[=A!]

phi = lambda u: 1/(i+np.exp(-u))
dphi = lambda u: np.exp(-u)/(1+np.exp(-u))**2

soft = lambda u: np.exp(u)/np.sum(np.exp(u),axis=1).reshape(-1,1)

L=7

np.random.seed (1)

bl, W1 = 2#np.random.rand(L)-1, 2*np.random.rand(2,L)-1
b2, W2 = 2*np.random.rand(3)-1, 2#*np.random.rand(L,3)-1

MaxEpoch = 1000

alpha = 0.

01

rhol, rho2, delta = 0.9, 0.999, 1le-7
ns = MaxEpoch/10

sbl, sWi =
sb2, sW2 =

rbl, rWil =
rb2, rW2 =

np
np.

np.
np.

.zeros(L), np.zeros((2,L))

zeros(3), np.zeros((L,3))

zeros(L), np.zeros((2,L))
zeros(3), np.zeros((L,3))

print ('n={:4d}'.format(0))
for n in range(MaxEpoch):
uh = bl + xxQ@W1
zz = phi(uh)
uu = b2 + zz@W2
yy = soft(uu)

temp = np.reshape(np.sun((yy-tt)*yy,axis=1),(-1,1))

dEdu2 = (yy-tt)*yy - tempxyy
gradb2 = 1/N*np.sum(dEdu2,axis=0)
gradW2 = 1/N*zz.T@dEdu2

dEdu1l
gradbil
gradWl

sbl, s
sb2, s

rbl, r
rb2, r

hsbi,
hsb2,

hrbi,
hrb2,

= (d
s i
=1

Wl =
W2 =

Wl =
w2 =

hsWi
hsW2

hrWi
hrw2

Edu2@W2.T) *dphi (uh)
/N*np . sum(dEdul,axis=0)
/Nxxx.T@JEdul

rhol*sbi+(1-rhol)*gradbl, rhol*sWi+(l-rhol)*gradWl
rhol*sb2+(1-rhol)*gradb2, rhol*sW2+(1-rhol)*gradW2

rho2*rbl+(1-rho2)*gradbl**2, rho2*rWi+(1-rho2)*gradwil**2
rho2*rb2+(1-rho2) *gradb2+*2, rho2*rW2+(1-rho2)*gradw2+*2

= sb1/(1-rhol**(n+1)), sW1/(1-rhol**(n+1))
= sb2/(1-rhol**(n+1)), sW2/(1-rholx*(n+1))

= rb1/(1-rho2*x(n+1)), rWi/(1-rho2**(n+1))
= rb2/(1-rho2**(n+1)), rW2/(1-rho2**(n+1))

bl = bl - alpha/(delta+np.sqrt(hrbl))x*hsbl

Wi

W1 - alpha/(delta+np.sqrt(hrW1))*hsWi

b2 = b2 - alpha/(delta+np.sqrt(hrb2))*hsb2



W2 = W2 - alpha/(delta+np.sqrt(hrW2))*hsW2
uh = bl + xx@W1

uu = b2 + phi(uh)QW2

yy = soft(uu)

Eval = 0.5/N*np.sum((yy-tt)**2)

acc

np.sum(np.argnax(yy,axis=1)==np.argmax (tt,axis=1))/N*100

if (n+1)Yns ==

print ('n={:4d}, Eval={:.4f}, Acc={:5.1f}),' .format(n+1,Eval,acc))

n= 0

n= 100, Eval=0.2085, Acc= 63.0%

n= 200, Eval=0.1882, Acc= 72.0%

n= 300, Eval=0.1523, Acc= 78.0%

n= 400, Eval=0.0870, Acc= 92.0%

n= 500, Eval=0.0604, Acc= 94.0%

n= 600, Eval=0.0450, Acc= 97.0%

n= 700, Eval=0.0324, Acc=100.0%

n= 800, Eval=0.0235, Acc=100.0%

n= 900, Eval=0.0177, Acc=100.0%

n=1000, Eval=0.0141, Acc=100.0%

xx1, xx2 = np.meshgrid(np.linspace(-1,1), np.linspace(-1,1))
XX = np.column_stack((xx1l.reshape(-1),xx2.reshape(-1)))
UH = bl + XX@W1

UU = b2 + phi(UH)@W2

YY = soft(UU)

yy = [YY[:,j].reshape(xxl.shape) for j in range(3)]

fig = plt.figure()
ax = plt.axes()
gcmap = plt.colormaps.get_cmap('brg')
ax.scatter(xx[:,0], xx[:,1], c=labels, cmap=gcmap)
for j in range(3):
ax.contour(xxl, xx2, yy[jl, [0.5])
ax.contourf (xx1, xx2, yy[jl, [0.5,1.0], colors=[gcmap(j/2)], alpha=0.3)

ax.set_aspect('equal')

plt.show()
1.00 A I i % e
0.75 :. ° e ® o °
°
0.50 ° % * o
0.25 o ° - . . ) LTS
L]
0,00 O 4 o o ®
L] ° () [ ] Y o
-0.25 0’ o .
o se ') o [ ©
050 °® @ ° ¢ °
° ® ’.
~0.75 o o ®
° ®e
-1.0 o® e L hd

.00
-1.00 -0.75 -0.50 —0.25 0.00 0.25 0.50 0.75 1.00




