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E Problemstellung ﬂTU G

Kommunikationstheoretisches Modell der
Spracherzeugung und -erkennung:

KODIERUNG & UBERTRAGUNG DEKODIERUNG
Text- = / Merkmal- s Erkenner w
-> Sprecher/i - - -
quelle Procherjin berechnung ASM—LSM

DEKODIERUNG = Maximierungsaufgabe

w = argmax P(X |v) - P(v)
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E Viterbi-Dekodierung ﬂTU G

Kompilierte HMM-Netzwerke

> Voraussetzung: einfache Wortiibergangsgrammatik (Bigramme)

> Voraussetzung: jedes A, besitzt je einen A/E-Zustand
> Vernetzung der Wort-HMMs “im Sinne der Grammatik™
> Dekodierung: Viterbi-Algorithmus auf dem HMM-Netzwerk

> Optimale Zustandsfolge = Wahrscheinlichste Wortfolge

HMM-Netzwerk zur Einzelworterkennung:
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E Viterbi-Dekodierung ﬂTU c

Verbundworterkennung
bei vorgegebener Satzldnge m
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Verbundworterkennung
bei unbekannter Satzlinge

ilf(:\/ o -@©

> Fluchtwahrscheinlichkeit p
* Verlassern der Wiederholungschleife
> Vermeiden der “Kantenexplosion” durch konfluente Zustinde
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Verbundworterkennung
mit wortbezogener Bigrammgrammatik
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> . Wortmodelle

(wie ein Einzel- oder grammatikfreier Verbundworterkenner)

> [* Wort-HMM-Ubergangskanten mit
Bigrammwahrscheinlichkeiten
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E Viterbi-Dekodierung ﬂTU c

Example: Input: [aa n 1y dh ax]
Output: [ need the

Word models for /, need, the, and on:

".”@ P
@ Word model for

Word model for "the' @
Word model for dedlf
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E Viterbi-Dekodierung ﬂTU c

Viterbi algorithm used to find the most-likely phone
sequence within word models:

aan i dh ax ..
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Example bigram probabilities for the words

) )

, and

following each other, and starting a sentence (computed from
Brown and Switchboard corpus).
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I need
I the

I on
11

the need
the the

the on
the 1

0.0016
0.00018
0.000047
0.039

0.00051
0.0099

0.00022
0.00051

need need 0.000047

need the

need on
need 1

on need
on the
on on

onl

0.012
0.000047
0.000016

0.000055
0.094
0.0031
0.00085

# Need
# The
# On
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0.000018
0.016
0.00077
0.079



E Viterbi-Dekodierung ﬂTU c

Finite state machine for the words /, need, on, and the:
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| fanction VITERBI(observations of len T,state-graph) returns best-path

num-states < NUM-OF-STATES(state-graph)
Create a path probability matrix viterbi/num-states+2,T+2]
viterbi[0,0] + 1.0
for each time step ¢ from 0 to T do
for each state s from O to num-states do
for each transition s' from s specified by state-graph
new-score + viterbils, f] * als,s'] * by (0;)
if ((viterbi[s' t+1] = 0) || (new-score > viterbils', t+11))
then
viterbils', t+1] < new-score
back-pointer(s, t+1]+s
Backtrace from highest probability state in the final column of viterbi[] and
return path.

Figure 7.9  Viterbi algorithm for finding optimal sequence of states in con-
tinuous speech recognition, simplified by using phones as inputs (duplicate of
Figure 5.19). Given an observation sequence of phones and a weighted au-
tomaton (state graph), the algorithm returns the path through the automaton
which has minimum probability and accepts the observation sequence. afs, s']
is the transition probability from current state s to next state s’ and by (o) is
the observation likelihood of s’ given o;.
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Viterb1 decoding of [aa n 1y dh ax]:
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E Viterb1 Dekodierung ﬂTU G

> Problems

> Computes most likely state-sequence (e.g. phoneme
sequence) not word-sequence

> Only for bigram grammar models (in our example)

> Solutions

> Viterbi algorithm as first decoding stage generates
» N-best word sequence hypotheses, or
» word lattice for further decoding stage(s)

> Tree search: Stack decoder, A* decoder

» Based on the forward algorithm

» Best-first search in lattice/tree of sequence of allowable
words (in a language)
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E N-Best Decoding ﬂTUG

N-best decoding, e.g., as part of a two stage decoder:

Simple Smarter

Knowledge Knowledge

Source Source

ol N-Best List *-:.: ?::-*
SpEECh , A ‘7Alice was beginning to get. = I-BESt Utterance
N 7E happy family...
lnput """" bt N-BESt ‘?1nv:r13‘:olzin¥ha g:gund.,_ Rescorin ----- : i If 1i_nuzlidic ?? the
L 71f music be the food of love... My cod ol ove...
If ’;g%i:%ﬁ;{‘: 4 DECOdEl‘ 7If music be the foot of dove.. g ¥

N-Best Decoder:
> Simple, fast
> Reduces search space for second stage
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E Tree Search ﬂTUG

Lattice of allowable word sequences:

./t
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function STACK-DECODING() returns min-distance

Initialize the priority queue with a null sentence.

Pop the best (highest score) sentence s off the queue.

If (s is marked end-of-sentence (EOS) ) output s and terminate.

Get list of candidate next words by doing fast matches.

For each candidate next word w:
Create a new candidate sentence s -+ w.
Use forward algorithm to compute acoustic likelihood L of s +w J
Compute language model probability P of extended sentence s+ W
Compute “score” for s+w (a function of L, P, and 777)
if (end-of-sentence) set EOQS flag for s +w.
Insert s + w into the queue together with its score and EOS flag

Figure 7.14  The A* decoding algorithm (modified from Paul (1991) and
Jelinek (1997)). The evaluation function that is used to compute the score for
a sentence is not completely defined here; possibly evaluation functions are

discussed below.
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Begin of search for the sentence If music be the food of love.

At this stage Alice 1s the most likely hypothesis.

P(acoustic | "if" ) =
forward probability

P("if" | START )

(none)
1

P(inISTART)

2003
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E Stack Dekoder (A* Dekoder) ﬂTU G

Next step: expand Alice node

= three extensions with relatively high score
But: highest score for START if

P(acoustics| "if" ) =
forward probability

P( "if" ISTART) was

29

wants
24

(none) walls
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E Stack Dekoder (A* Dekoder) ﬂTU G

Expand if node: highest score for START if music

P(acoustic | music) =
forward probability

P({music | if

Pilacoustic | whether)
forward probability

P("if" | START)

(none)
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E Stack Dekoder (A* Dekoder) ﬂTUG
> Score according to probability, P(XIW) P(W) ?

> Gets smaller for longer word sequences

> Score has to be extended with estimate of probability for the
rest of an utterance

> Use fast match to find extensions for a word, e.g.
based on tree structured lexicon:

AW(B,N) |-+ N(AW,DD) |—f DD(N,#) | ABOUND

AW(B,TD) HTD(AW,X) | ABOUT

B(AX,AH) H AH(B,V) |—-} V(AHX) | ABOVE

BAKE

KD(EY,TD) HTD(KD,#) | BAKED

K(EY,IX) F+[IX(K.NG) —NG(IX.# | BAKING

AXR&JY)F%IWAXR#)| BAKERY

BAKER
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E Zusammenfassung ﬂ
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o Kompiliertes HMM-Netzwerk
> Viterbi Decoder
> Vereint akustisches und linguistisches Modell
> Synchrone Suche
o Tree Search
> A* Decoder
> Heuristische Schitzung der Restwahrscheinlichkeiten
> Asynchrone Suche
o Mehrstufige Dekodierung:
> N-best Wortliste
> Wortgitter (lattice)
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