Neuronové sité

Uceni bipolarniho perceptronu




Uvod
[ ]

Zakladni pojmy

bipolarni perceptron — vstupy a vystupy jsou +1

Uceni: vychazime z kladnych a zapornych vzor( a u€ime vahy
WO)W17"'7WI’7

n
y:sign (ZWka>, X0:17 Xk,ye{—1,+1}

k=0

vzor (pattern) = usporadand dvojice vstupniho signalu x a
pozadovaného (o¢ekavaného) vystupu y*
(YTay*) - (X07X17" . 7Xn7y*)

kladny vzor — (x",+1)

zaporny vzor — (x', —1) ‘/1@5@



Uvod
[ ]

Zakladni pojmy

mnozina vzor( — S = {p1,Pa, ..., Pm}, kde pi = (X}, y;")
S=StusS"

podet vzorl: m = |S|, mt = |St|, m™ =|S~|

Maticova reprezentace (X|[y™)

X Y
P | Xto Xt1 ... Xip ¥y
Pm | Xmo Xmi ---  Xmn Ym




Perfektni uceni
[ JeJele]

Perfektni uceni




Perfektni uceni
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Perfektni uceni

n
inkyi*wk > 0, W:1,...,m
k=0
n
ZX,‘kyi*Wk > 1, Vi=1,....m
k=0

n
d Xpwk > 1, Vi=1,....m
k=0



Perfektni uceni
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Perfektni uceni

Mame dvé moznosti:

@ soustava nerovnic nema feseni
= musime to feSit neperfektné
© existuje alespon jedno feseni (wp, wy, ..., w,)T € R
= a) existuje-li jedno, je jich nekonecné mnoho
napf. A > 1, (Awp, A\wy, ..., Aw,)T € R™!
= b) existuje (wo, ws, ..., w,)T € Q™!
viz. Cramerovo pravidlo
= ¢) A =nejmensi spole¢ny nasobek (jm(wp), ..., jm(w,)) > 1
timto )\ vynasobime vahy z b)

= existuje (wo, wy, ..., w,)" € Z™M"
Zaver: existuje-li feSeni soustavy nerovnic, pak existuje
nekone¢né mnoho celociselnych feseni /Q



Perfektni uceni
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Perfektni uceni

O 0O oo

Xo | X1 | X |y
+1 | =1 -1 | +1
+1 ] =1 | +1 | -1
+1 | +1 | =1 || +1
+1 | +1 | +1 || -

Wo
Wo
Wo
Wo

WA
Wi
WA
Wi

w2
Wo
w2
Wo

VIV IV IV

—_ =




Perfektni uceni
[e]e]e] ]

Perfektni uceni

Xo [ X1 | X |V
a|+1|-1]-1 +1 wWo — w4 — wh = 1
b|+1 | -1 +1] - - w + W — w = 1
cl+1 | +1 -1 +1 wo + wy — we = 1
d| +1 | +1 | +1 —1 - W — W — W = 1
1 -1 —11 1 -1 —11 1 -1 —11
-1 1 11 0O 0 -2|2 0 2 010
1t 1 11 |71o 2 ojo|[7 o o —2|2
-1 -1 1|1 0 -2 -2|2 0 O 010
w=(0,0,—1)T o
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Nastaveni vah

Nastaveni vah

Zajisténi nenulového vystupu:

n
V(Xq,...,%n) € {—1,+1} : sign <Wo+ > Xka) #0
k=1

n
Siwk|=2/+1, weeZ
k=0
Doplnkova podminka: ||(wy,...,w,)|| = min
® |Wi| + -+ |wn| = min

@ /W2 +-- + w3 =min
@ max(|wil,...,|wa|) = min



Rosenblattovo uceni
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Rosenblattovo uceni

Algoritmus

@ nahodné vybereme vzor
© vypocitame vystup y
a) y = y* = vystup odpovida
b) y # y* = vystup neodpovida
y* = +1 = pficteme vzor k vaham
y* = —1 = odeéteme vzor od vah
W =W + sign(A) X, AN=y* —y
© pokracujeme dalSim vzorem
Konec algoritmu

@ po Case prerusim nahodny vybér a systematicky proberu
vSechny vzory

@ ma-li soustava rfeSeni, pak ho Rosenblattiv algoritmus n

nalezne po kone¢ném poctu kroku /;»‘\I@E.D

@ skutecny pocet krokUl roste exponencialné s poctem vstupl



Rosenblattovo uceni
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Rosenblattovo uceni

al 1)1 =1+ posloupnost: ¢, b, d, a; b, a, ¢, d; ¢, a, b, d; ...
O 1 +1 =1+ 1+ o eateeni vahy: w© — (0,0,0)7
cl+1 [ +1 -1 +1 ' e
d|+1 | +1 | +1 | -1
Wo Wi Ws >y y* operace s w
w® 0 0 0
c: +1 +1 - 0O 0 +1 = w+cC
w1
b: +1 =1 +1 -1 -1 41 = w+b
w® 2 0 0
d: +1  +1  +1 +2 +1 -1 = w-—d

w® 1 Aot
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Rosenblattovo uceni

posloupnost: ¢, b, d, a;b,a,c,d;c,a, b,d;...
pocate&ni vahy: w(® = (0,0,0)T

o O T o
+
—
|
—
+
—
+
—

Wo Wi Ws >y oy operace s w
w® 1 1

nic

a +1 -1 +3 +1 +1 =

b: +1 -1 +1 +1 +1 +1 = nic

a: zname

c +1 +1 -1 +1 +1 +1 = nic

d +1 +1  +1 -1 -1 -1 = nic, konec

|
&

\IEJE'D

N
o)

w= (Wo,W1,W2)T:(1,—1,—1)T



Delta uceni
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Delta u¢eni (Widrow — Hoff)

W' =W+ AAX, A>0, A=y"—y

Rosenblattovo u¢eni:proy #0a\ = J.
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Delta uceni

Xo | X1 | xe || y*

a|+1|-1|-1] +1 |posloupnost:c, b, d, a;b,a,c,d;c,ab,d;...
b|+1|—1]|+1]| +1 |podatedni vahy: w® = (0,0,0)T
cl+1|+1 | -1 +1|)1x=0.8
d|+1 | +1 | +1 | -1
Wo W Wy > Yy

w9): 0 0 0

c: 1 1 —1 000 0 {1

w": 0,80 0,80 -0,80

b: 1 —1 1 -0,80 -1 1

w®: 240 -0,80 0,80

d: 1 1 1 240 1 -1 o

w®: 0,80 -2,40 -0,80 gt
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Delta uceni

+1 | =1 | =1 || +1 |posloupnost: ¢, b, d, a; b, a,c,d;c,a, b, d;...
pocateéni vahy: w® = (0,0,0)T
+1|(+1 |1 +1|Xx=0..8

o0 T
+
—
|
—
+
—
+
—

+1 ] +1 | +1 | -1
Wo % Wo > Yy
w®: 0,80 -2,40 -0,80
a: 1 —1 —1 400 1 1 (nic)
b: 1 —1 1 2,40 1 1 (nic)
a: zname
c: 1 1 -1 -0,80 -1 1
w*: 240 -0,80 -2,40 A
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Delta uceni

+1 | =1 | =1 || +1 |posloupnost: ¢, b, d, a; b, a, ¢, d;c, a, b, d; ...
podate&ni vahy: w(® = (0,0,0)T
+1 | +1 | -1 +1 |Ax=08

o O T o
+
—
|
—
+
—
+
—

Wo Wy wo >y oy
w®: 240 -0,80 —2,40
d: 1 1 1 -0,80 -1 -1 (nic)
c: 1 1 —1 4,00 1 1 (nic)
a: 1 —1 —1 560 1 1 (nic)
b: 1 —1 1 0,80 1 1 (nic)
W= (240; —0,80; —2,40 )" S



Hebbovo uceni
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Hebbovo uceni

@ kazdy vzor bereme praveé jednou
Vyhody a nevyhody:

+ je jednoduché

+ pri u¢eni nepotrebujeme y

+ vysledek uceni nezavisi na poradi vzoru

+ vahy Ize snadno interpretovat

— nezarucuje perfektni uéeni

%

— T+ i
w=X y '//VEKJEB



Hebbovo uceni
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Hebbovo uceni
oe

Xo [ X1 | X |V
+1 -1 -1] +
+1 | =1 | +1 | +1
+1 | +1 | =1 | +1
+1 ] +1 | +1 | -1

Wo Wi Wo

w® 0 0 0
(+1)-a: +1 -1 -1
w1
(+#1)-b: +1 =1 +1
w? 12 2 0
(+1)-c: +1 +1 -
w® 43 4
=1)-d: =1 -1
w42 2 -2

W= (+2,-2,-2)T




Uceni metodou LSQ
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Uceni metodou LSQ

n
y,-:s,-:Zka,-k, X,'0:1, i:1,...m
k=0

Metoda je zalozena na soustaveé rovnic

WoXi9 + WqiXq4q + ... + WpXqyp = y1*

WoXmo + WiXmi + ... + WpXmn = Ym
tj.

*

Xw=y



Uceni metodou LSQ

Uceni metodou LSQ
[e] Ielelee]e]e]

@ musi byt h(X|y*) = h(X) a navic pokud h(X) = n+1, ma

soustava prave jedno reSeni
m

° Z |yl _y/fk‘ =min
i=1

@ Gauss:

Xw
XT (Xw)
(X™X) w
o [XTX| #£0
w=(X"X)"'X"y*
NSl

X+

W:

A—04

y*
XTy*
XTV*

e |X™X| = 0 = regularizace LSQ

W= (X"X+ )" X7, A>0
| S S —

X+

[(xTx A XT] 7

lim ]
\IEJE'D

Ve

X+



Uceni metodou LSQ
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Uceni metodou LSQ

w=(X"X)"' Xy*

11 11 1 2 20
XTX = 11(111>:220
1 1 00 2

h(X™X) =2 = [X™X| =0 = (X"X) ' neexistuje 4
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Uceni metodou LSQ

1] =1 ]+
R R B

Regularizace LSQ:
@ \=1,) =5

W= (X"X+ )" X7, A>0

0)\—>0+

w — i T —1 yT| o+
W_AlLr&[(xxml) X"| y



Uceni metodou LSQ
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Uceni metodou LSQ

2+ A 2 0
XX+ Al = 5 24% 0

0 0 2+

(XTX+ A1)
2 2+ A 0 01 0 -
0 0 2+A[0 0 1
1 %5 0[5 0 0
~122+X 0, 0 1 O -~
0 0 1100 2—%\ §



Uceni metodou LSQ
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Uceni metodou LSQ

1 %5 0] 5 0 0
24+)1)2—4
~ 0 ! 2+)>\ 0 _2J2r)\ 1T 0 ~
0 0 1 0 0 2JF—A
2 1
LI T S U
~ 0 1.0 T (2+2)2—4 (21224 ? ~
0O 0 1 0 0 Y
2+ 2
100 A2124A _%%M 0
~ | 01T 0l —=m Ema ?
0 0 1 0 0 P



Uceni metodou LSQ
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Uceni metodou LSQ

24N 2 0
(XX + Al = R S
N2HAN  A2+4N 1
0 0 Y
242 2
X+ — (XTX + )\|)71 XT _ _AZJFS/\ %it\‘”\ g :I| :]l =
A6+4A >\264/\ 1 4
L EDY
A A a1
I S O o IO (N S
= >\2+14)\ A2T4)\ - _Al i //Q
5% X 2 27 2t
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Uceni metodou LSQ

1010 0
W_X+y*_ ﬁ ﬂ < 1 > — 0
BN -1 20

wW|—=01 =0 =
Wl =01 =0l =
v
N
|
— —
~__
Il
—
|

N
—
N
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