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* Biologicky neuron
* Modely neuronu
e Uceni neuronu

* Vicevrstvy perceptron

* Backpropagation
* Priklady pouziti




Biologicky neuron
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Modely neuronu

1. Logicky neuron (McCulloch, Pitts, 1943)

weR, x,ye {0,1}

/2. ADALINE (Widrow, 1960)\
x, weR,ye {0,1}

y=1 pro Z: 1 WiX; 2 Wy
=0 pro zl—lwlxl < Wo,
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prijem | konto uvér | uvér(bin)
3000 15000 | ne 0 Prostor atributd

10000 | 15000 ne 0

17000 | 15000 | ano | 1 x; = piijem,
5000 | 30000 | ne | 0 x, = konto,
15000 | 30000 | ano | 1 y = uvér (bin),
20000 | 50000 | ano | I w, =1,

2000 | 60000 | ne 0 W, = 0.2,
5000 | 90000 | ano | 1 W, = 16000
10000 | 90000 | ano | 1

20000 | 90000 ano 1

10000 | 100000 | ano | 1 Separujici pﬁmka:
17000 | 100000 | ano | 0 d

Z WiX; =Wy piijem + 0.2 konto = 16000
i=1




Modely neuronu

I%a-l
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3.  Soucasné modely
x,w e R,y € [0, 1] (nebo [-1,1])

Nelinearita v podob¢ skokové funkce, tak jak je
pouzita v ptipad¢ Adaline (davajici pouze dvé vystupni
nahrazena hladkymi funkcemi, které nabyvaji hodnot z
celého intervalu (sigmoida, tanh, ale taky identita).

piijem —
[ }
f TAVEY
korto EI

UNIVERZITA

CBCHODNE PODNIXATELSKA
FAKULTA ¥V KARVINE

SUM =YY%  w;x; = wx,

kde x = (—1,x4, ..., x5) aw = (Wo, Wy, ..., Wy)

Sigmoida [(SUM) = —

1

hyperbolicky tangens f(SUM) = tanh(SUM)




Schopnost uceni %
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* Modifikace vah w na zdklad¢ dat [x;, v, i=1, ..., n s
* Uteni jako aproximace — hleddme parametry dané funkce f{x)

Gradientni metoda
StFedni kvadraticka chyba

1 -~
[ Err(W) =2 304 (; — 51)? ]
Minimalizace probih4 iterativné modifikaci vah

4 wW—wtAw, A
kde
JErr
Aw=—n——m=
\_ T o Y,




Priklady chybovych funkci mm%

KA

linedrni aktivaci: pro skokovou aktivaci (ADALINE):
p“’f ‘b‘,‘f]ar“‘_aséjv‘;c" f(SUM) = 1 pro SUM > 0,
(SUM) = jinak f(SUM) =0




Perceptron
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research trends

CORNELL AERONAUTICAL LABORATORY, INC., BUFFALO 21, NEW YORK

The Design of an

by FRANK ROSENBLATT

Intreducing the perceptron — A machine which senses,
recognizes, remembers, and responds like the human mind.

STURIES about the creation of machines having
human qualities have long been a fascinating province
in the realm of science fiction. Yet we are now about to
witness the birth of such a machine — a machine capable
of perceiving, recognizing, and identifying its surround-
ings without any human training or centrol.

Development of that machine has semmed from a
search for an understanding of the physical mechanisms
Which underlie human expericnce and intelligence. The
question of the nawre of these procesics is at least as
ancicnt as any other question in western science and
philosaphy, and, indeed, ranks as onc of the greatct
scientific challenges of our time.

Our understanding of this problem has gone perhaps
a5 far as had the development of physics before Newton.
We have some exeellent descriptions of the phenomena
10 be explained, a number of interesting hypotheses, and
a litde detailed knowledge about events in the nervous
system. But we lack agreement on any integrated ser of
principles by which the functioning of the nervous
system can be understood.

We believe now that this ancient problem is about
1o yield to our theoretical investigation for three reasons:

First, in recent years our knowledge of the function-
ing of individual ells in the central nervous system has
vastly increased.

Second, large numbers of engineers and mathema-
ticians are, for the first time, undertaking serious study
of the mathematical basis for thinking, perception, and
the handling of information by the central nervous sys-
tem, thus providing the hope that these problems may
be within our intellecual grasp.

Third, recent developments in probability theory
and in the mathematics of random processes provide
new tools for the study of events in the nervous system,
where only the gross st organization is known
and the precise cell-by-cell “wiring diagram” may never
be obtained.

Receives Navy Support
In July, 1957, Praject PARA (Perceiving and Recog-

nizing Automaton), an internal research program which

had been in progress for over a year at Cornell Acro-

nautical Laboratary,

of Naval Research

primarily with the application of prob:

iy theory to

FIG. 1 — Organization of a biological brain.
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FIG. 2 — Organization of a perceptron.
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Dvouvrstvy perceptron
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Umi:
* Rozpoznat pismena z abecedy
* Rozpoznat tvary (pattern recognition)

Neumi:

*  XOR problém
(https://dev.to/jbahire/demystifying-
the-xor-problem-1blk)

* Nelinearn¢ separabilni problémy

Problém:
e Jak ho ucit?

=> Cela oblast neuronovych siti utichla
na témér 20 let!
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FIGURE 1. The one-layer perceptron analyzed by Minsky and Papert. (From Perceptrons
by M. L. Minsky and S. Papert, 1969, Cambridge, MA: MIT Press. Copyright 1969 by
MIT Press. Reprinted by permission.)




Vicevrstvy perceptron (MLP)
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Sit’ pouzivana pro klasifikaci resp. predikci

3 vrstvy:

1. vstupni — pienasi vstupni data dal

2. skryté (tato umoziuje fesit napt. XOR problém)
3. vystupni — ukazuje vysledek klasifikace resp.
predikce

sigmoidalni aktiva¢ni funkce pro neurony ve skryté a
vystupni vrstveé
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vystupni O

m

s QO O

vstupni () O O

Vicevrstvy perceptron s jednou skrytou vrstvou




Backpropagation - algoritmus uceni s ucitelem A%
SLEZSK

IINTVERZITA
\TELSKA
|

 cilem je minimalizovat chybu zaloZzenou na druhé
mocnin€ rozdilu mezi skutecnym (y; ,,) a o¢ekavanym (3; ,,)

vystupem sité pro piiklad x; 1

. 1 R Q. Q
EI‘I‘(W(I)) = Ezveﬁsmpy(yi,v —Y i,v)z OW

Zména vahy vazby (vahy) vedouci od neuronuj k neuronu £ se bude fidit
gradientem funkce Err
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* pocet iteraci oz o
* velikost chyby

* zmeéna chyby mezi iteracemi

0011+

n Squared Error

©
@ 0010+

0.008 4

Training Ilterations




Implementace (Weka) mm@
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Zpusob aplikace neuronové sité
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° Volba Vhodné Sité (tOpOlOgle, poéet neuronﬁ) Prostor atributt

* vybér trénovacich prikladu

e uceni site

Typy uloh:

— klasifikace (predikce)

regrese

20000
18000 +
16000 -
14000 +
12000 +
pfijem 10000 +
8000 +
6000 +
4000 +
2000 +
0

0 20000 40000 60000 80000 100000

konto

vyjadrovaci sila vicevrstvého perceptronu

* neuronoveé sité¢ jsou vhodnéjsi pro numerické atributy
* Ize ,,popsat® slozité shluky v prostoru atributii
* nalezen€ znalosti jen obtiZné interpretovatelné
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Uloha: vyhodnocovani bonity klienta banky

Vstupy: udaje o zadateli

Vystupy: doporuceni ,,poskytnout/neposkytnout tveér
Reseni:

Typ sité: MLP

Vstupni vrstva: jeden neuron pro kazdy udaj o zadateli

Vystupni vrstva: jeden neuron
Skryta vrstva: 77

vvvvvv




Predikce (Regrese)
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Na zaklad¢ historickych dat predpovéd’ dalSiho vyvoje

Uloha: predikce vyvoje sménnych kursii

Vstupy: piredchozi hodnoty kursu
Vystupy: budouci hodnota kurzu

Reseni:
Typ sité: MLP
Vstupni vrstva: jeden neuron pro kazdou hodnotu

Vystupni vrstva: jeden neuron pro predikovanou
hodnotu a jeden pro znaménko zmény kursu

Skryta vrstva: 7?7
Uceni: historické + aktualni udaje
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A

T
to t1 2 t3 t2 t5 t6 t7 t

vystup
y(ta) [sign(y(ts) - y(t3))]
y(ts) [sign(y(ts) - y(ts))]
y(ts) [sign(y(te) - y(ts))]

vstupy
y(to) y(t) y(t2) y(t3)
¥(t) y(t) y(ts) y(ts)
(&) y(t:) y(ts) y(ts)




Dékuji za pozornost

Nekteré snimky pievzaty od:

prof. Ing. Petr Berka, CSc. berka@vse.cz
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