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i : o / ): “5_5” (next move)

........... A — f( “Hi” ): “Hello”

(what the user said) (system response)
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N | . Deep Neural Network
k 5 ] HE (Pretraining)
Multi-layered

A
XOR Perceptron
lobl s (Backpropagation)
F 3 A
A
Perceptron
Golden Age X Dark Age (“Al Winter”)

Electronic Brain

1950 1960 1970 1980 1990 2000

S. McCulloch - W. Pitts

XAND Y XORY NOT X

Foward Activity —j»

,,,,, Outpuns

AR AR

-f—— Backward Error

« Adjustable Weights » Learnable Weights and Threshold + XOR Problem + Solution to nonlinearly separable problems  « Limitations of learning prior knowledge * Hierarchical feature Learning
« Weights are not Learned + Big computation, local optima and overfitting « Kernel function: Human Intervention

http://beamandrew.github.io/deeplearning/2017/02/23/deep learning 101 partl.html
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“in recognition

The Nobel Prize in Physiology or
Medicine 1906

of their work on the structure of the nervous system”

Iy

; G Camillo Golgi Santiago Ramon y Cajal
Wl Foe 4 5 © 1120f the prize © 172 of the prize
b . C*’;::\T.. S «-. :‘:I:;a Liniversity :f:::: Urnivarsity
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I Warren McCulloch

M-PA Y Warren McCulloch #1 Walter Pitts

19434, Warren McCulloch F1 Walter Pitts &K@ A (A Logical Calculus of the Ideas Immanent in Nervous
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(A) Specificity

HA 5 31

Pathway 1:
Active
Synapse
stren
Pathway 2:
Inactive
5
Synapse not
strengthened

201H20404E/XK, Donald Olding HebbfE {The Organization of Behavior) H X ##145 Jt 2 8] 7% 4258 & i AR AL
775001, BRI R —FABEAUE R 7L, FROAHebb SN . 52 52 I () 2644 S 5256 5 &2, Hebb
WAIR PG To e [F]— I 20, BT TR BB R N AR i AL . XA Hebbdi Hi i AE P 2 Ju i o7 )
HLA, AEXRhEE >, e o i) B S R RSP 48 o 2 TR] A SR A 5 EE I 0
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19584F, Cornellfifi %% 5L 5 % [ Frank Rosenblatt$E H |
J&HN#s (Perceptron) o EH#ALAE— Pl i IE
IR 2%, & —Fh gkt or28as (BUE pRAL
Hsign(x)) o N LHEMEEHIE—ANLERNH, Fx
SAEMEMNEIN T H IR RENEL .

— output

het input Activation
function functicn

Perceptron rule.

19604F, HHHAR K- 4% Bernard Widrow 4% Al 1)
Wt 95 42 Ted Hoff /& | Adaline (Adaptive Linear
Neuron B¢ Adaptive Linear Element) Fl&x /N2 77 &
@ (LMS) o Adaline [ 28 AERIHL AT DX ) w2 R g
BT Step PR iy LinearZ 4 BRI 44 -

—@—- output

Met input Activation Quantizer
function funcHen

Adaline,
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Marvin Minsky 1 Seymour Papert

19694F-, Marvin Minsky 1 Seymour Papert /3% {Perceptrons: an introduction to computational geometry)
—45, MWEUCFMEOIE | BRI D e A IR, H 2 78 T 0k ] B 0 < e B0 3% A ) A Y 1 6 49 C e
NTTe W, A MBI SR T AR — B 1] IR 3 .
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19725, ZF=MIKohonenT.Z#%, #E 1 HALRME M2 SOM(Self-Organizing feature map).
1974 4, Paul WerbosfE Mgl K &2 MU i 42247 BATA], it/ A8 118 SO R B 1 52 MRz (1) 35 44 BP#
S HE. HEA 5 REM.

»

19764F, Z[E GrossbergZUi% 2 H T & 4 1) B &M ILIR IR ART (Adaptive Resonance Theory), H:2&2>]3d
FEEBA H AL H e FHIE .

19824, David ParkerEEFT KB T BP#E M 2% 22 3] Bk

Hangzhou Dianzi University Hit B FRHE R School of Computer Science and Technology i+ %8 &S HE




HERM

19824F, John Hopfield #i&H! | 1% 42 M & AU Hopfield# 22 X 28 15 7
R FH A BRI 248 X 28 22200 3 22 TSR 2% BE IR R AT e In) LA T 1
KA, Rk 2 M 258 BT 7 R OGE N T S5 R R IR
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John Hopfield
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19864, David E. Rumelhart, Geoffrey E. Hinton A1 Ronald J. Williams 3% L # {Learning representations
by back-propagating errors) , {Hf3BPFHE ML FE S HIEZ R HEMN . BPREIEGI N T Ao &M nEg
Sigmod R M40, Sl J RIIMAIThIgs S, NZRMAME B IZr SR it 7 —Mirsen]
(RN R7 S

19884, #kBPH 52 J5, David Broomhead F1 David Lowe ¥4% [rl ZE R 5| N BIMHE M2 i+, B
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19974F, Sepp HochreiterflJurgen Schmidhuber & 5 #g B A H1d 12 (LSTM) A2,
20120 AR A N e Scdr, B AT G H &2 R B SO LSTMAN % [ 4% 4% .

201912 H LSTMiB X 5| FHIE F2.6wWwik. L TIHET—BHHEA 55— 1 R R R E IR — RV &,

Long short-term memory Learning internal representations by error propagation

S Hochreiter, J Schmidhuber - Neural computation, 1997 - MIT Press DE Rumelhart, GE Hinton, RJ Williams - 1985 - apps.dtic.mil
Learning to store information over extended time intervals by recurrent backpropagation This paper presents a generalization of the perception leaming procedure for learning the
takes a very long time, mostly because of insufficient, decaying error backflow. We briefly correct sets of connections for arbitrary networks. The rule, falled the generalized delta rule,

review Hochreiter's (1991) analysis of this problem, then address it by introducing a novel, is a simple scheme for implementing a gradient descent method for finding weights that
minimize the sum squared error of the sytem's performance. The major theoretical

efficient, gradient based method called long short-term memory (LSTM). Truncating the oo X ; "

gradient where this does not do harm, LSTM can learn to bridge minimal time lags in excess contribution of the work is the procedure called error propagation, whereby the gradient can

of 1000 discrete-time steps by enforcing constant error flow through constant error carousels be determined by individual units of the network based only on locally available mforrnatlon "
Y U9 WEIERE: 26166 AEXENE  FiH 46 MRE 9 Ao WU BSIRREC 25308 BXXE AR 31 THRA 9 & B
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20067, G. E. Hinton f1%2%F R. R. Salakhutdinov
£ (Bl2) &3 (Reducing the Dimensionality |
of Data with Neural Networks) . SCE IR | #4> B
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From left to right: Ilya Sutskever, Alex Krizhevsky and Geoffrey Hinton

20124F, Alex Krizhevsky %5 /i H % FH G FR #0220 4% 1) AlexNet/E ImageNet 55 58 G 70 FAT 5 H BUS T i
TF s, A N2 7E B R I BRI

b J5 Alex Krizhevsky., Ilya Sutskever.f1 Geoffrey Hinton. x5 | X & (ImageNet Classification with Deep
Convolutional Neural Networks) .
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20194F2019F3 H27H ——ACME AT, IRE 5 > 1 =17 81i& % Yoshua Bengio, Yann LeCun DL A
Geoffrey Hinton3k 15 1 20194 1) B R 2.
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T RN RFRNE (1958 )

19584F, EKEHZF A LHERY Rbifefe COHEFEWIR) BRER TEFEALI “BENd: K
HAGEBAMRIMEEA” o #E TMP B, JRW 124 KRR A (R .

PR DN A 2 A 18T 52 07 SN M 25— MR . 30 IR IFaa i e X 4 2 1
BRI SRS RIR SIS ISR FE A L.

\
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HN 2% (Perceptron)—£; 1442848 (Linear classifier)

y=xw+x,w,+b

x1~

fhi (€L
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RSN 8% (Perceptron)—£& P 42K 8% (Linear classifier)

Y=xW+..txw, +. X W +D

HaFmE ERZESD xR
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ZHETRE  f(x,w,b)=wx+b

Example with an image with 4 pixels, and 3 classes (cat/dog/ship)

HEZI A5
!
02 | -05 | 01 | 20 || 56 1.1 96.8 | Cat score
231
a | T =
2
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LHEFTERE (X, w, b)=wx+b

Input image

RBERER: F(x, w, b)=wx+b

HEFJ9—51
v
v
02 | -05| 01 | 20 > 1.1 96.8 | Catscore 0.2 -0.5 1.5 1.3 0 25
231 W
1.5 1.3 2.1 0.0 —
2 | T[22 |= | #7° | Dogscore 01 | 20 21 | 0.0 02 | -0.3
0 0.25| 0.2 | -0.3 5 1.2 61.95 Ship score
w 5 v ! ;
P
Score -96.8 437.9 61.95
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BHSRE (X, W, b)=wx+b |[ERFLN: A

. B ’#IH:IIHI

n: WA S 7

5 Ha aET

i P 0 v

)i ._:ﬂ .-= W 0.2 | -05 15 | 1.3 0 | 25

% ] i | é.ﬂ 01 | 2.0 21 | 00 02 | -03

i S y ¥

3 gummEms b
E. Score -96.8 437.9 61.95

*E o

KL

wE 085 B OB R B3 W kE

Hangzhou Dianzi University HiM B FRHHK % School of Computer Science and Technology v+ EH B & SCHE




LS RE f(x, w, b)=wx+b

car classifier

JUTRAER: XKH
T V) 70 B An 2[R
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{

RESRB y=f(x, w, b)=wx+b

4] A WA B A i R A5 2

Sk RBEHEMHE RS, U
MBEETFESE —

BEEME, SETRBEEREE
Softmax#%4[0,1] 1%L
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-3.45
RE -8.87
5, 0.09
2 2.9
J& 4.48
X 8.02
5 3.78
= 1.06
i -0.36
e -0.72

-0.51

6.04
5.31
-4.22
-4.19
3.58
4.49
-4.37
-2.09
-2.93

3.42

4.64
2.65
5.1
2.64
5.55
-4.34
-1.5
-4.79
6.14
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A R R B sh 2L
HAH =L sHBEERES—EIR BB 1, iR R -1
JoHT R R —— RN E O 1, B RER A1
R — R 1 RN 1, BT 1 BRI -1
Hete U, BN FOTEEE [-1, -1 1], BRRESESAELSL [, -1, 1]. #EEc
SERENG T 5 AL RS S 25 S 2L
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Z1

y=xw +x,w,—b

[Minsky and Papert, “Perceptrons”, 1969]
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2A
. S ¥
LRI RR R 1) & . . 0

0

1

1

I .

1 1

0 1

1 0 >
_(.)r o x1

O-w+1-w,+b6>0
1-w,+0-w,+5>0

L-w +1-w, +5 <0 =2 < (—w, ) +(—w, )
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ki RERR

Input: x

Output: y
Label “motorcycle”
# car

A " non-car
r2
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ki RERR

Input: x

Output: y

Label “motorcycle”

A

r2
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1. 3%RR Kl: 1<L2¥i% <2 K1: =FER
2. 4% R 2K2. Hih 2. Hith
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Hangzhou Dianzi University HiH B FRIE K% School of Computer Science and Technology 5K Bt  J& SCHE




RHlra St n =

P RS
SRR

VRLAZFES
IxERIESHETbE

Hith
IRKEREL
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«
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i
IO
o§

output layer

input layer input layer
hidden layer hidden layer 1  hidden layer 2

3 hidden neurons 6 hidden neurons 20 hidden neurons
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Input Layer1  Layer2

TN &= =

Deep means many hidden layers
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EFEEMEMLE: 254

» » ‘12”

TN %y

Xy : Zit: FA
. E@jﬂ €99

16 X 16 =256

ink — 1 MHRENEERET
no ink — 0 T NEE B BAS E
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EFEEMEMLE: 254

TP iy H
X Y1 is1
B

e

MANE B
256 X 1R &
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EFEEMEMLE: 254

Layer1 Layer 2

256 X 1RE 10X1RE
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EFEEMEMLE: 254

IZRER:

ST
1]~

“0”

“2”
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Ao [/]

Ve [3]
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EFEEMEMLE: 254

Y1 is1

16 x 16 = 256
Ink — 1 ESEEY

No ink — 0
N I P
A -} v, AR
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VRLAZFES
RERESHETRE
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EYIMAE RGP A n HE R seERTE, 2 MEERNAEY R — L FEdRE.
PR (7]

« BRERWMATERM, HRMBRRMAA?

o LEWPP 22 I 48 R 3T REIR B I 224k 2

N AR 28 1) 2 > 3 Rt A2 AN W i 88 X 2% B e e UL, AR AS 3 B i H O T A
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T B p 2 T2 ST R |

LIS B Z N . HebbZz ] FEN]

Hebb %= SJ FE M 4% 00 AR . P MRS ST [R B A T IORCIRAS B, P R IE BB S BN eE, 75 WA 55 .
%illr: HopfieldfHZE (X 2% . H HZIMR G FRZE 4. ...

AWEZ]HN: Deltatz > HE M
Deltay: >J JL I 2 — i ] B AT B 22 S B0, AR A4 o I S B H 5 30 52 5 Hh) 22 1) R B BUE
Fltn: AR BPRIA ML F ], L.
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Hebb#Z2 uFE N (1949 )

19494, INERMAOHEER . WO EAEY) 22 SOMA, AR 7t — R EE A (45
AR —FgLIEIR)

RAT BRI 2 A B2 8GR, ROV B 2 B3 A7
FrpdR 1 BL R Bk

« SN ¢ U e WS I RN £, IR E B EEHBUR E IR G K R SR AR
WA A EATT R R A, AR ViUl & TR 2 — @ R A B RCR 1K

Hebb 7= > N 5“5 St 7 HLEE—3, JF H OS2 1 g 40 M 57 i AR SE
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Hebb2& >3 N
FAN sl GEED) 7T ERIPMZ e R A s, A1 S Al e 1 o
eGSR A FEIS, 2 5 fil 14 B ik 55 BT BR
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Hebb 2%

7715 Hebb 2] JUIU ) S k45 AR A Hebb 2R filt o
Rfhre 752 5 A5 B s .

WL R EUESE, A IREMRKRE S HAMER 2K G T,
MOKERRBUR G H, EAMEAE (e , RaHBoLHE
i A K I AAIZ IR, K DI HYIN, AR T S il
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Delta > Hi | —— R0 88 1 I Hik Wi T D=wi(?) +n L d;—y 1) ] x()

feiERA a0 (dv)x,

e
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A W =8 gy AR

At 25 7 (6 S 2 ) N
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Delta# > LW —— R A48 1Y 7 > 25 IR
P2 TCIMPAR L
« AT BN Z AN, AT IBUE, K,
o T A B BT IR F AR (+1 BE-1).

Mg ehth SRR (HbnE: +1 8- 1K, —1 R in 120 Wi, /3
EATZ BB RZEE 5

HRZEE S BERUE, LU iRZE.
ik 2, BERIRZECBH/DN, BRE
MZE T HE M SR AL R YIRS v R IR
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XFT 2 B N2 KHRE R E T . 3505 TT L0 PR £ 6 1 AT
e e N0 2 BRI A
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possible
0
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RERESPHE T

Jé\jﬁ%z L(W,b)
H #%: w,b=argminL(w,b) EETUR R E T BRI M3 R

w,b
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PR T BE—E R E R AR
S#{ Derivation

WMy = £ (x)TEU (x, 6) WEEX,
1 SR PR 1imﬂ=ﬁmf(x°+m)_f(x°) 1E1E,

Ax—0 Ax—0 AX

MIFRIXARERIE A p=f(x) Erix, LEHFHL
iEN Y,
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FEHIE N
1. BWFE, TUEE
AR y 725 x, AEEIARA
e y MEZE x ML IRIERE
e JEE =Ad/AL TEE a=Av/At

2. FHKJUTE N —H 2 LR — RARTIZM =R

DIZRIE tana =|jmtane =lim— &y _

p—a Ax—0 Ax
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PR T BE—E R E R AR
(RS &L Partial Derivation

SIS BTEEH 2= f () 1 B (x0,) BEASAAEE L,
WA Jim > ~lim S 80 00)= /(0 do) gy

Ax—0 Ax—0 Ax

MFRICHIR G S £ 7E P AT x flnss, iy 4

Xlp

FIEAXT y KW

af 1. f(xo’yo+Ay)_f(x09yO)
— =lim
6_)71)0 Ax—0 Ay
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Bo T fEe——E 2 2R AR

RSHNMETN  WFE S (0.0) BUEHL 2= £ (x,p,) Ex AR 1 2Rt 2
BSE £ (1y03) BRI == 1 (v, ) Tor by UV

ri

2= JF(x,))
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PR fE——R R R AR

H [ SE] Directional Derivative

W f REXT R" BEXE D LR, = BeD , | A%
WEHERRE, P A3, WE RPY5 | KIJTMIEA—3, WRHKK

f(P)-1(B)
m =

fete, WERLRIOVES £ 26 B 463 1 s, i
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PR fE——2F B RN RTR

#BE Gradient

BRAEAIE—ANFHFE, MR360FEHAE TN FH.

BERUMERX: B—IKRE, HiH KT HSER
K, HR/DNIEGFR BRI HFE.

PRBREE . W e z= f(x,y) 1E B(x,y,) R
FAE FH %S AL BE A VG=(5f/5X|R)a P]
PRETHIN: ¢ = tan—1 (af/ )

BEEEIRAEA: 1V £1l = /(3D + (D)’
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Bo T fEe——E 2 2R AR

HEFE Gradient W R RIXE D Li%EY, W f A BeD 4
raaien

R, R %%ﬁ N fAE P AR,

Ox
" Z1R

044 Cyclic LR Schedule -

o2 et f-'.-;u-mvf" ST T T R

UE“SIHQIeModeI - GEMSnapshatEnsemble -
0« Standard LR Schedule. [/)\ ~ = (N
L - | - - : : Il
L !
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BETRSFIR

oL
S5 B WCW—Ua—W nﬁ$2/<

dL

very small learning too big learning rate:
rate needs lots of missed the minimum
steps
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PBEETREEIR ny -

A
loss > > =
very high learning rate (a) niRpet, TEARUEHEL (b)) BAM D, NSHEERN (o nEk RELEES
4 Loss

Learning rate decay!

|

low learning rate

high learning rate

HEHBEFEIR

good learning rate

EpUCh Epoch
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RERESEZEN

oL JL oo

oW, 0o oW,

oL oL do

ch, 0o oh,
Spm _ dy dy .dul . .dum_l .a’um
#¥3LZR Chain Rule dx du, du, du_  dx
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RERESEZEN

oL oL oh, oL do oh, 6L _ 0L oh, 0L do oh,
oW, oh, OW, do oh, oW, oh, oh, oh, Qo ch, oh,
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RERESEZEN

oL oL oh, OL do oh, oh,
oW, oh, 6W, 0o oh, oh, OW
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RERESEZEN

§%30;ZN Chain Rule y= 1ﬂ(5in(x3 )2)

K%:if 3,2
o dx dx dy _ dy duy du, du,
her du, _ d__. (u)=cos(u) @ s duy du, d
JHa = sin (u, ) du, du, 1 1 1 )
T =) . do,_d . qzz-Zuz-cos(ul)Sx
ky:ln(u3) du, du, ? ? | 6x2-cos(x3)
dy d 1 :—2~2u2-cos(x3)~3x2= -
=—In(u,)=— U, s1n(x3)
\du, du, U,
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RERESEZEN

cﬁ(x)zdﬁnf(x+h)—ffx)
dx 50 h %44
X
PRS- B :>{E>i
1) BEBEE (numerical gradient) : I2FFUEZ = y ¢
EE, RE2ORUE, A5
2) fEMBEE (analytic gradient) : K& z

THER, BHE, BRAS WS
KRN, HESBTHE, XKASERERR
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RERESEZEN

X RF:
g %9 _, % _,
g ox Oy
f
z Z—];=q(x,y)=x+y
o Ao
q(x,y)=x+y Ox Oq Ox  Ox
f(xp.z)=q(x,y) 2 g _I%_%_,

dy 0Oq Oy oy
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REDRKEAH

BRE PRI R E
MSE(Mean Squared Error) MAE (Mean Absolute Error)

1N
/ = =7,
oss =733,

2

| & R
loss :F;‘yi — Vi

Range of predicted values: (-10.000 to 10.000) | True value: 100 Range of predicted values: {-10,000 to 10,000} | True value: 100
lef
10 10000
08 8000
@ 06 i E000 4
5 5
w
i .
£
04 = 4000 |
02 N A 2000
v, N W 4% 4 H
0.0 0

] AN ﬁ > A\
_10000  —7500 5000  —2500 0 7500 5000 7500 10000 y j\’ /\Hggﬁiﬂ { H 10000 —7500  -S000  —2500 0 2500 5000 7500 10000
l

Predictions Predictions
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REDRKEAH

MSE vs. MAE (L2 loss vs L1 loss)

SWNHRFERER, RAMAERFBFHEEE
MAER EZFB: HBREMRD, HBEEMBKR, AR TN&ELR/IME

Range of predicted values: {-10,000 to 10,000} | True value: 100 Range of predicted values: (-10.000 to 10,000) | True value: 100

led

10000 10

BOOO 08
9 E000 @ 0.6
d K
2 3

4000 04

2000 02

o 00

-10000 7500 5000 -2500 0O %00 5000 7500 10000 -10000 7500 5000 2500 0 200 5000 7500 10000

Predictions
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RED>TREH
R X IHIRZ Cross Entropy Loss

N
loss = —%Z[ﬁi logy, —(1-7,)log(1-, )] v IMZEE, p NI
i=1

%)?ZOEH‘, 3 A
loss = —log(l—y) 2

i_—/lj}:”ﬂj‘) 3
loss=—logy

0.0 02 04 06 08 10 0.0 02 0.4 06 0.8 10
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RE>MERE
MSE vs. 3¢ X 1§

( 1 \2
L=—(v —v.
4 2(y’ yl)

V= f(wx+b)
RFH

_:(yi_)’}i)x'f'(wx+b)zcl'f'

_:(yi_.)’}i).f’(wx_i_b):CZ.f’
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MY ZRT, SRR T FREE
EH A EwFIIRED

B EwHRED
w’=w—77-a—L:w—77-c1 - f
w

b'=b-—n-—=b-n-c,-f'
i YA n-c,-f
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RE>MREE
MSE vs. 32 X /&

MSE#EE@I‘E‘I@ L:_ii[ﬁi logyi_(l_j}i)log(l_yi):l
SRS £ g sigmoid BT, FIMBEE ( NS
5% #T0, SREEEREA. R E¥.

LT SRS = oL 1 & i

0.8 %__F#I j(yi_yz)

/‘7 %Z_N#I (yi_yi)
i Hh b oo man s THE B f P HOT
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= B E0E R $k#ESigmoid B Softmax,

VUK A 32 X

Output layer

Task L. Loss function Expression of loss function
activation
Mean squared .
Regression Linear L(y.t) = — t||2
Total g error (MSE) (y.t) = ||y — |3
Loss Binary Sigmoid Binary L(y,t) =—> 1, tilogyi
classification cross-entropy =Y (1 —t;)log(1 — y;i)
I\_.-lul.tl‘-cla:ss S —— Categorical Ly, 8= — Z:]: t;log s
classification cross-entropy

e TV i i
L T

X. Glorot, X. and Y. Bengio, Understanding the Difficulty of Training Deep Feedforward Neural Networks. Journal of Machine Learning Research,

2010. 9: p. 249-256.
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B R # (A ctivation Function)

y=xw+..+xw +..+x W, +b

4

2

4 )
. S(¥).
Sigmoid K%
() jf
V)= -
l+e”
e | _y )

V
/ PN S

E NEw 1 1B

N\ x
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BUER e SIAIRZME, R
Z TR RN N R R AL
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FIREE R — R ERBE R

FIZE AR08 — VL A B30 eR HCR B 4B BR 2
Ao AN 10, W tHy,=0, Mz ol T HIHPIRES
AEMAKTEEET0, Wity =1, Mot XarikEs.

| Tl S0 T T B 1 5
LR S T R R R R
1 fnfnetz0
Ve = {D nfnet<0
M B2 R
sl net 0GR, 1 TN
-1
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BBER B —RERBER

HEGNAIVL 2NN -
o BMEAIBOE KB H, MRBTFENITC (D TR, SMamer. IR
ERCES

« WA “HREYIC I P BN AR )R] @, S ALES T A N AR A2 8 1a) /B A B SRR . 7
SERR b, AEImEAAZ 07 S THEANUE AR 2 B TAE 7 O
« FIEEBEESE () BIHKEMEITCHRFINE R, KEEICIZE N FBAR T3
g B
s EEEARERBEAEFEM S GEAMD , KEE “Hhbid” FHAFERE S
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FIRE0E R — 0 B R BUE R

ML oA — AR ET 2 e X TR R &R, FLRR I BR R IA 9 -

-0 A<0 S |
l_
y=- KA 0<A<A4 /7
L1 A < A4 _
0 y

Kb, K. A RRHE.
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RS R

— =
4

J=1/(1+e?)

Sigmoid
fo) °f

08

=10

Hangzhou Dianzi University Hi/H B FRHE R

f»)

ReLLU

—i[l -5A 5 10 y
f(y) = max(0,y)
eyi
Softmax J (J’i) = Zeyj
j
SOt
fo)=y
— = Leaky ReLU s

fO) = max(ey,y) V7
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W A BOE R $t——Sigmoid
Sigmoid NRSTIPE R, BB A — et 2 R Hf 2L XY
Softmax FEN N IE D) EE S R B SR s .

STURFPE BB R 1 P48 T0 B AR i HY AR5 12k

finet)
“BT S R
1
1+ exp(—a * ner)
® S AR S E
o CREEM R RfE SRRz MR LT
1 F-

Sig(ner.a) =
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B B0E R #——Sigmoid

Sigmoid

Softmax

@ Leaky ReLU

Hangzhou Dianzi University Hit B FRHE R

f(’V)=1/(1 +e_y) l directions

allowed zig zag path
FETE 7] L
1) BRELHRR 2) Sigmoid & Fk HIEF L

U TR E R 0B 1AL A0 R A 2 oo I EE 2 e IR K
IV, RSB L  WIBEEAE R AR sk R L RE
FH0, SEBRREEL, I BaEAEERL IR, A
A RAETET A LR 2N, KR FERE TN
Bz HHUHTN Iz R R R
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T HBOE R Hi——Softmax () e

y .
Sigmoid Z e’

J
Softmax
T g Probability:
* Softmax layer as the output layer W 1>7(y)>0
" :Zf(yi)zl

Softmax Layer

Softmax & Sigmoid Y &, 2 MMt , B sl 0,1)
@ Leaky ReLU X BN, T LUE otk g, & H T2 22800
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& FB0E R ¥ ——-Tanh

Sigmoid

Softmax

@ Leaky ReLU

Hangzhou Dianzi University Hit B FRHE R

tanh(z) 5

1__

ey —_ e_y

ey +e™V

fQ) =

=

Tanh 4 SEEUE R 48 2[-1,112 18], ffR T Sigmoid )51 Hi & A
e I A, ABATSRAFAE VAN ) R

AT B IR, BRAE E IR A EE SRS R BT 2 i — 20
batch normalization, 7] BefRUERE— 2 M2 1) N\ H A 15
BRI EHROE DA .
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W B0 R #t——RelLU

Sigmoid

Softmax

5

Tanh

ReLLU

@ Leaky ReLU

f(y) = max(0, y)

A RN | T
—10 -5

FHE T Sigmoid M1 Tanh R £, ReLUX T-RENLESEE T BEAIIESCA
E R IEAE H

Sigmoid M Tanh7£ 3K I Z A 18 HUIZ H, 1MReLUKF LA
AR &=

R £ A2 ReLU B Bt ] 1 2= & R A A4S B
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' FHB0E M $t——Leaky RelLU

Sigmoid

Softmax

f(y) = max(ey,y)

e fefit VRN EBEEAE, 4n0. 01,  H et
FREASEHER,
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RHlra St n =

P RS
ZERHIRS

Rz (RMREFIEM3)
IRERIESHE TR

Hth
IRKRERAEL
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RHlra St n =

P RS
ZERHIRS

VRLAZFES
IRERIESHE TR

Hitt (WREFIEM3 )
IRKRERAEL
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FINAR v
G412 N THEEY MAEMIRER TR A THETT
eIt ANTHMETT, ...
LR R RH S AN R ERS
V KERSE ...

AUEREL. FIMN. MUEE

. A T R4

BRI, BPHIZMZE, Hopfieldf R4, ...

N T
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GRJE) FH 28772

o 3= U I RR 2% o ELIEERY IR RY 2%
o SCABHT [ ]X 2% o« T2 HIEM 4%

/
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70 2RI 17 R 2%

[0 265 ) 45 R4 AL -
« HA T RS AL
NIRRT REEERHEZEERE) LR
« FEMFFIERE: HAS BmAg g AN E it 2 a2, W th 2 7 mimsh . Sk “ R
* FN R A2 W48 5 AN B B e B A2 AN 5
o FRURE ML) B AL B R, A2 W 288 HoAT R AR e 0, an sl 28 AR a5e 3 RPN s, 2%

RIERRE M T AL B RE ) B

o i th = 2 WA 25 1 L e 1, A IS AR P A5 IR el i = TR0 A
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I A I P 4%

— o3 2 H T P 4%
Bt = BN = AT OB R
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B FEHU TR P 4%

— IR IR T4

2 M 2276 2 A EL P
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R o [al 8 A] LAEk Al B2 Al IE [, BIF AR B4R
UNHopfieldM %5 BRI = HUR LS5
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EEA Ry it
o JE AL LK I SR TR AR
« BLFE

o LIPS
o B N TR Y
o {5 B AL 7 =0
o PP TURFME BRI B
« . O HEE

.
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MEMERB G REFEITA)

e 2% (1) 2 > 5 3

« BN s RIS AR
e X 2 R 2 2 5] 7 5000 3K

o 19 FIMEE ] 2%

o G T 4%

« TIN5
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HRE LRI A 3 R (R M 8 45 14)

P22 I 28 IR FE F 45 44 73 9K 2R
7RG A W RIS BRI A B R B

N

o EESEICA WIR R R IR, AR P AR B HL T 2 [R]#R e rTk i, FAT a5 oo 24 Be o (Bl A\ FLoT) 1Y
SR

12 O 28 Y 2 X 24 45 1) 3
o XF T 00 R AR 4 R TR)  4%
o X T ELEERI AR IR 2% SO 4

Hangzhou Dianzi University HiH B FRIE K% School of Computer Science and Technology 5K Bt  J& SCHE




2 L IRA 73 R (M LHIRE)

A2 R 25 A5 Ab T B ST (R4 7o) BRSSPI A I 2
o LR ARWARES: FIrT AP S TIRAS REAE IS — X TR 2L U H
o« R ARG s A AP FLTIR S R RIS B —HERMEO0 L (BR-1. +1).

P28 P 288 45 T 4 X 20 TR A5 77 2
o« LRI LG aniE sz Hopfield P 2%
o EEU ML anEEiAY Hopfield P 2%
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P B IRA 5 R(HEES T )

e X 4 A0 PR BT KRS BB A P ARG 3 7 2

« B TS N Z 0 e AR R B, = 2E A e T e HHIRAS S

o HFEA LS AN BRBENLYEAE T eR 2, 72 A 38 I\ — 58 MR 70 A1 B B B L RS
PRZE WX 28 A5 2R 42z ) 2 ) ) 7 2002

o« FHTETEM LS. KERr e W 5 A T 1 J L 2R

o BEALVEMIZS: BOURR=ZHL. MIPEHLAE LS.
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el i o 32 N 2 R g IR |

% #IHR | HHHHE ga 5 A
RN H (Perceptron) HSIm B 2R 41 3K
B2 K 115 18 ¥ (BP) Hem |[RUATE | #A50%, st SEMR
B 1& W 2844 ST (Adaline) HRIR BT 1) =R, B, 228
H & IR # (ART) g BEat | BRI, 4%
R B A IEAZ. (BAM) T | RE#t | BRIAN
8 /R K B HLBM) Fe | EE | HER. |amik
FIFEHL(CMD R k| RARF, AE51M04k
& I (BSB) H I EM | BEAEMARR
B A% P 4% (CPND I BT | BEAEEEZ. BB ESE. it
Hopfield ¥ 4% 5
(DHNN) yios ‘ BB
(CHNN) AEN % #HEmik
£RBENKAETH Madaline) | HFRIF | A | GENEH
FIAHH Neocognitron % 5 girm | EEIRE
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B2 A& M 2% Brigis 2 B9 2 e

Hez B mRE T

o S — BB FEAR (v, (), ey (X, 1), PIES PLE ZH 205 203 $ N S H 2 18] 1Y)
IR SE R y.=f(x)o

o« XFPBRGHEITRE ) AT T ARG . Bl S 0385

o HLTR WK 25 T BP Y 25 55 o
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G /EE E NN IR
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BEANTLHEMETRREZIRITHRE 3

FRAEIC 2
o SEIIRRL R TEE . P E A A X AH B [F2.55
« HL I UHopfield 4% . CPNX 4545,

A T SEAEL 8 1 R A
o FURIRPLIVAS (BT R 2 A5, BB IR RIS (R P 5, AT O SRR AL 2 0 AL R
LA

 WHopfieldM 4. JI/RKZHLEE.
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BE AT &M FT Rk BRI Th hE 4

2R
o RZHHE W 28 B HA X Fh 73 2K e
« HIORKTREARL A REME HEAT 7028, R EH 477 >, 1BPM . CPNIY . Hopfield 4%
o YZRAS B & ERAUA
« fELRIBATI, RISk,
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BEANTLHEMEFEEXBKITIEE 5

Wk 3 T ek B ) Al T
o FRHE LS HINE R 55 B pR A, Jd st A 2R X % ke i A 2 [T R AR R X — A 2643 (1)
—HEMAX,X,, ..., X

o TP IRIRENIELAL, CPN M. SOMM.,
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ﬁﬁ.w ﬁ M 28 https://www.asimovinstitute.org/neural-network-zoo/

A mostly complete chart of

" InputCell

O Backfed Input Cell
é Noisy Input Cell Perceptron ()
' Hidden Cell -
. Probablistic Hidden Cell

. Spiking Hidden Cell

. Capsule Cell 9.9
XIEIERY

' Output Cell V.Y ){ 7Y,

Recurrent Neural Network (RNN)
)

. Match Input Output Cell

—

Recurren
. ecurrent Cell Auto Encoder (AE)

. Memory Cell
. Gated Memory Cell

Kernel

Convolution or Pool

Markov Chain (MQ) Hopfield Network (HN)  Boltzmann Machine (BM)

Feed Forward (FF)

v@
<@ <o

Variational AE (VAE)

Neural Networks

©2019 Fjodor van Veen & Stefan Leijnen  asimovinstitute.org

9.9
RIEIER]

\/2
LSRR

@

Restricted BM (RBM)

Q. 0 _©O)

Radial Basis Network (RBF)

Long / Short Term Memory (LSTM)
) )

GRER

Denoising AE (DAE)

(/2

Deep Belief Network (DBN)

Vo V% v

0.2 %
\ /

Deep Feed Forward (DFF)

Gated Recurrent Unit (GRU)
) )

NN
SR

Sparse AE (SAE)

0 S 4

W

Deep Convolutional Network (DCN)

Deconvolutional Network (DN)

X0 o
X0 800,
X >0 S
X0 i

Generative Adversarial Network (GAN)

Deep Residual Network (DRN)

Capsule Network (CN)

KA

Q) R
B A
"\ W - QAW

X

Liquid State Machine (LSM)

Differentiable Neural Com
) )

Kohonen Network (KN)

Extreme Learning Machine (ELM)

puter (DNC)

'S,

\ A

v‘

Deep Convolutional Inverse Graphics Network (DCIGN)

& W = O
A>_<f\/Q\O\ a O o
X0 IR S0
S~ A
r\>_</\/Q\© O/Q\/\
o~ A
X o o7

Echo State Network (ESN)

Attention Network (AN)




2 A2 Y 28 —— R R A2 M 2% (FF BX FFNN) FURRANES (P)

o L

e —
W P

e S —

Feed forward neural networks (FF or FFNN) and Perceptrons (P)

i ] B S FH IR X 288 PR AN i N B e A — N SR T, T T T AT e . Il I e A%
&l 25 FFNN.,

Frank Rosenblatt. “The perceptron: a probabilistic model for information storage and organization in the brain.”
Psychological review 65.6 (1958): 386.
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S e Mg —rFEEKE (RBF) 2% [Broomhead and Lowe, 1988]

Radial basis function (RBF) 2% & — i 5L (G = BB 22 WX 265, e A FH A8 1) 22 pR ARV R N BRI e Te s bR
A, i R W R R AR 2 T H L TR

RBFR 48t 5y
BN d 4ET R & x, %o S2{E, WIRBF M4 AT LR IR N

p(x) = i wip(x, c;)
HrhgNRBEMA TN, oM w a2 B MR OHE; p(x, ¢) £ REEREL. & HE
A% [ 25 bR O G
p(a:7 C’I,) — 6_/81'”33_61'”2

Broomhead, David S., and David Lowe. Radial basis functions, multi-variable functional interpolation and adaptive networks. No. RSRE-
MEMO-4148. ROYAL SIGNALS AND RADAR ESTABLISHMENT MALVERN (UNITED KINGDOM), 1988.
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2 M2 N 2%—— RBF M %% [Broomhead and Lowe, 1988]

O RBF/ %4 5

BA R 2 2 EME JTRBF #1425 5e AT A BEIE AT B IE 2L pR 5. [Park and Sandberg, 1991]
O RBFM 2%l 25
® Stepl: HEMLILH O, FHPTTNEFEREICRAE. RRE

® Step2: A FHBPHILEZE E 24
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2 B ph 22 P 48 ——Hopfield 12 M 2%
JRIANES 2 J5, N TFPE 25 i AR
198243 [H B 2= B e L8 JE /R AR e 1 B B AEIC 1288 71 Hopfield i 28 R 2%

FEHZ LW “HARMEITEBIRMEMENLIR RS |, KR (WEEG) AR
TG, MGt 205500 b W2 AR A LA R

AP 28 AT TGO HOR AR “iRAT I R AR R
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2 B ph 22 P 48 —— Hopfield 122 M £&

BN AR SRR SR T
o KM Is SR A F Bt SR 42 7T
o KIS TR AR B it F B S 28 X 4%
« KM A ERBEIER. Tr 7 e 585 R B2 70 rHopfieldff 242 9 45 (1) 5 7 22 TAF R

* HopfieldH 48 (X 2% 73 A B8 i B M S AL AP IR 28 852 8, 4311 WDHNN ' (Discrete Hopfield Neural
Network) #1 CHNN (Continues Hopfield Neural Network) . , BEUEH TEAEILIZ, ZEEME
& A FEAC A R)
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Hopfield$#4: M 4%

WX 285 1 B by . be
o P I i R 2% — 9

Xy Tl

o SN TR LA x J | .
FFF A o 25 7T ‘

L]

P 9-1 # ¥ Hopfield M4 B 0.2 Hopfield FE% Y {R £ 4

AT — M gt sz 2 HAh Fra s 2 ok B R, MO S 2 oo B Fan HE AH B 2 .
B BHopfieldM 2& 1, M 0 R o RS EfEo. 186-1. 1.

2 U Hopfield#H £ X 25 3 & AL BRI AR CAZ i) .
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E 4R Hopfieldth £ M 4% 2> L Z R
T \
X ¢
T2 TC AL AT B A N R L T R BTSSR o Rl o b
2 T R0~ 127 [A] (R S mE?lmc-__.m;?l
P EELEL E 2 A8 40 7 R e R IR A I R R :57 T
TP LB H R A e r

55 R Hopfield 1 22 [ 28 38 A5 ift R 2 A5 8 AL 19 AL

HOCHE 2 U8 n] BRI Oy — P s R g8, JF S AN RS R R EBERE A MB) 1207 e . ARIEH)
JiRER A2 Turf IR 1 RE S R UM DAL Im) U AT DA RN A8 de /MK o o 282 e O ASE DL Jo R BE S 3 e ) 8
PFSEILAT LS Gk, A — PRt i s ok B o 7 6

Bl . ZELERIHopfieldfH 2 X 2% 7] FH T @ YR TSP a] &3,
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Hopfield# £ P 28 4% 15

(1) etz Mg vl LA R R 2 W] U ESAR &, #5855 AEN R EAIER, &
LRSI (E IR TR Rt sh 2 ol 22 Gt ) #e2 i

(2) A MR R ES L, PR REEE, WEoEE iR, B4 R 2 Hopfield
PZE 2% 2 EOR FTHebb RN, — IGO0 FIRSICEEIR TR, B 5 1 BB MK &R, H15%M
25 Ty T BR AN 2y TR SN

(3) Hopfieldf £ M 25t B A RN TR & NS BN, e LA v 505 T B v H BE N2 7~ H
Hopfield 1 £2 X 2% (15RF & o

TS IZ AT BB XTI, B T EARICIZN, @ FEASE IR AR 45 8 M 45 ) AS E
R, @l 2 R RMAEE: A TIUCTHER, CLHPS B2 R R L R S RE R
B, W RMBCEAE, MESERIRREIRE, BRI A A A
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SBMEME——HHLRBRE SOM M 4% [Kohonen, 1982]

H AT (Self-Organizing Map, SOM)

« HHLRMINIM G, SiRAE T EMNE RS . W, REPEARRER R HmA (s
B ARG ARE Wbt BREESE) WU BN B R AR R IX 35

o ERLHT TN H R R FE s 2 o AR LUl 38 S Bl R LR B HE A
o HALZIMUF P 2% OBt 115 5 R0 B2 3 5 0
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SBMEMLZE—HHLRBRE SOM M 4% [Kohonen, 1982]

HAHARME (Self-Organizing Map, SOM) ———
- /égigggggi/%ﬁg
o TR SRR M B AR (] GERCR24E) RN R i

MR 7 725 20 2 1) (RO 9 PG, RIS 4 2 1) b B PR A 15 e \\§%?§? o
A1 X

Sk B 4 L = R AR AR AR T

SOM W &8yt J= A e o0 AR 07 s HESIHE 450 rh, BRI on#l g — D BUE R &, W2
NI EJE, e ZaRMMait, EooE 1 iz R EEIRYE S B AL E
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SBMEMLZE—HHLRBRE SOM M 4% [Kohonen, 1982]

O soM W 2& 1| %5

Epoch=1,S0M Weghits Position on B 1/l 18 | $¥ i

Step: 152 B — NI kA S, BN : ——
B T AR S [ S A AL A RO warrel'y
\ RN 2 Y » — I N] L e - *. *i‘-ﬁ“‘%ﬂ%‘
FIROBE RS, BB ROR IO TR NS IR o e
5 o5 AV
5 2awe Sliaay,
M . 3 *%"‘5&‘5{ .'
Step2:Jit FEIL IR 28 7T J% LT AT MIZE TC 1L I T
(Al VR A5 o A [ B 5 2 BTN osl— W
. IR Wei 1
BEZS B B 450 o
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| O e B LA I 26 L e G2 207
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ZAMEM{—-IRIEFE] (BP) Hik

AE%:>] (BP, Back- Propagation) 5.2
« HEBEHFERMAET FHXRE -4l (Paul Werbos) FEH .
« BP 2% [ U AE T IR ZE R A%
c HZEMEIik: BfFmAE. BEE. W=
s TWEATEFHERIN SR,
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ZAMEM{—-IRIEFE] (BP) Hik

BP &M 2%: MANE. BE. Tt EH R
UIZRREAS s FEAKE T N B far i
FOYEIR: WS B HERIRE, R R AL (BP) , BRI oL 18] S Al IE
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ENGRHT, EREME BUE) ek EEIUE, Pril, k28t 25 1 -5 10 8 E 8 5 A
PE T, AP g AT, 2 TR O R R ROIRAS AN

gk (221D i B AR Z WIS, 5 9 28 i H IR

Hangzhou Dianzi University HiH B FRIE K% School of Computer Science and Technology 5K Bt  J& SCHE




%5 LA 23 ) 28 —— BP 28 4%F =
XX 25 11 0 25 160 S 43 2 11T R P 2%
P T BB Sigmoid BY (ST ek 8, — MREUCH
1
f(x)=
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R 24 460\ g 13 5 B (S D)
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