Corso Intelligenza Artificiale
Parte I: Reti Neuronali Artificiali
Esercitazione per il Lab

1. Problemi di separabilita lineare con modelli neuronali del tipo
Perceptron

1.1. Operatore congiunzione logica (AND)
1.1.1. Rappresentazione geometrica del problema

1.1.2. I pattern d’ingresso

SNNS pattern definition file V3.2
generated at Mon Apr 25 15:58:23 1994

No. of patterns : 4
No. of input units : 2
No. of output units : 1

# Input pattern 1.
11

# Output pattern 1:
1

# Input pattern 2:
10

# Output pattern 2:
0

# Input pattern 3:
01

# Output pattern 3:
0

# Input pattern 4:
00

# Output pattern 4:
0



1.1.3. L'implementazione via JavaNNS
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1.2. Operatore disgiunzione logica inclusiva (OR)
1.2.1. Rappresentazione geometrica del problema




1.2.2. I pattern d’ingresso

SNNS pattern definition file V3.2
generated at Mon Apr 25 15:58:23 1994

No. of patterns : 4
No. of input units : 2
No. of output units : 1

# Input pattern 1.
11

# Output pattern 1:
1

# Input pattern 2:
10

# Output pattern 2:
1

# Input pattern 3:
01

# Output pattern 3:
1

# Input pattern 4:
00

# Output pattern 4.
0

1.2.3. L'implementazione via JavaNNS
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1.3. Altri problemi di separabilita lineare
1.3.1. Rappresentazione geometrica del problema

N\

1.3.2. I pattern d’ingresso

SNNS pattern definition file V3.2
generated at Mon Apr 25 15:58:23 1994

No. of patterns: 26
No. of input units : 2
No. of output units : 1



# Input pattern 1:
0.10.1

# Output pattern 1:

Input pattern 2:
10.2

Input pattern 3:
0.3

Input pattern 4:
0.1

Input pattern 5:
20.2

put pattern 6:
0.3

ONS

Input pattern 7:
204

Input pattern 8:
30.1

=]

put pattern 9:

PHORRP O P HORPHORPHORRP KON P HOL O HR
OOO

Output pattern 2:
1

Output pattern 3:
2

Output pattern 4:
Output pattern 5:
utput pattern 6:
Output pattern 7:
Output pattern 8:

utput pattern 9:

# Input pattern 10:
0.30.3

# Output pattern 10:

put pattern 11:
0.4

OWS

Input pattern 12:
0.1

Input pattern 13:
0.2

Input pattern 14:
40.3

HPRPHOHPFPHOHPFPHOH*HPFRPHOHPF

Input pattern 15:
.1-0.3

Input pattern 16:
1-04

Input pattern 17:
2-0.2

Input pattern 18:
.2-0.3

Input pattern 19:
2-04

O#O#O#O#O#O#O#O#O#o

utput pattern 11:
A

Output pattern 12:
A4

Output pattern 13:
Output pattern 14:
Output pattern 15:
Output pattern 16:
Output pattern 17:
Output pattern 18:

Output pattern 19:

# Input gattern 20:
;g Output pattern 20:
# Inputgattern 21:
g Output pattern 21:
# Inputgattern 22:
;g Output pattern 22:
#OlgpL(I)t attern 23:
;8-‘ Outp'ut pattern 23:
#olgp%t 5pattern 24
46# Outp'ut pattern 24:
# Inputgattern 25:
;8‘ Output pattern 25:
# Inputfattern 26:

;8-‘ Output pattern 26:




1.3.3. L'implementazione via JavaNNS

File Edit View Tools Pattern Window Help
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2. Reti neuronali multistrato con I'algoritmo Backpropagation

2.1. Isola (due classi non linearmente separabili)
2.1.1. Rappresentazione geometrica del problema

2.1.2. I pattern d’ingresso

SNNS pattern definition file V3.2
generated at Mon Apr 25 15:58:23 1994

No. of patterns : 45
No. of input units : 2
No. of output units : 2



#
2
#
1
#
2
#
1
#
2
#
1
#
2
#
1
#
3
#
1
#
3
#
1
#
3
#
1
#
3
#
1
#
4
#
1
#
4
#
1

Input pattern 1:
%utput pattern 1:
?nput pattern 2:
%utput pattern 2:
Ionput pattern 3:
?)utput pattern 3:
?nput pattern 4:
(5)utput pattern 4:
Pnput pattern 5:
%utput pattern 5:
?nput pattern 6:
%utput pattern 6:
?nput pattern 7:
?)utput pattern 7:
Pnput pattern 8:
%utput pattern 8:
Ionput pattern 9:
f())utput pattern 9:

Input pattern 10:

3
Output pattern 10:
0

#
4
#
1
#
4
#
1
#
5
#
1
#
5
#
1
#
5
#
1
#
5
#
1
#
6
#
1
#
6
#
1
#
6
#
1
#
6
#
1

Input pattern 11:

4
Output pattern 11:
0

Input pattern 12:

5
Output pattern 12:
0

Input pattern 13:

2
Output pattern 13:
0

nput pattern 14:

3
Output pattern 14:
0

Input pattern 15:

4
Output pattern 15:
0

Input pattern 16:

5
Output pattern 16:
0

nput pattern 17:

2
Output pattern 17:
0

Input pattern 18:

3
Output pattern 18:
0

nput pattern 19:

4
Output pattern 19:
0

Input pattern 20:

5
Output pattern 20:
0

OHUHOHPHOHWHOFENHOHFRPRHFOHPFRPHOHFRPHOHFRPHFOHFRPHOHEL,H

Input pattern 21:

1
Output pattern 21:
1

Input pattern 22:

2
Output pattern 22:
1

Input pattern 23:

3
Output pattern 23:
1

Input pattern 24:

4
Output pattern 24:
1

Input pattern 25:

5
Output pattern 25:
1

Input pattern 26:

6
Output pattern 26:
1

Input pattern 27:

1
Output pattern 27:
1

Input pattern 28:

1
Output pattern 28:
1

Input pattern 29:

1
Output pattern 29:
1

Input pattern 30:

1
Output pattern 30:
1

OHOHOHPHOHWHOFENVNHOFENHOFNHOHFNHOFENHOHNHFOHOH

Input pattern 31:

1
Output pattern 31.:
1

Input pattern 32:

1
Output pattern 32:
1

Input pattern 33:

2
Output pattern 33:
1

Input pattern 34:

3
Output pattern 34:
1

Input pattern 35:

5
Output pattern 35:
1

Input pattern 36:

7
Output pattern 36:
1

Input pattern 37:

6
Output pattern 37:
1

Input pattern 38:

6
Output pattern 38:
1

Input pattern 39:

6
Output pattern 39:
1

Input pattern 40:

6
Output pattern 40:
1

# Output pattern 41:
01

# Input pattern 42:
27

# Output pattern 42:
01

# Input pattern 43:
38

# Output pattern 43:
01

# Input pattern 44:
47

# Output pattern 44:
01

# Input pattern 45:
58

# Output pattern 45:
01




2.1.3. L'implementazione via JavaNNS

File Edit View Tools Pattern Window Help
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2.2. Penisola (due classi non linearmente separabili)
2.2.1. Rappresentazione geometrica del problema

2.2.2. I pattern d’ingresso

SNNS pattern definition file V3.2
generated at Mon Apr 25 15:58:23 1994

No. of patterns : 76
No. of input units : 2
No. of output units : 2



#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1

Input pattern 1:
101

Output pattern 1:
0

Input pattern 2:
10.2

Output pattern 2:
0

Input pattern 3:

pu
104

Output pattern 3:
0

Input pattern 4:
20.1

Output pattern 4:
0

Inpu tpattern 5:
20.2

Output pattern 5:
0

Input pattern 6:
204

Output pattern 6:
0

Input pattern 7:
30.1

Output pattern 7:
0

Input pattern 8:
30.2

Output pattern 8:
0

Input pattern 9:
304

Output pattern 9:
0

ut pattern 10:

Input
0.1

4
Output pattern 10:
0

#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1

Input pattern 11:
0.2

4
Output pattern 11:
0

Input pattern 12:
0.4

In t pattern 13:

CO'O

4
O
0

Input pattern 14:
0.6

4
Output pattern 14:
0

Input pattern 15:
0.8

4
Output pattern 15:
0

Input pattern 16:
0.1

Input pattern 17:
0.2

Input pattern 18:
0.4

Input pattern 19:
0.6

Input pattern 20:
0.8

4
Output pattern 12:
0

tput pattern 13:

5
Output pattern 16:
0
5
Output pattern 17:
0
5
Output pattern 18:
0
5
Output pattern 19:
0

5
Output pattern 20:
0

#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1
#
0.
#
1

Input pattern 21:
0.1

7
Output pattern 21:
0

Input pattern 22:
0.2

Input pattern 23:

pu
0.4

Input pattern 24:
0.6

7
Output pattern 24:
0

Input pattern 25:
0.8

7
Output pattern 25:
0

Input pattern 26:
0.1

8
Output pattern 26:
0

Input pattern 27:
0.2

Input pattern 28:
0.3

Input pattern 29:
0.5

Input pattern 30:

e

oT

c

8
0]
0

7
Output pattern 22:
0

7
Output pattern 23:
0

8
Output pattern 27:
0
8
Output pattern 28:
0
8
Output pattern 29:
0

tput pattern 30:

#
0.
#
1
#
0.
#
1
#
0.
#
1
#
1.
#
1
#
1.
#
1
#
1.
#
1
#
1.
#
1
#
1.
#
1
#
1.
#
1
#
0.
#
0

Input pattern 31:
0.8

8
Output pattern 31.:
0

Input pattern 32:
0.2

In t pattern 33:

CO'CJ

9
0]
0

Input pattern 34:
0.1

0
Output pattern 34:
0

Input pattern 35:
0.3

0
Output pattern 35:
0

Input pattern 36:
0.4

Input pattern 37:
0.1

Input pattern 38:
0.2

Input pattern 39:
0.4

Input pattern 40:
0.5

9
Output pattern 32:
0

tput pattern 33:

0
Output pattern 36:
0
2
Output pattern 37:
0
2
Output pattern 38:
0
2
Output pattern 39:
0

1
Output pattern 40:
1

# Input pattern 41:
0.20.5

# Output pattern 41:
01

# Input pattern 42:
0.30.5

# Output pattern 42:
01

# Input pattern 43:
0.10.6

# Output pattern 43:
01

# Input pattern 44:
0.20.6

# Output pattern 44
01

# Input pattern 45:
0.30.6

# Output pattern 45:
01

# Input pattern 46:
0.10.8

# Output pattern 46:
01

# Input pattern 47:
0.20.8

# Output pattern 47:
01

# Input pattern 48:
0.30.8

# Output pattern 48:




#
0.
#
0
#
1.
#
0
#
1.
#
0
#
1.
#
0
#
0.
#
0
#
1.
#
0
#
1.
#
0
#
0.
#
0
#
1.
#
0

Input pattern 49:
0.5

Input pattern 50:
0.5

Input pattern 51:
0.5

1
Output pattern 51:
1

Input pattern 52:
0.5

2
Output pattern 52:
1

Input pattern 53:
0.6

Input pattern 54:
0.

6

Input pattern 55:
0.6

2
Output pattern 55:
1

Input pattern 54.
0.8

ut pattern 57:

Input
0.8

9
Output pattern 49:
1

0
Output pattern 50:
1
9
Output pattern 53:
1
0
Output pattern 54:
1

9
Output pattern 56:
1

0
Output pattern 57:
1

OHPFRPHOHFHOHOHOHOHOHOHKHOHOHOHKOHFOHOKOHOKH,H

Input pattern 58:
0.8

Input pattern 59:
0.9

Input pattern 60:
0.9

2
Output pattern 60:
1

Input pattern 61:
0.9

3
Output pattern 61:
1

Input pattern 62:
0.9

Input pattern 63:
0.9

Input pattern 64:
0.9

Input pattern 65:
0.9

Input pattern 66:
0.9

A
Output pattern 58:
1

A
Output pattern 59:
1

A
Output pattern 62:
1
5
Output pattern 63:
1
7
Output pattern 64:
1
.8
Output pattern 65:
1

.0
Output pattern 66:
1

O:ﬁ:l—‘:ttoqil:l—‘:ttoiﬁ:O:I:I:O:I:I:O:I:I:O#O#O#O#O#O#O#O#O#O#O#

Output pattern 67:
1

Input pattern 68:
11.0

Output pattern 68:
1
Input pattern 69:
31.0

Output pattern 69:
1

Input pattern 70:
41.0

Output pattern 70:
1

Input pattern 71:
51.0

Output pattern 71:
1

Input pattern 72:
.71.0

Output pattern 72:
1

Input pattern 73:
.81.0

Output pattern 73:
1

Input pattern 74:
.0

tput pattern 74:

(]

.9

O

1

e put pattern 75:
n

c

Output pattern 75:

1
Input pattern 76:
210"

(1)utput pattern 76:




2.2.3. L'implementazione via JavaNNS
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2.3. Operatore disgiunzione logica esclusiva
2.3.1. Rapresentazione geometrica

2.3.2. I pattern d’ingresso

SNNS pattern definition file V3.2
generated at Mon Apr 25 15:58:23 1994

No. of patterns : 4
No. of input units : 2
No. of output units : 1

# Input pattern 1:
11

# Output pattern 1:
0

# Input pattern 2:
10

# Output pattern 2:
1

# Input pattern 3:
01

v



# Output pattern 3:
1

# Input pattern 4:
00

# Output pattern 4.
0

2.3.3. L'implementazione via JavaNNS

Reti multi-strato con 2 neuroni nascosti
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Reti multi-strato con 4 neuroni nascosti
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2.4. C(lassificazione multicategoria: Il problema delle cinque
linee
2.4.1. Rappresentazione geometrica del problema

e

Al SSY

2.4.2. 1 pattern d’ingresso

SNNS pattern definition file V3.2
generated at Mon Apr 25 15:58:23 1994

No. of patterns : 20
No. of input units : 10
No. of output units : 5



Input pattern 1.
50.28 0.220.140.1 0.1 0.12 0.18 0.26 0.46
Output pattern 1:
0000
Input pattern 2:
60.38 0.320.240.20.2 0.22 0.28 0.36 0.56
Output pattern 2:
0000
Input pattern 3:
70.480.420.340.30.30.320.38 0.46 0.66
Output pattern 3:
0000
Input pattern 4.
0.18 0.12 0.04 0.0 0.0 0.02 0.08 0.16 0.36
utput pattern 4:
000
Input pattern 5:
10.20.304050.60.70.80.91.0
Output pattern 5:
1000
nput pattern 6:
0.
u

#
0.
#

1
#
0.
#

1
#
0.
#

1
#
0.4
#0O
10
#
0.
#

0
#
0.20.30.405060.70.8091.01.2
# Output pattern 6:

01000

# Input pattern 7:
0.00.10.20.30.40.50.60.70.80.9
# Output pattern 7:
01000

# Input pattern 8:
0]

1

n
-0.10.00.10.20.30.40.50.60.70.8
# utput pattern 8:
01000

# Input pattern 9:
1.0090.80.706050.40.30.20.1
# Output pattern 9:

00100

# Input pattern 10:
0.80.70.60.50.40.30.20.10.0-0.1
# Output pattern 10:

00100

Input pattern 11.:
.605040.30.20.10.0-0.1-0.2-0.3
Output pattern 11:

0100

Input pattern 12:
.21110090.80.70.60.50.40.3
Output pattern 12:

0100

Input pattern 13:
.20.20.20.20.20.20.20.20.20.2
Output pattern 13:

0010

Input pattern 14
40404040404040.40404
Output pattern 14:

0010

Input pattern 15:

HOHOHOKHOHOKHFRPHOHOHK

-0.3-0.3-0.3-0.3-0.3-0.3-0.3-0.3-0.3-0.3
Output pattern 15:

0010

Input pattern 16:

:N:Olt

-0.1-01-0.1-0.1-0.1-01-0.1-0.1-0.1-0.1
Output pattern 16:

0010

Input pattern 17:
.1050.70.80.90.90.820.70.50.1
Output pattern 17:

0001

Input pattern 18:
.30.7091.021.11.11.020.90.70.3
Output pattern 18:

0001

Input pattern 19:
-0.10.30.50.620.70.70.620.50.3-0.1

Output pattern 19:
000
In

:li:O:l-tO:l:tO:N:O:ﬁ:O:ﬁ:

001

nput pattern 20:

-0.30.10.30.420.50.50.420.30.1-0.3
Output pattern 20:

0001

:l-tO:l-t

O:N:




2.4.3. L'implementazione via JavaNNS

S e

File Edit View Tools Pattern Window Help

Network: RNABackpropagationCurvasTrained £ Training pattern set: RNABackpropagationCurvasTrainingSer £ Validation pattern set: RNABackpropagationCurvasTral I

[5] RNABackpropagationCurvasTrained <1> o'd X ] Error graph ‘@ X
= “
— =
i N1 v
B 2562 1 1344 |
03— /?3.712\\ o oos
-3.705 7, 3.014 | 008
o 0.04
A |
0.02 f
0l 1,000 2,000 3,000 4,000 5000
10
=4 Learning cycles i« iy gfgff
Step 2700 SSE: 0.010624755173921585
Step 3000 SSE: 0.009430891834199429
@ =
=
Control Panel
-10
Initializing I r ] Pruning ]’ Patterns ] Subpatterns ]
Learning function: |Backpr°pagaﬁon |v|
It S
n |04 dmax |0.0001
-03 =1
Bedd| L
< i =]
Cycles: 3000 Steps: |1 [] Shuffie
| Init | I Learn Current | [ Learn All |




2.5. Riconoscimento di pattern: esempio JavaNNS letters

Questo esempio si riferisce a una rete di riconoscimento delle lettere
dell'alfabeto (livello molto semplice).

2.5.1. Rappresentazione del problema

,_,..-'
g;—_ q____

I@!almI{I”

31 / 32?/ %34 35T
E<E-N_ qagé

1 1t x_g

BB N

G T\; g ‘\ 1052

26 00
/
B

3 / 32?33%




2.5.2. Il modello di rete neuronale

)
B

~ - o
26 /2?‘3?28

2.5.3. I pattern d’'ingresso

SNNS pattern definition file V3.2
generated at Mon Apr 25 18:08:50 1994

No. of patterns : 26

No. of input units : 35
No. of output units : 26

# Input pattern 1:
0111010001
1000111111
1000110001
10001

# Output pattern 1:
1000000000
0000000000
000000

# Input pattern 2:
1111010001
1000111110
1000110001



11110
# Output pattern 2:
0100000000
0000000000
000000

2.5.4. L'implementazione in JavaNNS

File Edit View Tools Pattern Window Help
3 Network: letters ¢3 Training pattern set: letters ¢3 Validation pattern set: letters
[ tetters <2>

1 2 3

| 8 = =
R R~

S RN

M5 M2\

BN

16

\!

units
links
i)
R,
N
g
A
AR

.
3 L5 P
s

[ control Panel :

Initializing | ing | " Pruning | Patterns | Subpatterns |
Learning function: | |v|
P: S
n 0.2 dmax [0.1
Cycles: [100 Steps: [1 [] Shuffle

T

| Learn Current l

Learn All




2.6. Codifica-Decodifica di pattern: esempio JavaNNS encoder
The task of an n-m-n-encoder network is to code a 1-of-n coding of n input units to
m = log(n) hidden units and to encode the outputs of these m units again to a 1-of-
n representation of n units.

2.6.1. Rappresentazione del problema

n neuroni nneuroni
d’ingresso d’uscita
()} . (i}
m neuroni
nascosti
1 1
m = log(n)
0 0
° » » °
0 0
0 0
0 0
0 0

2.6.2. Il modello di rete neuronale




2.6.3. I pattern d’ingresso

SNNS pattern definition file V3.2
generated at Wed May 18 12:01:30 1994

No. of patterns: 8

No. of Input units : 8
No. of output units : 8

# Input pattern 1:
108001)000

# Outgl(l)t (ygt(t)ern 1:

100
# Input pattern 2:
01000000

# OutBl(l)t attern 2:

010 00
# Input pattern 3:
00100000

# Outgl(l)t (Pgt(t)ern 3:

g?l t patt 4
nput pattern 4:
00(?101)000

# Out¥1(1)t (Pattern 4

000 00

2.6.4. L'implementazione in JavaNNS

&‘JvavaNNS“ -

File Edit View Tools Pattern Window Help
32 Network: encoder £7 Training pattern set: encoder 3 Validation pattern set: encoder

[ encoder <1>

o'l X

units
links

-

[ Control Panel # i

ot

" Initializing r Updating i Learning | Pruning | Patterns | Subpatterns

Remapping function:

Parameters

Validation set: @ Ik (< 2 [ A

e




2.7. Una rete neuronale per la diagnosi di malattie infettive
(problema a trattare nell’argomento Sistemi Esperti)

2.7.1. La conoscenza del dominio del problema rappresentata con regole
Le malattie da diagnosticare

e meningitis

e meningism

e pneumonia

e urinary infection

e respiratory failure
e Dbacterial diarrhea

L’'insieme di segni e sintomi

hiperthermia

prolonged hyperthermia
impaired urination
diarrhea

cough

large bowel movements
frequent bowel movements
respiratory failure
alveolar rales

dyspnea

tachypnea

cyanosis

stiff neck

meningitis

kernig meningitis sign
brudzinski meningitis sign

Le regole per la diagnosi

IF a patient has prolonged hyperthermia AND
a patient has cough AND

a patient has respiratory failure AND

a patient has alveolar rales

THEN the patient’s disease is pneumonia



IF a patient has dyspnea AND

a patient has tachypnea AND

a patient has cyanosis

THEN the patient’s disease is respiratory failure

If a patient has hyperthermia AND
a patient has cough
THEN the patient’s disease is respiratory failure

IF a patient has prolonged hyperthermia AND

a patient has diarrhea AND

a patient has large bowel movements AND

a patient has frequent bowel movements

THEN the patient’s disease is bacterial diarrhea

IF a patient has prolonged hyperthermia AND
a patient has impaired urination
THEN the patient’s disease is urinary infection

IF a patient has hyperthermia AND

a patient has headache AND

a patient has meningitis sign

THEN the patient’s disease is meningitis

IF a patient has stiff neck AND

a patient has the kernig meningitis sign AND
a patient has the brudzinski meningitis sign
THEN the patient’s disease is meningism



2.7.2. Rappresentazione del problema per eseguire una diagnosi con un modello di rete neuronale

Segni e sintomi

Malattie infettive

Pneumonia

Respiratory
failure

Respiratory
failure

Bacterial Urinary
diarrhea infection

Meningitis

Meningism

hiperthermia

[uy

0

1

1 1

—

=]

prolonged
hyperthermia

[y

0

0

0 1

(=)

(=)

impaired urination

diarrhea

cough

large bowel
movements

o mIoC

(=R =N} =]

o mIoC

mom|e
clo|le|m

(=2l —=RE=R]=]

(=2l =RE=R)=]

frequent bowel
movements

=)

(=

=)

p—
(=}

(=)

(=)

respiratory failure
sign

[y

—

[y

=]
=]

=]

=]

alveolar rales

dyspnea

tachypnea

cyanosis

headache

stiff neck

meningitis sign

kernig meningitis
sign

CCIQIQIOCCC|m

ClICIQC|ICO|m|mim O
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=IO IO Q|IC|C
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=]

=]
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2.7.3. I pattern d’'ingresso

SNNS pattern definition file V3.2
generated at Fri Mar 23 11:00:00 2012

No. of patterns : 7
No. of input units: 17
No. of output units : 6

# Input pattern 1:
11001001100000000
# Output pattern 1:
1000000

# Input pattern 2:
00000001011100000
# Output pattern 2:
0100000

# Input pattern 3:
10001001000000000
# Output pattern 3:
0010000

# Input pattern 4:
10010110000000000
# Output pattern 4:
0001000

# Input pattern 5:
11100000000000000
# Output pattern 5:
0000100

# Input pattern 6:
10000000000010100
# Output pattern 6:
0000010

# Input pattern 7:
00000000000001011
# Output pattern 7:
0000001



2.7.4. 1 pattern di uscita

Neurone Malattia infettiva che rappresenta
1 pneumonia
respiratory failure

bacterial diarrhea

urinary infection

meningitis

QU

meningism

2.7.5. L'implementazione in JavaNNS

(3 JavaNNS
File Edit View Tools Pattern Window Help

] i 1 &3 Training pattern set: kp ionDi i i ive01 &3Z Validation pattern set: p
—1
B8 ionDiagnosiMalattielnfettive01 <1> '~ o & I
ta E Log E Error graph
nohame noName noName i Step 1400 SSE: 0.00993567705154419 =
.—.0_302 q.—.3_534a Step 1600 SSE: 0.008535437285900116
N /?. Step 1800 SSE: 0.007472803350538015 e
noName . Step 2000 SSE: 0.006639835890382528 bos
| | %”“_ y| 008
0 A
_51\ “w | 004
0.02
of 500 1000 1500
i 3 <] I I =% Learning cycles
| ciear || state || ciose |
£
£
] control Panel B S g
\'lnilialilmg ] Updating ' Learning ] Pruning Patterns | Subpatterns
-10 Remapping function:
Parameters
= set: [ra o [~ X B ¢ [ 2 |
[*]




3. Un caso di studio: Rilevamento perdite negli oleodotti
(pipeline leak detection)
3.1. Il problema

Comprehensive diagnosis

Integrated Data Pattern (IDP) t

(XLC1! xLC:Z, ey xL(:ml xV\M! xV\.f2, ey xVVkl x1'&01! XACZ, b} xACpl xFCH! xFoz, ey xFOn)

4 1 1 g

(XLC1! xLC2, ey xLCm) {X\N1! XVVZ, b x\Nk) (XAC1r xAcz, bt xACp) (xF01! XFOZ, Ty XFOn)
Particular Particular Particular Particular
diagnosis diagnosis diagnosis diagnosis
Diagnose system Diagnose system

Diagnose system Diagnose system
Azl el No. 3 (AC) No. 4 (FO)




3.2. Rappresentazione del problema

PATTERN
D’INGRESSO

Rete neuronale

0 Backpropagation per
la classificazione dei
0 patternd’ingresso
0
0
0
3.1. Ipatternd’ingreso

SNNS pattern definition file V3.2
generated at Tue Gen 10 15:50:23 2012

No. of patterns : 56
No. of input units : 8
No. of output units : 4

CATEGORIE DI
USCITA (DIAGNOSI)




PHOHPFRPHOKPRPHOHPFRPHPRPHPRPHOKPRPHOHPFRPHOHFHPRPHOHKHPRPHOHPRPHRLH

oom

=1

put pattern 1:

1.00.00.0 0.00.00.00.0
utput pattern 1:

00

Inputpauen12

0.90.00.0 0.00.00.00.0
umMpmmmZ

opo

opQw©

00

Inputpaﬂen13

0.60.00.0 0.00.00.00.0
ummpmmmS

opQ®

00

Inputpaﬁen14

0.80.00.0 0.00.00.00.0
ummpmmm4

opo

00
Inputpanen15

0.60.00.0 0.00.00.00.0
utput pattern 5:

oQw©

00

Inputpaﬂen16

0.90.00.0 0.00.00.00.0
ummpmmmG:

00

put pattern 7:

0.00.00.0 0.00.00.00.0
umMpmmm7

000500m

00
Inputpaﬂen18
0.00.00.0 0.00.00.00.0
utput pattern 8:
0
nput pattern 9:
0.00.00.0 0.00.00.00.0
t

soQw©
o

oom

p
utput pattern 9:

00

Inpu pattern 10:
0.00.00.0 0.00.00.00.0
mmpmmmla

00

ut pattern 11:
.00.00.00.00.00.00.0
tpc))ut pattern 11:

opos

=1

ut pattern 12:
.90.00.00.00.00.00.0
tput pattern 12:

S000
o

ut pattern 13:
.80.00.00.00.00.00.0
tput pattern 13:

sopo
So

attern 14:
6 .00.00.00.00.00.0
tput pattern 14:

n

SoQOo
o

ut pattern 15:
.00.80.80.80.80.80.8
tput pattern 15:

opo
o

—

nput pattern 16:

0.6 0.60.6 0.6 0.6 0.6

tput pattern 16:

oQw©
oT ©

=1

ut pattern 17:
.60.80.80.00.80.80.0
tput pattern 17:

opm
o

—

nput pattern 18:

0.00.80.80.00.8 0.9

tput pattern 18:

oo
OT ™

attern 19:
0.6 0.00.6 0.6 0.0 0.6
ut pattern 19:

=1

u

-
Je)

t

opw©

=1

upattern20
0.00.80.00.00.8 0.0

tput pattern 20:

OL OT OL 0T O 0T O 0T OL0TOSRT O OU OL OT Og OT OL T

PHO#PFRPHOHFRPHFOH#HPFRPHOHFHFRPFOHPFPHFRPHPFRPFOH/HPFRPHOHFHFRPFHFOHFRPHOH
oo wSoT o

oo

# Input pattern 21:
0.00.01.01.01.0101010
# Output pattern 21.:

0100

# Input pattern 22:
0.00.00.80.80.80.80.80.8
# Output pattern 22:

0100

# Input pattern 23:
0.00.00.90.90.00.90.90.0
# Output pattern 23:

0100

# Input pattern 24:
0.00.00.00.90.90.00.90.9
# Output pattern 24:

0100

# Input pattern 25:
0.00.00.90.00.90.90.00.9
# Output pattern 25:

0100

# Input pattern 26:
0.00.00.90.90.00.00.90.9
# Output pattern 26:

0100

# Input pattern 27:
0.00.00.00.90.90.90.90.0
# Output pattern 27:

0100

# Input pattern 28:
0.00.01.01.01.00.00.00.0
# Output pattern 28:

0100

# Input pattern 29:
0.00.00.00.00.01.01.01.0
# Output pattern 29:

0100

# Input pattern 30:
0.00.00.90.90.90.00.00.0
# Output pattern 30:

0100

# Input pattern 31.:
0.00.00.00.00.00.90.90.9
# Output pattern 31:

0100

# Input pattern 32:
0.00.00.70.70.7 0.7 0.7 0.7
# Output pattern 32:

0100

# Input pattern 33:
0.00.00.6 0.60.00.00.00.0
# Output pattern 33:

0010

# Input pattern 34:
0.00.00.00.60.6 0.00.00.0
# Output pattern 34:

0010




3.2. Lasoluzione via JavaNNS

Rete neuronale Backpropagation 8-10-4

RO
File Edit View Tools Pattern Window Help
7 3 Network: RNAO1Bac ionTrainedNetwor
ﬂ RNAO1BackpropagationTrainedNetworkHidden10 <1> :
- i
— B Error graph
=]
noName
0.08
y| 0.06
o 5
N 0.04
0.02
1 10
i 1000 2000 3,000 4,000 5,000
Shiam (=) Learning cycles |
o “ 0.008
H B nohams —
H B 2
[ control Panel : : s X
 nitializing | Updating | Learning | Pruning | Patterns | Subpatterns |
-1 -10
B step 1800 SSE: 0.018198177218437195 Learning ion: [Backpropagaﬁon |v|
0 | (Step 2100 SSE: 0.015081111341714859
noNam|| (Step 2400 SSE: 0.012840310111641884 F =
IStep 2700 SSE: 0.011157075874507427 nfoa | dmax 00001 |
0 || |Step 3000 SSE: 0.009849094785749912
Cycles: [3000 | Steps: |1 | [] Shuffle
Il I L] I Init I | Learn Current i | Learn All
I Clear H State H Close I —




Rete neuronale Backpropagation 8-5-4

File Edit View Tools Pattern Window Help

- 3 Network: RNAO1Backp TrainedNetwor

£F Training pattern set: RNAO1BackpropagationTrainingSet &3 Validation pattern set: RNAO1BackpropagationT|

0.2 || [Step 3600 SSE: 0.010277234017848969
IStep 4000 SSE: 0.009139899164438248

< I [ [»]

a
-
g
1
o
q

a RNAO1BackpropagationTrainedNetworkHidden5 <1> o’ 7 X
[ Error graph
=
noMame
N 0.08
nohame .
[ ; ,| 008
0 3 o 0.04
noName 3 noName n o
. 0.02
0 0005
1 10 |nohtame noName _
H i 1,000 2000 3,000 4,000 5,000
o o ﬁ% Learning cycles i«
nolame E nolame
o« 0 3 0.004
= = 1.64
= = noNa% noName
o J -
nohlame [ control Panel
0 [ Log Initializing i L [ Pruning | Patterns | Subpatierns |
noNai » .
[Il| [Step 3200 SSE:0.011726278811693192 fe Learning function: [Backpropagation |v|

Ly S
N[04 | dmax 00001 |
Cycles: (4000 | steps:|1 |
[ Init I [ Learn Current |




4. Progetto finale per il tema Reti Neuronali Artificiali

Formare dei piccoli gruppi di lavoro.
Scegliere uno dei seguenti argomenti:

Classificazione/riconoscimento di pattern in scienze biomediche (sequenze
aminoacidiche, sequenze polipeptidiche, pattern di espressione genica,
ecc.).

Diagnosi di malattie in un dominio medico specifico (cardiovascolare,
apparato respiratorio, sistema digerente, diabete, cancro, ecc.).

Diagnosi e soluzioni dei problemi o malfunzionamenti di un sistema
elettronico (circuito integrato, server, rete di computer, rete wireless, rete di
sensori, ecc.).

Riconoscimento di caratteri.

Codifica e decodifica di segnali.

Per I'argomento scelto realizzare una proposta di progetto che consideri:

i.
ii.
iii.
iv.

Descrizione e rappresentazione del problema.
Modello di rete neuronale artificiale proposto.
Pattern d’ingresso e pattern di uscita.
Soluzione via JavaNNS (file .net e .pat).



