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bVMONOLWKM HEeYPOH

e ~10'! HeypoOHa

* CMHanca noBe3yje ABa HEYypPOHa
e 3acny)KHa 3a namhere

e CBaKM MMNY/IC Y CUHANCK M3a3U1Ba
Ny4eHbe Masie KONNYNHE
HeypoTpaHCMUTEpPa

* CnHanca mox<e Aa nocnewm uam
NHXNBUpPa nmnync

e OHa TUN peakuuje NamTn TOKOM
BpemeHa

* HeypoHu ce He pereHepuLly Kao
octane henuje

* To y KOMBUHaAUMjM ca cMHancama
omoryhasa namheme
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Nucleus
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BelwTa4ykn HeypoH

* McCulloch un Pitts
(eHr. Threshold Logic Unit — TLU)

* OmoryhaBa anpoKcMmalmjy HenmHeapHe
=0 dyHKUMje f,\ cAnKa ynasHe curHane y
N3Na3HU

e | — 6poj ynasHMx curHana
* Z —yNa3HU CUTHANU

an R — (0,1
fan o * V—TeXWHe NpUAPYKeHe ynasHum
fan R 1] curHanmma (cMmynauuja cmHance)
* [M03UTUBHA TEKMHA = eKCLUUTaLM]a
I r * HeraTuMBHa TEXMHA = MHXMOULMKja
net = Z ZV; net Ilz:f
2 i * 0 — M3/1a3HU CUTHAN

* net 6a3supaH Ha npounssoay omoryhasa
Behu MHPOpPMaLMOHM KanaumuTeT



OVYHKUWM]a aKTnBaLuMje
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(a) Linear function

Fan(net — @)

(¢) Ramp function

(b) Step function

SFan(net — @)
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(d) Sigmoid function

Taw(net —0)
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(e) Hyperbolic tangent function

PauyHapcKa MHTeNUreHumja - BeluTauke HEYPOHCKE MpeKe

fA_.\r(ﬂ(??f - 0}
[ ]

net —

(f) Gaussian function



JInHeapHa pa3aBoOjMBOCT

Truth Table

21 Z9 21 OR Z

0 0 0
0 1

1 (
1 1

—

1
]
1

The Artificial Neuron
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Decision Boundary

net — 0 >0

nel — 0 < ()

* OmoryhaBa nMHeapHy
pPa3aBoOjuBOCT 6€e3 rpeLuKe

* [locTaB/bakbe XMNneppaBHU Koja
pa3zBaja yna3He NoAaTKe Ha oHe
ca U311a30M UcNoa U n3Hapg,
HeKor npara

* ChnKka npuKasyje xmneppasaH
KOja oaroBapa pyHKLUMNjM
JTIOTNYKe AUCjyHKUMje



HenmHeapHa pa3aBojMBOCT

Truth Table % Decision Boundary * Peannsauunja ekcnysnBHe

5 = 2 XOR o ; . OUNCJYHKLUMje 3axTeBa NoCcTojamre
oou cpeaullber c/oja ca ABa
Lol AN HeypoHa
\ * OBO je npumep npobaema Koju
. < .. HUje nnHeapHoO pa3aBojuB



Yyerse rpaanjeHTHUM CNYyCTOM

* BelwTaukn HeypoH anpoKkcummpa GyHKLKUjy ONUCaHY Y1a3HOo
M3N1a3HUM CUTHa/IMMa NojaellaBartbem TeXKMHa v 1 napameTpa 6

* CKanapHu napameTtap O ce moxKe NpUAPYHUTU BEKTOPY TEKMHA V
paan eneraHTHUje HoTauuje

* ANpoKcMMaLMja ce CBOAM Ha MUHUMU3ALMjY YKYMHE FPeLlKe:

Py

. ~ 9
£ L(.‘i.ﬂ Op)

p=1

* [ne t, n o, NpeacTaB/bajy PeAoOM LM/bHY M anpoKCUMMpPaHy BpeaHOCT
M3nasHor curHana, a Pr 6poj nogaTtaka cnposBeAeHUX Ha ynas.



Yyerbe rpaanjeHTHUM CyCTOM (2)

Minimum

"f’

* [1paBUNO rpagunjeHTHOr CnycTa
omoryhaBa ntepaTMBHO aXXypupare
TeXWUHa U AePUHUCAHO je Kao:

v;(t) = v (t — 1) + Awv;(t)

OE OE
a5 . _2 by — R
Ov; ) A, (bp = 0p)2iz

Awv;(t) = n(

vi(t) = vi(t — 1) + 2n(t, — 0p)zip

» Weight

* [ne je n napameTap 6p3nHe yyersa.



[Tpumep yyera rpaamnjeHTHUM CryCTOM

* [paANjEHTHUM CMYCTOM HAy4YUTU TEKUHE MpPeEXKe TaKo A3 NPaBUAHO
knacnoukyje tTadke A(2,1) n C(0.5,0.5) kao jegHy Knacy,
a Tauyky B(-1,-1) Kao gpyry Knacy.

* [lpeTnocTaBUTU Aa CY MHULUMNjanHe TeEXUHe wWl=2 n w2=3 AoK je 6=3.
* bp3nHa yyersa je 1.



BellTayke HeypoHCKe mpexe

HaarnepaHo ydyerbe BeliTayKe HeypoOHCKe Mperke
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Yyerse HeypoOHCKUX Mperka

* [ojeanHa4YHM BeWwTa4km HeypoH omoryhaBa y4yere camo IMHeapHo
Pa3aBOjUBUX PYHKLMU]a
* [pynucame HeypoHa y mpexKe To omoryhasa
* Yyerbe OBaKBUX MpeXKa je U 3Ha4YajJHO KOMIJIEKCHU]e U padYyHAPCKN 3aXTEBHO
* HagrnepgaHo n HeHagrneaaHo yvyerwe

e HagrnenaHo ydyerbe 3axTeBa CKyn nogaTtaka 3a TPEHUHT

e CBakuM NoaaTak (BEKTOp NPOMEH/bUBUX) MMA CBOjY NMPUAPYHKEHU LIUIBHY
NMPOMEH/bUBY



Mpexe ca nponaraumjom yHanped (FFNN)

/“)_, * eHr. Feedforward neural network

* Hajmarbe Tpu cnoja:
YNasHW, cpearn 1 n3nasHu

* 3na3 ce padyyHa nomohy jeaHor
NPOJIacKka KPO3 MPEeKy

Okp = Jfor(nety, )

J4+1

= fa (Z wi fy, wffy;.ﬂ)
j=1

J4+1 I+1
= Jfox Zwl.:jfy; Z'l-'jﬁs_p
j=1 i=1
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PeKkypeHTHe HeypOoHCKe mperke

e Elman SRNN

e (% ~_ (eHr. Simple recurrent neural network)
Q/ ~_ | QJ * Konuja ckpuseHor cnoja ce Bpaha Ha
i (i--: yNna3 (KOHTEKCTHU CNoj)
(7 A (5 ~  Uusmb je ynoTpeba npeTxoaHor cTaka
. mpexe
C)/f * OMmoryhaBsa HNp. yuyere TeMNopasHNX
(O 3aBMCHOCTY
f J41 [+1+J
T .p = fon ki s VjiZip)
{__) Context layer i (; ukjfy-lz EZ=I: e )

(2132p, s 214140p) = (W p(t = 1), -, ysp(t —1)).
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PeKkypeHTHe HeypoHCKe mpexe (2)

e Jordan SRNN

{ * Konuja n3nasHor cnoja ce
CNpoOBOAM Ha yNnas
{ (T3B. CnOj cTarba)
E_____
"%
o,
<‘ ) State layer




KackazHe HeypoHCKe MperKe
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* CNN (eHr. Cascade NN)

* CBM ya1a3un CrojeHn ca CBUm
CKPUBEHUM U CBUM U3/1A3HUM
eleMeHTUMa

* EnemeHTU cpegmer cnoja
CMOjeHun ca CBUM M3n1as3mma u
CBMM HapeaAHUM eNeMeHTUMA
cpeaHser cnoja



[TpaBuWNa HaarieaaHor yyema

* Heka je AaT KOHavaH ckyn ypeheHnx napoBa yna3HUX BPeaHOCTU U

NPUAPYHKEHNX LU/bHUX BPEAHOCTW:

D={dp=(z, t,)/[p=1,---, P}
*lnecyz, t,,ER3ai=1,---,Ink=1,---K
* | je 6p0Oj yNa3HUX CUTHANA

e K je 6bpoj U3na3HMX cMrHana

* P je 6poj TpeHMHIr NnogaTaka

* Tapa ce moxe npeacrtaButn cnegeha 3aBUCHOCT:
t,=ulz,)+qp

* [ne je u(*) Heno3HaTa uns/bHa PyHKUMja, a {p Wym



[TpaBuAa HaarneaaHor y4yerba (2)

* Unsb yuerba je anpokcmmunpaTtn gaty dyHKumjy u(*) Ha ocHoBy nogataka ns D

* [MonasHu ckyn D ce 06MYHO aenn Ha TPU AUCjYHKTHA NoAcKyna:
* D.— TPEHWHT CKyN 33 anpoKCcMmaLmjy
* D,,— cKyn 3a Banugaumjy (memopusaumja)
* D.— cKyn 3a TecTuparbe (MpoueHa KBaanTeTa yonwTasaka)

* TOKOM Pa3e yyera MUMHUMM3Yje ce eMNUPUjCKa rpeLlKka nogewaBarem W:
Py
Er(Dr: W) = P ;[Fﬁrwr‘zpmf ) —t,)?
* [locTOje pa3He TeXHUKe 33 ONTUMU3aLM]y OBOr TUNMA:
* MeToae nokanHe onTUMMU3aUMje: rpagnjeHTHN CNyCcT HNP.

* MeToae rnobanHe onTMMmn3aLuje: MeTaxeypucTuke HNp.
* 13a30Bu: npenpunarohaBare n notnpuaarohasame?



[Toacehate Ha CTPYKTYPY Mpexe
N AN /N

"




[Tomep — Npeno3HaBame undpapa

- - = * Yna3 je matpuua nmKcena 28x28

L * Ha nsnasy je 10 curHana — ceBaku
oArosapa jeaHoj undpu

784 L/

55000
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[paanjeHTHWM cnycT 3a ydyerbe NN

e CacTtojun n3 ase dase:
1. [lMponaraumja cMrHana yHanpes, jeAHOCTaBHO payvyHarbe curHana 3a FFNN

2. Mponarauwnja rpeliKe yHa3aA: CUrHaN rpeLlKke ce Wwasbe Ha3aj Ka y1a3HOM
CNOjy NPU YEMY Ce BPLUN U3MEHA TEXMHCKUX KoeduLmjeHaTa

* HeKa je cyma KBagpaTHa rpeLuka (eHr. Sum squared error - SSE) y3eTa
3a GYHKUM|jY LUM/ba MUHUMU3BALM]E:

1
SZ(Q — op)°
T k=1
* I HEKa ce KOpUCTU curmonaHa PyHKLUMja aKTUBALMjE U HA U3/1a3HOM
M Ha cpeaunLllHtbem CNojy: 1

Or’m — f{)k ”{T(JL) _ J_ + (‘_'”'EJI'O,IL



CTOXaCTUYKK rpaanjeHTHM cnycT 3a yderbe NN

* Te)xnHe ce axXypupajy Ha chegehm HaumH:

wii(t) += Awg;(t) + alAwg;(t —1)
L-‘jt'[rtjl + = ﬂ?.'jilif} + ﬂ'ﬂ'?.-'j:;[rf — 11

* [0e je a T3B. MOMEHAT KOjn AedunHMLIEe 3Ha4Yaj NpeTxoaHe NPpoOMeHe.

R OF 5 oK
A - o : _— s — -
K n I’ji'_{-‘ll;j ’ lﬂﬂf’fgk
. . oE I’jﬂ',t; . oE -"_'j't'r,r;
= oy, owy, rae je: ~ Doy Onet,,
OOL‘ dfOL

= (1 — op)or. = f;}b

. Onet,, - Onet,,
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CTOXaCTUYKM rpagmjeHTHM cnycT 3a yderbe NN (2)

* C/IMYHO 1 33 aXypupatbe TexknHa namehy ynasHor n cpeamrer cnoja:

oF i oFE
_\‘L-jz = 7 ( ﬂl’jz ) Hi ﬂﬂ-Eny
o _ T ] —_ - ‘ - = - — {1 o ‘;I — |
-~ y < ‘ II
— —?If!i’?yJ 24 = Z aﬂb wkjfy;
k=1
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CTOXaCTUYKM rpaamnjeHTHM cnycT 3a yderse NN (3)

NHuuKnjanunsyj texkmnHe, n, o, n bpoj enoxa t =0;
while Huje 3a0060sbeH ycnoe 3a 3a8pwemak do
E=0;
for ceaku mperHuHe nooamak p do
[Mponarnpaj nogatak yHanpea u pavyHaj y.(Vj=1,---,J)no.(Vk=1, - - - K);
PauyHaj curHane rpewaka é., u 6,,;
AXKypupaj TexknHe w, n v,(nponarauuja rpeliaka yHa3aa);
E+=E,
end
t=t+1
end



[Tpmepun

* Ha cajty https://playground.tensorflow.org ce Hanasu jegHOCTaBaH KOPUCHUYKM
nHTepdejc 3a TeCTUpPaHbe MaJIMX MPEXKa

¢ ﬂOCManaTVI NOHAWaHkbEe MpexKe yciead nasmeHe:
* Yna3Hor cKyna noaaTtaka
* YK/by4YeHUX yNa3HUX NoaaTaka
e Ynena nogaTaKa 3a TeCT U TPEHUHT
* bpoja nogaTaka
* bpoja cnojeBa (npobatn HeAnHeapHU Nnpobnem 6e3 yHyTpalrer ¢/10ja)

* MpobaTtn HennHeapHU Npobaem 6e3 yHyTpallHEer C10ja, a/in Ca HEAMHEAPHUM Y1a3HUM
nogauuma

* bpoja HeypoHa no csojeBnma

* Tuna aKTUBaUMOHe PyHKUM|je

* bpoja enoxa

* BapupaTtn BenmumHe TPeHUHr ckyna: npenpunarohasame, notnpunarohasame?
* UtA.



https://playground.tensorflow.org/

[Tonumepwu

.:) Epoch Learning rate Activation Regularization Regularization rate Problem type
>
000,868 0.03 - sigmoid +  None -0 ~  Classification -

DATA FEATURES + — 2 HIDDEN LAYERS QUTPUT

Which dataset do Which properties do Test loss 0.035

you want to use? you want to feed in? o @ Y= Training loss 0.030
6 neurons 2 neurons

Ratio of training to
test data: 50%
— o

Noise: 0

Batch size: 10
—o

REGENERATE

X, X,

sin(X,)

sin(X,)

T
B
*[l'
?

&

The oufputs are
mixed with varying
weights, shown
by the thickness of
the lines.

This is the output
from one neuron.
Hover to see it
larger.
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d’ |
~5®

Colors shows

data, neuron and 1_ 1

weight values.

[ show testdata [ Discretize output
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MMEPU

Q-

DATA

Which dataset do
you want to use?

=N

k.

iy
2

kS

Ratio of training to
test data: 50%
— o

Noise: 0

[

Batch size: 10
— o

REGENERATE

Epoch

000,341

FEATURES

Which properties do
you want to feed in?

Learning rate Activation Regularization Regularization rate Problem type
0.03 - Sigmoid - None - 0 - Classification -
+ — 1 HIDDEN LAYER OUTPUT
' ' Test loss 0.249
Y = Training loss 0.227
1 neuron

<

% =--__-_—-M——- -~ -
e

— —— '
——
-—___,..-:--__,_- .
- -
-
-’

This is the output
from one neuron.
-~ Hover to see it

-
- larger.
X2 "
1

XX,

sin(X,)

sin(X,)
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Colors shows

data, neuron and : ('J |

weight values.
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[Tomepn (4

Q-

DATA

Which dataset do
you want to use?

.

oy

S,

4

{5
",

Fedt

Ratio of training to
test data: 50%
— e

MNoise: 0

[

Batch size: 10
—

REGENERATE

Epoch Learning rate Activation Regularization Regularization rate Problem type
000,161 0.03 - Sigmoid - None -0 -~ Classification v
FEATURES + — 0 HIDDEN LAYERS OUTPUT

Which properties do T 1
you want to feed in?

X,

X,

X2

X!

XX,
sin(X,)

sin(X,)
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Test loss 0.004
Training loss 0.003

Colors shows

data, neuron and 4 ('J )

weight values.
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BellTayke HeypoHCKe mpexe

HeHaarnenaHo yvyere BELTAaYKe HEYPOHCKE MperxKe — camoopraHmsyjyhe mane

29



HeHaarneanaHo yyere

e Ko HaarnenaHor y4erba, KOPUCTM Ce MPUCTYN Y KOjeM ce MpeXn Aaje ynas
N O4eKMBaHU 1U3nas (nonyt ,y4untemna’)

Ha ocHoBY oBOra, rpeLka 61Ba ,KarkKHaBaHa" aXXypuparbem TEXMHA Yy Cydajy Aa
NOCTOjU rpeLlKa

Y cynpoTHOM Ce He pagu HULWTA

e Koa HeHaarneaaHor yyera He NOCTOjU OYEeKUBaHU 13133

Anroputam yyera MOpa CaMOCTa/IHO A3 YTBPAM NOCTOjaktbe NPaBUAHOCTU Y YNa3HUM
noaaumma

BewTauke HeypoHCcKe mpexxe omoryhaBajy npas/bere acouujaymja namehy
wabnoHa (eHr. Pattern association)

OBaKBe mpeXxe ce joL 30BYy M acounjaTUBHa MeEMOPUja NN AaCOLUUJAaTUBHE HEYPOHCKe
MperKe

Hnp. ceharbe Ha CAKKY Kog YoBeKa MoXKe Aa usasose ocehaj cpehe, TyKke, uta,



ACOLM|aTUBHA HEYPOHCKa MpeXKa

* ObMYyHO cy ABOC/IOjHE

* Unsb je na omoryhe ctBapambe acoumnjaumje — 6e3 ynotpebe ,yumntespa”

* Pa3Boj oBaKBMX MperKka 3aCHOBAH Ha CTyAMjama BU3YEeNHOr U 3BYyYHOT
KOPTEKCTa KoA MO3ra cmcapa

* TononowkKa opraHmnsaumja HeypoHa omoryhasa acoumnjauujy

e lonaTHa NOXKes/bHa KapaKTepPUCTMKA je 3aapKaBatbe CTapux
MHpopmaumja U1 HaKOH NPUCTM3aHba HOBUX
(HagrnepaHuUm yyerbem oBo 0O6MYHO HE MOXKe Aa ce NOCTUrHe)



[TpMmep acounjaTuBHE MperKe

Tgl To__} IDH . (DyHKLI,M.ja KOJY Y41 OBAKBA
MpEeXa je npecamKaBatbe
yNa3Hor WwabaoHa y N31a3HU

fun (RIS RE

PauyyHapcKa MHTeNUIeHUMja - BELUTAaUYKE HEYPOHCKE MperKe
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XeboBO y4yere

* HazBaHO no Heyponcuxonory Hebb-y

* Te)xMHe ce aXkypupajy Ha oCHOBY Kopenauuje namehy akTMBaLMOHMUX
BpPeAHOCTU HEeYypPOoHa

* 3aCHOBAHO Ha XMNoTe3un: ,,MoTeHUN]jaN HEYPOHA A3 UCNA/IN CUTHAA je
3aBUCTaH 04, oA NOTEHLUMjala OKOJIHUX HeYypoHa“

* Te)xMHa namehy aBa KopenuncaHa HeypoHa ce noja4aBsa

Ui (1) = ugi(t — 1) + Aug; (1) Augi(t) = 10k p2ip

* I3meHa TexknHe je Beha 3a OHe y/1a3HO-M31a3He NapoBe Ko, KOjux
yNa3Ha BpeJHOCT Mma jauun edpeKaT Ha n3nasHy BpegHoCT



XeboBo yyerbe (2)

* [lpobnem je WTO NOHOBHO ybaUMBame yi1a3HMX WabnoHa AoBoAUN A0
EeKCMOHEeHLUMjaNHOr pacTa TeXNHA

* OBO Ce pellaBa NOCTaB/bakbeM NMMUTA Ha BPEeAHOCT TEXMHA
* MMlpnmep NMMUTa je HeiHeapHU paKTop 3abopaB/bakba:

ﬂ’l“ﬁ:i{tj — N0k pZip — 7 {}.E:.pr-“:i'ff — 1]

* [Oe je y NO3UTMBHA KOHCTAHTa KOja KOHTPO/IULLE YMatbeHe



CamoopraHunsyjyhe mane (SOM)

* EHr. Self-organizing feature maps

* Pa3BuMo nx je KoxoHeH y Hamepu Ja moaennpa KapakTepuctuke
JbyACKOT LenebpanHor KopTekca

* MeToaa BpLWKM NpojeKumnjy I-oauMeH3MOoHOr yna3Hor NpocTopa y
N3/1a3HN AUCKPETHU NPOCTOP (HEKM BMA KOMMpecuje)

* 13n1a3HU NPOCTOP je YecTo ABOANMMEH3MOHA MPerKa BpeaHOCTH

* lneja je 3aaprKaBatbe TONOMOLIE CTPYKTYPE YI1a3HOTr NPOCTopa
e AKO cy ABa NoAaTKa 6am3y y ynasHom npoctopy, buhe 6113y n y nanasHom
* CYHEe MOXKAaHe aKTUBHOCTU aKTUBUPAjY BIMCKe HEeYpPOHe



SOM — CTOXaCTUYKO NPaBUIO YYeHa

* 3aCHOBAHO Ha KOMNETUTUBHO| CTPATErNjUN y4yera

* Yna3Hu nogaum cy noBesaHu ca oarosapajyhum HeypoHmma y manu
* Mana je 06bu4HO KBagpaTHOr 06amnKa
* bpoj HeypoHa je matbn o 6poja TPEHUHT NoAaTaKa

* Y ngeanHom cnyyajy 6poj HeypoHa je jeaHaK bpojy He3aBUCHUX TPEHUHT
npumepaka

* CBaKM NOAATaK je NoBe3aH Ca jeAHUM UaN BULLe HeypoHa



SOM — CTOXaCTUYKO NPaBuIo yyera (2)

O O O O O O
O O O O O O
O O O O O O
O O O ke O O
O O ONYlOo O
O O O//Q/Fi O

Map * BeKTOp TeXMHA 3a CBAaKU HeypOH
Ha no3uumijun (K, j) je tHuumjanHo
HAaCYMWYHO NOAELLEH:

Wi = (W1, Wkj2, s WK JT)

* CBaKWu Y1a3HU NOAdTaK je noBe3aH
Cd CBAKUM HEYPOHOM U3 MaTlle

* [lpUumeTnTN Aa je AMMEH3Knja
D Input Vector BEKTOpPa TeXKMHa UCTa Kao U
AMMEH3Mja yNa3HOor NoaaTKa




SOM — CTOXaCTUYKO NPaBuIo yyera (3)

* 32 CBaKM NPOYMNTAHU NoaaTaK ca y1a3HOr C€/10ja, NPOHana3n ce HeypoH
M3 Mmarne Koju MMa HaJCINYHUJN TEXKNHCKU BEKTOP

e C/IMMHOCT MOXe HMNp. BUTK eyKNnacKa

* Hag TMm ,nob6eaHNYKNM” HEYPOHOM BPLLUM CE KOPEKLNja TEXUHA Y
CKNnaay ca ynasHUM noaaTKkom

* Takohe ce BpLIM KOpEKLMja TEKMHA CyCceAHUX HEYPOHA NPOMNOPULIOHA/IHO
FbMXOBOj YAa/bEHOCTHM 0f, ,,nobeaHnKa“

* KaKo ogmMmunye TPEeHUHT, CMakbyje ce n oncer cyceaHuUX HeypoHa U Ha
CaMOM Kpajy ce cmaTpa Aa HeypoHU BULLE HeMaAjy cyceaa



[Tonmepn:
pacnopehunBare Tema Ha Buknneamnjn m knacrtepoBame H60ja

Color SOM
yellow

mediumgrey

lightgrey

5 jst© AW
[lge and lingt'" Medlcme

pilosoP™y .
Mathematics
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[TpmeHe SOM

* AHa/In3a CNnKa

* [l[peno3HaBare 3BYKaA

* [lpouecupare curHana

* TeneKomyHuKauuje

* AHa/IM3a BPEeMEHCKUX cepuja

* [lToroaHOCTM:
 OmoryhaBa n1aKy BU3yenm3aunjy n MHTenpeTauunjy
* Obnactu Koje KnacndpuKyjy (Kateropumuly) cy BUA/bMBE Ha Manu



MaTepujanu 3a YnTarbe

* https://sci2s.ugr.es/keel/pdf/algorithm/articulo/1990-Kohonen-
PIEEE.pdf

* https://cloud.google.com/blog/products/gcp/understanding-neural-

networks-with-tensorflow-playground
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https://towardsdatascience.com/self-organizing-map-layer-in-tensroflow-with-interactive-code-manual-back-prop-with-tf-580e0b60a1cc
https://cloud.google.com/blog/products/gcp/understanding-neural-networks-with-tensorflow-playground

ANaTu 3a Pa3BO|

* https://www.tensorflow.org/tutorials/
* http://scikit-learn.org/stable/index.html
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https://www.tensorflow.org/tutorials/
http://scikit-learn.org/stable/index.html

3a0aTaK

* Peanin3oBaTn HEYPOHCKY MpeXKY KOja je Yy CTakby Aa Npeno3Haje pyyHo
HanuncaHe unope. Kopuctmntn ckyn nogataka MNIST goctynaH ca
agpece http://yann.lecun.com/exdb/mnist/

* [103BO/bEHO je KOPUCTUTU U TOTOBE a/siaTe 3a HEeYPOHCKe mpeXKe nonyT
OHUX MOMEHYTUX Ha NPeTXo4HOM cnajay.
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