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2TOXAZTIKEZ AIAAIKAZIEZ & BEATIZTONOIHZH 2TH MHXANIKH MAOHZH
Nteteppiviotiko Nevpwvikd Aiktuo Hopfield (1982, John Hopfield)

* Nevpwvecg SU0 kKataoTtaocewv +1, avadpouLlKEG CUUUETPLKEC
ouvayelg wi; = wj;, wy; = 0, deterministic threshold
activation (sgn) & \oopporia cupdwvn Le tov kavova Hebb

* PUBULON MOPOUETPWY LECW EAQXLOTOTIONONG LEONC 1 tt1
TETPOYWVLKAC artokAtong e€66ou amo labels oto Seiypa LT o
nabnonc (supervised learning)

* Mpwtn edappoyn yla avayvwplon npotunwy (rm.x. Stakpon | et (O—»| .
XELpOypadwv aplOuwy amno napapopdwieEVa oToLXELR T "
geloodou pe Baon deiypa pabnong MNIST) | S

e Bdon ywa avamtuén avoSpopLKWV VEUPWVLKWY LOVTEAWV MIE 1
ouoyetiopueva akodovdaka dsiypata (m.x. avadvon &
nipoPAEPeLC xpovooelpwy, enteéepyaoia AEEewV & KELLEVWV) ! —l‘Q I ) E—

Zroxaotikn Enékraon: Boltzmann Machine (1985, Geoffrey Hinton & Terry Sejnowski) Nc/:runs Unit-time delay

operators

Arntoteleitaw ano K Visible kat L Hidden Neurons pe SUpPHETPLKEG CUVAPEG W;;j = Wy;,

w;; = 0, ev duvapel petal OAwv Twv VeEupwvwv tnG Boltzmann Machine (BM)

Amnotelel €€€AEN Tou avadpopkol diktuou Hopfield pe veupwveg oe SUABIKEG

Kataotaoels +1 cupudwva pe oplopéves mBavotntes (Stochastic Recurrent Network)

To 6iktuo ocuykAivel pe unsupervised learning og .copporio Markov Random Field:

*  Avadika mapadelypato padnong elodayovtal ota Visible Nodes kot pe gradient
ascent puBpuilovtal Ta cuvanTikd Bapn & oL TEALKEG KOTAOTACELG OAWV TWV VEUPWVWV

* Auvadikad otolxeia test elodyovtal ota Visible Nodes kat n BM avarmopdyet
napepdepn deypatikd otolxeia (maAL ota Visible Nodes) cupBatd PE TIC OTATIOTLKEG
1dLoTNTEC TOU deiypatog pabnong (sampling, generative model)

* AmAormoinon tng BM o€ Restricted Boltzmann Machines (RBM) pe pnOevIKES
ouvaelg petal veupwvwv tou Woilou ernedou (visible & hidden)

Hidden neurons

Visible neurons




2TOXAZTIKEZ AIAAIKAZIEZ & BEATIZTONOIHZH 2TH MHXANIKH MAOHZH
Avadpouwka Nevpwvika Aiktua - Recurrent Neural Networks (RNN) (1/2)

Simple Recurrent Network (SRN) looduvapo Avamntuypa SRN og
Context Movootpwpatikd Nevpwvika Aiktua
units
Bank of @ @ @
unit-time @ T 1 T
dcl;l_\\ F
o ; EAJE|\ A ﬂ A J"
; Hidder Output ' Output 1
Input ::,::> laycr] lzlllyglrJ :",:> vcuctpour [ [
vector g : @ @ ® @
______ Multilayer perceptron with http://colah.github.io/posts/2015-08-Understanding-LSTMs/

single hidden layer , , , ,
A : Kpudo otpwpa Neupwvikou Awktuou Perceptron

ue Activation Function tanh ko €€060 € [—1, +1}
X; : Eloodog otoleiov oto A Tn XPOVLIKN OTyun t
h; : Kpudn €€060¢ TOU A TN XPOVLKN OTyun t

Recurrent Multilayer Perceptron (RMLP) Bank of

unit-time delays

e =l e

|
|
! T . X
X First Second 2t
| ; X . Output
u, | hidden 1L n hidden
Input Ll vector
npu layer = layer [

vector

: XL, n+1 X1, n+1

Multilayer perceptron with
multiple hidden layers
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2TOXAZTIKEZ AIAAIKAZIEZ & BEATIZTONOIHZH 2TH MHXANIKH MAOHZH
Avadpouwka Nevpwvika Aiktua - Recurrent Neural Networks RNN (2/2)

Unit-time delays

Fully Connected SRN

e 2 kopPol elco6dwv
* 3 kpudol veupwveg
* 1 kopBocg e€ddou

ol {170 ) Output
ks Yn

Long-Term Dependencies
NapwyxnHevec TaALleEC eloobol SuokoAeUouv TN
Stadwkaoia pabnong — avaykn ywa dtatrnpnon Lovo
npoodatng mAnpodopiag (m.x. 5 xpovikeg mepiodol)
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2TOXA2TIKEZ AIAAIKAZIEZ & BEATI2ZTONOIHZH 2TH MHXANIKH MAOH2H

Long Short-Term Memory (LSTM) (1/3)
http://colah.github.io/posts/2015-08-Understanding-LSTMs/

@ & %D

loodUvapo Avantuypa LSTM T Y
He Cells in Tandem Ct L1 \Ct
¥ + T >
CEank
A Ti el A
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he—q hy
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The repeating module in an LSTM contains four interacting layvers.

X¢: Input vector of cell t

Ct: Cell State vector (c;_1 = ¢; avadpOuLKA, avaloya UE Ta
hi_1,X; KaL Qv TO ETUTPETOUV OL BUPEG EAEyOUL - Gates)

h;:  Hidden output vector of cell t

g: Sigmoid activation function ~{0,1} o€ 3 Gates

(forget, input, output) ou EAEyxouv tn pon g W i} gy

nAnpodopiac (m.x. AmoKOMToUV MapwynNUEVA oToLXELa)
tanh: Hyperbolic tan activation function ywa puBuwon Cell — / o J
State og Tipeg € [—1,1]

Aoun Control Gate  Hadamard (point-wise) product o )
v = [v; .07 vob = [v; X by .. v X by]T Sigmoid Function of vectoro(a) = b

—(— 1 1

E‘cIEb = [by - by]™ = [6(a) .. o(@)]" @ =l aldt~b= L Yo @ Tt e

a= [a1 ...ak]T

IT


http://colah.github.io/posts/2015-08-Understanding-LSTMs/
http://colah.github.io/posts/2015-08-Understanding-LSTMs/
http://colah.github.io/posts/2015-08-Understanding-LSTMs/
http://colah.github.io/posts/2015-08-Understanding-LSTMs/
http://colah.github.io/posts/2015-08-Understanding-LSTMs/
http://colah.github.io/posts/2015-08-Understanding-LSTMs/
http://colah.github.io/posts/2015-08-Understanding-LSTMs/

ZTOXAZTIKEZ AIAAIKAZIEZ & BEATIZTOMOIHZH 2TH MHXANIKH MAOHZH

Long Short-Term Memory (LSTM) (2/3)
https://en.wikipedia.org/wiki/Long short-term memory

Output Gate

Oplopoi MetaBAntwv Etco8ou/EE68o0v Movadwv
d: number of input features
h : number of hidden units

x; € R%: input vector to the LSTM unit

f; € R™: forget gate’s activation vector

i, € R": input/update gate’s activation vector
0 € R output gate’s activation vector

Apyutektovikil Movadwv LSTM
* PuBuotikég Asttoupyiec: Input, Output, Forget
Gates (ouvnNBwWC VEUPWVEC UE OLYHOELON
Oleyepon)
Memory Cell (armoBnKeuon XpOoVLIKWY
h, ESAPTAOEWV KATACTAONG HEXPL Opiou ARBNG,
puBuLlopevou amno tnv Forget Gate)

Aettoupyieg Elo660u/EE660u Movadwv
ft = 0g(Wrxs + Ugce_q + by)
it = ag(Wixt + UiCt—l + bl)
0 = og(Woxy + UpCr_q + by)
Ct = froceo1 + i o a.(Wexe + be)
hy = op(0¢ ° ¢t)

OTou

og4(a) = 1+2_a , sigmoid function, optaka {0,1}
o.(a) = tanh(a), hyperbolic tangent, oplaxkda +1
o.(a) = tanh(a), hyperbolic tangent 4 oy (a) = a
o : Hadamard (point-wise) product

h, € R™: output vector of the LSTM unit (hidden state vector)

c; € R™: cell state vector

W e R4 Uy e R, p e R": weights & bias parameters, puBpilovtal pe supervised learning
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2TOXAZTIKEZ AIAAIKAZIEZ & BEATIZTONOIHZH 2TH MHXANIKH MAGHZH
Long Short-Term Memaory (LSTM) (3/3)
I. Goodfellow, Y. Bengio, A. Courville, “Deep Learning”, Ch.10

Mepwka Nedia Edappoyng LSTM

* AvayvwpLon Xepoypadwv KELLEVWY

* Avayvwplon dwvng

* Avixveuvon avwHaALWY GE UTTOAOYLOTIKA
cvotipata kat diktua — Intrusion Detection
Systems (IDS)

ontpt

self-loop

Mepikég Epmopikég Epappoyeg LSTM
* Google (Smartphone, Translate,...)
* Apple (Quicktype, iPhone, Siri...)
 Amazon (Alexa,...)

* Microsoft (Switchboard,...)

* Facebook (Automatic translation)

AnoOnkevon Katdotaong (State)
| AuVaLKOG TTPOCOLOPLOOC XPOVLKOU

napabupou peow Forget Gate
f \ e Avuvatotnta npoocBaonc otn
Katdotaon anod aAla otowxeia (Input.

Output Gates): Peephole LSTM
* EmPAenopevn Mabnon ano Labeled
Datasets




