib_number mark_q_exist
query_chanpin 8#-> ref_brand mark_g_exist
query_chanpin 8-> ref_product query_chanpinl

Il bRE S

query_lb 8-> ref Ib

query_lb 8-> ref _Ib mark_g_what
query_lb 8-> ref_Ib mark_g_how_many
query_lb 8-> ref_chanpin ref_Ib
query_Ib 8@-> Ib_number ref_company
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Il — ek inl 1)

guery_is_Ibl #-> mark_q_is Ib_number
query_is_Ib 8@-> ref_Ib query_is Ibl
query_is_Ib 8@-> ref_brand query_is_Ibl

query_is_lvsel #-> mark_q_is ref_chanpinl
query_is_Ivse 8-> ref_product query_is_lvsel
query_is_lvse 8-> ref_brand query_is_lvsel
query_is_Ivse 8-> ref_chanpin query_is_lvsel

query_exist_Ivsel #-> mark_q_exist ref_chanpinl

query_exist_Ivsel #-> mark_q_exist ref_product ref_chanpinl

query_exist_Ivse 8-> ref_chanpin
query_exist_lvse 8-> query_exist_lvsel

query_exist_lvse 8-> ref_province query_exist_lvsel

query_exist_Ivse 8-> ref_city query_exist_Ivsel

query_exist_lvse 8-> ref_company query_exist_lvsel

query_exist_product 8@-> ref_product ref_city mark_gq_exist
query_exist_product  8@->  ref product ref province

mark_q_exist

query_exist_product 8#-> ref_product mark_g_exist

guery_exist_giye 8@-> ref_giye ref_city mark_q_exist
query_exist_giye 8@-> ref_giye ref_province mark_g_exist

query_is_shengl -> ref _province tag_de

query_is_sheng2 -> ref_province tag_de tag_chanpin
query_is_sheng2 -> ref_province tag_de tag_lvsechanpin

guery_is_sheng3 #-> mark_g_is query_is_shengl
query_is_sheng4 #-> mark_g_is query_is_sheng?2
query_is_sheng5 8-> query_is_sheng3
query_is_sheng5 8-> query_is_sheng4
query_is_sheng 8-> query_is_sheng5
query_is_sheng 8-> ref_product query_is_sheng5

query_is_sheng 8-> ref _brand query_is_sheng5
query_is_sheng 8-> city query_is_sheng3

query_is_sheng 8-> ref_company query_is_sheng3

query_is_shil -> ref_city tag_de
query_is_shi2 -> ref_city tag_de tag_chanpin
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query_is_shi2 -> ref_city tag_de tag_lvsechanpin
query_is_shi3 #-> mark_g_is query_is_shil
query_is_shi3 #-> mark_q_where ref_city
query_is_shi4 #-> mark_g_is query_is_shi2
query_is_shi5 8-> query_is_shi3

query_is_shi5 8-> query_is_shi4

query_is_shi 8-> query_is_shi5

guery_is_shi 8-> ref_product query_is_shi5

query_is_shi 8-> ref_brand query_is_shi5
query_is_shi 8-> ref_company query_is_shi3

guery_is_companyl -> ref_company tag_de
query_is_companyl -> ref_company tag_produce tag_de
query_is_company2 -> query_is_companyl tag_chanpin
query_is_company?2 -> query_is_companyl tag_lvsechanpin
guery_is_company3 #-> mark_q_is query_is_company2
query_is_company 8-> ref_brand query_is_company3

query_is_company 8-> ref_product query_is_company3

query_is_company 8-> query_is_company4
query_is_company4 -> ref_company tag_produce product

Il &R AT

query_all 8#-> ref_product
query_all 8#-> ref_company
query_all 8#-> Ib_number

Il fs v gm) Y

query 9-> query_sheng
query 9-> query_shi

query 9-> query_chandi
query 9-> query_giye

query 9-> query_pinpai
query 9-> query_chanpin
query 9-> query_Ib

guery 9-> query_is_Ib

query 9-> query_is_lvse
query 9-> query_exist_lvse
query 9-> query_is_sheng
query 9-> query_is_shi

query 9-> query_is_company
query 9-> query_exist_product
query 9-> query_exist_giye
query 9-> query_all
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AN B s 4 2R 00 B i (5 5 B R G R T S A B T AR A
B

SCAE CUR R 1 7 SRR 2 T R AR MR b 45 45 s I N A . REAS 45 D
LA 4 i T g 1) 45 SR TT U, RIS mi AT — L2 [ (1 s 1

SCAE AR PO R, ERR NS C++ils S AR

[TopicForest]
NumberOfTrees=1

[TopicNode]
Name=GreenFood
FunctionIndex=0
TopicType=2
DatabaseTable=GreenFood
QueryFailedFunctionlndex=1
AnswerTopicFunctionlndex=2
PrimaryTree=Yes

SecondaryTree=No
AdditionalTree=No

[PrimaryTree]

Name=
Functionlndex=3
Relation=0OR

NumberOfSons=6

[LeafNode]
Name=Province
FunctionIndex=4
SlotName=Province
SlotType=0
ColumnName=Sheng
DataType=STRING
Default=No

[LeafNode]
Name=City
Functionlndex=5
SlotName=City
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SlotType=0
ColumnName=Shi
DataType=STRING
Default=No

[LeafNode]
Name=Company
Functionlndex=6
SlotName=Company
SlotType=0
ColumnName=QiYe
DataType=STRING
Default=No

[LeafNode]
Name=Product
FunctionIndex=7
SlotName=Product
SlotType=0
ColumnName=ChanPin
DataType=STRING
Default=No

[LeafNode]
Name=Brand
Functionlindex=8
SlotName=Brand
SlotType=0
ColumnName=PinPai
DataType=STRING
Default=No

[LeafNode]
Name=Label
FunctionIndex=9
SlotName=Label
SlotType=0
ColumnName=LB
DataType=STRING
Default=No
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