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Intr oduction

e Minimum BayesRisk (MBR) decodersiave shavnimpravements
over MAP decoderausing N-bestList Rescoringand A* search
overword lattices.

o SgmentalMBR decoderssimplify implementatiorof MBR de-
codersby segmentingthe N-bestlists or Lattices.

e \We present:

—A methodto sggmentWord Latticesinto regionsof low confi-
denceandhigh confidence.

—ThreeSMBR procedureshatcanbe appliedon low confidence
sggmentsets.

—Resultson the SWITCHBQARD speectrorpusshaving error
rateimprovementsvith SMBR decoding.

1 Minimum Bayes-Risk Speech
Recognizers

e Minimum Bayes-risKMBR) decodelon anutteranceA:

6(A) = argmin Y (W, W')P(W|A)
W'eWs Wew.

o A word lattice

. N-bestrescoringl or latticebasedA* 2 implementations.

2 SegmentalMinimum Bayes-Risk
(SMBR) Decoders

o A sgmentedvord lattice
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o We wantto obtaina sggmentatiorsuchthat:
UW, W) = LW, W) + LWy, W) + L(Wa, W)
« Segmental MBR decoder is a concatenation of MBR decoders :

argmin Y, (W, W')P(W|A)
Wewmwew

argmin Y. (W, W/)Py(W|A) .
WeW,WeW,

argmin Y. (W, W/)P3(W|A)
WeWsWeWy
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3 Issuesin the SMBR Approach

e Primary benefitof SMBR is reductionin searchspace:A large
searchproblemis broken down into mary smallersearchprob-
lems.

e SMBR decodergenerateiypothesesiot presentn original lat-
tice.

« SMBRinvolvestradeof betweersearcherrors(no segmentation)
anderrorsin lossfunctionapproximation.

o We have developedLattice Cuttingasa procedurghatsegmentsa
word latticeinto low confidenceandhigh confidenceegions.

o Sgmentatiorrestrictsthe possiblestringalignments

—We wantthe inducedloss dueto the segmentationto approxi-
matethe desiredossfunction.
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4 A Lattice Cutting Method Based
on Node Sets

« Cuttingalatticebasecbn Ny and N,

O Nodeotns
@ Nodeoine

e How to selectNodeSetsN; and N, ?

—Along eachpathin W, thereneeddo beatleastonenodein N,
andonenodein N,

—Nodesof N precedeodesof A, onthatpath

Needto computemaiginal probabilitiesof pathsin thelattice seg-

mentW;

—Marginal probabilitiesshould be computedover longestsub-
pathsin W

5 Marginal Probabilities of Pathsin
Lattice Cuts

e Goal: To computeP;(W;|A), the maginal probability of word
string W} in Lattice sggmentW;
 Lattice Forward Probabilityof thefirst noden; of W;, ny € N,:
F(ny) = Z eLs(Wy)
W,:Ef (W)=
Notation:
— W), is aprefix of alatticepathiW
—Ef(Wp) : LastNodeof W,
—L(Wp) : Jointacousticandlanguagemodellog-likelihood of
W,
—E(pr) : All lattice nodesthroughwhich W, passes
o Definea Restricted_attice Forward Probabilityof noden;
Flng; Ny) = > els )
W, Ef(Wy) =m
E(W;) NN, = {m}
—Foranoden; € Nj, Lattice Pathsthatpassthrougha nodeof

N beforen; contritutea segmentlongerthan; to Wj. Their
probabilitiesareto be excluded.

o Lattice Backward Probabilityof thefinal nodeny of W, na € N,
B(ny) = Z Lu(W2)
W, : ENW,) =n,
Notation:
—W; is asufix of alattice pathiV
— E(W) is thestartingnodeof W,

— Ly(W;) is thejoint acousticandlanguagemnodellog-likelihood
of W conditionedon startingnodeof W;.

« Marginal Probabilityof stringW; in sectioni:
_ P(ny; Ns) P(Ws, A(W5)|n1) B(ng)
P(4)

6 A ConfidenceBased
Lattice Cutting Procedure

Fi(WilA)

<;§

==

1A, Stolcke, Y. Konig,andM. Weintraub,‘Explicit word errorminimizationin N-bestlist rescoring,
2V,

9%p. 16! 997.

P
14(2),pp. 115-1352000.

Byrme, “Minimum B  C

Shankar Kumar and William Byrne
CLSP/John#lopkinsUniversity,
3400N. CharlesSt.,
Baltimore,MD 21218,USA
{skumar,byrne} @jhu.edu

7 SMBR decodingof Lattice Cuts

o ThreeMBR decodingproceduresn lattice cuts
— A* search
—N-bestlist rescoring
— Lattice Cutting E-ROVER (LCER)

o For A* searchandN-bestList rescoringMBR decodingon alat-
ticecutWj :

W; = argmin Y I(W;, W) Bi(W;|A).
WiEW: wew,

o For LCER, thesearchandthe sumareover differentspaces

8 Lattice Cutting E-ROVER

® Evidence Space Generation

o Hypothesis Space Generation

4 U 4

WORD TRANSITION NETWORK

EXPAND CORRESPONDENCE SETS

9 Resultson SWITCHBOARD

® JohnsHopkins University Hub-5 LVCSR 2001 Evaluation Sys-
tem.

—Testsets: Swhd2-portionof 1998 evalset(swbhd2-98) Swhd-1
portion of 2000evalset(swbhd1-00)and 2001 evalsets(swbd1-
01,swbd2-01,swhd2cell-01)

—SMBR Methods: N-BestList RescoringagndE-ROVER

5
‘swbdz% swbd1-00 swhd1-01 swbd2-01 swbd2cell-01
MAP (baseline) 411 26.0 26.8 324 37.7
N-bestrescoring Entirelattice 404 256 26.6 321 372
Laticecuting 402 | 254 - -
eFROVER | Entielatice | 405 | 257 - -
Latticecutting|  40.0 252 26.5 315 36.8

e ResultsNot Includedin JHU 2001 Evaluation
—TestSet: The1997JHU LVCSRworkshoptestset
—SMBR Procedures N-BestList Rescoringand A* decoding

DecodingStrateyy WER

MAP (baseline) 38.5
N-bestrescoring Entirelattice | 37.9
A*search | Entirelattice | 37.5
Latticecutting| 37.1

10 Conclusionsand Futur e Work

e A lattice cutting procedurethat segmentslatticesinto regionsof
low andhigh confidence

e Threeprocedure$or MBR decodingon sggmentedattices

o Performancef MBR proceduregmproveswhenappliedto lattice
cuts

e OngoingResearch
—Improved|attice sggmentationnotrelying ontime information

— A* searchprocedureswith separatenypothesisand evidence
spaces




