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E
xercise 1 - R

eg
ressio

n
 an

d
 W

id
ro

w
-H

o
ff learn

in
g

M
ake a function: rline[slope_,intercept_] to generate pairs of random

 num
bers {x,y} w

here x ranges betw
een 0 and 10, and 

w
hose y coordinate is a straight line w

ith slope, slope_ and intercept, intercept_  but perturbed by additive uniform
 random

 
noise over the range -2 to 2.

G
enerate a data set from

 rline w
ith 200 sam

ples w
ith slope 11 and intercept 0. 

U
se the function F

it[] to find the slope and intercept of this data set. H
ere is an exam

ple of how
 it w

orks:

F
i
t
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0
5
 
x

If you w
anted to fit a line through the origin, you w

ould w
rite: Fit[{{1,3},{2,5},{3,7.1}}, {x}, x], and a quadratic fit as: 

Fit[{{1,3},{2,5},{3,7.1}}, {1,x,x^2}, x].

N
ow

 im
plem

ent a W
idrow

-H
off algorithm

 to find the slope of the data. A
ssum

e the data goes through the origin, and 
initialize the slope to zero for the first iteration.  U

se L
istP

lot to show
 the values of the slope as a function of the iterations 

from
 1 to 200. W

hat is a suitable range for the learning constant?

E
xercise 2 - T

h
e b

ig
g

est eig
en

vecto
r o

f an
 au

to
asso

ciative
 m

em
o

ry

 In A
nderson's B

SB
 m

odel of m
em

ory, m
em

ories are can be form
ed by the sim

ple autossociation. 
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n
o
r
m
a
l
i
z
e
[
x
_
]
 
:
=
 
N
[
x
/
S
q
r
t
[
x
.
x
]
]
;

T
v
 
=
 
n
o
r
m
a
l
i
z
e
[
F
l
a
t
t
e
n
[
T
m
a
t
r
i
x
]
]
;

I
v
 
=
 
n
o
r
m
a
l
i
z
e
[
F
l
a
t
t
e
n
[
I
m
a
t
r
i
x
]
]
;

P
v
 
=
 
n
o
r
m
a
l
i
z
e
[
F
l
a
t
t
e
n
[
P
m
a
t
r
i
x
]
]
;

Find the autoassociative w
eight m

atrix in w
hich has "seen" the T

 10 tim
es, the I 3 tim

es, and P
 only once.
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Find the eigenvector of the w
eight m

atrix w
ith the biggest eigenvalue. M

ake a L
istD

ensityP
lot of this eigenvector.

E
xercise 3- U

se b
ackp

ro
p

 to
 classify letters

 in
d

ep
en

d
en

t o
f o

rien
tatio

n

D
efine tw

o classes of patterns, T
's and C

's. E
ach class has four m

em
bers for rotations of 0,90,180, and 270 degrees. T

rain a 
non-linear feedforw

ard net w
ith one layer of hidden units to correctly classify the eight patterns as T

 or C
. T

o get you 
started, here are exem

plars for T
 and C

 on a 3x3 grid:

T
1
 
=
 
{
{
0
.
9
,
0
.
9
,
0
.
9
}
,
{
0
.
1
,
0
.
9
,
0
.
1
}
,
{
0
.
1
,
0
.
9
,
0
.
1
}
}
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C
1
 
=
 
{
{
0
.
9
,
0
.
9
,
0
.
9
}
,
{
0
.
9
,
0
.
1
,
0
.
1
}
,
{
0
.
9
,
0
.
9
,
0
.
9
}
}
;

L
i
s
t
D
e
n
s
i
t
y
P
l
o
t
[
C
1
]
;
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Fix the learning constant at 1. W
hat is the m

inim
um

 num
bers of hidden units you can find that w

ill still converge in under 
600 iterations?

For this num
ber of hidden units, w

hat is the m
axim

um
 value of the learning constant (eta) that still allow

s convergence?

E
xercise 4 - O

ja's ru
le fo

r w
eig

h
t g

ro
w

th

R
ecall that there is nothing in the outer product version of the H

ebb learning rule to prevent the w
eights from

 grow
ing 

w
ithout bound.  A

ssum
e a linear m

odel of a neuron w
ith n inputs:

 y =
 w

1*x1 +
 w

2*x2 +
...+

w
n*xn.

Show
 that O

ja's m
odification of the H

ebb rule tends to norm
alize the w

eights according to the follow
ing rule:

Sum
[w

1^2+
w

2^2+
...+

w
n^2] =

 1

Y
our proof needn't use M

athem
atica.
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E
xercise 5 (easy) - H

o
p

field
 n

etw
o

rk
 

N
o

tes o
n

 co
n

tin
u

o
u

s
 resp

o
n

se
 H

o
p

field
 n

etw
o

rk (fro
m

 L
ectu

re n
o

tes)

D
efinitions and functions that you w

ill find useful for the exercises below
 in this problem

 set are reproduced from
 L

ecture 
notes in this section.

‡
D

efinitions

W
e w

ill let the resistances and capacitances all be one, and the current input Ii  be zero. D
efine the sigm

oid function, g[] and 

its inverse, inverseg[]:

a
1
 
:
=
 
(
2
/
P
i
)
;
 
b
1
 
:
=
 
P
i
 
1
.
4
 
/
 
2
;

g
[
x
_
]
 
:
=
 
N
[
a
1
 
A
r
c
T
a
n
[
b
1
 
x
]
]
;
 

i
n
v
e
r
s
e
g
[
x
_
]
 
:
=
 
N
[
(
1
/
b
1
)
 
T
a
n
[
x
/
a
1
]
]
;

‡
Initialization

 of starting values

T
he initialization section sets the starting output values of the tw

o neurons 

V
 = {0.2, -0.5}, and the internal values u = inverseg[V

], the step size, dt=
0.3, and the 2x2 w

eight m
atrix, T

m
 such that the 

synaptic w
eights betw

een neurons are both 1. T
he synaptic w

eight betw
een each neuron and itself is zero.

d
t
 
=
 
0
.
3
;

T
m
 
=
 
{
{
0
,
1
}
,
{
1
,
0
}
}
;

V
 
=
 
{
0
.
2
,
-
0
.
5
}
;

u
 
=
 
i
n
v
e
r
s
e
g
[
V
]
;

r
e
s
u
l
t
 
=
 
{
}
;

‡
M

ain P
rogram

T
he follow

ing function com
putes the output of the ith neuron for the netw

ork w
ith a list of neural values uu, and a w

eight 
m

atrix T
m

. H
o
p
f
i
e
l
d
[
u
u
_
,
i
_
]
 
:
=
 
u
u
[
[
i
]
]
 
+
 
d
t
 
(
(
T
m
.
g
[
u
u
]
)
[
[
i
]
]
 
-
 
u
u
[
[
i
]
]
)
;
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L
et's accum

ulate som
e results for a series of 80 iterations. T

hen w
e w

ill plot the pairs of activities of the tw
o neurons over 

the 80 iterations.

r
e
s
u
l
t
 
=
 
T
a
b
l
e
[
{
k
=
R
a
n
d
o
m
[
I
n
t
e
g
e
r
,
{
1
,
2
}
]
,
u
[
[
k
 
]
]
 
=
 
H
o
p
f
i
e
l
d
[
u
,
k
]
,
u
}
,
 
{
8
0
}
]
;

r
e
s
u
l
t
 
=
 
T
r
a
n
s
p
o
s
e
[
r
e
s
u
l
t
]
[
[
3
]
]
;

g
r
e
s
u
l
t
s
 
=
 
L
i
s
t
P
l
o
t
[
g
[
r
e
s
u
l
t
]
,

P
l
o
t
J
o
i
n
e
d
-
>
F
a
l
s
e
,
A
x
e
s
O
r
i
g
i
n
-
>
{
0
,
0
}
,

P
l
o
t
R
a
n
g
e
-
>
{
{
-
1
,
1
}
,
{
-
1
,
1
}
}
,

F
r
a
m
e
-
>
T
r
u
e
,
 
A
s
p
e
c
t
R
a
t
i
o
-
>
1
,
T
i
c
k
s
-
>
N
o
n
e
]
;

‡
E

nergy landscape

H
ere is a contour plot of the energy landscape.

i
n
i
g
[
x
_
]
 
:
=
 
-
N
[
(
a
1
*
L
o
g
[
C
o
s
[
x
/
a
1
]
]
)
/
b
1
]
;

e
n
e
r
g
y
[
V
v
_
]
 
:
=
 
-
0
.
5
 
(
T
m
.
V
v
)
.
V
v
 
+

S
u
m
[
i
n
i
g
[
V
v
]
[
[
i
]
]
,
 
{
i
,
L
e
n
g
t
h
[
V
v
]
}
]
;

g
c
o
n
t
o
u
r
 
=
 
C
o
n
t
o
u
r
P
l
o
t
[
e
n
e
r
g
y
[
{
x
,
y
}
]
,
{
x
,
-
1
,
1
}
,
{
y
,
-
1
,
1
}
,

A
x
e
s
O
r
i
g
i
n
-
>
{
0
,
0
}
,
 
C
o
n
t
o
u
r
S
h
a
d
i
n
g
-
>
F
a
l
s
e
,

P
l
o
t
R
a
n
g
e
-
>
{
-
.
1
,
.
8
}
,
 
C
o
n
t
o
u
r
s
-
>
3
2
,
 
P
l
o
t
P
o
i
n
t
s
-
>
3
0
]
;

S
h
o
w
[
g
r
e
s
u
l
t
s
,
 
g
c
o
n
t
o
u
r
]
;
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R
un the above sim

ulation (in "N
otes on continuous...") of a 2-neuron continous response H

opfield net w
ith a starting value 

of V
 that w

ill allow
 the state vector to be draw

n to the other attractor basin. Plot the trajectory superim
posed on the energy 

contour plot as show
n above.

E
xercise 6 - S

yn
ch

ro
n

o
u

s
 u

p
d

atin
g

 fo
r H

o
p

field
 n

etw
o

rk

D
efine a function syncH

opfield[uu_] to do determ
inistic synchronous updating rather than the asynchronous updating rule 

specified in the above H
opfield netw

ork.U
se results =

 N
estL

ist[syncH
opfield,*,*]  w

ith 40 iterations to list the state space 
trajectory. Plot the results as show

n below
.  

U
se the sam

e starting values used in L
ecture notes (see also above).

N
ow

 use  asynchronous iterations (as in the above insert from
 L

ecture notes) to com
pute 20 trajectories all from

 the sam
e 

starting point. C
om

pute the average trajectory, and plot both this average trajectory and the determ
inistic synchronous 

trajectory together on the sam
e contour plot to  com

pare the descent w
ith the asynchronous case.

W
hich one appears to be closest to a steepest descent?
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