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A Study on Speech Dialogue System and
Dialogue Strategy

Student : Chin-Han Tsai Advisor : Dr. Sin-Horng Chen

Department of Communication Engineering
National Chiao Tung University

Abstract

In this thesis, we study the way of building a dialogue system at first;
focus on the design of dialogue manager and dialogue strategy. In order to
abate the load of designing a dialogue strategy off designer, and avoid that a
dialogue strategy devised subjectively is not the optimal one, we apply the
reinforcement learning to design it; let system learns the optimal strategy via
interaction with users. Afterward we make a series of experiments to observe
the circumstance and efficiency of strategy learning; prove that reinforcement
learning really can be implemented on strategy learning, and to observe the
effect of environment of speech recognition. Finally, we use the method studied

to construct real dialogue system, “intelligent transportation system”.
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2.2.1 & i i B4 (Optimization problem)
ORFNEEAHERE g AR - B EREE RS (Objective
measure function) : C=>W,(C;) » # @ W, 2t & %8 (Weight)» (C) Bl &
% E (Expectedcost) > & 7 #d i p ik (bldo & @ * 4 2 i1
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process, MDP ) % 7 f& ¢ B* 38 » & Bk A6 s 0k i iF O ;% (Optimal value

function ) :
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1 s @ H o AR T R E F S 5% o B 4 adaptive heuristic
critic[2,3,10] = temporal difference methods ( TD(4) ) [2,3,14] » ™
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T_&% — 1 optimal Q (Quality) value function :
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e
V*(s):mng*(s,a) (2.6)
d b w RERE R A
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Q'(s,a) » & * &1Q-learning rule 4= :
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~Task5 ) e pt pF % 4 # 5 o slots )I} A7) bl & slots o 4R F A5 A H

3 4 kP A7 % e state fr action e

3.1.1.1 States
7 ofHE LI H F] I P B A 47 (User initiative ) » #714 states
S M 0 B T —‘kf(ﬂf% LENE - Al sl RIS N T L
B RER 0 T B TR S FRLE LS A 100% 0 @ E A B
FEguslots i (F FRLl kNS ST R AR F P WAL KRR Y H R
REE LR F) FPL A Bslot TR rF Pe s @ ol &
BB g0 & aE 2 dhstates do T ol
® o it 4p ik ehstates (2™ ofslots intask™y » task1 (2'+2 (ready & goal ))
task2 (2°+2) - task3 (2" +2)ystaskd (2 +2) ~ taskS (2*+2)
ready © % & % &}V EIRETR e & slots 38 ¥ wid o Epom T R 1
@ R (S AL L IR R S 0 o goal ¢ gt EAER A
® Aivit* F Rt r imfhs i dstate (2" oftotal slotsy -+ 8
® HTostate: A de > pALERLLEER

£ 73 329 i@ states -

3.1.1.2 Actions
Tactions RN 2P M o¢ 7
® Greeting (¥ F A 5LR g3 > & 7 39 1 4 slots)
W OEDi o xxx o R R R P AR ?
© [RERY P
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14



z (2num. of slots in taski 1) _ Z Hnum. of slots both in taski and taskj 1)
taski

taskintaskj
i#]

|
+

taski r\taskj Ntaskk
i,k
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w
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77 R AE A states r dctions {8 R LI A 2 HEE L SLEDEE 0
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KB Y HE R TR Qi (Q(s,a) ) 22 - B - amd

153
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3.1.2 Q Learning
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# 3.3 Userl & & fa¥3E vk ™ eng * 35
Task1 Task2 Task3 Task4
x| T IEE s | T TEeE S| T TR s | T a5
SH | | BE SH | | BRE SH | | BE SH | | BRE
ES 3 = = # =
Strategy1 98 | 6.18 | -164.08 95| 8.73 | -241.54 99 | 8.34 | -263.77 98 | 9.07 | -245.62
Strategy?2 100 | 6.92 | -179.83 95| 9.54 | -301.04 99 | 8.08 | -254.41 97 | 9.03 | -253.06
Strategy3 98 | 7.87|-217.10 76 | 11.8 | -431.02 62 | 11.75 | -459.21 50 | 14.56 | -624.84
Strategy4 81| 12.78 | -500.67 3119.53 | -913.30 24 1 16.79 | -770.01 21 19.64 | -904.57
# 3.4 User2 f & fa¥ss Wk T enig * 17
Task1 Task2 Task3 Task4
R I SRR =R SR = = B = S e I =l B = I A B A A = 4
SH | B Y | BE T |0k R :'zg; # % | BE S#E | | BRE
= # = e = #ic = K
Strategy1 97| 6.76 | -188.39 93| 8.72 | -249.61 72| 9.44 | -357.67 95 | 8.71| -248.19
Strategy2 100 | 7.25 | -192.54 94| 9.25] -293.80 100 | 5.69 | -163.74 99 | 8.68 | -230.00
Strategy3 99 | 6.48 | -168.50 76 | 10.03 | -374.76 95| 7.17 | -231.55 55| 12.13 | -510.11
Strategy4 92 | 9.02 | -308.46 5119.43 | -976.16 22 | 16.67 | -774.30 1| 19.70 | -902.32
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# 3.5 User3 & & fA¥HE Wog T chig * 73
Task1 Task2 Task3 Task4
x| T IEE s | T TEeE S| T TR s | T a5
i | RO | RE S | O | RE i | RO | RIE S | O | RE
ES 3 = = # =
Strategy1 99| 7.12 | -210.9 96 | 8.15|-228.95 100 | 5.41 | -195.18 99 | 8.06 | -201.75
Strategy2 100 | 6.75 | -177.12 95| 8.13|-298.83 100 | 5.85| -164.15 95| 8.03|-231.05
Strategy3 99| 6.51 | -165.44 99| 7.29|-209.25| 100 | 5.20 | -143.17 98 | 7.28 | -196.06
Strategy4 96 | 8.07 | -263.06 26 | 16.78 | -890.23 26 | 15.64 | -735.85 71 18.98 | -867.79
# 3.6 Userd f & fA¥zs Wk T cnig * 13
Task1 Task2 Task3 Task4
R I SRR =R SR = = B = S e I =l B = I A B A A = 4
S | | EE =i [of€ R ERET :':g; @ * | BLE S | RO | RE
= #e = e = ¥ = #&
Strategy 1 100 | 6.90 | -262.91 99 | 8.21]-335.78 100 | 5.39 | -228.06 | 100 | 8.30 | -351.66
Strategy?2 100 | 6.87 | -248.20 98 | 7.94 | -375.41 100 | 5.81|-178.62 | 100 | 7.57 | -326.65
Strategy3 100 | 6.48 | -208.78 | 100 | 7.03 | -245.81 100 | 5.30 | -161.08 | 100 | 7.29 | -265.55
Strategy4 100 | 7.24 | -221.05 15 | 17.96 | -799.76 41 | 13.58 | -612.87 14 | 18.08 | -785.62
% 3334 3.6 7 e REA R F N f;f]ﬁ,{% LA PR AE = w]a= =R ﬁ}u{

S Bk F ~ THZEE (Objective value=total reward ) # < o d izit

7 l‘/l_:'FT

P T
R

]r;\'_ —be

j

(%a

- g1
=

\w
\ﬂ"

-

E‘FJB,

p s R SN N L
s 4 %ﬁ’_&
H_F % userd B HE AR SR T
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B F L 659 ) EE R FOFRLBEBEHEE RN DEY - 2§77
R TR BT PRLRE o GHRIRLE e g
Foen VR LI enE B oslot AUF B A PR - B F 2 PR

)’I*uﬁt; KB slot e F 4530 3 ¥ g #-slot A #L = slot B effiw o

NN

LIRLE AR TR IRAT SRR T 0 R AT e e
H DT bt P enhis K IR E R B e S MY 7

SEEETRE A0 e FE e S L E SR iy
PR R P e ek AERRE L B BB Y Pl g Rl
FRoFFRLINBP R E VR £ 7 4 & Lok
ok o ® 8RS~ slots e ST SR 4y dE )j*bﬁ HREEY @

ﬁii& » d I I% ,J .f‘wta.‘i,‘i_-'\ /;gfj m“i-j- /ﬁ\“% o

35422 ¥t F R B ¥V iraE B
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% 3.7 FRLERE MR TV s B R (User3)

i’ fﬁ@ﬁfﬁ'@ 0.9 0.65 0.3
ok
PR
1 30331 epochs | 31314 epochs | 29880 epochs
0.9 35209 epochs | 39274 epochs | 37986 epochs
0.8 45235 epochs | 47025 epochs | 45283 epochs
0.6 64362 epochs | 65181 epochs | 69222 epochs

35423 #iE Nt B ¥ st fod &

BFERZIRLREH ATV 3 PR F - FILHERGEY P
R R AN b EOE Y R AR Y F R hE o B R

I‘zl‘ﬂ} L i 8P B 7
EARa GARR AR F Y RF AR

‘j\\l}( mJL .’L—]l_,. ]._ ’ ""TI,Z u._% 33 @%EY} ’ /%‘ :‘;,'Lb;f\’bl:‘,\;
% 38 % % ¥ifouser3 3 & ¥ if
JeP o kAR A iRl b

% 3.8 i fer B PERRE ookt 2y E gt 5] (User3)

g | 0.9 0.65 0.3
5ok

PR

1 0.9524 0.9 0.7376

0.9 0.9241 0.8135 0.7092

0.8 0.8332 0.7213 0.6621

0.6 0.6159 0.5028 0.1908

WE PP AR o Bldr B

2]

A5 M §

d 4 38 FOUFR - FELI ferEav

P

I REE

VREREF I HITA09 FRLT A 09

(206 FimEiragnttld £092% 3 5 0.62; @ B FHETIELE

509> FRAEFSIY 09 %1 0.65 P>

G R ER B R d g

092 %3081 > A {5 o
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2%
,, R

user3 AR P FRE T

% 3.9 User3 %

& FAFEL

L aipk A i

ST >3

SN 23

7 -'F\'—'A\.L A3

BT E Y T g ok drie o & 39

T 52 user3 =

BB Dt BEERY RS

B * ip IS kAL 100 =Koenid F R o

% #& strategy3 T enig * R (B Y foRlER A E )

H’ Iﬁ@ﬁqﬂ‘] 0.9 0.65 0.3
GES
R
1 0.9925 0.9925 0.8475
0.9 0.9475 0.89 0.7925
0.8 0.82 0.7525 0.745
0.6 0.595 0.505 0.2275
d & 39 4 F I FRAFIOIRLT R ARG R FE Y S o A I
RUFRLF OB B > 8 FERREL 06 2P kAa Rl S
AR S BT R - L0 VA deie B B AT G TR

ST >3

FELE 0 BH - BEEY & oA e
Z 310 314 313 A_ K M BFIRREE T (Lo 5T & A~
2 Upsed, o UFe R RSB o 5 ) Houser3 3 & 478 3| ehd B4
FERE 0 R{SE % user3 A LRABRBT R Y L HE & %100 =X e *
o
% 3.10 User3 # strategy3 (1.00 > 0.90) T eig * %
iy | 0.9 0.65 0.3
PR — —
RYTIES | | DR SRS | i | DR | SIS | i | 2 R E
u €J * B #f i & T S ‘%Tﬁ*ﬁ HIEHET ES ’?Tl?ﬁ
B e i
1 0.990 | 5.08 -159.96 | 0940 | 7.44 -408.11 | 0.555 | 15.44 -1508.79
0.9 0.985 | 5.38 -172.66 | 0938 | 7.83 -419.37 | 0.515 ] 15.80 -1554.55
0.8 0.993 | 5.75 -189.25| 0903 | &.51 -496.35 | 0473 | 16.13 -1607.66
0.6 0985 | 6.59 -233.10 | 0913 | 9.38 -570.84 | 0.448 | 16.91 -1680.25
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# 3.11 User3 & strategy3 (1.00 > 0.65) T eig * JHw
e | 09 0.65 0.3
RS | T | T ARG | 2| IR RYIIES | 2| I R EN N
s F S | W ES Py | W S i
W HE e
1 0.995 | 4.73 -120.33 | 0.993 | 6.70 -185.52 | 0.823 | 12.96 -426.11
0.9 0.995| 5.05 -14091 | 0.990 | 6.97 -212.72 | 0.835 | 13.19 -428.84
0.8 1.000 | 5.57 -160.97 | 0993 | 7.33 -233.07 | 0.833 | 13.67 -476.26
0.6 0990 | 634| -21621] 0.993| 856 | -325.43| 0.745|14.84 -618.21
# 3.12 User3 # strategy3 (1.00 > 0.30) T &7 * /%
i | 0.9 0.65 0.3
RYTIES | T iE | TR | RS TES | TS | ISR | SIS | s | T E
iz F Sy | W S Py | W F i
N N Ve
1 0918 | 5.51 -272.14 | 0.9687 6.95 -247.86 | 0.888 | 12.93 -381.54
0.9 0.933 | 5.87 -297.66 | 0.948 . 7:30 -299.02 | 0.830 | 13.28 -418.39
0.8 0913 | 6.47 -363.62 | 0.973 | 7.88 -300.89 | 0.833 | 13.93 -466.20
0.6 0935 | 7.11 -349.84 | [0.955 | -8.82 -406.84 | 0.818 | 14.87 -571.74
# 3.13 User3 v strategy3-(0.90>°0.90) T &g * ;%
e | 09 0.65 0.3
RYTIES | TEE | IR RIS | s IS RS Tbgs | T IS | T IS
e F | EE O WEET | F | EE O WET &) B
N N Ve
1 0978 | 5.04 -156.23 | 0.853 | 7.84 -456.21 | 0.480 | 13.97 -1421.01
0.9 0973 | 5.22 -168.52 | 0.855 | 8.20 -476.06 | 0.478 | 14.46 -1414.38
0.8 0965 | 5.49 -179.09 | 0.858 | 8.47 -462.73 | 0.398 | 14.61 -1479.95
0.6 0950 | 6.75 -261.54 | 0.828 | 9.72 -564.23 | 0.350 | 15.76 -1666.28
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# 3.14 User3 f strategy3 (0.90 > 0.65) T eig * /%
e 09 0.65 03
IR | TS| TIEE | STy | T TSRl | S | T | T ISR
we \ [ [M [Nk ks
T e R
1 0.950 | 5.57 -165.63 | 0.895| 8.05 -272.70 | 0.733 | 13.81 -475.99
0.9 0958 | 5.69| -175.09| 0880 8.56| -298.15| 0.713 | 1432 516.12
0.8 0930 | 653| -22284| 0885 9.05| -31851| 0.668 | 13.96 -546.60
0.6 0915 | 725| -26044| 0.853|1025| -41031| 0.645]15.10 -659.72
# 3.15 User3 f strategy3 (0.90 » 0.30) T &g * /%
it |09 0.65 03
RYCpES | TIEs TISE | RSOuE | TIS | IR SRS | TS| TR T
s * & ﬁﬁf' HIEHET & ?Tﬁ“ﬁ HIEHET & ’?Tﬁ:f[
R R s s
1 0915 5.90 -311.95 | 09637 7.16 -239.64 | 0.828 | 13.69 -382.67
0.9 0.890 | 6.04 -337.73 | 0.960-|,.7:29 -259.38 | 0.840 | 13.73 -401.37
0.8 0.898 | 6.65 -398.54 | 0.965 | 7.98 =317.73 | 0.825 | 14.00 -449.55
0.6 0925 | 7.20 -384.54 | 70.968 || -8.85 -366.59 | 0.758 | 14.93 -562.72
# 3.16 User3 v strategy3-(0.60 > 0.90) T eig * /%
e | 09 0.65 03
SRR | T | TRl | Aoy | e | TEEE | s | T | T A
w \ | [M [Nk s e ks
R R s s
1 0.735| 8.42 -311.53 | 0.338 | 14.41 -705.85 | 0.035 | 18.26 -1401.08
09 0.733 | 8.91 -333.26 | 0.310| 14.90 -740.75 | 0.043 | 18.50 -1471.10
0.8 0.690 | 9.75 -377.74 1 0.225 | 16.04 -783.50 | 0.013 | 18.69 -1383.24
0.6 0.595 | 11.32 -459.12 | 0.170 | 16.99 -861.63 | 0.028 | 18.59 -1435.67
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% 3.17 User3 # strategy3 (0.60 » 0.65) T i * /=
e | 09 0.65 0.3
IR | TR | TR RIS | T | T RS TES | T I T IR
s F #f ﬁi‘ﬁ HEHET & ?fﬁ_ﬁ HEHET S ﬁﬁ:‘ﬁ
W HE e
1 0.718 | 886| -334.01| 0273|1585| -688.18| 0.025]19.32 -896.51
0.9 0718 | 9.10| -34231| 0278|1577 -680.01| 0.045 | 19.24 -891.08
0.8 0.653 | 10.15| -394.78 | 0228 |16.62| -732.49| 0.030 | 19.35 -902.84
0.6 0.583 | 11.78 -477.08 | 0.175 | 17.50 7777711 0.018 | 19.61 -927.55
# 3.18 User3 f strategy3 (0.60 > 0.30) T &g * /%
i | 0.9 0.65 0.3
RYTIES | T iE | TR | RS TES | TS | ISR | SIS | s | T E
iz F ffﬁﬂ P& S ’?Tﬁ“ﬁ I EHET F ’%Tﬁ:ﬁ
VHE VHE e
1 0.585| 9.14 -491.44 | 0.4657 13.11 -59491 | 0.288 | 17.49 -694.77
0.9 0.585 | 8.63 -489.44 | 0.415 [-13:92 -650.32 | 0.245 | 17.98 -749.26
0.8 0.535| 9.84 -576.09 | 0.440 | 13.72 -637.80 | 0.215 | 18.07 -765.04
0.6 0.458 | 11.03 -651.35 | 0.343 | 15:15 -723.48 | 0.180 | 18.85 -819.09
d % 310 fr# 318 ¥ g 0 BFF &}'?’3 B eOFRT A BV B R

i R B T e R

3.10+3.13 4= 3.14 #

a;«,;j,-%’rsiﬁr?f I{J,_é%ﬁ;z%;&;%\iﬁ—r , ",f 2

FREEATHMAFRT g B4 31631 3.18¢

PEFTRREATACR 0 AFRLF A BOFRT > NRE D RDOREE A A
FHONFIIRLERE > AR AT R RAF G KT { AP -
29I g AR R AR ORI S MR FRLE R AR 5 5

2 1B slot thig &% R4 TR 4 BT

hY S R

€ F 55 ¥ FrlepFenslot Ba dE Gt TE S B4R U REUR E

\11;3;33 m_ﬁﬁi ORI

ST EY S

SR AT PR

ST EY SR %

AR % 5Lt slots sk A5 B_A FE % eistates

Vg Y AR E o 0
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$F 2 & (Tutorial) » #3SFITHE R Fhoim » ' o

LR 42 ¢ TR IELERR Y E Y B A eE s R A r
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L CARMan
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HEY 28 REFa N - > % Bslots enE g k5§ o /> A B &
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(Cancelled) » #714 $km £ states 3 =40 @ (B 4426 slot 4 ey 22 &
slots )
© &t i AR M chstates? 2L B slote B (E (2mmOfsis otk omm.of o
slots ) 1 2120+ 2228+ 23%0° = 896
® & 4E34 i 4P M estates e 2E & & slof A B gy (MM orslosinEsk_ 1y o

® 7k slots 4p B ¢ states (FFFR slots s iE#Hc) ¢ 10

® HUplde THEFEL T 2D T?%ﬂﬁééj?&i;‘ﬁé;J‘Ir,:‘i.?fufﬁgf}gg ES
X 113

ATl 5 1687 i states e

4.2.2.2 Actions
RS S EE AR S Ui SRR S St AR
FEFHREEEREHRDEARN > TREY hiFH T R40T
® FHv (FF i3 EF 223N FTslots): 1
® H{RERr AN (VIS 1): 2 —1=7

o mfiit* wihe i (tasks iE i) 1 3
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® H[EPEHiT Mslots

z (2num. of slots in taski __ 1) _ Z (2num. of slots both in taski and taskj 1)
taski

taskintaskj
i#]
|
num. of slots also in taski, taskj and taskk
NG )

taski Ntaskj ~taskk
i, jkE g

—2' —1+2*-1+2°-1=11
® riniF i F M hslots ¢ 11
® WHNEFAMTEMP LN (FRYFrF PR AP NG

BRI FRR AR AP f) 12

B+ 75 45 % actions °

4223 HFERB R

jﬁ';;éf\wé IR e FR 2w R gV = 1k 0 d 2E 2 3 e 1687x45
(state x action) e Q 4BM AT » F45 P o K397k state T 0 Q & =

e1action °

43 HHE R g Y
EEHFY frm#R  F T B 3 @ % SA-Qleamning [T R F ¥ i
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431 K F ¥ ipMK T
TSA-Q learning j [7]3-im % Bk T4o™ @ t,=33.5598,1=0.924 » ¥
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38 Wk aTag %ﬁﬁ%@4&
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