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HAJER 181 417 (A% TEOIM ALY MY )

epsilon = 0.0000001

def perceptron(x1, x2):
wil, w2, b=1.0, 1.0, -1.5
sum = x1*w1+x2*w2+b
if sum > epsilon : #EsL8E XE 2
return 1
else :
return 0

)l #1ot;

ol

print(perceptron
print(perceptron
print(perceptron
print(perceptron
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(
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HAJER 181 41 (L{BHOl AR T 24y

import numpy as np
epsilon = 0.0000001

def perceptron(x1, x2):
X = np.array([x1, x2])
W = np.array([1.0, 1.0])
B=-1.5
sum = np.dot(W, X)+B
if sum > epsilon :
return 1
else :
return 0

print
print
print
print

perceptron
perceptron
perceptron
perceptron

— — — —

0
0
0
1
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&ReLU °I*(Rectifed Linear Unit function)
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Lab: II|'°I”\I1_9E EEI"‘;LEI' "’nl'

VT (aet_fun. PY)

def step(x):
if x> 0.000001: return1 # 2= 28 22X 2 X
else return 0
L{T}O| H{O{Q HET| Q|6tO] By HStL}
v n] g2 LC LoL -
def step(x):
result = x > 0.000001 # True &= = False
return result.astype(np.int) #8252 BtEt




1= 1=

import numpy as np
import matplotlib.pyplot as plt

X = np.arange(-10.0, 10.0, 0.1)

y = step(x)

plt.plot(x, y)

plt.show()
10
08 |
06 |
041
02 |
0.0 1

=100 -75 -50 =25 00 25 5.0 75 100
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import numpy as np
import matplotlib.pyplot as plt

def sigmoid(x):
return 1.0 / (1.0 + np.exp(-x))

X = np.arange(-10.0, 10.0, 0.1)
y = sigmoid(x)

plt.plot(x, y)

plt.show()

10 A

0.8

0.6

04 4

02

0.0 A

-100 -75 50 25 Q0 25 5.0 75  10.0



tanh 6.;'*‘

import numpy as np
import matplotlib.pyplot as plt

X = np.linspace(-np.pi, np.pi, 60)
y = np.tanh(x)

plt.plot(x, y)

plt.show()

100
0.75 1
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025 1
0.00 4
—0.25 1
—0.50 A1

—0.75 1
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&ReLU 6.54‘

import numpy as np
import matplotlib.pyplot as plt

def relu(x):
return np.maximum(x, 0)

X = np.arange(-10.0, 10.0, 0.1)
y = relu(x)

plt.plot(x, y)

plt.show()
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Zy =W; *x; +w3*xx, +b; =01%x00+03%x00+0.1=0.1

1 ].—I_E?_ZI 1_|_€—0.1

= (.524979
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a, = 0.549834
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z, = Wy*a, T wexa, + b,
= 0.5+0.524979+0.6+0.549834 + 0.3 =0.892389

1 1
4, =TT o= = T = 0.709383
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&Lab: MLP £°8° ™2 (MLP1)

import numpy as np

# A 1201& g =
def actf(x):
return 1/(1+np.exp(-x))

# AN120/& &
def actf_deriv(x):
return x*(1-x)

=9 02X

#EE=Xe e, 2872 =

inputs, hiddens, outputs = 2, 2, 1
learm’ng_rate=0.2

, B2 2

3] [0, 11, 1, 01, [1, 111)
111, 111, T010)

I—I\l




&Lab: MLP £°5°F ™=

W1 = np.array([[0.10, 0.20],
[0.30, 0.40]])

W2 = np.array([[0.50], [0.60]])

B1 = np.array([0.1, 0.2])

B2 = np.array([0.3])

#=gtel MIb H A

def predict(x):
layer0 = x # 2= layer00fl O & StCt
Z1 = np.dot(layer0, W1)+B1 #AHE Ol 5= Hl&HetLh.
layer1 = actf(Z1) #e&2ds g5 Mzt
Z2 = np.dot(layer1, W2)+B2 #AHE Ol 5= Hl&tetlh.
layer2 = actf(Z2) #&2ds e85 M=t

return layer0, layer1, layer2




&Lab: MLP £5°F ™=

def test():
for x, y in zip(X, T):
X = np.reshape(x, (1, -1)) #xE 2X3 dEZ2 OtECLYSE 2 2R 0l OF
otCt

.layerO, layer1, layer2 = predict(x)
print(x, y, layer2)
test()

[0 01] [1] [[0.70938314]]
[0 177 [0] [[0.72844306]]
[[1 0]] [0] [[0.71791234]]
[[1 171 [1] [[0.73598705]]
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P2 w13 2%t pmse)
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JJM

st HE 242

O

o Nas 2K

E(E’U) — %Z (yi _31)2
>>>y = np.array([

>>> target = np.array([

>>> def MSE(target, y):
return 0.5 * np.sum((y-target)**2)

>>> MSE(target, y)
0.029999999999999992




>>> Yy = Np.arra
>>> target = np.arra

>>> def MSE(target, y):
return 0.5 * np.sum((y-target)**2)

>>> MSE(target, y)

0.81




TR (Gradient Descent)

]
o QHIILNCZST2NNBUSS 2 1I% Z & 3t 2 Ml (optimization) &
HIASH Rl =4S S 2AZ o= JIEXE #2OH =,

W = argmin fo(W') Augustin-Louis Cauchy(*°1™, 18471)
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1
Loss(W.b) _EE Wr,+b)—y,)

i=1

oLoss (W, b)
oW

:%Zn]Q((Wa:ﬁb)—y@-)( =%Zn] (Wi +0) = y;)

aLossm()W,b) _ %zn]((wmﬁb)—yi)

1=1

oLoss
oW

0Loss
ob

W= W-0.01*%

b=5b—0.01%




=S X A Al ot & B (Stochastic Gradient Descent, SGD)

HE M, &S0 ZetE HE
&l CIOIE A0l Ot randomot Hl & EX =l &4

(otLt2 IO EQIE)

2= Soll GU0IE

U

DHE! CHE MES AL2SHD| 20 D187 3 Al 01X ZatE 4
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&wrbrﬂrw 3=

OILI BH XI & At 3F& B (Mini-batch Gradient Descent)

DILI BHXI AFOIX 2| GIOIEI S B#R35I0 A 0| E 5t gHAl
BGD®} SGDO| Z2t &

g det 2012 OILl BHXI AFOIAE AFESH)| =0l



&wrvrﬂrtﬂ | 32
(o) H o"
]

BH XI & At ot & & (Batch Gradient Descent)

et 20l 2= UIOIEIE ME06IH HUIOIE &
CHEMOIAIBE SEI =2l HIZ2e|Jt B0l AlE S
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— Batch gradient descent
—— Mini-batch gradient Descent
— Stochastic gradient descent

Batch Gradient Descent Mini-Batch Gradient Descent

Stochastic Gradient Descent
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e Momentum

01 S 2l JI2IIS DeA5Ho B S2 IS0l BES 20
Ko HE WK LES 8

L L SGD without momentum SGD with momentum
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» Adagrad
Adaptation = £ &= 0| Eot= &

St=0fl et 20| Hstoly) Xt M 415 = HictolE 2 st
I, € A= AL = el EH2 sts&2 SIHAIDI=

Al

SE2 Z4A
I8

s = W~ —amteadls
\?a/ L

XISDtXl oHE met0IEfDF S0t S =XIE 22 FXGHHA (Bse] MSE : sum

of gradient squares) StS&8s X &

Adagrad? B0, 850! Bt =HT 1 I2t0le Hatel M=l Gt feUE HX
HEH et50| 0H CIE XA &L



Adadelta
Adagrad 2| Ht& = Jjd et &
StE5E 24 2HE ol Z o]
A (window) = A= 00 OK H
JAHC = JI2)| M&E2 =80tk 210 =5S0] Ot OlsE A=
M= 2 HEI@EOI Ml = (EMAofqradlent squares)—l HE= At&E0t

clsS
|6 Ml &=l moving average & &< ALO]
A O

| =20 X
[ e e T = T — e Iy
A

-|O|:|

HESIsE2 822 K& (learning rate0| 13
E radient squares —
\‘1(1" — -v(l', | == { I vy, 4 ) }(],-)
/ l// W
Wi = W, — Y—= 1
OF aIfte ce . \Ef: t
WHi = vH;_1 + (1 — 7)(AW,)?

There is no learning rate in Adadelta.
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» RMSprop (Root Mean Square Propagation)

Geoff Hi tonO| Z 2[00l A X 2F3 J| &,
A= 0ls = AIE06tH 22 J=)|=S= BHEGI= O*DEI%

(R ()

| S22

*Adagradl| HE M QI St=5= JtsotH & [=955 24

*Adadelta?t CtZ2 Al learning rate=2 LIEtLH = [stepsize It EXH]

EMA of gradient squares —

N

‘1(:{ = 9 (l.f f - ( I 8 )(/;—)

1) i« -
E, : Yt
vV l/.  ualhl

x1|'| 'IE|-|I:|O-|EO| x1|'I'I(EMA of grqdlenf squoreS)

Wit = W,
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» Adam (Adaptive Moment Estimation)
Y 2ttotl) 20| AtEote 8= =2 optimizer = ofLE
§|_ jl BH
ctAl adaptiveot | Sfs&ES BHE

= momentum

Momentum 1} RMSprop= Z & &t £
1) Gradient square2l 3J| 0 Tt
2) 0| ™ Gradient & 2 0fl ol &t

Ja FI

Momentum—

\ .
EMA of gradient squares — ‘@ = Dimy=1 + (1 = 51)g
)= Fave—y + (1 — B2)g;

u'.l ”' \@’_,*.—( l 3 {'@
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HAp Op e D21ajo)
(o) O H (o)

x =10

learning_rate = 0.2
precision = 0.00001
max_iterations = 100

#EAS 8 glA =2 Hoetl].
lambda x: (x-3)**2 + 10

# _1HCIHES gl Holetlt, &4e =2 1t 0l=gt0|C}.
gradient = lambda x: 2*x-6

# _JcHCIHE 2otE

for i in range(max_iterations):
X = X - learning_rate * gradient(x)
print("E=& &g (", x, ")=", loss_func(x))

print("Zl 28t =", x)
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O=—x

..
k-
L

Ea S =al(7.199999999999999 )= 27.639999999999993
Ealeal(5.52 )= 16.350399999999997

=S ral(4.512 )= 12.286143999999998

E=a e =al(3.9071999999999996 )= 10.82301184

A e al(3.54432 )= 10.2962842624

J

( 3.0000000000000004 )= 10.0
.0000000000000004
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Pllab: 2°19 29110 Aper
0

from mpl_toolkits.mplot3d import axes3d
import matplotlib.pyplot as plt
import numpy as np

X = np.arange(-5, 5, 0.5)

y = np.arange(-5, 5, 0.5)

X, Y = np.meshgrid(x, y) # &1 EfA
Z = X**2 N**) # SO0 AL

fig = plt.figure(figsize=(6,6))
ax = fig.add_subplot(11l, projection='3d")

# 3XtE 2= E gich
ax.plot_surface(X, Y, 2)
plt.show()
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import matplotlib.pyplot as plt
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plt.show()
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dout; - 30ut 2 (target, —out,)’ =out; —target;

®.

6f(net) ~ /(net) /

Wi out; = out;

Ehu (Z} wy;outy) =

o =DX@XQ= (out; —target;) X ' (net;) X out;
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&ownr O} 12|20 40% HALOHEAL

net, = w; * out,, +wg * out,, + b,
=10.5%0.524979+0.6%0.549834 +0.3=0.89239

1 1
l_i_‘E_;_—netﬁf — 1+g_ﬂ'89239 = (.709383

outy =
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HAFOL IR AfQ
o OH 70

E 1 -
o ag—% = 2= E(targety—ﬂuty)z be(—1) = (out, —target,)

= (0.709383—0.00)=0.709383

@ Odoul
= J(out,) = out (1 —out,) = 0. —0. = (.
’ anety J'(out, (1 ,) = 0.709383%(1—0.709383) = 0.206158
E

- ® net, = wg * out, +wg * out,, +by* 1

onet,
== 1 out, +0+0=0.524979
wﬁ

oE  oE Oout, onet,

ow;  dout, onet, ow;
= ().709383%0.206158%0.524979=0.076775

oFE
ow-

w(t+1)=w.(t)+7* = 0.5—0.2%0.076775=0.484645




w.(t+1)=
we(t+1)=

b(t+1)=

w,(t)+7 = gi
0.583918
0.270750

oL|o| %20
AT 813

0|I:|- 6'-|K|'| OE|1|- 0-|U|-L XE:I'I'-O O ] II"I:IO'I:'-

L 8 76A

A AO| TTFAA|OF HFO|HHA
_>3B122| THEA|Q} HEO|ofA

= (0.5—0.2%0.076775=0.484645
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H70™" L 70 o

oL
ow,

w,(t+1)=0.2, w,(t+1)=0.3, w,(t+1)=04

w,(t+1)=w,(t)+7 * =0.10—0.2 * 0.0=0.10

OLB IOl (IO THAAIL HTEIR| Of ofcF OIF|e AR
H T HA
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b, (t+1)=0.096352, b,(t+1)=0.195656
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0 6128 181 g

E= {target—out,}= 30.00—0.699553 =0.244687
< A2 100008 FE

E= (target—out, = 3{0.00—0.005770) =0.000016
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OIS CIE%E MLP 91 (MLP2)

import numpy as np

#AN120/& &=
def actf(x):
return 1/(1+np.exp(-x))

#AN120/& &
def actf_deriv(x):
return x*(1-x)

=9 0I2X

#EE=Hl e, 2572 i+

inputs, hiddens, outputs = 2, 2, 1
learm’ng_rate=0.2

, EER%0 4

75] [0, 11, 1, 01, [1, 111)
, [01, [01, T11])

|—||—|
I—lv




W1 = np.array([[0.10,0.20], [0.30,0.40]])

W2 = np.array([[0.50],[0.60]])
B1 = np.array([0.1, 0.2])
B2 = np.array([0.3])

# o=dhel MIb A A

def predict(x):
layerO = x
Z1 = np.dot(layer0, W1)+B1
layer1 = actf(Z1)
Z2 = np.dot(layer1, W2)+B2
layer2 = actf(Z2)
return layerO, layer1, layer2
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# Harsk MIb H A
def fit():
global W1, W2, B1, B2 #<cle R0 o= He+5 BHHolOF etlt.
for i in range(90000): # 90t BF=2ot(}.
for x, y in zip(X, T): #ols ME=Z ofLi JHH L.
X = np.reshape(x, (1, -1)) #2XR HH2 OLECH D
y = np.reshape(y, (1, -1)) #2AE L2 BH=L
layerO, layer1, layer2 = predict(x) # =dhek ot
layer2_error = layer2-y # Xt H b
layer2_delta = layer2_error*actf_deriv(layer2) # =32 EEF A b
layer1_error = np.dot(layer2_delta, W2.T) #2952 X Ha @
layer1_delta = layer1_error*actf_deriv(layer1) # 2E S0 2EF HAM B
W2 += -learning_rate*np.dot(layer1.T, layer2_delta) # @
W1 += -learning_rate*np.dot(layer0.T, layer1_delta) #

(
(
B2 += -learning_rate*np.sum(layer2_delta, axis=0) # &
B1 += -learning_rate*np.sum(layer1_delta, axis=0) #




&exr oM} 79
1L L

def test():
for x, y in zip(X, T):
X = np.reshape(x, (1, -1))
layer0, layer1, layer2 = predict(x
print(x, y, layer2)

fit()
test()

[[0 0]] [1] [[0.99196032]]
[[0 1]] [0] [[0.00835708]]
[[1 0]] [0] [[0.00836107]]
[[1 17] [1] [[0.98974873]]
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A Neural Network Piayground
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DATA

Which dataset do
you want to use?

(]

Ratio of ¥aining 1o
teat data 50%
e

Noise: 0
e

Batch size: 10

—_—————

REGENERATE

x

Epoch Leaming rate Activation Regularlzation Regularizaton rate

000, 193 0.03 - Sigmoid v None v 0 v
FEATURES + = 2 HIDDEN LAYERS OUTPUT
Which proparties Test loss 0.002
do you want to Training loss 0 002
fesd in? = G ‘

X,

X,

. Click anyarese 10 edit
Weigntis -1.7.
A e ines
N s s the Ll

from one AeUToR.
Hover 10 508 X
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sinfX,

Colors shows
e dala, newon and
sin(X; weight valuas,
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& playground.tensorfiow.org/#activation=sigmoidabatchSize=108dataset=paussreDataset=reg-plane&leamingRate=0032r. & % M @ @ & :

=Y




=T~

AR
HZ

B A Neural Network Pl

ground X

<« C & playground.tensorflow.org/#activation=sig

cpoch

o ng rate il Ragularization Regularzaton rate Problem type
>
000,000 0.03 - Sigmod - None - 0 v Classffication -
0.0CC0O1
0.0001
0.001 .
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DATA

Which dataset do
you want to use?

(]

Ratio of ¥aining o
teat datn. 50%

—_—-

Noise: 0

Batch slze: 10
—_——————

REGENERATE

X

Epoch

000,000

FEATURES
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Learning rate

0.03 -

+ [ Linear

4 neurons
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#om one neuTon.
Hover o 260 ¥
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The outputs ave
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:) Epoch Learning rate Activation Regularizatior Regularization rate Problem type
2]
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DATA

Which dataset do
you want to use?

w
4

Ratio of training to
test data: 50%
_._

Noise: 20
—e

Batch size: 10

!=O|§'I|- EILl-BOI-KI[

CF

Epoch

000,000

FEATURES

Which properties
do you want to
feed in?

XX,

sin(X,)

sin(X;)

Leamning rate

Activation

0.03 - Tanh -

4+ -

+
|

4 neurons

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

Regularization

MNone

2 HIDDEN LAYERS

+ -

2 neurons

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

Regularization rate

OUTPUT

Test loss 0.504
Training loss 0.514

& playground.tensorflow.org/#activation=tanh&batchSize="10&dataset=gauss&regDataset=reg-plane&learningRate=0.03&regularizationRate=0&n... & ¢ g N ‘ H
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Epoch Leaming rate Aclivation Reqularization Regularization rate Problem type
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Batch aize
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REGENERATE

weight values
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