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Why Weighted Finite-State Transducers?

1. Efficiency and Generality of Classical Automata Algorithms

Efficient algorithms for a variety of problems (e.g. string-matching, compilers,
,parsing, pattern matching, process industri, design of controllability systems in
aircrafts).

General algorithms: rational operations, optimizations.

2. Weights

Handling uncertainty: text, handwritten text, speech, image, biological
sequences.

Increased generality: finite-state transducers, multiplicity/indeterminism.

3. Applications

Text: pattern-matching, indexation, compression.

Speech: Large-vocabulary speech recognition, speech synthesis.
Image: image compression, filters.

* credits to M.Mohr

What is a
Weighted Finite-State Transducer (WFST) 7
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A finite-state machine where each arc is a
weighted transduction consisting of an
input, an output, and a probability/weight

Simply put: A translation device

A WFSA is a transducer without output

WESTSs in recognition

| want a ticke..#noise”..Boston from New
York

FST trained on acoustics and language
corpus:

#noise” must be "t...to" !

WEFSTs in recognition
The bare was bear naked?

FST trained on language corpus:
The bear was bare naked




Recognition Cascade (simplified)

« |: Input feature vectors Eeature vectors :
= H: HMM

Feature vectors —— CD-HMMs -

= C: Context-Dependency Mode CD-HMMs Transcr. syms .

: W
Transcr. s — \Words

: Words — Words

« L: Lexicon

+ G: Grammars

Weighted EST operations

Best-path Difference Weight pushing

Closure Equivalence Label pushing

Compaction Hadamard product  Reversal

Composition Inversion Epsilon removal

Concatenation Minimization Tiepological sert

Connection Projection Union

Determinization  Pruning

Language model WFSA

Model a priori weights for different word sequences (n-grams)

4 fictitious words: w, X, y, z

LM WFSA - Minimized

Model a priori weights to different word sequences (n-grams)

4 fictitious words: w, X, y, z
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Use different weights to model likelihood of pronuciations!

Lexicon transducer
Some phonetically similar words
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36 states




Eugqivalent lexicon transducer

— Deterministic

Adalama

36 > 13 states

Weighted determinization

azeps/2

c:b/4

breps/2

Weight pushing

wiw/2

xix/10 o x:x/0

xieps'2

Weighted composition

A (x, 2,2, x) > (Y, X X, X)
weight: 1 +4 +4 +3=12.

B:(y, X, %, ) > (z,¥,Y,)
weight: 3+6+5+5=19.

yial3

AoB:(x,2,2,X)>(z,¥,V,Y)
total weight: 12 + 19 = 31.

C=AoB:(x,2,2,X) 2> (zZ, V.V, Y)

same total weight: 4 + 10 +9 + 8 =
31.

Lexicon + Grammar: Lo G

HMMs as WFSTs

han HAN (Eng: he)

hand HA:ND (Eng: hand)
handdukar HA:NDU:KAR (Eng: towels)

dukar DU:KAR (Eng: set the table)
Sequence:

han dukar HA:NDU:KAR (Eng: he sets the table)
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Context-Dependendency Modeling ASR systems

. ) ‘ System Starlite ~swom)  Ace (A Daytona
...varidet...

Type MVCSR (< 2kw) MVCSR (< 5kw) LVCSR (>30 kw)

Bigrams +
Triphones
(no X-word)

Decoder tech 2-pass, Viterbi + A*  1-pass, Token passing 1-pass, WFST
(mod)

Source code (o} Java C#/C/SIMD Asm
AM HMM+GM, ANN HMM+GM HMM+GM

Compatible toolkits HTK HTK HTK, SRI LM, AT&T
FSM

Trigrams + Bigrams Class-pair

- Trigrams
X-word Triphones Y
Multi-level N-gram
(backoff)

Context-Free
r [I] d Grammars
afri

x[vla, i[dle

Dynamic LMs
Incremental results

X-word N-phone

vlalr, d[e]x decoding
Dictation (infin.
input)

Large vocabulary CSR (30k task)
Backoff 4-gram LM, triphones (cross-word)

30k vocabulary task, MLLR HMM adaptation

a0 Total FST search

- space:

(language model,
lexicon, context-
dependencies, HMMs
etc.)

WER (%)

space ~ 108-10° states

Without FST
optimizations ~ 109-10"1
states

" = Incremental output (word by word)

05 1 5 2 25
Decoding Reaktime Factor

Super-miniature decoder: Transducer C’ (only b, e + sil)
CD-phones (8 triphones, 4 diphones, 3 monophones) - transcr symbols

End




o Miniature decoder: Transducer L
A miniature two word decoder example

» Lexicon:
—bil: b PP
—en: ‘e’ ‘n
— <SIL>: sil”

6 transcription symbols (5+1)
—beiln (context dependent)
=-s1l (context independent)
(A5M :1)125 (5 ®) triphones, 25(5 2) diphones, 6 monophones
+

« Simple bigram language model

Miniature decoder: Transducer C Transducer C o L
CD-phones (125 triphones, 25 diphones, 6 monophones) = transcr symbols

-

Transducer G TransducerCo Lo G

BIL/16.09

BIL/5.108

EN/28.25

EN/15.04

<SIL>/5.5

EN/11.51

<SIL>/0.267




Optimized WFST HoCoLo G

@6:-10241

@20:/0348 @21:/0409
@19:0510
@20:-0916
@25:-/0510 @26:-0348

@27:-1224

@26:-10916
@ 16 o

@414

@23:-0916

A weighted transducer PDFs - words

Speech Recognition Grammar Specification

VW3C Recommendation

<7EML VETEiON-"1.0" EM2OQINg-"IS0-9859-107:

<IDOCTYFE grammar EUELIC *-//WiC//DTD GRAWNWAR 1.0//mN
"DEEp: / /WWW . W3.0Tq/ TR/ SpeEch-qTaMmAT /grammar . atd" »

<grammar xmlns-"hEtp://www.wd.org/2001/06/grammar®
AWINS :X84-"HEED: / fWWw.¥3.0rg/200L/ MLEChama - instance”

%51 :50NEMALOCAE100-"NELD : / /W W1, Grg/2001/ 06 /grammar

+/ fwwi w3, 019/ TR, /speech-grammar /grammaz . xad"
.0" root-*city state" mode-tvoice's

#ml:lang-"sn" version

<rule 1d-"city" scope-'public's
<one-ofx
<1Cam»008toNe/ 10ams
cAtamLEn1 128 1Nt Ae f1 tems
<itemsFargoe/items
</one-ofs
</rules

<rule id-'stata" scope-"public’s
cone-ofs
<itamuFloridac/itens
<itemsNorth Dakotas/items
<ditemsNew Yorke/items
«fone-ofx
</rulex

«l-- Raferance Ty TR to a 1o%al rule --a
cl-- ATtificial example allows "Bostom, FLOTHAE"1 --»
<rule 1d-'city_state" scope-"public’s
<rulsref uri-"fcity"/= <rulsref uri-"fstate"/s
<frules
«/grammazs




