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EEE 443/543 Neural Networks
Final, Fall 2010

No credits will be given for unjustified answers.
Prob. 1 : (35 pt.s) Consider the Hopfield Neural Network given as :

o(k + 1) = sgn(Wo(k) — 8) . e

where sgn is the signum functicn given as

1 > 0
sgn(’u) = { -1 Z, 2 0 . \‘H-m,,,__&..”/

Here we consider a 2 dimensional case, where o = ( @ ) is-the output vector, 8§ = gl is the
02 g
threshold vector, and W is a 2 x 2 weight matrm, = 1,2,... is the iteration index. The cost E(o)

associated with Hopfisld Network is given as E{o) = —0.50/ Wo + §'0, where the superseript / dencies
transpose. Assume that Wand & are given as:

=57 (1)

i : Find the fixed point(s) (i.e. stored patierns) of this network. (Note that fixed point of an.
iteration z{k + 1) = f{z(k)) satisfies = f(x}). '
it : Find the cost{s) associated with the fixed point(s).

iii + Let o(1) = i be given. By.using synchronous update rule, ind o(2} and o(3), and find

the costs associated with 0{1) o{a), o(3). Predict the future iterations, if you can.
Lt o) be gwm 55 n 1 By wing asynchionous apdaie (e updale the frst vuvpal vuiy,
’chen upda.te the second output only...) update each output. Continue till the output converges to a
stored pattern. (If the output does not converge, stop at 3rd update cycle). At each update siep,
compute the cost associated with the last updated output vector at that step.
v 1 Compare the results you obtained in iii and iv.
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Prob. 2 : (30 pt.s) This problem is related to the relation between the minimum distance
classifiers end Support Vector Machines. Let the two classes Cy and Cp be given by single patterns
z; € R™ and 23 € R", fe. O3 = {z:} and Cp = {z3}. We want to design & single neuron classifier
in the form o = sgn{w'z — §), where w € R" is the weight vector, z € R" is the input vector, £ is
the threshold, and the sgn function is the signum function as given in Problem 1. The superscript /
denotes the transpose. We want o0 = 1 when z = 2y, (i.e. = € (1}, and 0 = ~1 when z = z, (Le.
z € ). The minimum distance classifier gives a solution as w == (z1~z2), and § = 0. 5(Ei$1”2“159~"211 .
Let us call this as the frst classifier.

Obvicusly, for any o > 0, we may use W = aw, and § = af and o = sgn(Wx — é)is also a valid
classifier. Let us call this as second classifier.

i : For the first claseifier compute vy = w'zy ~ 8 and vp = w'zy — 8, and show that v, = ~vs, with
vy > G

: Show that when o = W’ the second classifier given above becomes a support vector
machme classifier for Gy and Cp. {Do not give a geomeirical argument, use either Karush-Kuhn-
Tucker conditions or the Lagrangian formulation given in the notes).

iif : With the o, w and § given above, show that ow's; ~of = 1 and o'z~ af = ~1 le z
and zq are support vectors. '

For this problem the following equalities might be helpful : {|z||* = &'z, 2’y = ¢z, |z ~ yl]* =
(@~ y)(e~y) = |lz[* — 22"y + [yl*. '
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Prob. 3 : (35 pt.s) This problem is related to Kohonen Network and winner-take-all algorithm.
Consider the 2 x 2 pixel template given as picture p below. The patiern z = (z1 23 T3 x4) is computed
as usual : z; = +1 if 0¥ pixel is black, and z; = ~1 if i*h pixel is white. The superscript / denotes the
transpose. Now consider the pictures p1,pg, ps,pa given below.

i: According to the coding given above, find the patterns z, 29, 23, 24.

ii 1+ Now consider a 4-input, 2-output Kohonen network given below. Linear sums v and vp are
given as v; = W}z, va = whz; here z is the input paktern, wy and wy are the weight vectors for first and
second neurons, thresholds are taken as zero, and the nonlinearify is the standard bipolar sigmoidal
function. Imtzal weights are given as wp(0) = (1L 0 —1 = 1), wp{0) = (=1 —~1 0°1Y. By using
a = 1, and without using normalization, apply the winmer-take-all learning algorithm for one epoch.
Tind the last updated weights at the end of epoch. For the rest of this problem, use these last updated
weights,

{Note that in actual algorithm, o < 1, and normalization should be used. Here we choose ¢ = 1
and no normalization just to make computations simple).

i : Let us define the classes C; and Ch as z; € Cj if v is maximum, ¢ = 1,2, j = 1,2,3,4.
According to this selection scheme, determine which patéern belongs to which class,

v : Now consider a new picture p. as given below. Find its pattern z., compute v, vz and

determine to which class this picture belongs.
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