EE 337 Exam#2 Apr. 26, 1996
‘ 75 minutes '
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1. Consider the following discrete-time recurrent network with bipolar neurons.

| (a) Determine the weight matrix W from the figure by inspection. (5pts)

(b) Analyze the synchronous updates and the corresponding energy value updates starting from the
initial states [1,1,~1,1]7 and [1,1,1,1]. (10pts)

(c) Analyze the asynchronous updates and the corresponding energy value updates starting from the
same initial states [1,1,~1,1]T and [1,1,1,1]T. Assume the updates take place in natural order
starting with the first neuron. (10pts)

2. The dynamical equations of a linear system are given by

i’l = —2:1:1 +£I,'2,

i2 = 5.’1)1 — 35!22.

(a) Find a Lyapunov function for this system. (+15pts)

The dynamical equations of another system are given by

T1 = —sin(2z1) + tan(zy),
. 5.'1:1 —3x,
= -1
kD) g .73% +e
‘ (b) Find an equilibrium state of this nonlinear system, and check the local stability about this equilibrium
state using Lyapunov’s first method. (+10pts)



‘ 3. A continuous-time control plant has two unknown parameters o and 3 in its dynamics given by

64
i+ —j = 2.
g

An identifier is to be designed for this plant to identify the unknown parameters a and 8. The identifier
minimizes an incremental error cost function which is given by

_1d

- 2

where y is the output of the plant, and § is the output of the identifier.

(a) Obtain sensitivity models of the plant with respect to o and B. (10pts)
(b) Obtain update equations for a and S that iteratively minimizes the error cost function J. (5pts)

(c) Draw the block diagram showing the connections among the plant, the identifier, and the sensitivity
models. Clearly mark all the inputs and outputs of the blocks, and show the signals needed for the
training of the networks. (10pts)

. A feedforward single layer associative memory network with bipolar threshold activation functions is to

be designed to store three pairs of vectors:
[L,-11" — [-1,1,-1]7,

[_1’1]T - [17_171]T>

and
[1,1]7 —[1,1,1]T.
(a) Determine the weight matrix W; based on the Hebbian learning. (10pts)
(b) Determine the weight matrix W5 based on the minimal error analysis. (10pts)

(c) Find, if possible, a bipolar input, such that there is a difference at the output of the two methods.
Explain your findings. (5pts)

- Consider the following continuous-time single layer feedback network.

(a) Obtain the state equations. (10pts)
(b) Determine the weight matrix W. (5pts)
(c) Determine the equilibrium states for high-gain neurons and for ; = I, =0. (10pts)
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