% R ENS

6)liadl

z9ke (gaLd .o

https://manara.edu.sy/


https://manara.edu.sy/

[

6)jliaJl

Function Approximation
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Cybenko (1989) and Hornik et al. (1989): a= |

https://manara.edu.sy/


https://manara.edu.sy/

>y

deola
Examp/e

y =0.5sIn(7zx) +0.5sIn(277X), X € [0, 2]

Loy e dadl Lglude blas §oldaall udes @z
Sldaall J] noise pmiall pamy d8ls) @iy ©

X

= 0:0.01:2.0;
= 0.5*sin(p1*x)+0.5*sin(2*p1*x)+0.1l*randn (size(x)) ;s

s 201 Jey zsdl s lad ox Jsdl glad (oo S Soimy ©
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net=newff (minmax(x), [41],{'tansig’', "purelin'}, "trainlm'");
net.trainParam.epochs = 150;

net.trainParam.show = 10;
net = 1init (net);
[net, tr] = train(net,x,Vy);

T LOBAIBNEY
A0 Gy, o i) o5 (53 el Cpania 5apan Lol 2 55 %y A0 LY

x1 = 1.015:0.01:1.0615;

vyl = 0.5*sin(pi*x1)+0.5*sin(2*p1*x1)+0.1*randn (size(x1l));
outl = sim(net,x1);

plot(x1l, vyl1,’'b’",x1,outl,’'r");
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Optical Character Recognition
(OCR)
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Example
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Mumeral:
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00000000
00011000
GO1 00100
L0010
Glroagooln
Q0100100
00011000
Gooooogao

Desired owtput paitern
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DOLO0000000
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T Numeral: 1
Input patteri

Desired output pattern
L0000 0000

Mumeral: 3

Input pusttern
T 00000000
. oo111 100
00000100
— 00011100
_ NDO00001400
| DOO00DBTOO
! (D4 I A I D
] DODODGND

Desired oulpul pattern
OO0 1000000
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Mumeral: 4

fnput pattern

00000000
OO0 1040070
D01L0C00
GO 10000
GoL01I00
L1119
Gaonaiod
OOaooaon

-
-
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Desired autpul paltern
Gaoal1o0000

Mumeral: &
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000400000
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Desived owipust pattern
QOoO0000L0d0u
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Qaoonoon
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o padoad

0
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0400400
a1 11
OO0000000D

Dexrred owipur patfern

OO0 0000
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Numeral: 7
Inpuit paleern

NO0O0qo000
0oL LLIon
Dooo0100
Dooo1L1a0n
GOoaGOlOon
guonlroon
GOB1I0000
DOODOUUOD

Desired nudpul patlern

GOGOoQoODI00
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Numeral: 8 “—‘?-U]J Numeral: 9

fmput partern ?J Lt—ﬂ'” Inpare pateers
OO0000000 QoGO0 000

CH A I O B gorLLron
DoO1TO001T00 QO1T007100
go1r1rr1ran gdgo1T1r1100
O0 1 i 1o QO0Oo0Q100
DarToornn guooaroo
ool1 1100 gOo00oo100
Qanooonon _ _ QOooooono
Desiredd outpal paifern Dyesired cmtpued paliven
Qo000 00010 DOODOCO00D01]
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A e 850 100 oyuidl Sbly o pe day ®

Numeral i QOutputs

0 I 046 002 017 013 008 009 002 013 019 015
1 006 072 007 000 012 010 000 031 006 018
2 0.12 005 022 015 004 010 010 005 014 007
3| 009 006 012 047 002 005 002 009 013 0.4
4 | 011 011 009 006 067 007 014 01& 000 012
5 008 004 000 014 003 014 002 010 013 0.16
6 007 003 017 011 023 012 082 005 014 007
7| 013 017 005 008 011 010 000 033 009 027
8 0.15 002 013 012 003 012 004 007 016 0.15
Y | .11 004 006 009 004 012 001 019 012 0.26

https://manara.edu.sy/


https://manara.edu.sy/

Y

dasls ASA| e B0 200 capatll Sl e ®

Numeral QOutputs
0 085 000 006 005 007 000 000 011 €13 008
1 001 084 005 007 002 004 000 0.11 0600 004
2 0.07 008 076 0.18 001 008 003 001 0618 001
3 .05 008 0.13 074 000 025 000 006 006 0.04
4 006 0.04 002 000 084 001 008 0.04 006 004
5 000 002 003 014 002 060 002 001 0.16 0.18
6 001 002 009 002 o0.11 0.16 09 0.00 0.18 0.05
7 0.09 010 00t 009 006 003 000 082 002 017
8 0.07 000 010 ©02 004 011 005 001 0.68 020

9 }I}.OI 001 000 001 006 016 000 010 0614 0.76
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Numeral Outputs

0 094 000 0.01 003 004 000 0.00 003 004 003
1 000 095 003 001 00! 001 000 004 000 001
2 001 003 094 004 000 000 001 0061 004 000
3 003 001 003 093 000 006 000 002 001 001
4 003 003 0.01 000 094 000 003 001 001 000
5 000 001 001 004 000 091 G062 000 004 0.04
6 0.00 0.0l 0.03 000 005 006 095 000 004 001
7 003 003 001 003 001 000 000 094 000 0.03
8 0.03 000 003 000 0.01 002 002 000 092 0.03
S 001 0.00 000 000 002 004 000 0.03 003 094

https://manara.edu.sy/


https://manara.edu.sy/

ojladl Anis

All 0s

FETRL™

LT

Inpul partern

— o —

e e e B T ]

coocoToD
coocoooD
cooccoseD
oo ooo o oo
ocooSocoooo
oooDooood
cooooooD
SooooDoDoo

]

0')

Sosoocee
OSSOSO
RO ——— —— o>
Py e I —— o
s
B COCOCoOCD
=
—SocccoeD
S &SdSs=c>eo
B o
= SoCcSCcoco
cCoooco~C
oo —~—oTT
=z OO=0T—CoC
X O—=T0To~C
s o—soos—
S oc—~0co~2c
§ O—S~==0c
S cocooceoas

(o]

!
-—

Input paitesn
0
0
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]
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SO CCO
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D= —
SoOCDO=SCD
PO DOTD

Inpur parrern

https://manara.edu.sy/


https://manara.edu.sy/

v

S oc oo
SoCcTOoOCoo
T D ——— S
S—C—O8 -

S—=C—0C =0

S———DCS~0
cocsc—coo
CCOCOTTOO

iput pattern

SSoD2&ese T
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O v e o o -
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oCcS oo oe
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Allds | 004 002 0602 003 008 001 0.02 008 001 0.08

All 1s ‘ 000 001 000 000 000 000 000 003 000 022
(} 093 000 o 002 004 000 GO0 003 003 002
1 004 011 001 032 001 000 000 018 000 0.0
2 0.05 000 008 001 000 001 001 001 082 001
3 006 006 089 033 000 001 0601 001 001 0.00
4 025 000 001 000 022 000 000 006 0.6 0.04
3 000 001 001 004 000 084 001 000 004 003
b | 000 002 017 000 003 012 061 000 008 0.00
7 001 001 000 001 002 000 OO0 081 001 005
g 0.00 000 003 000 005 001 001 001 089 (.01
9 004 G000 000 017 000 001 000 004 002 0.44

https://manara.edu.sy/


https://manara.edu.sy/

Py

https://manara.edu.sy/


https://manara.edu.sy/

Dy

6jliall

*This example shows how to develop a robot that can learn by using a

neural network, and implementing iton a Lego robot.

*Using the neural network, the Lego robot vehicle can learn some basic

rules for moving forward, backward, left, and right.
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Lego robots o

Sensor 1 Sensor 2 Sensor 3

Motor A Motor C

® The robot has three inputs (two touch sensors and one light sensor) and two outputs (the two

motors)
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Sensor 1 Sensor 2 Sensor 3

hidden

layer

output
layer

Motor A Motor C
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MOVi ng fO I'WElI‘d: If Sensor 1 is off, and Sensor 2 is over a white floor, and Sensor 3 is off, then Motor A and

Motor C go forward (robot goes forward).

Movi ng I‘ightI If Sensor 1 is on, then Motor A goes forward, and Motor C goes backward (robot turns right).
Movi ng left: irsensor3is on, then Motor A goes backward, and Motor C goes forward (robot turns left).

Movi ng bEleWéll’di If Sensor 2 is over a black floor, then Motor A and Motor C go backward (robot goes
backward).
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Rules to leam
Rule | Sensor 1| Sensor 2 |Sensor 3| Motor A | Motor C
1 Off White Off Forward | Forward
2 On White Off Forward | Backward
3 Off White On Backward | Forward
4 Off Black Off |Backward | Backward
A i N _/
-
Phyvsical inputs Physical outputs
Training examples
S1 S2 S3 M-A M-C
0 0 0 1 1
1 0 0 1 0
0 0 1 0 1
0 1 0 0 0
) $55 \ s >
L o Y-
Input vectors Qutput vectors
Lo ganll AN S50 L gipmall A2 75

S1 =Sensor 1

M-A = Motor A
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® The input-output vector pairs are the examples we use to train neural network. So, based

on its sensor states, our robot will learn to move forward, right, left, and backward.

» Butwhatwould happen If bOth touch sensors were on? 1he

robot would not learn that case (rule or example), but the neural network would give it an

emergent behavior.

‘What emergent bEhElViOI‘? Will the robot go forward, backward, left, or

right? We will get the answer by compiling the program, downloading it to the robot, and

pressing the Run button to run the program and see the robot behavior.
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