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CHAPTER 11:

Multilayer Perceptrons




Networks of processing units (neurons) with
connections (synapses) between them

Large number of neurons: 1019
Large connectitivity: 10°

Parallel processing

Distributed computation/memory
Robust to noise, failures
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Levels of analysis (Marr, 1982)
Computational theory
Representation and algorithm
Hardware implementation

Reverse engineering: From hardware to theory
Parallel processing: SIMD vs MIMD

Neural net: SIMD with modifiable local memory
Learning: Update by training/experience
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d

Y= > WiXj+Wy =W
Jj=1

w = [wo,wi,...,wq]’

TX

X = [l,Xl,...,Xd]T

(Rosenblatt, 1962)
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Regression: y=wx+w, Classification: y=1(wx+w,>0)
y y A

. Y
0 W k o | A " | /
a 7w
Q Qx Qx

Xp=+1

1

y = sigmoid(o) = 1+ exp[—wTx]
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Regression:

d
T
Vi = Z WijXj + Wio = Wi X
Jj=1
y = Wx
V1 V- Y
Classification:
0j = w?x
exp 0;
))'I' —
Zk €EXP Ok
choose C;

if vi = max yk

A

xo=+1 X, X, X
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Online (instances seen one by one) vs batch (whole
sample) learning:

No need to store the whole sample

Problem may change in time

Wear and degradation in system components

Stochastic gradient-descent: Update after a single
pattern

Generic update rule (LMS rule):
Awff- =n(rf - yf)xﬂ-

Update = LearningFactor- (DesiredOutput — ActualOutput) - Input
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Regression (Linear output):

1 - 1 - .
EI(WIXF’},.F) _ E(rf _);I)E _ _[},.l“ o (WTXI}]E

r

Aw} =n(r' —yHx|
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Single sigmoid output

y! = sigmoid(w!x")

E'({wi}iIx' rY) = = > rllogy! + (1 — r{)log(1 — ¥})
i

Aw} =n(r' —yHx'

K>2 softmax outputs

, Iyt
exXp Wi X o
r l [ i [ [ [ 4,0
y; = = E" ({witlilx",r) = — E r; logy;
L Y expw] Xt e —~ R4

AH”;} — n(rff _ )/'I.r)xlr}.
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x.=+1 X, X, . . )
U (0,0) (1,0) 1.5
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2
X1 | X2 || F O O
0 0 0
0 1 1
1 0 1
1 1 0 O o—

No w,, w;, W, satisty:
wog <0 (Minsky and Papert, 1969)

wo+ wg >0

Wi+ wog >0

wi+ Wo+ Wy <0
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H
T
Yi=ViZ = Z VinZn + Vio
h=1

Zh = Sigmoid(ng)
1

1 +exp [— (Zf=| WhjXj + Whn)]

(Rumelhart et al., 1986)

x0:+1 X. X
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>
x,=*1 X, X, . / . X,

X1 XOR X> = (Xl AND ~ X'g) OR (M X1 AND X'g)
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H

T
Yi=ViZ = Z VinZn + Vio
h=1

Zh = Sigmoid(ng)
1

1 +exp [— (Z?‘a WhjXj T Wh“)]

OF  OE dy; 0zj
owpj  0Yi 0Zp Owpj

x0=—|—1 X. X
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[
VhZp, + Vo

||
- T M=

Forward

Zh = Sigmoid(ng)

A

X

E(W,v|X) =

/

1
Ezr:(fr _

Avp =n> (r'—yhz
[

l Backward

AWhj

oE
0 Wh;j
OEt ay' 0z
_UZ t 3t _;h.
oy azh OWh

—HZ -y v

L‘W—'}
oE?/ f"l”-' oyt [0z},

—1n

zj (1 — z})x

Y

I--
]

a Z }2 ,"r J':I Wh i

n>.(r' —yHvazi (1 — zj)x;
f
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E(W,V|X) = %ZZ(r

H
[ [
| = 2. VinZj + Vio
h=1
[ [ [
Avip = np.(rf =YDz,
[
[ [
Awpj = n X | 2 =y vin
t i
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Initialize all v;;, and wy; to rand(—0.01,0.01)
Repeat
For all (et,rt) € X in random order
For h=1,... . H
z}p, — signmid(wgast)
Fori:=1,..., K
Y; = v?z
Fori=1,.... K
Av; = n(rl —yi)z
For h=1,... . H
Awj, = T;(Z_i(rg — yg)vih_)zh(l — zp )@t
Fori:=1,..., K
v; — v; + Av;
For h=1,....H
wj, — wy, + Awy,
Until convergence
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One sigmoid output for P(C;|x") and P(C»|x') =1 — !
H

y' = sigmoid [ > vz}, + vo
h=1

E(W,v[X) = => rllogy" + (1 —r")log(1l — y")
[
Ave = nQ (r'=yYz,
[

[ [ [
Awpj = n Z(Vr - )"I)VHZ;TU — Zh)?'ij
[
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exp o}
S exp o)
approximates P(C;|x")

H
[ [ [
0 = > Vinz}, + Vio Vi =

E(W,VIX) = - > > rflogy!
r i

Avin = n).(rf —y])z,
[

I--

Awpj = UZ Z(V )"; Vih Z};U—Z};)X
[
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MLP with one hidden layer is a
(Hornik et al., 1989), but using
multiple layers may lead to simpler networks
d

. : T
zip = sigmoid(w,x) = Z WiniXj +Wino, h=1,...
Jj=1
Hj
zy = sigmoid(w3zi) = > Wonzip+ Wap, [ =1,...
h=0
H>
Yy = viz, = Z ViZ2] + Vo
=1
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Momentum

OE!
0 Wi

Aw! = —n + xAw/ !

Adaptive learning rate

Ny | ta HECT <
= ~bn otherwise
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Number of weights: H (d+1)+(H+1)*K

012 T T T T
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MMean Square Errar

0.04

0.02

D | | 1 |

= Training
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7, Vi ¥
RS
IVl

K XY S|
/ﬁ?lﬁ'?m'"
__ )

Y4
(Le Cun et al, 1989)
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- S
Weight Sharing
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(Abu-Mostafa, 1995)

Invariance to translation, rotation, size

A

A

R?.

A

Virtual examples
Augmented error:

Approximation hint:

0
(g(x) — by)

2
2

JE”r :E+ f)\h 'Eh
If x’ and x are the “same”:En = [9(x]10) —g(x'10)]"

if g(x[0) € [ax, by]
il g(x|0) < ay
if g(x|0) > by
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Destructive Constructive

Weight decay: Growing networks
OF
Aw; = —na—m — Aw;

! A 2
E :E+§§Iw;

Dynamic Node Creation Cascade Correlation

(Ash, 1989) (Fahlman and Lebiere, 1989)
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Consider weights w; as random vars, prior p(w;)

p(w|X) = pXIW)PW)  Virprap = argm‘ﬁxlogp(wl){)
p(X)

logp(w|X) =logp(X|w) +logp(w) + C

2
p(w) = Hp(wf) where p(w;) = ¢ - exp [ id ]
f

2(1/2A)
E' =E +A|w|*
Weight decay, ridge regression, regularization

cost = data-misfit + A - complexity
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Dimensionality Reduction

1
S
D
B
=
S
=,
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Applications:
Sequence recognition: Speech recognition
Sequence reproduction: Time-series prediction
Sequence association

Network architectures

Time-delay networks (Waibel et al., 1989)
Recurrent networks (Rumelhart et al., 1986)
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vz'h
Whj
X,= +1
dela
{ (-T-1

X X
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dela

t-T
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