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Context-sensitive Statistical Models
for Speaking-style Transformation
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and TATSUYA KAWAHARAT!

Automatic speech recognition (ASR) results contain not only recognition er-
rors, but also disfluencies and colloquial expressions that are not appropriate for
inclusion in official transcripts. In order to correct these phenomena and create
natural transcripts, we treat ASR results (or faithful transcripts) and official
transcripts as different languages and use techniques from statistical machine
translation (SMT) to “translate” between the two. In this paper, we present
two novel methods in this framework. First, we introduce a technique to create
context-sensitive translation models, improving the modeling accuracy. Second,
we use log-linear interpolation to combine the translation model’s joint and
conditional probabilities, allowing for frequently observed patterns to be given
higher priority. A system containing these improvements was implemented
using weighted finite state transducers, and an evaluation was performed on
transcripts from meetings of the Japanese Diet (national congress).
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ZLEBETAFERRE L. el SMTICESS EF L2 ESITHEL, Y
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FEE LT, L0 R — "R R T — 2 L35 MEREIET VR BT AR
BT ATa—Y—THEL, D@ EMREAR L GHEZIT .

2. FLEEDERDETILE

2.1 #HEOHLIBEBETIL

SMT IZEESWEFE LSO IL, R R (FRTAELRFZIRIL) V 22356
W ~EWRT 5. BARICIE PWV) Z5ETOHEETAVEREL, 25 VITHLT
P(W|V) #EBHKILT D W 2ERT D, TFADNRT AL —2HETHEDIC, VEWD
KR — R E BT —2 L LCTHIATS. W bV biliio TWARFRI—/ 2DV A XX
W OHOEFHERT — /R A LV IE DTN E N, o XBZHWT PW|V) Z28iRET
VSR P(VIW) & SIBET MR P(W) 2R 5.

W= argmath(V|W)Pl(W). (1)

HRRET VOFEICHR A= XARMECTH LD L, SETTVOHEICIZV OME
N, W OBRNEET D WHEFE a— ZARFHTES. 20X ) REF /T “UED
HDHEER ETF VLI, EROFHELSEOBFOMETEICANHRATNASDD,
TERDOMEE Do HIBEET NV TIE, XOMFIEE P(V|W) 2T MET D208, £
NENOHEFEOFIRIMERIIMNL TH D LIE L, XOFRIEEEZ ZTNEN O EEEFIRHERT
IERLL Tz,
P(VIW) = HPt (vi|ws). (2)

I CHEERRRfERIXEN TR LHEEIC J:o’@k&)%ﬂé. L, ALHIBRER D 2
DI, ZEXTFHNERTILS € ZFERICAN, R P(vle) & P(wle) ZHEET D, —d%X
Zxt—OEH (WAL — TWAWA 72)) WD T2IT, HBIIERINDHEFESG
1 OOHGEL L TEREICEDD. ZO X O REENFMET D701, HiESHIOBER A BT
L. ZOMBEEMRRT =012, HiEREAEERLY l-gram OFEET IV THET 5.

2.2 RKHEEETIL

AIEICIE, HAERIWERIIMNITH D & WO REICE SO TR MR A HE L), £
K DOBE, ZOXREAFIET LT UL Sz, B Todhn) e okHn

*1 22T Py MR a— "R AWCHEE SNDHER, P 138#EE W ORBEETHa— A& A CHEESh
DA ST

WA D BRI T 2 BRI OV T,
FohThbrEZLNS.

SWRIARAET DTRETF L EVER T B 72018, HEDH DBERETF NV TEF VDN E
THOTIL, FRT—SR2OHEHOTRFESE P(V,W) 2 EEET LT 5 5 ERS 5.

CIEHERZ B ATz 5

%
i

W = argmaxP(V|W)P(W)
w

= argmaxP(V, W)
w

IR % © T T B BRI 7 IR OMER STV B R, ARFZE Gk GIATIY
EMEEND HEERHATS. 774X bV EW OMERT T = v1,72, 00Tk
(vi = (i, ws)) ZHWT, FRLE N7z n-gram T VEBET 5.

PV, W) = Hﬂmmn%.«mo (3)

2.3 XARICIKTFT HERETIL

FREREZET T2 & CREFIATHZ LT TE 50, E@ET NV PR(W) &
PFRIZAES TIal, HEEOT — 2 52FIHT 2 Z ERREETHS. AFFRTIEL, GIATI
DRI A2 FE MR, SURITIKFET 5 R EEE G5 FIELIRET .

EF, FRRET SR P(VIW) 1L, —EE2EbPIC, HFEOFEMHROME LT
BT LIZHFEETS.

V|W HPt 1)7,|v1,...,vi_l,wl,...,wk,)
:HPt(Uihl,...,’yi,l,wi,...,wk)
i=1
F77, v, OMERIT w; UBROHEZEIIKIFE LW EIRET D.
P(VIW) = HPt (ilya, - oo vie1, wi)

é%u,ﬁﬁ%TW#@rTéﬁhEr@ﬁé%j X pD~wa7EeT LTHIRETS.

P(VIW) =~ HPt Vi Yimng 1y -« s Yie1, Wi) (4)
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K1) 2SbITERT L LUTHHELND.

k
Py(vilvi—n+1,---,7i-1)
P (VW) ~ 5
SRR § ¥ T e ®
X (5) DB TR (3) D n-gram R LA —Th 5. £, HRHILITFO X 5 IRz E
WETBHZ eIk b, K (3) DHERNL/LZLENTESD.

P(wi|Yiengis ooy Yie1) = Z
vjE{F:w=w;}

L7=NRoT, P(VIW) X GIATIEIC Ko THEH LD n-gram fEENOHEET 52 &M
ARETH L. ZOFRMIERZ SFHET ViR B(W) EMAEDE T (1) OMEDH S
BEWETVCTHHATAZZENTES., ZHUCLY, REBE LI-FRMELFIH LR
b, REOTXANeHWESEETAVLAMATLZ LN TES. 72, n=10%4, K
(5) & (2) AL 25, ZDi=, URCHEFET 2RIRET V&2 WM O 5 5 l(E
KET ML, EROMEDHLBEKET LO—RELIZR>TND.

2.4 [EIFREREER & ORERTAER

FUATHERICL S TEHRETNAHE B(W) EOARTREL 72D —F, B4 —
COBEFRN KON IMER LSS, BEfE LT, NE =2y, OBEERZNEN
ct(vz) = 100, ¢t (wz) = 1000, /XF—2 ~y OBEENRZIEI ci(vy) = 1, c(wy) = 10
D& X, TS — U OEBAHERIIH T &b 0.1 &7 5.

G PR ©)

Py (ve|we) = Py(vy|wy) = 0.1

UL, (BHED y, 1A SRR T2 (CRET 5 MO TR S B0, BHED ~p O
FREEERE L Bbh D, BT, R0 2 AU E RS REE NS T 550, [
FE DI 5 — BT E RVBADRZL.

Py(vsws) & Pi(vy|wy) BFEMEL 225 DICK L, FIEERESRD Py(v,) 13 Pi(vy,) © 100 £5
THD. Lo, SRR VEERFRIE, FRFEREZHWDZ L THETE 5.
AW, FIRFREROEAL L L CAMEIAR® 2R L, SHETF A0S - BREs
NG - BIRE 7 LR R 2~ A A DR T A M(W, V) 25T 5.

MW, V) = AlogPi (W) + AalogP, (VW) + AslogP: (W, V) (7)
TIZITA =015, MW, V)13 (1) OG0 H 5BIEHET LVOILE L Hed 5

£ 1 FHMEAT—Z O, ANTFICE2HEIED L L EFRMRICT 28 2 — %%
Table 1 Size of the test set, and number of transformations necessary for faithful transcripts and

ASR results
B — ¥ 1,023
GRS 300,059
Fm 20,629
sk 7,196
AF ASR

il 745— | 22,5620 19,468

Zoff | 24,450 42,105
X 4,954 28,503
ECIN 4,584 11,332

D, A2 =01 LT 1+ 5 3 HO L& MEHIEAIT 5 2 L 13BN b AT S 5w Y)
Thsd. HiRHNREE DX, P(W) & P(W,V) 2llAEG0ETH, KDy P(W|V)
DOFEBHERERD ZLIIATRETH D0, WMEUITIIRVEVWR D, £72, EHNAR Y
DB, ZOX IR SNT-ET T HEGEAIRENCHIBR T 2R A H 0, I HM
MR ET V& B0 S Z L3R, 2o, RRHERET L LS MB 21T 2 B,
HIE CEA LTS HERET MILBEAFT K TH 5.

3. FF ffi & B&

3.1 ERO®E

BREFEOEIMEERIET 572010, REBFEH2— 29 ZHOTY AT A58 L,
EHESOAREFHES A EfRE A7 LT, ANPRICLDEFERESIR I L EEFARMSREEEN
ENANET D 25O BAEIT-T-. AIFLARITTRET L OF CilH OBFE L L TH-> T
L0, HERHEREASETDHA, 200ms L EOR—INH > - EHTICAR— X2 KT
LENANLI, MFSERAOTRD & LTHW.., SH I EREREOSFRRi
27 Kz k5 TN, HEERY R (WER) X 17.1% Th -7, 72 b v M3 2007 4
10 BB NI Rl DI S TR Y., TR 1 0@y TH 5.

SHRETINVOEET — 4 L LT 1999 4 1 H~2007 4£ 8 H ORI N -5 1.58 (&
FEEZ. £72 2003 4F 1 A~2006 4E 12 A ORI N2 8@ D 232 HREDOXFR=1— /3
A2 EFERET L OEEICHWE, SMEERIETT LV OBERL 6.63 HFEO~LV RT U hF—X
THE L.
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3.2 ¥EH - %K

SEET Vi Kneser-Ney 15 TV L &z 3-gram T V&M A L7z, GIATIED n-
gram % Kneser-Ney /£ TEB{L S, l-gram, 2-gram, 3-gram O-Z LU DOV TRAA
7l BERBEXRILEANETE AT AOEE L, BEAEIED L LOEEOR
Ra—_2EFFRRETNOER T =2 L L. EFB#ERE AN LT BV AT TR, R
A R & DEEER ORI 2 — SR BRI L7z

HET VA WEFST TERELLT, TNOLEAMT DI L TRIUER 1 DOET VAR L
7o BME - RERAR LT, RERRREEAHIEL, EENMENL 2D, AR TIIIN
EOTNTY RAEFELIZF A 7T Y OpenFst'® #FIH Lz, A SniEET L ETe
PRREAT S = LITEME RO EN TRWED, WFST O — A% —FF a—& Kyfd*> %
W5, SERIEET VOEALOFEIZIL SMT ¥V —/F v b Moses IZEHENTND Y —
VAR LY.

3.3 HRETILOSHE

#2102, R (5) DHEFOHDHBEHETT N, SHEHIEELOMNT LIS O H 50K
TN (A3 =00 (7)), X (3) DRIFFERET L, X (7) OREBHE SNizET L
BT 5. 1-gram OHEF O H B EEKTET MWIEROMEET O H HBEKET NV EF—T
BHBID, TNEX—ATA T 5.

HET D B 5 WIS & FIFFER ORIEAHE S 7z 3-gram 7 /VITEFEAEESH I LOAS
IR LT 4.05%, & A adilihd RO AFNTK LT 20.03%DHGERY FLe->TEBY, bolk
AFENE Do TS 2 FELLROERE (AEME P = 0.01) TX—ZXT 1 DD
F(ENEN6.51%, 21.83%) LHUNTHERUWETHD. AR TRE L UREBE
LIERRRE T T T A RO B AL BEREB SR I LOBAICHL ZOHEICKEL
"KL 7.

RERHERE O E VD ET ML, AFICL2ESEZI LCIIEEOL2WMERET V2 E
Ho72bDD, HEREBEHBERTIIN-2ATA4 U FHAST, bo& bIERWVEE L 25724,
TR R OIE S EIC R Y, FRERT A NANRN—AL RS2 TH D, st L

*1 T FEBR T 4-gram OFEEIL 3-gram OFEEE FEl-7272%, 4-gram [FAVR0 7.

*2 THERTAFICL DS LI L L RHEBOIRa— S22 AW ZHRET Vb B L2, HEERY RT3
W%IFEm< etz THITEIL, FEIRILE2FBRICHWE VAT ABRAFHREZELHATES Rpolled),
Z L TR RE MWy 27 AT 270 # ELFTIETE 272 Ex b .

*3 http://www.phontron.com/kyfd/

*4 Rz £ -7 BE LRV 1-gram ETVEFRL.

& 2 KETNVOMERE. LL THEMEET V&R, LT n-gram OA—F—. HFEIR—2T71 0 (T
F—=F4) LORERERET.
Table 2 Each model, whether it is log-linear (LL), and its WER for each TM order. Italics are
statistically significantly different from the baseline (underlined).

AFICErESEIL (B LIT 18.62%)

TV LL ‘ 1-gram 2-gram 3-gram
MeEr 0 b i858 (Noisy) 6.51% 5.83% 5.82%
HE o b5 mER (Noisy LL) O 5.99% 5.15% 5.13%
[AIREfER (Joint) 9.89% 4.70% 4.60%

e Db 53815 1+ AR (Noisy+Joint LL) O 5.81% 4.12%  4.05%

RAAE R (e LIX 36.10%)

5L LL ‘ 1-gram 2-gram 3-gram
MR D 3 585 (Noisy) 21.83% 21.00%  21.09%
B D 2 E(EHE (Noisy LL) O | 21.63% 20.97% 21.09%
[FFRER (Joint) 28.61%  22.62%  21.98%

HETF O 5 IBER A RS (Noisy+Joint LL) O | 21.82%  20.04%  20.03%

T, REDT =X THEHINZSFEET NVERVDIHE OH HBEHET WX 2 —/32
DA/N— A ST HHHEIE & W R D

HEE O b 5B & FIREE R O SN2 ET AV TIEEI BICKRE RIEE oM k-
MBIz, FEZ, 2-gram X° 3-gram T, [FIFFFERED D 5 2 605 8 EERITGHEE O
BIFRAE — N L DR W MMA D Z ENTETZ

3.4 OA—NRRYA ADEE

ETNVFEENMEIR T — A A R FARD L, HRT— ROV A ZeEH I T, &
TWOREZF~T-. TORMRIIRL LB 2 0#EY THD.

ZOFEENP LN ORI R LD, T, MFOHHWBEHET IR — 82
NSV AETHEREET VOFHRBFIHTE 57280, /NI WRFRa—/ 2 T b Lhii i
Thb. T0—J, REREZAVZTT WIT =2 NEL 5L L BITKEENE L4 5
MAHY, M1OAFICEIIEERI LEANETIERTIE, HFTOHDEEEETLO
FiEZ EEAZ 5D, HEOHHBEH L RREELZMM LT VIIHEOET LV
OREFEHOLELD. NEWVWT—XIZHHEEETHY, T— X B DITEWRN LS 257
B, TRXRTOT =P A XZBNTho L bEmWBE Lo 7.

Fiz, FIRERE HWLET VT, 232 HEEOXER 2 — 2% N CHERBIRA LS
N7, IBIET—Z TR ETRETLIAMADH D, FEAREEREANETHVRT
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1 a—=RRYA ZXOEE (NFITLESEIL)

Fig.1 Effect of corpus size (manual transcripts)

ATHEFEET -2 2T OREL THHDOT, 5HILITHPL L TVE 0.

BEBIZ, FEAEDETAT, 1.7 HEREDOT =24 ATHENEIICWEL, Th
PR CIEECER RN R o le. T T2 7 4 7 —7R EOEHARE — 93 1.7 FEE
FTICFEE SN, TRLBIEESURICIKE T DB Y — o EREE SN0 TH S ).

4. © F U

AL TR LEEOEFE O =D Ok E B & L 72 FRRE T L ORERIZ DWW TR <72, &
72, FIRRANE = OMEE RS 5 5EE LT, HE0L L BERET VL FRERET L
DOXERTCA T 2 FIEERE L. WFOREFEEH WV AT A, HEOH51EE
BETNDR—=AT A NN THELARICKETE L. 5%OMELE LT, WFST ©
TRERHET a— & L OREGEITY, FENYE X »OESRER W 2 BRTLI LY
DD, Fiz, RFRTRELEET VE ) THALFHEE L EAGDLET, ThENh
DR ERRIDTETHD.

‘W' Baseline

== Noisy LL 3-gram
=¥= Joint 3-gram

& Noisy+Joint 3-gram

WER (%)

32k 49 87k 17k 35k 66k 143k 287k 573k 1.14M 2.32M
Words in TM Training Data

2 IRV A O (BRI
Fig.2 Effect of corpus size (ASR results)
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