Omer Morgiil NAME FAMILYNAME SECTION
EEE 443/543 Neural Networks
Midterm, Fall 2011

No credits will be given for unjustified answers.
Prob. 1 : {25 pt.s) Consider the following feedforward network, Note that as usual, w =

W1 + WinZg — O, and the nonlinear function f {v) is the signum function, i.e. f(v) =1 whenv 20
and f(v) = —1 when v < 0. Find the region at which o= 1, and indicate this region geometrically in
x; — 3 plane. The weights are indicated on the network. o
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Prob. 2 : (25 pt.s) Let 3, 22 denote two scalar inputs, and set T =

T .
ml ¢ R?. Basic neuron
2

unit which has = as (unextended) input vector and a scalar output o is given by o = f(wiz1+waT2 ~8);
here wi,wy are scalar weights and @ is the scalar threshold value and f(v) is the threshold function
given as f(v) =1 whenv > 0 and f{v) = 0 when v < 0. Design a multi-layer neural network whose

output o Ras the value o = 1 when z is in the shaded region, andfo = 0 otherwise. ]
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Prob. 3 : (30 pt.s) Let z;, zo denote two scalar inputs, and set z = zl € R?. Consider the
2

single neuron given below; as usual the scalar output o is given by o = sgn(un®i + waky — 8; here
wy, wp are scalar weights, 8 is is the scalar threshold value and and sgn is the signum function given

cdegt b

as f(v) = 1 when § > Jand f(v) = —~1 when v < 0. Let us define the input pattern vectors as :

......... .\__,z£=(_{)l) ’zgw_m(i).}%:(é),zﬁ(.?).

© Consider the classes 1., Cy, where each class contains only two input patterns; the desired outputs
. ane d=1%for Cy j%ﬂné(d: —l,fOI‘.C‘,gZ} i

i: (sive one exampie of C; , Cy where percepiron learning.algorithm converges and another
example of Cy , Cp where perceptron”larning elgorithm does not converge, Briefly justify your

choice. (Don't try to prove, yoi may justify your answer by referring to known results)
—e30t Consider the case Cy = {z, 2} , Cy = {23, z4}; the desired outputs are d = 1 for €3 and
d = —1 for Cy. Show that for any 6 > 0, if we choosaf"wl' < -8, and@‘}g —48, the neuron with the
selected weights solves the given classification probiem. e

i1 : Consider the case Oy = {z, 2z}, Co = {23, z4}; the desired outputs are d = 1 for C; and
d = —1 for Cy. Consider the perceptron training algorithm with initial weights w1 (0) = 1, we(0) =
1, 8(0) = 1, and use the learning coefficient ¢ = 1. By using the perceptron training aigorithm
find the last updated weights (including threshold) at the end of 2nd epoch. Does the final weights
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Prob. 4 : {20 pt.s) Consider the following neuron model. Here v = w1z + waky ——9, o= f(v),
and f is given in the figure shown below. Let the training set be given as -

o= (3) (1)

The desired outputs are d = 1 for 2; and d = —1 for z;. The cost function to be minimized is.given
. T it hntis s sl
E=05(d~o)*

Note that this cost function is different from the standard guadratic cost function used in classical
back propagation algorithm. ' '
7§ 1 Let the initial weights be given as wi(0) = 1, we(0) = —1, #(0) == 1, and the learning

o

coefficient n as 7 = 2. Mochfy the-back propagition a}gormltlﬁlm (é}ﬁ.ﬂ the gradient descent ﬁgﬁjﬁﬁﬁ) for

the given cost ﬁlngﬁiﬂg‘;}."éﬁa the neuron model, update the weights (including hreshold) for one epoch.
determine thé Tast updated weights (including threshold) at the end of one epoch. '
i1 : Now consider the weight vector found above. Find the average error over the fraining set.
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