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Priprava dat

Data X € R™*" je vhodné pred spusténim perceptronu
@ standardizovat rozpétim
o _ Xj = My
b M—m
m; = min(Xg), M; = max(Xg;)
@ standardizovat smérodatnou odchylkou

new __ Xff - E(ij)
1 m
E(Xg) = k2_31 X
m
S2(Xg) = = Z (Xij — E(Xg))?

k
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Linearné neseparabilni data

Reseni:
@ Sit' s jednou ¢i dvéma skrytymi vrstvami.
@ Rozsiteni (vyrovnani) ptiznakového prostoru
kvadratické

Xy <oy Xny X2, X1 X2, X1 X3, « ..y Xn_1 Xn, X3
kubickeé
Xty ooy Xny X2, X0 Xoy ooy X2, X3, X2 Xo, oy X
XZ
o o
O
O
@)
O
O
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dvouvrstva sit

trivrstva sit
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Aktivacni funkce
tgh
y h
TUUTUE T f(s) = the(s)
s= Zn: Wi X ' f(s) = 73791
k=0
: log . lin
. ;5( - ;3( L
i f(s) = sign(s)-In(1+]s|) ' f(s) = s
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Klasické umélé neuronové site

Dvouvrstvé

vstup — sign  bipolarni perceptron
vstup — lin  linearni sit
vstup — tgh  hladky perceptron

Trivrstvé

vstup — sign — sign  sit bipolarnich perceptronu

vstup — tgh — tgh MLP — vicevrstvy perceptron
(Multi Layer Perceptron)

vstup — tgh — lin MLL — sit’ s linearnim vystupem



Spojité neuronové sité
(e]ele] o]

Radial Basis Function network

Trivrstva sit’

vstup — gauss — lin RBF — Radial Basis Function network
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Radial Basis Function network
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Gradientni metoda

pocatecni bod X = (x1, X2)

new __ of
XN =X = Agye A>0
new __ of
X5 —Xg—AaXZ

nevyhody
@ pro malé \ je pomala
@ pro velké \ kmita (preskakuje feseni)
@ nemusime najit globalni minimum

obecny zapis
Xo e R\, A>0

Xiiq — Xi — of of
Xji+1 = Xj )‘<<9X1""78xn)
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Stochasticka gradientni metoda

f(x) = f1(x) + f2(x)
@ minimalizace f; a f> se stejnou pravdépodobnosti %

@ minimalizace primérné hodnoty f(x)

f1(x) +fa(x) _

f(x)=2 5

2f(x) = min
obecné

£(X) = £1(X) + - - + fm(X)

f(x) = zm:fk(i) = mf(X) = min
k=1
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Stochasticka gradientni metoda

Algoritmus
m
@ X0 € R", A\ >0,f(x) = > fi(X)
k=1

@ k € mnahodné

v - Of Of
Xj+1 :Xj )\] <8le ’87):1)
@ )\ >0, \=o0, Z XZ < oo (Robins-Moore, 1951)
=0 =0
Ao

:>)\—1—+]
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Delta uceni

o y=f(X,W)
o yi = f(Xx, W)

@ Ak =Yi— Yk
@ pr(W) = 512

o P(i) = é P (W) = min
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Delta uceni

m
P(W) = > pk(W) = min
k=1
@ Wo eR™ )\ >0
@ k € mnahodné
W 7 0| 0
Wyer =Wy = N (G0, 55
Ok 1y, e (X, W) ofr .
8TVI_—ZZ(Yk Xk, w))-(=1) ow Akawi, i=0,1,...,n

Ofy Ofy
® W/+1 - W/ + A/Ak <8W0 ’8Wn)
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Delta uceni

Algoritmus
@ Wy € R (malé), \g > 0
@ nahodna volba k. vzoru, \; = LEi
@ vypocet yx a A\g
@ vypocet citlivosti sité na vahy
@ adaptace vah

Uceni hladkého perceptronu

n
@ y=f(Xx,w)=tgh <Zo W,'X,'>
=

Otgh <Z W,X,>
o — 0 /L —(1- )y

ow;
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Backpropagation

@ vezmeme nahodné vzor p = (X,y")
@ pro vystupy ys, s=1,...,p:
WY =W+ AA(1=y5) h, Ds=yi—Vs, (ho=1)
d.
@ pro skryté neurony ;7,, r=1,... H:

p
V'V =V+ A1 -m)X, 0= diw,
i=1
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