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Information Extraction from Speech and Text

Homework # 10
Due April 27, 20009.

Review Chapter 9 fronstatistical Methods for Speech Recognition by Frederick Jelinek.

1. Likelihood Based Clustering of Data: Consider the problem of modeling independent sam-
ples generated by different sources usingpssibly distinct Gaussian densitie§ (y; m,, U;)
with parametergm,, Us), s = 1,..., 5. Let

Y = {yly. . ..vyh )

Y2 = {Y%J’%,a}’?\/}a =1 S
’ where yteR: VY C T U
n=1,...

YS = {vayga"'ay]%s}v

denote the observed data, and let the sample sum and samplefsquares be denoted by

N, N,
= ZYZ and Q= ZygnyT respectively, s=1,...,5.
n=1 n=1

This problem will explore the question offustering these sources via the observed data.

(a) If each source is modeled by alifferent Gaussian density, what parameter values
(m,, U,) maximize the total likelihood [>_, [T, N(y$; m,, U,) of the data? Ex-
press your answer(s) in terms of the statlsﬂcandQs.

(b) Compute theralue of this maximum total likelihood in terms of tHe,’s.

(c) If two sources and;j are are assumed &hare a Gaussian density, whted param-
eter valuesmy; ;3, Uy ;1) maximize the likelihood ],_; ; [T, Ny my 3y, Ugjy)
of Y* U Y’? Express your answer(s) in termsspfs;, Q; andQ;.

(d) Use your answer from part 1c to describe a procedure foosihg two sources, say,

+* and j*, such that tying together the@@aussian densities results in a higher total
likelihood of the data thatying together any other pairf sources.

<Z*,j*> =arg max | i H HN ymms, >< H HN yn,m{”},U{”})

761 7777
hiet s#i,j n=1 s=i,j n=1
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Hint: you may want to write the likelihood in the square-tkats above as

~ 3

S Ns ~
s=1n=1 Hs:i,j Hn:l N<y;?t7 my, US)

and work with the log-likelihood in order to simplify your sgputation.

S Ns N, N .~ R
m U 5=1,J n= y,:m 1,7 7Ui,'
HHN(YZ;mS,U)xH 12 N s mg gy, Upgy)

(e) Show that the maximum total likelihood in part 1chesessarily less than or equal to
the maximum total likelihood in part 1b.

() Extend your procedure from part 1d to come up with an “altpon” for bottom-up
clustering of theS data sources, and interpret each internal node of the treetsred
hierarchy in terms o$imilarity of the sources under a Gaussian model.

Finally, for any arbitrary two-way clustering of th&sources, sayp, = {Y',..., Y} and
o, = {YS+1 .Y}, compute the maximum total data likelihood
S1 Ns N S Ns N
HHN(yZ;fﬁ@ovU‘Po) X H HN(YZ§I/I\1<I>17U<I>1)
s=1n=1 s=S1+1n=1

attainable by a two-Gaussian model, and compare it wittetth@ihable under a one-Gaussian

model
S N

[TV m 0.

s=1n=1

Express you answers in termsﬁ&o, Us, andU.
2. Read the following paper and summarize it in your own wandso more than 3 pages.

S. Young and P. Woodland, “State Clustering in hidden Markwdel-based
Continuous Speech Recognitio@dmputer Speech and Language, 8(4):369-383,
1994.

Continue working on Project #3. If you encounter difficudtigplease consult the TA well in ad-
vance of the deadline, which is Friday, May 1, 2009.



