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m Linear Discriminant (74EB H)

............................................ iy —> Multioutput
X1 —> .
¢1 Single output ;
X2 —> wo 2 : :
Input pattern x3 —»> w —> outputb : o
X : wj i —> :
Xj —> ./w : —_
: N .
: t +1 ifxe classC : :
X'w=>b . : :
XN —> / = = {—1 if x ¢ classC in—>
weigh
eight vector w ith layer kth layer
(input layer nodes) (output layer nodes)

* A linear Perception with no internal layer can
not yield a discriminant that will solve the
EXCLUSIVE-OR or parity problem

EXCLUSIVE-OR
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a 10 1 pattern belonging to
class ~Cy
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FeedForward Net (fij[fi[##s)

OUTPUT PATTERN

low value of 6y

OUTPUT LAYER = sereremrimminniiaineiiaanan, 054 A hlghvalue Of 80,

. — :
w(ki) :
R T ey Tt

HIDDEN LAYER
(Internal representation units) Structure Type of Exclusive-OR Classes with Most General
Decision Regions Problem Mesned Regions | Region Shapes

Single-layer L,

Half plane
/\ bounded 8 A
by
hyperplane @

Two-layers

INPUT LAYER

Convex
INPUT PATTERN open B
or A
Q closed
. . regions
« The netinput to each node is 2 /

Three-layers

the sum of the weighted

Arbitraryl
outputs of the nodes in the S
prior |aye|‘ number of nodes)
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B MR A

m XOR Simulation (Layer: 2-5-4-1)

Testing Data

0 1]1
1110
Training Data 011
z 11]0
0 1|1 101
1 0|1 0 0j0
110 o1
Output o olo 11 lo
1011
MSE: 2->5->4->1 ( XOR Simulation )
0.3
0.28
0.26 -
024
022 - Py Testn? dala
Testing Data Cutput :i‘
.18 -
011 1.0000003217376782 y 081 »
1110 0 .0000005137685875 oo g
o 111 1.0000003217376782 0.2 1 oo
1011 1.0000004543296533 0.1 - .
1 110 0.0000005137685875 008 -
1 011 1.0000004543296533 006
o 0olo 0.0000003859840312 004
o1l 1.0000003217376782 002 -
1 110 0.0000005137685875 0
1 0l1 1.0000004543296533

Number of iterations [10 — 500]
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BRSO

0.9 4
0.8 -
0.7 4
0.6
0.5 -
0.4 1
0.3 +
0.2
0.1

-0.1 4
0.2 4
-0.3
0.4
-0.5
—0.6
-0.7 4
-0.8 -
-0.9

0

T T T T T T T Y T T T T T LA ] T T

X+T

27T

024

023 4
0.22 4
021 -
0.2 4
0.19
0.18 -
047 4
0.16
015
0144
0.13 4
Y 042 4
011 4

0.1 +
009
0.08
007 -
0,06 -

MSE

005
004

003

0.2

0.9 -
018
0417
0.16
0.45
044
0.3
0424
041 4
0.1

009
0,08 4
007 4
006
005
004
003 -
002

001

7 RS #T] (Cont.)

MSE : with 3 layers 2->12—>1

{Fig. MSE. 2

o for *tesfrng data

1~ -)?ar L“min/‘nf data

vvvvvvvv

LJNL I A M e B B B B S B B A G e B

Number of Htertions [ 0 ~~ 20000 ]

MSE : with 3 layers 2—->8->1

< Fig. MSE.3)

Por Lest f olaTa

s for training data

||||||||||||||||||||||||||||||

1111111

Stop
trainin Z

Numbsr of itertiona [ 0 —— 20000 ]
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(e R ] (Cont.)

B Y= SINCXHT)F =

Training Data Testing Data
X T Y X T Y
0.000000 0.000000 ©.000000 0.000000 0.000000 0.000000
0.081681 0.232478 0.309017 0.240960 0.073199 0.309017
0.324212 0.304106 0.587785 0.221796 0.406522 0.587785
0.282743 0.659734 0.809017 0.622035 0.320442 0.809017
0.845717 0.410920 0.951057 1.075681 0.180956 0.9510587
1.115265 0.4558531 1.000000 0.504226 1.066571 1.000000
0.409035 1.475920 0.9510857 0.375106 1.509849 0.951057
1.048978 1.150137 0.809017 1.952814 0.246301 0.809017
1.726619 0.786655 0.587785 1.329522 1.183752 0.587785
1.967894 0.859540 0.309017 1.164903 1.662531 0.309017
1.822124 1.319469 ~0.000000 2.978230 0.163363 -0.000000
0.649681 2.806071 -0.309017 3.117088 0.338664 -~0.309017
0.557947 3.211964 -0.587785 3.769911 0.000000 -0.587785
3.544973 0.539097 ~0.809017 0.245044 3.839026 ~0.809017
1.051177 3.347053 -0.951087 0.866451 3.531779 ~0.951057
0.3158730 4.396659 -—1.000000 4.038517 0.673872 ~1.000000
1.598442 3.428106 -0.951056 2.975717 2.050832 ~0.951056
4 .427447 0.913261 ~0.809017 3.209765 2.130942 -0.809017
3.483398 2.171469 ~0.587785 4.925389 0.729478 -~0.587785
2.059314 3.909712 ~0.309017 1.545978 4.423048 -0.309017
5.912478 0.370708 0.000000 4 .297699 1.985487 0.000000

~

The rate between X and T is generated by random )
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Figure 1. Gray-scale image of tank.
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KSR ¥ 5 (Cont.)

m Examples of handwritten digits: - Printed Character Recognition
« Segmented digits: « Handwritten Character Recognition
v - « Cursive Handwritten Character Recognition
|

= ol

|
l B Fingerprint Verification
« Unsegmented digits: B Palmprint Verification

w3473 &LO/gEf  (FIVY

20065 o7 ‘82Tz Lo

A7 260 i P %857

Tdige 1233~ L3310/
F087E GOSR, FFo0% e
Y do-RI5P Roze s 14%P '

b
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SRS E1 9] (Cont.)

m Signature Verification B Face Recognition:
* Existence: Is there a face in it?

 Gender: Is it he or she?

Rl e

* ldentification: Is she =¥ Fi or 7 IR ?

B Speech Recognition:
« Speaker dependent or independent

B Speaker Recognition
« Text dependent or independent

ATV /T
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RS

KR AR B [

. S5 R B SRR TR - BRI
(ERSSEN] hiﬁb(reglon)“‘/ U’P%f(objects) N I&T‘ii‘ﬁﬁrll’lﬁ‘%ﬁﬂﬁyﬁﬁ‘«[ﬁsﬁl
[&ﬁllﬂj’ﬁ'ﬂ VR F“%
Oy HIBY R - LAk fﬂ‘ﬂéﬂﬂ RENEEF - [
(umforrmty) ﬁ'}"ﬁﬁmﬁﬁﬁ&fﬁ 1457 Uﬁjj HE] Iﬂjﬁluf JYER o
n ’E“xmz,@ezﬁé”[}gﬁl SRR E
2 Ti]%aﬁ U EF q%ﬂél (statistical pattern) J%’ﬁ?’
Iﬁ}% liy iy SR ECEVE > FE > T
53 K fﬁf’%? — I?LJ«;D# 1:? g
- Y nﬂii [ﬁfi f J%’ﬁ? 2.(syntactic pattern)ﬂ J?ﬁ?
P far R — v mfﬁéﬁ & — PrE - et R pAs 75 For ok
(pnml‘[lve) — ?1/ }i%[ﬁh‘%dk‘ (parser) —> 7] T’?;ﬁii —> JLL[ r?ﬁ?jﬁ?%\[
o AR HI(heuristic)f™) Q%ﬁ';ii ?ﬁ?
— PP VR Ll LT R RS -
7\?’%%@1

lH>

R TR A R R
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KSR R

RS R 1

m I EECRIRR
I SRR I T [ g T e
RERIEERLY | P e i it - Tt 1 5 R R
w%ww SRR, T A o L N T SR A -

| ]@kl’é;FF(fault tolerance)j 1%

o BRI Eﬁi“ /wﬁ @wﬁlﬁz%ﬁ%ﬁﬁw@ﬁrﬁk e e ] aﬂiﬂ%
DEEIT s [ Jj lﬁgwﬁrm/ﬂ,g o ] = rF@lo%pﬂ AR I TR E%ﬁ i

n 'ELFF 5 7R (Associative Memory)H J’#—*j E3

I FER 7 4—%:,@:'[ \(content addressable memory) » &' '] f: TRLE %“ n”'w rﬂpjgi? B
ktT’%EJ%‘ Jrl}i ° WlF‘%%"‘F* j"f mﬁ“éﬂ R I JHE = *H*" ”F Jf,”}ﬁ
?ﬁl%é*?‘»iflﬁ o Hl IR G TR E'“ﬁ‘fﬁﬁm@#’lﬂ i f [REREEEA

m Eﬂﬁ{ﬁﬁ |'“‘(Opt|m|zat|on)F|LF%_l
o PR PERRIZRET R AT EWF} IR > P RLl R R o R
m %J\f{!ﬁ??ﬁ‘%ﬁ—é‘,é{ [HVLSI Implementation)
. i‘ﬂﬁi%ﬁfj L H Jq‘ﬁ“ 2 ﬁ o AELELE (interconnection) - Ty S RETET > A% (regularity) 0 bh
RS (VLgl)*‘%‘“u”?‘? °
. ﬁ:&ﬁ' wgﬁmm B IR
. Jlf‘q “‘\Ei?ﬁﬁ'ﬁl [HIRE I > B Igropssse & 5L 2% R ) s ﬁﬂﬁfﬁﬁz”(dlwde-and conquer) i
‘?@~NﬁPWH4ﬁﬁ%W°§ﬁf“@ﬁ$fmim”hdi$—wj°
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SR
LN rl:
SRR BN

SFrr
l \\\\ \
E* TN/

B (2 A)

B [FEEHEE (Back Propagation Network)

B 2B (Multi-layer Functional Link Network)

B R 3SR (General Regression Network)

n %’i‘r?ﬂr’ljﬁiﬁi [ (Learning Vector Quantization Network)
m g @}“Ey@ﬁq‘?@?—’gﬁ(Radial Basis Function Network)

el B R R

[

X2 X3 XiX2 X1X3 X2X3 X1X2X3 |

X x*x'
l X X1 X2

X3

Self-Organizing Net+
F SR

Lateral inhibition

n .:’m (T {2t
Verification SE?SS?:,.W
Continue t: Make y; inactive,
wn% yj ! make al others active
1 X; i X,
L5 it <L <p
Z 2
T T ¥ {xi}
X X XN
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BRSO

ERR:

i s (Functional Link Network)
N PR R L R R

F» B DS
f(x)
1

.02

System
error n=09
(a) a=07
.01

-
T .00
sin(4mx)

x —>
—-3

T 1

cos(mrx) sin{2mx)

B

cos(2mx)

1000 2000 3000 4000

5000
Number of iterations

x : Training samples

—t Generalized delta rule net

__: Functional-link net
without hidden layers

0.8 4
06
f(x)

0.4 4

0.2 4

M T T M i
0.0 0.2 0.4 0.6 0.8
(b)
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BRSO

Self-Organizing Net +
T EFEEGSE (RBF)

Training vector Test vector Test vector Output We|ght vectors at different time
£2 (i1.i2) A1
4 e 100
iy 1}234567
* g: : . . . . -
>4 (25 3 DODDIODD,
6 DODDODDD
8

PP P b b P d.
CEEREE06

(a) (b) (c)
o 6)
® o
° o®° o o @ °° .Q.
0 o 2000
© 0 ®
®

Clutter center 1 Clutter center2  Clutter center3
o EFHAERE (RBF)

* Input vectors

* Find Cluster centers using SOF

e Cluster centers —» Desired
Output

 Input vectors — Training data
» Test vectors — Output
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%%@%
QAT

- {7 0 Y% % (Back Propagation
Network)

et P el A B (Multi-layer
Functional Link Network)

o ] H R ﬁ,t,(GeneraI
Regressmn Network)

4 = el (Radial Basis
Functlon Network)

= REIE
] AR
© IR
- AR

. E’ﬁ’ﬁﬂ BB (55 (Learning
Vector Quantization Network)

e

<t =T

EESRE R

SpeE e

m L
. %Iﬁl
s
GBI ETRR -
i A T e s
T o -
. ;’rgypu.

’L —'—»

L JE‘WEF'J & E}H

| 5}?}5? pidl[i F <l
ﬁﬁfbrﬁ EFUER T BLHEfY5) 5

HIEEE R -

'\—'\—‘

° Iﬁ[ T' =24 1N

C Y
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FE MRS [ 17

S

m R

2 Bt -
¢ FSINES © = 5 iy ST B | (SOSIIFLL Byt <250

~ JEIIRE © =10 x i WESHEE LR (100 Bt 1<500)
o [RESRE =20 x i FREHEE PGB | (200<HT] Brt 1<1000)
VRV Bt -
L RS O (R

B SEE TR " SR (Learning Cycle)
© PE (R T RMS) ’ ﬁﬁ%ﬁ&ﬂ@ £ 300:%
" R © - il - 1000
©FROR R AR R R S A * [MEEHIR - 3000-%
o YRR JHE I - 2SR (Error Rate)
n R
* SERAEE T [ (Weight Histogram)
YR 55 P
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FE MRS [ 17

SRS (Cont.)

Fﬁ}“‘—* R R

A VR

. I’E?EIJE‘- B%ﬁ

B AL

Tﬁ%l IHW
-ﬂﬁ{ﬁ@ﬂn

T e

| L[&‘%%F’]?’fu;@?ﬁ“"ﬂ
B R
m R RSk

W -

L A gl

LT R
n ﬁﬁa%tjg
A
-

. AT
. ?7{7 a8
S
FRI T -
m S T
o« HPEIRL
o« 3 f*ﬁﬁ\fi—ﬁzj o
¢ B I -
m R TH -
m ISR T
m VR -
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KRR 7% 3 et

-ri@“ m R[S
. %’E’Tﬂ P . ?{‘:—%
* I n =% ¢ . e
. F{‘ =155 =3

;’E’ﬁ@%?&’jﬁ“ m EYSVREE

- R - By
’;S”ﬂf?ﬁ RS
F-gﬁé&%lmﬁ © A
- i ,
o HIET SR - 9 Y m H R

Fp?ﬁx IQFl FT[_H

.
* TEEIFTEEI
e
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BRSO

BEEEES
m Classifier with a two-input perception

Vectors to be Classified Slide ¥

Reset

Tuir ot "hold" g0 the previous plot is not erazed.

> haold on;

Maw plot the training set:

> plotpy(F,T];

find the classifization line:

5> plotpefnet (w1} net b{T});

The perception comectly clazsified our new point [in red) as category “zero” (represented byt
a circle) and not a "one'” [representad by a plug). '
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BRSO

Fsd-(Cont.)
B Linear noise canceller

Output and Target and Error Signals

T

w

T

N

—_

Reset

Output-blue Target-red Error-green
o

Time

ADAEPT simulates adaptive nebworks. 1t takes a newark, a signal, and a target
zignal, and filters the signal adaptively.

»» [net,Y E Pfl=adaptinet P.T]:

Plat the the output ™ in blue, the target T in red and the emor E in areen;

»3 plotlime,cat{2 1 1,b' bime,cat(2, THN Y ime,cat(2 E4L 1 g1 2610 0),'%)

By t=2 the network haz lezamed the relationship bebween the input and the target
and the ermor drops to near zero.
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SR R T e coms
ARG e KRS I 1

2YETE]

B Yoh-Han Pao, “Adaptive Pattern Recognition Neural
Networks”, Addison,Wedey

B Other feferences:

E%&Imﬂfﬁfqé‘;ﬂ.ﬁ%&f FOFI AT I/W‘

http://www. 031e.nctu.edu.tw/~nn1ab/ocr/1ndex.htm
SRR
http://www.pmsh.khc.edu.tw/data/SCIENCE/2/
M ;TL"\— E*EB;I\:; ,EIEF]‘}A

http: //WWW im.ntu.edu.tw/~b8705005/report/Alrpt.htm
SRR s B (S
http://www.im.isu.edu.tw/pwu/expert/ann 2.ppt

I OHIRT
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