
GeneralSoftwareLibraries–TextandSpeechProcessing
�FSMLibrary(Finite-State-MachineLibrary),general-purposesoftwaretools

forbuilding,combining,optimizing,andsearchingweightedfinite-state

acceptorsandtransducers.

http://www.research.att.com/sw/tools/fsm/

�GRMLibrary(GrammarLibrary),general-purposesoftwaretoolsfor

constructing,modifying,andcompilinggrammars.

http://www.research.att.com/sw/tools/grm/

�DCDLibrary(DecoderLibrary),softwarecollectionforspeechrecognition

decodingandrelatedfunctions.

http://www.research.att.com/sw/tools/dcd/

�AMTOOLS(AcousticModelingTools),libraryforbuildingacousticmodels,

probabilisticmodelsofspeechsignals,forautomaticspeechrecognitionand

relatedapplications.
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GeneralIdeas

�Moredata.

�Betterlearningtechniques.

�Otherinformationsources.
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Problem:Dataiscostlyoruncertain
�Bootstrapping

–Largequantitiesofuntranscribedorpoorlylabeledspeechdataavailable

(e.g.,hoursofbroadcastprograms).

–Userecognitionoutputs(lattices)toimproveaccuracy.

�Adaptation

–Dataavailableforsometasks.

–Adaptlanguagemodelsandacousticmodelstonewtask(uselattices).

�Othersimilarproblems

–Spoken-DialogClassification.

–Speechmining.

–Informationextraction.

�Algorithmsforbuildingmodelsfromlattices.
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Thistalk

�Algorithm:counting/collectingstatisticsfromlattices.

�SoftwareLibrary:GRMLibrary

–briefoverview.

–utilitiesforbuildinglanguagemodelsbasedonlattices.

�Applications:

–adaptation.

–voicesignatures(detectionofemotionusinglatticekernels).
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OutputofaSpeechRecognizer–Phone/WordLattice

0

1
hi/80.76

2 I/47.36

3

I’d/143.3

4 this/16.8

5 this/153.0

6 this/90.3

7

like/41.58

is/70.97

10 is/22.36

87 is/71.16

is/77.68

8
Mike/192.5

9
my/19.2

15

my/63.09

uh/83.34

hard/22

card/20.1

57
number/34.56
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CountofSequence�inWeightedAutomaton�

�����:numberofoccurrencesof�instring�.

�Expectedcountofthesequence�inweightedautomaton�:

�	�
��

���� ��������	�


��-thmomentofthecountofthesequence�in�,���:

��	�
�

���� ��� ������	�
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ExpectedCounts–Algorithm
�Problem

–Regularexpression�,weightedautomaton�.

–Expectedcountsof���	�
in�?

�Simplealgorithm

–Transducer��.
0

a:ε/1
b:ε/1

1/1 X:X/1

a:ε/1
b:ε/1

–Compositionwithweightedtransducer��andprojection:

����	����
,complexity:		������
.
–Shortest-distancealgorithm:�	�
������	�
.
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SecondandThirdMoments

0

a:ε/1
b:ε/1

1/1 x:x/1

a:ε/1
b:ε/1

2/1 x:ε/2

a:ε/1
b:ε/1

0

a:ε/1
b:ε/1

1/1 x:x/1

a:ε/1
b:ε/1

2/1 x:ε/6

a:ε/1
b:ε/1

3/1 x:ε/1

b:ε/1
a:ε/1

Weightedtransducer��forcom-

putingthesecondmoment.

Weightedtransducer��forcomputing

thethirdmoment.
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GRMLibrary:Content

1.GrammarcompilationintoweightedFSMs

(a)Weightedcontext-dependentrulesintoweightedtransducers

(b)Weightedcontext-freegrammarsintoweightedautomata

(c)Regularapproximationsofweightedcontext-freegrammars

(d)Replaceclass(mutate,substitute)

2.TextandGrammarProcessingUtilities

(a)Failureclass

(b)Localgrammars

(c)SuffixAutomata

(d)Localdeterminization

(e)Countingandmergingcounts

3.Statisticallanguagemodeling

(a)Making,shrinkingandconvertinglanguagemodels
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Countingfromweightedautomata

�Programs:

���	������������ ����
�������
 ��
	�����
���

�����������
	�����
������
	�����
����������
	�����
���

�GraphicalRepresentation:

0/0

2/0
<s>/4

3/0 hello/2

1/0
</s>/4

4/0

bye/3

hello/2

bye/2

</s>/2

</s>/2

bye/1
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Creatingabackoffmodelfromcounts

�Program:

����������
 ��
	�����
�������
 ��
��
���

�GraphicalRepresentation:

0/0

1

</s>/0.410 bye/1.108

4

ε/3.500
</s>/0.810

bye/1.098

2

hello/1.504
</s>/0.005

ε/4.704
3

bye/0.698

ε/4.481

hello/0.698
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Shrinkingabackoffmodel

�Program:

���������������
 ��
 ��
�������
 ��
 ��
 ��
���

�GraphicalRepresentation:

0/0

1

</s>/0.005

3

ε/4.704
</s>/0.810

hello/1.504

bye/1.098

2

hello/0.698

ε/4.481

bye/0.698
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Application–LanguageModeling

(GRMLibrary,jointworkwithCyrilAllauzenandBrianRoark)

�Languagemodeladaptation:builtonweightedautomataoutputby

recognizer.

�Utility:���	����(GRMLibrary).

�Experiments

–computeexpectedcountsofall�-gramsequences,���.

–41,000weightedautomataoutputsofspeechrecognizer,18.8M

transitions.

–1h52monasingleprocessorof1GHzIntelPentiumLinuxcluster.

–�
��thoftotaldurationofthespeechutterances.
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Application–VoiceSignatures

(jointworkwithItzhakShafranandMichaelRiley)

Classificationofemotion,AT&THMIHY0300spoken-dialogsystem.

�Categories:originallysevencategories(positive-neutral,very-angry,

somewhat-angry,very-frustrated,somewhat-frustrated,other-negative).

Binarycase:negativevs.non-negative.

�TestData:about650wordlattices.

�RationalKernels:�-gramkernelswith���.
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DetectionofEmotion–ExperimentalResults

HMM-basedclassifiersonCepstra76.8

SVMw/rationalkernels

onref.wordtranscripts81.7

SVMw/rationalkernels

onASRwordlattices80.6

Comparisonoftwoclassifiersonthetaskofbinaryemotionclassification.
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Binaryclassification(negativeemotionvs.other):percentageoftruepositive

versusfalsepositive.
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Conclusion

�Algorithms:Collectingstatistics,classification,clustering,etc.

�SoftwareLibraries:Implementationspubliclyavailable–DCDLibrary,FSM

library,GRMLibrary.

�Coverage:speechrecognition,speechsynthesis,spoken-dialogapplications,

classification,clustering,etc.

�Generality:algorithmsusedinotherdomains,e.g.,computationalbiology,

informationextraction,networkoptimizations.
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