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We proposed a weighted finite-state transducer-based dialog manager (WFSTDM) which
is a platform for expandable and adaptable dialog systems. In this platform, all rules
and/or models for dialog management are represented in WFST form, and the WFSTs are
used to accomplish various tasks via multiple modalities. Based on this framework, we
constructed a statistical dialog system using user concept and system action tags as input
and output labels of the WFST where the tags were acquired from an annotated corpus of
human-to-human spoken dialogs. We introduced a spoken language understanding (SLU)
WEST converting user utterances to user concept tags and a dialog scenario WFST
converting user concept tags to system action tags. The tag sequence probabilities of the
scenario WFST were estimated with a spoken dialog corpus for hotel reservation. The
SLU and scenario WFSTs were then combined to be a dialog management WFST which
determines system’s next action in response to user input. In our previous research, we
evaluated its dialog strategy by referring to the manual transcription of the dialog for
hotel reservation. In this paper, we present the performance of WFST-based dialog
management when speech recognition hypotheses are input to the manager. To alleviate
degradation of the dialog management performance due to speech recognition errors, we
expand the WFSTDM for handling multiple hypotheses of speech recognition and
confidence score indicating acoustic and linguistic reliability of speech recognition. The
accuracy of SLU results and the correctness of system actions selected by the dialog
management WFST were evaluated. We confirmed that the performance of dialog
management was enhanced by choosing the optimal action among all the WFST paths for
multiple hypotheses (N-best) of speech recognition and taking consideration of
confidence score.

1. [ZLC®IC

Fex ik, AMEBBS AR & AFBXIEET 5 X 9 IC B HICKEE T & 2722 57 %)
FEURATLADOHELA B L TWS. (EROEFHFE AT LTI, 2 —WFZL Ty
AT LOGRNCI LGB Z RO TWABEND, ZHEINDE2—FDOIREILY AT A
DERICHIR STz, 20k, 2—Piddilzilm L T A & FWRRxE 217
DT ENTERpoT. HIEL, ZOXIRVAT AOEMIZ—FREIET HHK
TEHRE SN DX T, =2— TV OBEHBREFEANZEBET S ZENTEXHDT, LD
FBEORWEFRIERE2M5D 2 LN ATEE & 7D BUE, Boii o5 ik <
100M ##B2 DHFBEEEZANWCI TV A LA CTHREFRZBHRT IRV TELH
MNH[1], 2—FOBEHEDEHWRFEITAZZET DR  AT A EMETLHEN T
5.

ARZETIE, 2=V OHHEOEWHFEY AT LEWET 5720, AR AMO%S

T (S e R
National Institute of Information and Communications Technology (NICT)
28 RSB TR B AR
Nara Institute of Science and Technology (NAIST)

(© 2010 Information Processing Society of Japan



TIPS 2 TR S
IPSJ SIG Technical Report

FHEa— A ES LS HFTEET AV EMAT D, AR AR O EE MR A 22 8 —
NHY, X AT PR ZE TSRO DN RE = BN DEN D, FaHHIxEE
CHFUAET N ERMNEE T RANLFERTEHIENTELHDLEEZLND. EHIT
xR EBRAE ZNNPFRTEREZ LIV ZM@ET D720, a— " RHEDSL F5E
L VAT MNEERNRLE LD,

Fxlx, a2 270w VFEX Y T & O PLIRFHE TG Al e k55 > 2 7
LEEETDHIOR], 2—VORFEERE T L AT LDOT I a v B 72T
NI VAT a—HFDOANNE LI BT EHRKIE T A7 2 —H(WFST) & v,
IRV FERIEN 21T O M A AR R LT\ 5. BT, WFST (235 < e #EHl# &
W, AR AR OMEEa— R R E SN2 —VORFEER L T L VAT LDT
7 va v V% WEST O A T) & 3 2 dH0uxt 55 HlE 2 $2 4 L T\ 5 [3][4].

INFETOETE, A v X —F =P 74—~y NIF)Z 705 iz AR
ANEDOFRT VPRI O FERFE 2 — ) A % AV, WFST (255 < %55 (WFSTDM)
ARG LT, IF &2 7 L%, RN OTHSEL LTHES AL 7 ThD. i
X, FZ 72 a—FORFEEREZ VL ATLIOT Va2 7 LTHHAL, S5
FRE(SLUYWFST & %5637 U4 WEST % 22—/ %2 LY HERH L7-[4]. B @S &
Nz 6 OFFHIEEHIEE T AV OWREZ Tl 272, =—FATOEESRZ L
BUATIIANL, MOV AT LT 7 a v OEREDOFMAZIT-7=. ZhET
FHEOESHEILZHWTCEFEREZ B 2-> TE 720, AR TIIEFBERE A
J1& Liea @ WEST 123D < RFEGHIAE OMEREIZ DUV TORT.

LR R A AN & L TREHIE 21T 72858, ST T mdsdsha—/ A
DEIRZILINGTFE LTV, BRI fEflortEs b E 5.
SEATHRZE T, MERHIEOE FRAVIC L AP ERIBT 5720, HHERMERD
BEAFEMGOT F R O F AN - SRENEEME 2R TEEE 255 AT A0 SFEHEME
W L2 [51[6107]. BARBUIZIE, &5 7 ikiE ROGEEENEME L v IRVWEES, =
—PANNIHFE L AT DIZ L > TEHEIND, 700k, VAT LI > TLEME
PRRIFENAERT D OZR CHET, LIRS GRS 217 9 HFIEDRZEIN TN S.
BT T —F Tk, EHEE CHEBEMICELZ ST 2TV, Kb LR O S FE 2 5
W5 Z L CEHRBREITO FIEPRESNLTND.

THAEXNFEY AT LATIEELE I R—F 2 MRERITMIL L TEHEL TWD b Tk
RWEND, SR OERMECX EERIE ORDOREEO THRBE 2R LS5 Z &R
TENE, FHREERIC X D EEHE~OFE AT 2 LN TE D AR T,
TR R OE B CEEE 2 O 72012 WESTDM ZHRiET 5. & slakis 5
AT E LTeGA OXEEHIE O 2 M 5728, = BRARAS S8 B0 5E il 4
WFST ICL D VAT AT 7 a v OEOREELZFMLI-. FTald, BEREBLY

Vol.2010-SLP-82 No.22
2010/7/24

N-best Z#Z BT 2L Y WEST RADHNS X V@R T 7 a v OBRNA[HE &
R0, RFERIEIOMEREN M LT 2 FEAMGR L.

2. WFSTICE IS HAFTERATL

21 VATLHBE

WFST IZ L DRIFEV AT LA TIE, 22—V OREE L& RET DREER Z TH~ L5
$ad 2 SREHfR WFST &, RiFERZ 7S v AT ADT 7 v a ¥ FHICE#mT 5
XFET YA WEST, 77 va v Z 7A K0 IRE & ARKT 5 CER WEST & & Ak
U 7=t alhil 1 WFST Z 4%k L, F56 L& AFEEH L L CHaRflE %247 5. xiass A
TAFIANE LTV ORFEXLEZHL, HHOE LTHIET DIV AT AT 7 g
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0.7
0.68
0.66
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Transcription ASR(1-best) ASR(5-best) ASR(10-best)

M 2 FREHfERO—Far v M2 EMTOELW—YFare T N xS
DOHN8FEZ (Transcription : & = L3, ASR(N-best) : 35 75 poik it F D N-best, N=1,
5, 10)

EXHILUTHE, BFEERIEHTHS. THERGERTIL, BFERIRET
H5H. K2 L, ZEAMOBEFEMOPICE LWRERX Z 7 0N @S558,
EIHEILXEATLTHAIL80.2%, B sdift R T, 1-best T 70.1%, 5-best T
74.3%, 10-best T 753% Ch o=, ZORREND, FEZE I L LRI —VREEL
ELL BB TENIE, SHEBM WFST Tlia— Y O3RFEER % i KT 80%IE L < Hifig
TEXBAENGND. Fiz, EBXERILORDOVICEFREREREXIGE AT AOANT
ELTEHATYH, MK T2—VORFERD 153% %2 HMETX HAEENRH L. HiF
BRFE R AT & LIZBE, 1-best & WA & e~ THEEEM & W 7205 23 PERE
YELTWDLIHEND, HEHERmAROERGEMEEZRT 5 Z &I STEHEMOMEE
M ENHFECTE S,

X 2 128 SN SRR OMERED ERRIE, HEEEMOTICIEMNE TN S EREES
RLTWATRET THLHEND, T L SHHM WFST OPEGEE KR35 & IXR & 72
V. F T, SREHER WEST CA SN o —YORFEERZ 72 L, Efifx 7
ED—FKFEE AV CSEHME WFST OMREZFHME L7, =— W RIEToESR - LCE
EH RIS R A STEEMWFST DAL L, 22— OREEEX Z F~L B LI=ZBED
SREHEMROMEREE X 3 TR T .

(© 2010 Information Processing Society of Japan



TIPS 2 TR S
IPSJ SIG Technical Report

0.6
0.55 -
0.5 -
0.45 -
0.4 -
0.35 -
M Transcription with sentence boundaries
B Transcription without sentence boundaries
W Speech recognition result without confidence score (1-best)
W Speech recognition result with confidence score (1-best)
B Speech recognition result without confidence score (5-best)
B Speech recognition result with confidence score (5-best)

X 3 SEEHEME WEST & 7= S3EBfR o MERe

K3 L0, BEFEBERAEAMOZBEI LI LXEANLE LESEOSEHEM WFST 12X 5
TR ORE LT 59.2%, FHAEARMOEIRZ LXOBEIT 2.5% Thol. &
PR AT AR R R FEEE RN N2, BRI R OBG ORI IR FEE RN
KA THLIFICL > TBLE30NEILLTWIHERNSND. EEELZEEESTICERF
SRR R A WA, L-best TIL 36.8% Tdh o727, S-best TIX 38.8%IChFEL /-,
ZOENS, FEBMEROEEGEME VA ECSEAMBOMEZRETE S HE
R Lz, EFRMARE AN E LCEEEAZEZR LSS, 1-best Tid 36.5%, S5-best
TIX 383% Thote. ZOFEND, Bt RoOBEEM%Z W5 F CEFEHEMO
PERESERIE SN D NSNS . DT, FHEE O BB DA 4 B L7254, 1-best, 5-best
HICFBEHEMEREN L EIN TWRNWER S D, ZORKENDL, LT LHEEEN
SREHEfE WEST OVEREICE TR LW HIAUR STz, [BHEEIC L » C S EMIEsE A ek
BLARAVWHEBELT, ELLLEFRETE TV HELLPEEENMINEIICLY
RINAVT 4 BPHEELNTLEY, ELWEFEERSBIENZ2WEICL Y ME- =55
HEMMTON-T-DEEZONS. ZDL 51T, BEEAKTLLELL VS,
ISHEEC & 5 SFEBE WFST OMEREE I IR TX 20,
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SERERiE WEST & 2 — R2AD X JHIOfERNLFE SN/ F U A WEST 26k L
CHRIEEHIEH WFST Z#%4 L, WFSTDM &{APEREA G L7Z. = —TFDANICH TS
VAT LADT I a X T OFRNEREE MRR IZESZFHfiL7-. WFSTDM O AJj &
LT, FEXEILX, FTHRBMREED 1-best, 5-best # AV /=. WFSTDM (Z%I$ 513
HERE O 75 pd it R DB OB ROV T 4 1T T

0.25

0.24

0.23

0.22 -

0.21 -

0.2 -

0.19

0.18 -

0.17 -

0.16 -

0.15 -
B Transcription with sentence boundaries
B Transcription without sentence boundaries
B Speech recognition result without confidence score (1-best)
B Speech recognition result with confidence score (1-best)
M Speech recognition result without confidence score (5-best)
B Speech recognition result with confidence score (5-best)

¥ 4 MRRIZFSL WFSTDM 2 W=V AT AT 7 ¥ a 2 7 OFRIMEE

K4k v, BFERENTHAIESEILXEANL LA, MRR 13 0.246 TH
STEDIK L, BFFBERARMOEZEZR I LXEAS L LA MRR 130219 & 410
L7z, IS, ANAEEHRMRE RO 1-best & L7234 MRR 1% 0.173, 5-best & L7
EE O MRR X 0179 ThoTe. ZOFRREIY, ¥ 3 THLNL-STEHEAEDMERED
WESTDM D 2RO MEREICEEN I TWD Z X005 [FEEILSTHEEMOMRE
WHT LS HGTD LT R no720, VAT AREOMREL LTI, XM4I1RT
£ 91T 1-best DAL 0.173 725 0.175, 5-best DHFAIL 0.179 725 0.182 ~& MRR 28
dE L. Fxld, BEEMZOEBFEMZAVDZETIYRATLAT /v a v 270
HEEMERED ) 95 2 L A2MER LT, ZORRIE, IVEWVWTZ L —X2RTEEEX
XGRS R OEBEAIC L > THAR—END -0 EffONEERNE EL,
B STEEMMEREN A T2 FHIZAD. 51, BFRRBHBOEBHEEX, vATL7
Ja B T OBBREHON CIVIEROT 7 a s Z DT R A ESE, FD
FEREMRR ZHELLELLOLEEZLND.
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X 5125 Rk AE &, WFSTDM O S B HiR 3 K O Eh I ERE AR 2 4. 7=
721, RIEERIMRRIZY AT ATV Va2 7O T RIERE S MRR T L7 fECTdh
5. 25 XEEOH O HFEIEMRFEE X 61.74%~76.3% DM TH - 7=

0.41 0.19
0.39 0.18
0.37 0.17
0.35 0.16
0.33 0.15
0.31 0.14
0.29 0.13
0.27 0.12
0.25 0.11

61.74 65.44 72.19 76.3

Accuracy of speech recognition

[ performance of spoken language understanding(N=1)

I performance of spoken language understanding(N=5)

—#—MRR(N=1)

MRR(N=5)

X 5 HTEdattiEo 2 bicik-o5< SEEHE WEFST 12 & 5 SEEEf#tERE & WFSTDM
2 & B xfEE ST RE D 2 b

X5 L0, HEBEEMKEEDN 61.74%, 65.44%, 72.19%, 76.3%0D& A O HEMD
PEBEIE 1-best TIZZHZ410.309, 0.321,0.328, 0.368, 5-best TIEZ L1 0.309, 0.336,
0.365, 0.388 &, PRFEENUETDIZONTHENLE L. KIZ, VAT AT 7
a ¥ 7 OTREREEZTRT MRR 1%, &EFBmfEEICK LT 1best TIXZEIEN
0.146, 0.155, 0.162, 0.173, 5-best TIZZNEH 0.15, 0.173, 0.175, 0.179 &7V,
IH B LIREMENEET DICONTHAEISE L. 72, l-best & 5-best & Hilgd
5E, BEBMESET S TEEMICHRENTEL TWHERSNS. HIETLMH
FEEN LA T DI o0 T, SHEHMOREE & MRR Ne#E LT\ 5. Fadikitme &
SEEFMRMERE O EILRERIE, 1-best T 0.907, 5-best T 0.995 &) FWHEI AR L T
W5 D, BEREMERE L AT LT 7 Y a o PHIMERE DO FE BRSNS, 1-best T 0.983,
5-best T 0.84 LHRWVHEIZ/R L TV 5.
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5 BHYIC

AFETIE, AT ATROTFRFE 2 — /X2 % T WEST 1220 < *F Gl 3D
HFHIRIGE S AT AZBEL, 2—PRFEOEZR I L L EHEEMBEREE AL L
THFEHIBE OMEBEREMI 21T o 72, 5 75 slilk it R CREESR BRI E X Dhun & n
IRIEE R T D720, HFEOKY — THEGEEN D REER X 7 &80 K LHA
TE DM AEBE LTz, FHMEER T, SEEHM WFST 12X 2 SiEEMoMhE, =
HIC, SEEEM L ) U 4 WFST 24 U CHERL L 7=t @il WEST Z2 W T AN
KT DIAT AT 7 v a VOBROKEZFM L. ERFBERLY, HHFREERD
B (N-best) 2B BT HFICL Y, LVBEY RV AT AT 7 ¥ 3 ) WFST D3R
MHBINT 22 LN TE, STEEMCREEREOMRRM T2 a2l B
12, TR EANE L CRERHEZZE LGS, SEBEmMEELEEN LY
L2 IR ENe o, SEEHIEARE L RN ES NS FEER L. K
FETIL, SUERM WEST BV 2 — VA2 {ThRholzZ &b, TR AE A WA
FROFHMIAT > TRV, %1%, BEFEZV AT LAOAMTIE LT, AR X 2 %56
FIE OVERERIE 21T > TETH 5.
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