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A4 HECARZITHITES
—ROXZEDELEHT 5 &, AJNTEWVE DA
8N ~ WAT Oy wOT gy o w BT ) §1)

D&, HiE L EATH e EH LB OBz R AICHNTIEbE LB T (~ &
'BBXZZ0OE) OEKT, () 7o LTH2DET) . 6.1HOMEV Ay
T —=21%, IRTOITHIDITIFIDGAETTS.

f#3%B Python 2—F (S 4 75V DA)
AXOFEEHET 2707 0 TT. A7 4 77 V1 #HHF, Python 3 OREERKRE T
TEHEVWTHD £79.

B.1 RAPRIETIAIC X 5 XOR D8 (G440)

#2-2-1 Oy bT—UT XR BT 2 FRETGEL
import math, random

X = [(0) O)> (07 1)7 (l: 0); (17 l)]
Y =1[0, 1, 1, 0]

def sigmoid(z):
return 1.0 / (1.0 + math.exp(-z))

def train(seed, eta=1.0, epochs=5000, log=()):
random. seed(seed)

H=2 #Bhizwv b
Wl = [[random uniform(-1, 1) for _ in range(2)] for _ in range(H)]
bl = [0.0] *

W2 = [random.unlform(—l, 1) for _ in range(H)]

b2 = 0.0

history = []

for ep in range(epochs + 1):
# g%z 0 IC¥IHATE
gWl = [[0.0, 0.0] for _ in range(H)]; gbl = [0.0] * H
g2 = [0.0] * H; gh2 = 0.0; L = 0.0
for x, y in zip(X, Y):
# --- IBGHE ---
z1 = [W1[k][0]*x[0] + W1[k][1]*x[1] + b1l[k] for k in range(H)]
h = [sigmoid(z) for z in z1]
z2 = sum(W2[k]*h[k] for k in range(H)) + b2
p = sigmoid(z2)
L += -(y*math. log(p) + (1-y)*math. log(1-p))

# --- YR ---

d2=p-y #06(2) = oL/oz2

for k in range(H):
gW2[k] += d2 * h[k] # oL/oW2_k = &(2) h_k
dl = W2[K] * d2 * h[k] * (1 - h[K]) # §(1)_k = W2_k 8(2) o'(z1_K)
gWi[k][0] += d1 * x[0] # OL/OWl_kj = 6(1)_k x_j
gWifk][1 ] += dl * x[1]
gb1[k] +

13



gh2 += d2
history.append(L)
if epin log:

print(f" epoch {ep:5d}: Loss = {L:.4f}")
# --- DEET ---
for k in range(H):

W2[k] -= eta * gW2[k]

b1i[k] -= eta * ghl[k]

for j in range(2):

WL[K][j] -= eta * gWi[K][j]
b2 -= eta * gh2
return (W1, bl, W2, b2), history

def predict(params, x):
W1, bl, W2, b2 = params
h = [sigmoid(WL[k][0]*x[0] + W1[k][1]*x[1] + bl[k]) for k in range(len(bl))]
return sigmoid(sum(W2[k]*h[k] for k in range(len(bl))) + b2), h
if __name__ =="__main__
for seed in (1, 9):
print(f"seed = {seed}")
params, hist = train(seed, log=(0, 100, 500, 1000, 2000, 5000))
for x in X:
p, h = predict(params, x)
print(f" AJ1 {x} = H7 {p:.3f} BEBNE ({h[0]:.2f}, {h[1]:.2f})")

FATRER (seed 1 DAL DAIHE A, seed 9 H3FIHfE B)

seed = 1
epoch 0: Loss = 2.7741
epoch  100: Loss = 2.7721
epoch  500: Loss = 0.0746
epoch 1000: Loss = 0.0239
epoch 2000: Loss .0100
epoch 5000: Loss = 0.0036

1
O O O O O O© © O N N

A (0, 0) — HF7 0.001 BENE (0.99, 0.99)
A7 (0, 1) = H7570.999 [ENE (1.00, 0.01)
AN (1, 0) » H770.999 RENE (0.01, 1.00)
AB (1, 1) — HF7 0.001  BEHE (0.99, 0.99)
seed = 9
epoch 0: Loss = 2.8736
epoch  100: Loss = 2.1686
epoch  500: Loss = 1.4020
epoch 1000: Loss = 1.3928
epoch 2000: Loss = 1.3892
epoch 5000: Loss = 1.3874
A7 (0, 0) — H77 0.000 PE+/E (0.86, 0.05)
AA (0, 1) = HA 1.000 FENE (0.02, 0.86)
A7 (1, 0) — H77 0.500 B2+ (0.00, 0.00)
AN (1, 1) » H7 0.500 BEHUE (0.00, 0.00)

B.2 &iLF = v 7 (3.450)

# WCHETKRO AR E, BEMD CLUXRTEI DS (AERFT YD)
import math, random
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X =[(0, 0), (0, 1), (1, 0), (1, 1)]
Y=10, 1, 1, 0]
sig = lambda z: 1.0 / (1.0 + math.exp(-z))

#INTA—REIERDIRMZIFEHS: WL(4E), b1(2{E), W2(21&), b2(1f@E)
random.seed(1)

theta = [random.uniform(-1, 1) for _ in range(9)]

def unpack(t):
return [[t[0], t[1]], [t[2], t[3]1], t[4:6], t[6:8], t[8]

def loss(t):

W1, bl, W2, b2 = unpack(t)

L=0.0

for x, y in zip(X, Y):
h = [sig(W1[k][0]*x[0] + W1[k][1]*x[1] + b1l[k]) for k in range(2)]
p = sig(W2[0]*h[0] + W2[1]*h[1] + b2)
L += -(y*math. log(p) + (1-y)*math. log(1-p))

return L

def backprop(t):
W1, bl, W2, b2 = unpack(t)
g =1[0.0] *9
for x, y in zip(X, Y):
h = [sig(WL[k][0]*x[0] + W1[k][1]*x[1] + bl[k]) for k in range(2)]
p = sig(W2[0]*h[0] + W2[1]*h[1] + b2)
2=p-y
for k in range(2):
dl = W2[k] * d2 * h[k] * (1 - h[k])
g[2*k] += d1 * x[0]; g[2*k+1] += d1 * x[1]; g[4+k] += d1
gl6+k] += d2 * h[k]
gl8] += d2
return g

def numerical(t, eps=le-5):
g=1I
for i in range(len(t)):
tp = t[:1; tp[i] += eps
tm = t[:]; tm[i] -= eps
g.append((loss(tp) - loss(tm)) / (2 * eps)) # HLESD
return g

names = ["W1_11", "W1_12", "W1_21", "W1_22", "b1_1", "b1.2", "W2_1", "W2_2", "b2"]
for n, a, b in zip(names, backprop(theta), numerical(theta)):
print(f"{n:6s} F=E {a:+.8f} EEMS {b:+.8f} = {abs(a-b):.le}")
FATHER
W1_11 EfSHE -0.00844318 HfEMMS -0.00844318 =& 1.4e-12
W1_12 BHE -0.00983020 #fEMS -0.00983020 2= 2.1le-11
W1 21 g -0.02303636  EKEMMS -0.02303636 2= 1.6e-11
W122 EfFE -0.02104372  FfBEfS -0.02104372  Z 9.9e-12
bl1  EHE -0.01830691 HUEMS -0.01830691 #= 6.8e-12
bl 2  IEIE -0.04426312 HUfEMS -0.04426312 7= 1.9e-11
W2_1  ESHE -0.19033744  F{EMS -0.19033744 ZE 9.2e-12
W22 ¥R -0.18284084  FfEf5> -0.18284084 ZE 1.4e-12
b2 WRIE -0.38068435  HfEMS -0.38068435 ZE 1.le-11
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