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1. What are the elements of hidden Markov model and explain urn-and-ball model
using the same? [16]

2. (a) Differentiate supervised learning and reinforcement learning.

(b) Differentiate supervised learning and unsupervised learning. [8+8]

3. Write short notes on:

(a) State ergodic model

(b) State left-right model

(c) State parallel path left-right model. [16]

4. (a) Explain Bayesian estimation techniques

(b) Show that is the maximum likelihood estimate for ′θ′, if x has the exponential
distribution with parameter ′θ′ [8+8]

5. Explain principal component analysis and non-linear component analysis with neat
diagram. [16]

6. Explain the terms Scatter matrices, the trace criterion, the determinant criterion,
invariant criterion in clustering? [16]

7. What is P(A|x = 0, y = 0, z = 1) if P(A) = 1/5, P(B) = 4/5,
P(x = 0|A ) = 1/3, P(x = 0|B) =1/4,
P(y = 0|A) = 1/5, P(y = 0|B) =1/5,
P(z = 0|A) = 1/6, P(z = 0|B) =1/7,
and the features are assumed to be independent within each class. [16]

8. (a) Explain the bivariate normal density function.

(b) Calculate P(a ≤ x ≤ b) where x has Cauchy density p(x) = 1

π(1+x2)
[8+8]

⋆ ⋆ ⋆ ⋆ ⋆
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1. (a) Explain the concepts of segmentation and grouping in pattern recognition
system with examples.

(b) Explain the concept of feature extraction in pattern recognition system with
examples. [8+8]

2. (a) Explain the clustering Procedure?

(b) How can we evaluate a Partitioning of a set of samples into clusters? [8+8]

3. (a) For class A, the probabilities that binary features x, y and z are present are
1/3, 1/4, and 1/5 respectively, whereas for class B, these probabilities are 1/4,
1/5 and 1/6. Suppose P(A) = 1/3 and P(B) = 2/3. What is the probability
that the class is A, given that features x and y are present and z is absent?
Assume the features are independent within each class.

(b) Explain the continuous features in Bayesian decision theory. [8+8]

4. (a) Explain the markov chain with five states (labled 1 to 5) with selected state
transitions.

(b) Given a single fair coin, i.e. P(Head)=P(Tail)=0.5 which we toss once and
observe tails, what is the Probability that the next 10 tosses will Produce the
sequence T T T T T T T T T T? [8+8]

5. (a) Explain the discriminant functions for the normal density with examples.

(b) Class A is normally distributed with µ = 2 and σ2 = 2, while class B is uni-
formly distributed in the range 0 ≤ x ≤ 5. The prior probabilities are equal
for A and B. What decision regions are optimal for this problem? Sketch the
densities and the decision regions. [8+8]

6. Let each component xi of x be binary valued (0 or 1) in a two-category problem
with P(ω1 )=P(ω2)=0.5. Suppose that the probability of obtaining a 1 in any
component is

pi1
=p

pi2
=1-p,

and we assume for definiteness p > 1/2. The probability of error is known to ap-
proach zero as the dimensionality d approaches infinity. This problem asks you to
explore the behavior as we increase the number of features in a single sample a
complementary situation

2

www.firstranker.com



www.firstranker.com

FIR
S
TR

A
N

K
E
R

Code No: 07A81205 R07 Set No. 4

(a) Describe the behavior of
∧

p as d approaches infinity. Indicate why such behavior
means that by letting the number of features increase without limit we can
obtain an error-free classifier even though we have only one sample from each
class.

(b) Let T = 1/d
∑d

j = 1 xj represent the proportion of 1’s in a single sample. Plot
P(T/ωi) vs. T for the case P=0.6, for small d and for large d (e.g. d=11and
d=111, respectively). Explain your answer in words. [16]

7. What are the restrictions placed on the form of the probability density function
to ensure that the parameters of the pdf can be re-estimated in a consistent way?

[16]

8. Show that minimizing a mean-squared error criterion for d-dimensional data leads
to the k-dimensional representation (k < d) of the Karhunen-Loeve transform equaiton
x’ = F1(x) = At(x-µ ) as follows. For simplicity, assume that he data set has zero
mean. (If the mean is not zero, we can always subtract off the mean from each
vector to define new vectors.)
A vector e that yields an extremal or stationary value of this variance must obey
σ2 (e+δe) σ2(e), where δe is a small perturbation. Show that this condition implies
(δe)t

∑
e = 0 at such a stationary point. [16]

⋆ ⋆ ⋆ ⋆ ⋆
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1. (a) Explain multidimensional scaling.

(b) Explain the monotonicity constraint. [8+8]

2. (a) What are the problems arised by activities in design of pattern recognition
system?

(b) Explain the concept of feature extraction in pattern recognition system with
examples. [8+8]

3. Compare and contrast 4-state ergodic model, 4-state left-right model and 6-state
parallel path left-right model. [16]

4. Construct state diagram and explain the significance of Hidden Markov model for
2-coin model with necessary assumptions. [16]

5. Explain the univariate and multivariate normal density functions with examples.
[16]

6. Perform a Partitional clustering of the data in the following figure, using the K-
means algorithm. Set K=4 and use the first two samples. In the list as the initial
samples. Show the values of the centroids and the distances from the samples to
the centroids. [16]

Sample X Y
1 0.0 0.0
2 0.5 0.0
3 0.0 2.0
4 2.0 2.0
5 2.5 8.0
6 6.0 3.0
7 7.0 3.0

7. Two binary tests, x and y are relevant in determining three disease states A, B and
C, which are mutually exclusive. The probabilities that x is positive, given states
A, B and C, are 0.3, 0.5 and 0.7 respectively. For test y, these numbers are 0.8, 0.2
and 0.6. The prior probabilities of A, B and C are 1/6, 1/3 and 1/2.

(a) What are the probabilities of A, B, and C if x is positive and y is negative?

(b) What assumptions did you have to make to obtain the result in (a)? [16]
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8. Prove the invariance property of maximum likelihood estimators that is, that if
∧

θ
is the maximum-likelihood estimate of θ, then for any differentiable function τ (.),
the maximum-likelihood estimate of τ(θ) is τ(θ). [16]

⋆ ⋆ ⋆ ⋆ ⋆

5

www.firstranker.com



www.firstranker.com

FIR
S
TR

A
N

K
E
R

Code No: 07A81205 R07 Set No. 3

IV B.Tech II Semester Examinations,APRIL 2011

PATTERN RECOGNITION

Information Technology

Time: 3 hours Max Marks: 80

Answer any FIVE Questions

All Questions carry equal marks

⋆ ⋆ ⋆ ⋆ ⋆

1. (a) Explain Minkowski distance and Manhattan distance in clustering?

(b) Explain the Scatter Criterian in clustering? [8+8]

2. With a neat diagram explain pattern recognition system. [16]

3. (a) Explain non-linear component analysis with neat diagram.

(b) State briefly that a three-layer network cannot be used for non-linear principal
component analysis, even if the middle layer consists of nonlinear units. [8+8]

4. Explain the terms log-likelihood, maximum a posteriori, mode of a posteriori den-
sity in maximum likelihood estimation. [16]

5. Construct state diagram and explain the significance of Hidden Markov model for
3-coin model with necessary assumptions. [16]

6. Based on the following data, use Baye’s Theorem to estimate the probability that
a sample with x = 1, y = 2, came from class A. The prior probabilities are also
to be estimated from this randomly sampled data. Assuming that x and y are
independent within each class. [16]

Class x y
A 1 2
A 2 2
B 1 2
A 2 1
B 1 1

7. (a) In which case Hidden Markov model parameter set to zero initially will remain
at zero throughout the re-estimation procedure.

(b) Constraints of the left-right model has no effect on the re-estimation procedure.
Justify. [8+8]

8. Feature x and y are bivariate normally distributed and independent within classes
A and B. For class A, x and y have means of 0 and standard deviations of 1 and 2,
respectively. For class B, x and y have means of 4 and 0 and standard deviations
of 2 and 1, respectively. P(A) = 1/3 and P(B) =2/3.

(a) What is the equation of the optimal decision boundary?
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(b) Sketch the decision boundary, accurately locating four points on it, and a
contour of constant probability density of each class. [8+8]

⋆ ⋆ ⋆ ⋆ ⋆
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