[(A&dA 21-2][£!]

ReLU = lambda u: (u>0)*u
dReLU = lambda u: u>0

soft = lambda u: np.exp(u)/np.sum(np.exp(u))
dsoft = lambda u: np.diag((soft(u).T)[0])-soft(u)@soft(u).T

np.random.seed (1)
L, M= 10, 4

bi,
b2,

Wl = np.random.rand(L,1), np.random.rand(L,2)
W2 = np.random.rand(M,1), np.random.rand(M,L)

MaxIter = 10000
alpha = 1.0

ns

= MaxIter/10

35 print('n={:5d}'.format(0))

36 for m in range(MaxIter):

37 gradbl, gradWl = np.zeros((L,1)), np.zeros((L,2))
38 gradb2, gradW2 = np.zeros((M,1)), np.zeros((M,L))

for i in range(N):
ti = t[:,i:i+1]
xi = x[:,i:i+1]
uh = bl + W10xi
zi = ReLU(uh)
ui = b2 + W20zi

dEdu = dsoft(ui)@(soft(ui)-ti)

gradb2 += 1/N*dEdu
gradW2 += 1/N*dEdu@zi.T

dEduh = dReLU(uh)*(W2.T@dEdu)

gradbl += 1/N*dEduh
gradWl += 1/N*dEquh@xi.T

bl, W1 = bl-alpha*gradbl, Wl-alpha*gradWl
b2, W2 = b2-alpha*gradb2, W2-alpha*gradW2

Eval = 0.0

for i in range(N):
ti = t[:,i:i+1]
xi = x[:,i:i+1]
uh = bl + Wi@xi
zi = ReLU(uh)

b2 + W20zi

ui

Eval += 0.5/N*np.sum((soft(ui)-ti)**2)

if (n+1)%ns ==

print ('n={:5d}, Eval={:.4f}'.format(n+1,Eval))
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n= 1000, Eval=0.0212
n= 2000, Eval=0.0121
n= 3000, Eval=0.0067
n= 4000, Eval=0.0041
n= 5000, Eval=0.0028
n= 6000, Eval=0.0021
n= 7000, Eval=0.0016
n= 8000, Eval=0.0013
n= 9000, Eval=0.0010
n=10000, Eval=0.0009
x1 = np.linspace(-1, 1)
x2 = np.linspace(-1, 1)

xx1, xx2 = np.meshgrid(xl, x2)

uuh = [0 for 1 in range(L)]
for 1 in range(L):
uuh[1] = b1[1,0] + W1[1,0]*xx1 + W1[1l,1]*xx2

uu = [0 for k in range(M)]
for k in range(M):
uulk] = b2[k,0]
for 1 in range(L):
uulk] += W2[k,1]*ReLU(uuh[1])

sigma = 0
for k in range(M):
sigma += np.exp(uulk])

yy = [0 for j in range(M)]
for j in range(M):
yy[j1 = np.exp(uuljl)/sigma
fig = plt.figure()
ax = plt.axes()
gcmap = plt.colormaps.get_cmap('rainbow')
ax.scatter(x[0,:], x[1,:], c=t[1,:]1+2%t[2,:1+3*t[3,:], cmap=gcmap)
for j in range(M):

ax.contour(xx1, xx2, yy[jl, [0.5])

ax.contourf (xx1, xx2, yy[jl, [0.5,1.0], colors=[gcmap(j/(M-1))]1, alpha=0.3)

ax.set_aspect('equal')
plt.show()
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