
Adaptation

Jeff A. Bilmes
bilmes@ee.washington.edu

http://ssli.ee.washington.edu/~bilmes

Department of Electrical Engineering

University of Washington, Seattle



Adaptation, joint work with:

·Xiao Li

ƁFormer student at 
University of Washington, 
now at Microsoft Research

Jeff Bilmes - Adaptation Page 2



3

Adaptation

·Many forms of adaptation: MLLR and its 
variants, MAP adaptation, hybrids, 
eigenspace, language model adaptation, etc.

·Adaptation has been and will continue to be 
crucial to obtaining best ASR performance.

·Adaptation is an idea useful not only to 
speech recognition, but little attention given 
to why it works so well.
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Traditional Pattern Classification

·Vapnikgave us empirical risk minimization.

·Gave us a theory that we can use to predict, for a 
given distribution, how many training samples m 
to we need in order to help predict how poorly 
we will do.

·He gave us that some form of regularization is 
almost always necessary (unless we have lots of 
training data).

·Χ ōǳǘ ǘƘƛǎ ǘƘŜƻǊȅ ŀǎǎǳƳŜǎ ǘƘŀǘ ǘƘŜ ǘǊŀƛƴƛƴƎ ŀƴŘ 
(future) test distributions are identical.
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Standard Inductive Learning

·Given 
Ɓa set of m samples (xi, yi) ~p(x, y)
Ɓa decision function space F: X Ą { 1}

·Goal
Ɓlearn a decision function          that minimizes the expected 

error

·In practice
Ɓminimize the empirical error

Ɓwhile applying certain regularizationstrategy to achieve 
good generalization performance
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Why Is Regularization Helpful?

·Learning theory says

ƁFrequentist: ±ŀǇƴƛƪΩǎVC boundexpresses ūas a 
function of the VC dimension of F

ƁBayesian: the hŎŎŀƳΩǎ wŀȊƻǊ ōƻǳƴŘexpresses ūas a 
function of the prior probability of f

·ά!ŎŎǳǊŀŎȅ-ǊŜƎǳƭŀǊƛȊŀǘƛƻƴέ
ƁWe want to minimize the empirical error as well as 

the capacity or complexity term.
ƁFrequentist: support vector machines, MLPs with 

weight decay
ƁBayesian: Bayesian model selection, Gaussian Prior.

empPr{ ( ) ( ) ( , , , ) } 1R f R f F f m
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Practical Work on Adaptation

·Gaussian mixture models (GMMs)
ƁMAP (Gauvain 94);  MLLR (Leggetter 95)

·Support vector machines (SVMs)
ƁBoosting-like approach (Matic 93)
ƁWeighted combination of old support vectors and 

adaptation data (Wu04)

·Multi-layer perceptrons (MLPs)
Ɓ{ƘŀǊŜŘ άƛƴǘŜǊƴŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴέ όBaxter 95, 

Caruana 97, Stadermann 05)
ƁLinear input network (Neto 95) 

·Conditional maximum entropy models
ƁGaussian prior (Chelba 04)

Jeff Bilmes - Adaptation



8

Adaptation: training/test is different

·Two related yet different distributions
ƁTraining
Ɓtarget (test-time)

·Given 
ƁAn unadapted model
ƁAdaptation data (labeled)

·Goal
ƁLearn an adapted model that is as close as possible to our 

desired model

·Notes
ƁAssume sufficient training data but limited adaptation data
ƁTraining data is not preserved
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hŎŎŀƳΩǎ wŀȊƻǊ .ƻǳƴŘ ŦƻǊ 
Adaptation
·For a countablefunction space
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m

Bound using 
standard prior

Bounds using 
divergence prior

for different values
of KL

( )f ( ( , | ) || ( , | ))trD p x y f p x y f
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