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' Instructions to candidates - " g,

e Answer ALL questions. All Queétions carry equal marks,
e Missing data if any, may be suitably assumed.

1A. What do you understand by the term hypothesis Junction? Derive normal equation for
parameter ¢ as per the LMS algorithm. [5]

1B. Suppose you are given a well fitted machine learning model f that you want to apply to
some test dataset. For each point z in your dataset, you want to predict the associated
target y € R, and compute the mean square error (MSE)

EGy)ten set'f(m) ~ 37l

You realize that this MSE is too high, and try to find an explanation for this result, which
could be either of the following ;

— overfitting
— underfittng,or
— data is noisy.
Derive a relation, that formalizes this intuition between bias and variance. [3]
1C. Briefly describe filter feature selection method. [2]
2A. Consider a Markov model with given set of states § = {s1,82,..., 851}, wherein we can

choose a series over time 7 € ST,
i) State two Markov assumptions that will allow you to tractably reason about time
series.
ii) Derive a relation to compute the probability of a state sequence, P(Z).
iii) Assume that the transition matrix from a weather system is given by
50 Ssun  Scloud Srain
0 033 0.33 0.33
A= Saun |0 08 01 0.1
0
0

Scloud 0.2 0.6 (2
Srain 0.1 0.2 0.7

Compute the probability for sequence of observation

(5]
Z= {21 = Ssun, 22 = Scloud, 23 = Scloud; 24 = Srain, 25 = sdaud}-
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2B. Consider a-Markov model with a state transition matrix A € RUSHUX(SI+1) For learning
purpose, find the parameters A that maximize the log-likelihood for sequence of observa-
tions Z. The log-likelihood of a Markov model is defined as

Is| I8l T

I(A) = ZZZI{Q_l = 8; ANz = 3;}log Ay;.

i=1 j=1 t=1

..2C. Consider the Poisson distribution parameterized by A:

e )\V
p(y; A) = 3

Show that the Poisson distribution is in the exponential family, and clearly state what
are b(y),n, T(y) and a(n). 2]

3A. Suppose you are given a dataset {(z®,y®);i = 1,...,m} consisting of m independent
examples, where z() € R", and y@ ¢ {0,1}. Model the joint distribution of (z, )
according to:

p(y) = ¢*(1 - ¢)¢¥

p(zly=0) = W exp ( - %(i‘c — o)=Yz — ,u,J))

p(zly=1) = (Tﬂ;él—zllﬁ EXp ( = %(z = #1]TE"1(:0 = m))

Here, the parameters of the model are ¢, ¥, po and p;. The logélike]iihood of the data is

given by ;
U, po, 111, Z) = log [ [ p(z®[y®; pio, 1, Z)p(y?; ).
=1 _
Apply MLE and derive the relation for ¢, and p. [5]

3B. Describe the following event models for text classification

i) Multi-variate Bernoulli event model
ii) Multinomial event model.

[3]
3C. Show that for a valid kernel, the kernel matrix K has to be positive-semi definite. ~ [2]

4A. Suppose, there are a finite set of models M = {M,, ..., My}, and you are trying to select
one among them, which describes the behavior of your data. How will you select your
model so that the empirical error is minimal? Describe various techniques for model
selcetion. Also, for each technique write its suitability condition. ' 5]

4B. Consider a learning problem in which you have a finite hypothesis class # = {h,,.. ., hi}
consisting of k hypothesis. Show that if uniform convergence occur, the generalization
error of h is at most 2y worse than the best possible hypothesis in . 3]

4C. Show that PCA is a variance maximizing problem. 2]
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5A. Marginal distributions of Gaussians are themselves Gaussians, and as per the definition
of the multivariate Gaussian distribution, it is known that z1|z2 ~ N (pj2, £1j2), where

paje = p1 + 12X (T2 — pia)
Tip =21 — e 1Ty

In a factor analysis model, assume a joint distribution on (z, z) as follows

z~N(0,I)
— . . mlz NN(,U. 2 ﬂ-z’ \If)- - it * P

where 4 € R®, A € R™*, and the diagonal matrix ¥ € R™", (k < n). Derive the
expression for the log likelihood of the parameters I(u, A, ¥). 5]

5B. Consider a coin-flipping experiment in which you are given a pair of coins A and B of
unknown biases 4 and 0z respectively (i.e., on any given flip, coin A will land on heads
with probability 64 and on tail with probability (1 — 64), similarly for coin B). Consider
the dataset collected using following procedure five times: labels of the coins are removed.
Now, randomly choose one of the two coin and perform ten independent coin tosses with
the selected coin. Let z' = j denotes j number of heads obtained during i-th set of
experiment. The dataset obtained from this experiment are

{z® =5,z =9,5® =8,z =4,z =7}

With initial estimate of biases éff) = 0.4 and @g) = 0.7, apply EM algorithm to compute
(69.63). [3]

5C. Write the algorithms for value iteration and policy iteration.

[2]
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