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O s 2el® A Aol of3

S 9ttt 7 ARt w 7t AF £40] G vlxE HAo) o UAZ ek, o 2 uEg)a
I F7 2342 WAL stel 2 oA Snich gz oAl

shel ojz=ietn
|3, R Y E

oM =5 A" myeix|ekal o= 2} ALE o=,
£4 7127), Yulo|E9] £3H2 W o3 Bt uhE st

o] Mg}5 4|4 OE B o w2 shube] A E ofAlof tigh of|So] & GAEE o|gA F
A=A FAsh= 2ol thA] A7F 140 g, A1 7.0 cm o] HH FAIF 230%] Q] S A
7313, B 12 7}”4 At Hoj Eoh o] 52 4 A A7t ot MiAYUES A5t

Sl o2 o]ct.

I 22 2o cfat WEY ol Zo] Wsks 7He of. w4 Pulo|ES st
2ol 22E Zelo] BE gy AXshe P20 seln,
AZI %y E8E =g

1 0.86 0.37 AFatt
5 0.71 0.25 At
10 0.55 0.15 At
20 0.31 0.05 232X

40 0.09 0.004 27

st 27]ol= Z2jo] 1 of 7l7kg] U e AE At BRat) uiEsst 2ERA o
FAIAL, SR QAL 0.5 2 do] SulE 22jat Hrk of Bl A Make AL 7t e |
o] Zxjoln] UES)Z T2 AAE 1450} k.
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sl elolgol A £42 Folt 2 A7 HF 2Ae ofch §8% UEYIL ns =
o AHEIA] 2 ol Ao E E2 5L sof G}, o] e Autsela gty melo] B 4
o AR EAJoll AU A @A A loleol A o] LAt 42 shAgolet St ©

Z3 WAL vlolEE Bt W, AF YT, HIAE AFOR Ut F 9} Bk o4 Y
2 nj7iui4 20, A= WFe mel A Fof Alelo], Bl AE Wk HF Wotol ALt o

gistel mdl W@rtol s A= Faceli 5 [2] 2+ Goodfellow, Bengio, Courville [3] ol & ZpAl|gE =2
2t i

ol

8. 5o 4] Python &2

o4 A& MY e TR R STk BAHL MG AFY ol Hefel S AgHHE Zo]
ofja}, B =Boll A Hre 48t ALS wumpy 2 A FASIE Aolth 1], o F3| MY At
Aot o4, £4 A, Saat, Zabshaol SEe o gl LetbeA) 3 24 Hld 4 otk
o M52 9t HF oAS sl A A5 Yol o e Jolo] LE I vlole WL A
84ttt 2el7 54l oys] 13 thelo) Ak AlEN|E Tele] A F 74X Rol x|k, o] o]
64 749 o1 oA S Wre) We ool mixIski, 7= 8 A o) AE AP g HAER YA
Sob. dloE: FAol N Abakel QN = BlA U H ol A ke Mglol FAR Eak BE A
o £40] Q1B Al FAlol Zejx] srowlA vl A% AA AV =S PRt

7151814 ofo|tloli tasttt. A A\ E W] 71 T4 AL, 1 T4 %o £ s
20§02 AlEtE, ool £ o] o] B Yo oalx S wAshct. Akt 4§ BEof
e AREA A5 S 2715l BEo| B e elo] ML gitt. 1 At oo dglurt =
355 oA} Qof it} Aol o B Qo ARl £xain], 448 A% AAE AHmct st

e FEi7 "ok

of BhA|E} A4 AFolAE SYZS 12 /9] ReLU £ 02 B3IT) o= 2 Mo A uje A
4 722 uprx) o83 o 2ot 442 Belshs HESID] 5213 718 Rolt 4] RHio] B
8 UES|a7t 13 ) mAESE 7P ) BIsl, o171 49 709 £ 7HSS oA 42 Ahalck,

A =235 a3t 2

import numpy as np

import matplotlib.pyplot as plt

from matplotlib.lines import Line2D
plt.rcParams["font.family"] = "Noto Sans CJK KR"

relu(s):
return np.maximum(O, s)

relu_derivative(s):
return (s > 0).astype(float)

sigmoid(s):

13
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return 1 / (1 + np.exp(-s))
base_boundary (m) : return 6.68 + 0.74*np.exp(-((m-155)/20)**2) \
+ 1.50/(1 + np.exp(-(m-202)/5))

build_data():
masses_1 = np.linspace(118, 212, 16)
masses_2 = masses_1 + np.array([

,0.8,-1.3,1.0,-0.8,1. 0,
7

=il il il il
,-0.9,0.9,-1.2,1.0,-1.0,0.8,-0.

1.2,
1.3
D

k = np.arange(16)

al = np.column_stack([

masses_1,

base_boundary(masses_1) + 0.22 + 0.05+%np.sin(0.8%k)
D
a2 = np.column_stack([

masses_2,

base_boundary (masses_2) 0.58 + 0.06*np.cos(0.45%k)
D

ol = np.column_stack([

masses_1,

base_boundary (masses_1) (0.22 + 0.04#*np.cos(0.7%k))
i)
02 = np.column_stack([

masses_2,

base_boundary (masses_2) (0.55 + 0.05*np.sin(0.5%k))
D

X_train = np.vstack([al, a2, ol, o02])
y_train = np.array([1.0]*32 + [0.0]*32)

X_test = np.array([
[121.0, 7.20], [135.0, 7.45],
[162.0, 7.75], [171.0, 7.32],
[121.0, 6.28], [152.0, 6.86],
[189.0, 6.48], [208.0, 7.55]
1D
y_test = np.array([1,1,1,1,0,0,0,0], dtype=float)

return X_train, y_train, X_test, y_test

predict(X, mean, std, Wi, bl, W2, b2):
Xn = (X - mean) / std
outputs = []
for x in Xn:
h = relu(Wl @ x + bl)
y_hat = sigmoid(W2 @ h + b2)
outputs.append(y_hat)
return np.array(outputs)

X_train, y_train, X_test, y_test = build_data()
mean = X_train.mean(axis=0)

std = X_train.std(axis=0)
Xn = (X_train - mean) / std
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rng = np.random.default_rng(42)W1l = 0.1 * rng.standard_normal((12, 2))
bl = np.zeros(12)

W2 = 0.1 * rng.standard_normal(12)

b2 = 0.0

eta = 0.05

n_epochs = 6000

history = []

for epoch in range(n_epochs):
for i in rng.permutation(len(Xn)):
x = Xn[i]
target = y_train[i]

zl =Wl @ x + bl

h = relu(zl)

z2 = W2 @ h + b2
y_hat = sigmoid(z2)

delta2 = (y_hat - target) * y_hat * (1 - y_hat)
dW2 = delta2 * h

db2 = delta2

deltal = (delta2 * W2) * relu_derivative(zl)
dWl = np.outer(deltal, x)

dbl = deltal

Wl -= eta dwi
bl eta db1
W2 -= eta dw2
b2 -= eta db2

errors = []
for x, target in zip(Xn, y_train):
h = relu(Wl @ x + bl)
y_hat = sigmoid(W2 @ h + b2)
errors.append(0.5 * (target - y_hat)*x2)
history.append(np.mean(errors))

def make_figure():
masses = np.linspace(116, 214, 500)
diameters = np.linspace(6.0, 8.85, 500)
M, D = np.meshgrid(masses, diameters)
grid = np.column_stack([M.ravel(), D.ravel()])
P = predict(grid, mean, std, Wi, bl, W2, b2).reshape(M.shape)

fig, ax = plt.subplots(figsize=(9.2, 6.3))
ax.contourf (
M, D, P,
levels=[0.0, 0.25, 0.50, 0.75, 1.0,
colors=["#£f3e0cb", "#ecdbc4", "#dbeT7cf", "#cde3bf"],
alpha=0.95
)
ax.contour (M, D, P, levels=[0.5],
colors=["#5al1a8a"], linewidths=2.2)

mask = y_train == 1.0

ax.scatter(X_train[mask,0], X_train[mask,1], marker="o",
s=48, facecolors="white", edgecolors="black",
linewidths=1.1, label="Alu} - 3t&m)




mask = y_train == 0.0

ax.scatter(X_train[mask,0], X_train[mask,1], marker="s",

", edgecolors="black",
linewidths=1.1, label="22#IX| -

mask = y_test == 1.0

ax.scatter (X_test[mask,0], X_test[mask,1], marker=""",
s=92, color="#1f77b4", label="Aft1} - E|AE")

mask = y_test == 0.0

ax.scatter(X_test[mask,0], X_test[mask,1], marker="x",
s=110, color="#ff7f0e", linewidths=2.0,
label="2X| - HAEM")

ax.set_xlabel ("EZF (g)")
ax.set_ylabel ("XA|§ (cm)"

ax.set_title("Sts =

handles = [

Line2D([0], [0], marker='o', markersize=9,
markerfacecolor='white', markeredgecolor='black',
linestyle='None', label='AlZ} - SI&'),

Line2D([0], [0], marker='s', markersize=9,
markerfacecolor='white', markeredgecolor='black',
linestyle='None', label='2#IX| - 3t&5'),

Line2D([0], [0], marker='""', markersize=9, color='#1f77b4',
linestyle='None', label='AtZ} - EHAE"),

Line2D([0], [0], marker='x', markersize=10, color='#ff7f0e',
linestyle='None', label='2HIX| - HAE"),

Line2D([0], [0], color='#5ala8a', lw=2.2,
label="MZAZO| AW ZHA')

1
ax.legend(handles=handles, loc='center left',
bbox_to_anchor=(1.02, 0.5), frameon=True)

fig.tight_layout ()
plt.show()
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s=48, facecolors="white
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delta2 = (y_hat - target) * y_hat * (1 - y_hat)
o] Ueh}a, eYzorel duts
deltal = (delta2 * W2) * relu_derivative(zl)

o Uehdth 1@l the BE 7pE Aok Wake NS 7t oL A0l A ofle] £4E AT BEu}
o ol 42 A SR of Rl 7Rl BE A AAteldHe) o ooltt

o 7|4 A& W4 AlEg} sho|mutetul oA L HE HF £Al0] HhEF 107 o)A 10 FE7}
=)0, 64 710] B4 oAt 8 7o) AWR HAE oA BE Jtig HrE Qdir) 12 o2
Ay

AU SAZ A5 B AL o Bk clolEl Fdoln] 1% Z o] 9| TR

2ae AUAA esh e Aol e Tel BHd uaY 24 A4S e 4 9l

22 Ho| 7 Zlolt}.

29 72 e ¥ A3 T2 322 WY A§ YW Bo] £rf. BE AxHe BN 3

28 F4e 05 FIMOR YEND} orgE 44 A0S YERi, Mo A3 gele
YA} SIS F FehaE Ho] FU UL & AT AL 48 oA, AR o
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