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<Abstract>

Utterance Verification Using Anti-models Based on
Neighborhood Information

Young-Sun Yun

In this paper, we investigate the relation between Bayes factor and likelihood ratio test
(LRT) approaches and apply the neighborhood information of Bayes factor to building an
alternate hypothesis model of the LRT system. To consider the neighborhood approaches,
we contemplate a distance measure between models and algorithms to be applied. We also
evaluate several methods to improve performance of utterance verification using
neighborhood information. Among these methods, the system which adopts anti-models built
by collecting mixtures of neighborhood models obtains maximum error rate reduction of

17% compared to the baseline, linear and weighted combination of neighborhood models.

* Keywords: Utterance verification, Anti-model, Neighborhood method, Bayes factor, Likelihood

ratio test.
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Lo;:tﬁol{ﬂ_ll

st &4 77 QFE AGITEA, Yy A o) F (out-of-vocabulary) &
e 717, ZAAHYD 24 A4 279 AE § uSEd EokdllA A7t 3
3 glon o éi’—}—‘e 573 o]3l(speech understanding) =& B 3}(dialogue) 52
Aol oig & ARE-€t}

| 25
=4 J49 s "3—% Fole dF= A AFAXE FHE(confidence measure:
CM)9} 3l A Z(utterance verification: UV)olgle o]0 2 A7V} APE o] gk}

CME Fo3 &4 54 xo Wg o4 49 Az wol Wl p(Wlx)E 5
5 AFF & E(posterior probability)g Al4tetE WY 7I2E 53 o, w3
AF9 EAE 5AH 714 7S (statistical hypothesis testing problem) A2 12

Ha Ao HE AFY FAE FATNA A3 Neyman-Pearson HE A
(lemma)l] W2H 5 ZHqAME $=H| H2E(likelihood ratio test: LRT)7} 4
9] #jYe] & 4 Acka ok 1Y LRT HA S UVel JL88 5 AA o
olele] ¥£XF EZ7] W&o WEH(anti-model)oleiT %a—‘:—_ et 744
(alternative hypothesis)S A &3] Zd#3sl7|7} ojfdct vkt wHel ook 718 ®
v wrde zdlgds 977 Ao} ex o), W S<(discriminative
training)oll &3} FEFE Wit Mol M F2 A s EQYx ¢8A . ®
e a7 Wyeze U3t #AF FAE vlo|X(Bayes) TA °lE THAA Ed
B3 wl o] <4 (Bayes factor) G7 ol ATH1]. LRT ¥4 o] 7tHE F4 =
AFH 8-E (prior probability)E°] FYdthe 71 Sl R4ty = e vlws}
© Zolgtd, Hlo]x e WAL AH FE9 J|HEE P AA Zd(true
model, null hypothesis)# tiQt 71 2do] &2 oddsh #A 9\1‘43’— 7}@3}04
B8 A% TAO A2F FAolth WA LRT BHE AR 38, 44 mus
et 7Hd =] @Al whet wolx A5 A Y] destd 73-‘%& AAZ
t}H2].

e} et HF ] i dFE A9 WFE LRT 3 T4HLE A5
I U7 Wi B =RddAe Hlols dF WA ARREHE ok B
(neighborhood model) ¥]-& ©]83}] LRT W9 AFeddS HAdch 21 71x
AFEA Wol2 14 WA LRT W49 HAE A} 7H8-& 43 ==
HEAA 7 2304 & As Hstet 4 4HEDLA P on, LRT 49
HEde] 75 Holx Qg WAl HEIHWA it JHH RdE WA
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D AR well A8l p(w)/(1-plw))el BAE 7HE 3%
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A ) AFAHY FAA Hd 949 EAZ Eod, A4 7HE H= %7t
dolel y7t Hydll dste Ead& Gl &sta, i 7HE H& WUt diolH y
b Hl HSHe 284 GO $3dn ZdgEd M HF EAe OeH
Zol 2¥E F Utk

p(y, Xo, X\ Hy) _ p(y, Xl G p (X1 C))

Bor = p(an07X1|H1) B p(XOlCO)p(y’Xllcyl) @

A71N X9k X & 2z 2d 2 GF G ol &3e T dojeolth dntiom
A HE M2 EXE /S #8E 9 p(XIC)e A 2d FhOAe |
E g5 HEoz 3 F Aok

(G = [pXiNIp (), )
A7l e GF B Bl WMFE guidtg. 4 $)F 4 @ 2RI,

Sedt 2e wolx AN TE & AL

f (), X520 )p fp (XA )P (A ),
/ (Xolxg)p(Ag)dAg - /p (1, XA )p(A)dX,

©)

gehA Wolx 52 ANHT) AAME 7 2l AH HE p()St p(r,)
7bomEA Basht Z39 ol gy] WEe] AHoE TAL PHS ol &3
o A BES ANB.

W Wolx Q48 Fa ZE dolHl SYoldn AHe,

p I‘/,Xol a))
Xol Cb) Ey, Xll Cl )
(

( (XxiC)
(
(Xo| Co) 3/| Co) (X1|C1)
(
(
p(IC)

Xol G)p(yl G )p (X4 C) M
ylGy)

p y|01)

D
P
p
p
= Ap

7} 1¢] Neyman-Pearson BZ A& HEAG &, A (7)oA AA 718 HS o

ot 714 H, ol d3EHe Ed25 3= Zdo digk AlA gEo] FY3gA
LRT7} E¢
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TAZ BAg o] &3 HEAA e hREHQA WY Z ALE-HE Neyman-Pearson
HxAges AA 7HEF dih A did $x 3 b2 AA HEE AAE

g AJAE ZAAS w2 A 7HdY 77 e AA 7
Aol SEe it 7HEE oA9A ZdHE AAse] we} e durdos
ok g9 sigs B2 9l (anti-model)ol 8l EHH EAZF 7}
4 ASY Hes A ez g 5P ATEHIT J B =
ToAXE oHE HEA 317 Y3t HEdL @Y Zd ¥Xo) oo ¢t
e EdE THe g T, Uik /M Rde Bl Rdg AR gE
Wl fste Adte AS AAIIEE o tRdS PE3E A P
L Fa HEdA HEdd ez RE A HRE THET  universal
background model (UBM) 3 o] St} vls:3k Whaloz w3 AZoA ZE A
ol3lo] i3t mdlol E3 H4g E3ld vrdL FE3Fc) k gE dyoeze
Z71e 4ol AE Ao AEHAD P (filler) WHOE A4 GANA A4
g oF e vl A i} oFE EFE H4Y $EE e 2dz Adde
ot ol& H}E@«] 542 AA 7MY H ¢ SH¥o= ot M Hi o 3
FEE IXrdE et RdHsAY £E AEFHoE BdYdct a8y
Hl o] 4 “o}’“‘ﬂ]/‘i‘“ AA M dgEHe 2dd it e deEHE B
dE2 FEHOE odds® #AVZE Aoty Eu AHA sHEdm ik sMde 2dd
EdES A9t i M 2dE FE3te RS UHes mdEe Y
AqA Age wet dAHeE HAE 1 o) 2dE F3lm, o] EAES
ZAgste wAo] AMEHI JATHIBL 718 AF Sl olgxdi §AEHA
AA M3 EFEHe de 7HEE A LRTE AP3ris dh, ol Ao
A ¥ (linguistic information)t} &% 3 E(confusion matrix)S ©]€3te] 1RFE 2y
S 2R F U 7ME 2d s 7537 g2dd5], S33E AYE ol &3t
o tigt 7Hd EdE F53e ol EdF= ozl it

mlo =

3.2. 3¢

o] RdS HMMS Ed F7tolA Nijo N2 & ¢4 mdo] EA g
SRS W AA JHEE FEIE Ede FHd de EHES GAEE mdg
gt B oltHi) <2 ¥ >4 B vlel Zo] AA A dgHe 2de A
2 ©o]%(zero neighborhood, ©]%°] f12)02 TR I Az ¢ A& =9
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Zero neighborhood
® Competing models

':‘ @ Other models
\ Neighborhood /
Infinity neighborhood

<a¥ 1> 29 FZelA e ojx 2l F9

£ o]% X d(neighborthood)Z YH A= F3F ©]R(infinity neighborhood)o. 2 T4

rok
g

AA Rd@AA M S Z8se Zd)H ol RdEHS viune g ¢

£33 = A (Buclidean distance)\} Zuj-glo]B2] ¥ik(Kullback-Leibler divergence:
KLD)—% o] &% & At 7IE&Y TP e FEEE AYE o8t 2dz
o] AYE A ol Edg AFYdgdoy, B dFANE FE olEHX AR
oA g AHEHE T FE £XA0)9 xol§ FA3E KLDE AMHIFACH
KLDE dA & £ P& 499 & 22X Q99 AolE Eddgstn AT,
o] oly7] djFeo| Agete §oBde itdivergence)ol Bt §olE AL S
o gutyg oz pe o2 Bd, & YA AME FE BEXE 9uH,
Qe AA HeHZREYH SAE TS @& E. PY TA S JEdY. Ex P
S} 7Y FOAY KLD Dy (PlQ)e 4Rt oz 2] @) 2ol A=Y, Pot @
o] 2% dEZI(entropy)ollX Po] AEZT & wie 2ujo)s] w&d 4 0
Hoh 3AG 2A Ak

))dn:
)

DA'L(P"Q )log qE

)= [
— [ p@)loga()da+ [ p(a)ogp(c)dz ®
=H(P,Q) - H(P) 20
A7 Po} Qv 7H92 BEE wEY P~ N, X))ol @~ N, X,)E Z4
g3 &9, d39 72 EX0) dig KLDE v o] AgE & QUoh
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2d A\ dSHE ol RHdES AA3=d AMEEH7 g2 A Jide A
g Az A KLDE A4 4 Uroh

3oz 13¥ A} KLDE ol&3td Rdzte AYE F43nA & o,
EdS FASE dHstate)} FEHIE FASE Y 712 Y (mixture Gaussian
model)?] Bl #WHolt} F RdEE AEHFI 2AY OE Fx 7] uFol,
AHog T " ¥ ZE Blag stojol doh. ’6“511
o] dSH/AE FHEY] Y FLS Y FEHE Ze RdES Ad TS
At Ay, Ao ZE RN FYd A=) HEo)
o g B dFdXe At 2odd 59 A
T4 AY WHE "EY <E 1> AAE guelE
left-to-right®] FEHE 7HA™ DUH7|(skip) B37F $&
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<E 1> ZEl Fd ©E e vlu dudE

/] StateNo(),) means the number of states of X\,
if StateNo()\;) == StateNo(),) then
return D, .. (State No(A,),State No(A,) F);

else
return D, (StateNo(),),State No(X,),T);

function D,,,, (s;, $,, flags)

begin
/I C(s,s,) means the distance or divergence function between states

if not flags then
return D, (s,-1, sy-1, flags) +C(s},8,);
else
return min { D, (s,-1, s,, flags), D,,.(s;-1, s,-1, flags),
state(sl’ so-1, flags) } + 0(81132)’

endif
end function
Blastnal st A ol 2D, Clsy,s,)ol 3 el 2o A me
A AEE Ao ok 3”4 a8y £ 2= g 28 A9 Adel |
7] WEel EE F59 vl didte S AN a2 FolA HaRs A=
#oz Ad3n. o Ho‘%i% Adgsitiste 2t Fejdlxe £ 2x 471 €84
€ 4F Blae o Ee] 477 Wi <F 2>9 2 HAYPAHI Wys AL
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function C(s,s,)

begin
forward KLD= backward KLD=0
for all mixtures m, of s;

for all mixtures m’; of s,
forwardKLD+= minDy; (mfim’})
forwardKLD | = MztureNo(sl)
for all mixtures m’; of s,
for all mixtures m; of s,
backward KLD+=min Dy, (m fim';)
backwardKLD | = Mizture No(s,)

divergence = (forwardKLD + backwardKLD)/2;
return divergence;
end function

gt

<® 2> WHYAY] vimdMe dA Zdo] A s, 7 g9 Edoxe A4
B s,2] BluE AR £ 4dxe HlmE KLDE AMgdlgoen, vt o))
2o AAl 2da Qo] mde] vu eAMe vHAA geth A AH 5,9 2
E £ dxe Wl s,0M 7P Jhrbe EF 2x9e KLDE Hel9 ol E
forwardKLD®} 3}t T2 OB E 5,9 EE EF Iz diE s, oM 7HF Ttk
£ dx=99] KLDE ©ldte] ©l& backwardKLDE} 3™, AA ¥k Agle
forwardKLD$} backwardKLD2| BT 2 A%t} forwardKLD= AA 2de] &3
dxo diz] 499 vimw Bx F M J7ke EF ZEE MAH3es AolH,
backwardKLDE 4919 vl Yo 714 7l7kg AA 2de £ 25§ A3}
o H3 goltt. g719A forwardKLDS} backwardKLDS] KLDE T3l &A= ¥
3t2] g3 g g He EF YR E UEA FY7 Aot

forwardKLD$} backwardKLD®] 9lv]E§ 1¥& B3t FPIAIH <29 2>9
2o a9 ¢ RE EF oA M FhE EF xR JAY2AE B}
< 98E 3

4. WS HA B FH

B oM ¥3 HFAA dA 7Hd 2d3d dI3HE uiet JHE 249 7
@ WS LRT 447 dojx A5 ¥y SWAA Hlugdo 3 Hojx dF
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JorwardKLD=

<Z1¥Y 2> forwardKLD$} backwardKLDS) 7133 ¥

Aol olg RS olgatd Ut M 2de Ab5E 7 WP 4Ys, o
Aoz o) BYS ol§Fel WRYL FHE WPPS ANYh

4.1, 2R 0| 2HEQ| H|m

NEdS RE3E PHOE AA EF Tx Ao EF AEHI dY 9]
e it JHE 2dE 7E37] fleted A EdE £ UEEES 9YY
2dg AFEH3e oy wgEel, x v A4 do] 2do] Iy glo] A
2de AFAYE F Aokes FHel vk AA EF 9z e <F 3>3 ol
A +& 5 A

o3 o] FEHF WIEYY EXE o/ Ede X v <ag 3>
4 <y 4o 27 223k wrdoA JHE A EF dxe FE ¢
3157 Axolw, olx2de] ZAg 20708 EYE o|& AHsAThAEYHA A&
H AEE &£ 959 5 70RE, 140719 £ ¥E). <28 3»>#H <1Y
4> FY TRE Fe U4 2o 2 A I ois) FASATH: vtEd
B, E AEHe EE EF YEE S dde 2dE eV ",
A8 2l FREo] REH ol 3d wazg A Hlue oyAY AFS
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<E 3> AA EF Ux S o] & i M Y 1%

function buildAntiModel
for all phone models A,

for all states s; of given model A,

for all mixtures m; with weight w; of given state s,

merge w,;m; to the same state of anti-model AJ;

sum all weights sum; +=w;

end for all mixtures

end for all states
end for all models
for all mixture weights w,; of each state ¢ of anti-model
W,

w= .
sum

end for
end buildAntiModel

Comparison of the state 1 distribution for B and anti-8 (blue)

Anti-model
(blue)

2nd Cepstral Coefficient

-15 -10 5 0 5 10 15 20 25 30
1st Cepstral Coefficient

<29 3> AA T UE PHS 8 Ut A BAEED)Y BE
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Comparison of the state 1 distribution for neighborhood model and p (null hyphothesis) (blue)

Bl

. True model
~—"""" (blue)

2nd Cepstral Coefficient

18 : i 1 1 L ! H 3 i ]
-20 -15 -10 5 0 5 10 15 0 % 30

1st Cepstral Coefficient

<2Y 4 A 293 dIYE ol% YUY BE

371 Bk 2AW, o B A9t U AE 2de TASE FPAA
Ao 94 29 AR AGAA FAY, BA EF D= AelE 2 3
B7rs) Hol AR EE 2§ AR AFATE HoIA Felzh ek

LEYL o|8F Ui 14 el 2Es} WA EF YEE o)§F wwd
9 ¥m gore <E 45 Lo AYT 4+ Uk

<% 4> BA TY 29H o2 mYY Nz

A EF Ex iy ol =d Wy
- 9 2 gdagle] wixde - 44 2l me} o]x Ed9
XY 3¢ X A

ol |- ezt Aol ARE AA R |- A4 =LY 727 #AHN |
2do] FEAANM BF AR | o, Aejte] Hole AR
we Ao Be

4.2, oiot 71d mElol &

4 2y Bd)o] FojAE, a2 Rdd td o] RS A
A 7 e, olx Bde & I £ e A P = 43 5
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< A5 i FHd weE £¥7F B Jo]E Ro)y] g Fojt} <Y 5> E

EdE g KLD 39 £X & Holxn Qi) AA RAEL vwd 7
KLD9 & tiF&o] 5-7 Alolo] 17| W&o o] g Mes=d 7127}
T Ik ggo® <1 6>9 A9, KLD o] 45T AAY e ASq zZ+
A 2d g thig ol Rde] Fof diF FAE 73 Aotk Ol BE
s} o], 2} 14 Edo) g o] B9 & olrt Adte B AFGME o
% Edg ZAY 9 KLD &g AH o83 g3 ol% 2de £E g ZAA
gt 1 erE e o) 2dg Medlo ALE-31d
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<% 6> KLD<40%] % °o% 299 & £X&

29 o @ ol Bdo] HAYW o BUL ol§dtel Ut AH B
W FEselol Btk o2 BWe Ayl WA £Y Uxs) 2 A4 =d
FoI4 KLD 3ol W 20 Hesy] g2 2de 72E WRHA %o} o
& AHH mdel $E e AdtE BPT ANG Bt M 2RY SE g
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ol o3t FHEAE FE HHOME 2% $HeE 7T F ok F 4 09
A 2R dSEHE pllC)E T8k Bt

dutHo 2 oz AF S H{37] AMe A Zdd g e =
do da) ¥ 28 FE 4%?{, Ve AF BAE AAk 7] W, AR &
g e 787 g8 A G)sk 2ol Zde) A AR FEE WA ALSAok

BTk AH BEe G4 2 7& % 714 $d, 5 29 2% W84 Ke| o
@ 74E A% el 47 48 ¢ Ao B BAIME o Rdg AW T
72 wpgel sl ABsta, AR HE¢ A8 A% PEL 2B

421. 7 Ast

of g Folx 48 & yo $= #& HFd F, 29
7Hd 2de $52 AAde WAl F,

N

W)= %i};}p(yl)\il (10)

4.2.2. KLD Ztoll o5t 7= ZAst

42187 27 o 2de J|qxg WFEr] Aste £ =EAE KLD &
£ AHE3HATh KLD & 7i7bE 2l disiAe 22 g, 2o dold 2d
o gEME & @& Jetlr] dEd APHoE AHEsr] Yo, RE HES
tE gez el Ast e 7, 14 2 @& wo] HEAE AHEERL

2

N
pWlC) = Yo, - plyin)

o~ w;

w,=1— [ &
V2w

i=1

(an

423, AFH gHEo| AN

durHoz ol AFFE $EH AF PR 2Y volx A% WHe %
o gelz (HA =l et sd 2Ry sl A BES Adsteok Bk
gt Abd 3B YT Fe 237 AW/ HRol Be A7 PelM 2
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FAYE AT Qo Ui WHE AIA &< W (incremental learning
method) S 319 Abd &S FA3t= WHolth
pO) =p(NJX") (12)

A AN X = (X Xy, )R SFIEE, 2R OA e @A AR ol A
o = WEHE YA, olsh 2L A4d skl 4 G)E g 4% 2ol 3
"

pXIG) = fp (XA )p XL DdA,
T
];[/ (zlA)p kixz_l)d)\k 13)

9 Ao ] <o A2 Gl dhs) st
N
fp(xl)\)p(MX)d)\——— ‘_Elwi/p(xmi)p(#i[mdﬂi (14)

2 56, 337 S PHe A85d Bed 2ol 7 F Uk

~

p(xlui)p(uiIX)dui

N . p{_M} as)
i=1 27r61d(7+1) 2(r;+1)62,

4 (159 A BB FASE U} WEE MAP WAAT 2T

B m; + Plilz)
mi= Ti+P(i|.’L‘) (16)
7= 1,+ Plilz)
ANAM 73 m' e 9 & #23 F WAEE W dFE onie, Plilz)

= 95 NEE Y45 AF %8 @e Jehar
_ wz‘N(xtIMiaEi)

z, Wolx A% WL AN &

o] B8-S BT Y5t £4 @ FEY 5 %lt}[z]
zds 3

28U £ d7dME 94 2 sed AHSHRR 4 &4 dolEy
£ WE, 293 fesE HAE ARES o837 Y, oF AHd TY
9 H2aE YuE olgdle U4 mde WY WSS AVSE Abd B89 2A}
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A2 A&
43, 0|2 ZEZ 0|38 e Fx

AFAAE o]% BdS o] &3 digt /M 2l F3Ho s FHETh ¢
A% Dty het JpH 2l FHETE U sHE 24 d9EHE ¢ @S
Aete HFYoz He Rol HFY Aot ok o] ol RAES HYH
3, Ut 7Hd 2l #3dte $= e Adde #AAL Ve 2l F=2
(topology)E IWZ FAT A 74 2de $& & AR HF Uit M &
g ¢ & AAHT o] HHL /& Rd @A e HHe) ad=
et 7Hd 2l gt ks EAF0l EART F, 53 Ed9 +x o] ¥
ol A #e 7HE A% 2 el AR it JHE 2de ¢x o wgd o
= Zolvd

B AdMe o) 2de] & 95 E JHEE 2% dde vrdds 75
e S AGIT o) Rdg wrdz I AP, 4 ol EddrM9
AElZE do] AR Az Z+ Ao % I HHulo] o]gHTt dEAlE o]
< 2dy A4 sde 2de Y & FYsdn S @ ol 2l
T3 AT g At AEEE <28 >3 2o

o) =¥

B
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Holge g
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- SUSE0) 9;8

s 23
@R YEY g el

<a¥ 7> o|% EdE o8¢ vrd 7=
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2ol AXA H, 544 F=x
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£ AolME LRT #4014 ot 7hde Edste wud $42 Wolx A%
PN AHSHE ol% BUE WAS 4 WsE AW Wl A% W
HolAqe) AR BEE Fehe HAe gel TASA @] Wl LRTSHY 4
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