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hD(x) = g ((Q(l))Tx)
h(z)(x) =g ((9(2))Tx)
« RO = g ((69)x)

8 Ao 0dls gasaws O

y = arg max h(9 (x)
c
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h(l)(x) =g ((g(l))Tx)

0 =g ()"

h®(x) = g ((3(3>)Tx)
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y = arg max h(9 (x)
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def predict (W, b, X):
scores = X @ W + Db

return np.argmax (scores, axis=1)
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def predict (W, b, X):
scores = X @ W + Db

return np.argmax (scores, axis=1)
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def predict (W, b, X):

scores = X @ W + Db

64
return np.argmax(scores, axis=1)

1RV - (5015) }ob 33w — uoc (saasud - paibls HSsL



64

GAncigy xslaiws Mia Gsina) goun)S)

b $59/9 /oy caoluiv duwlon
pd
9> WW 4 bgp sl ual b

def predict (W, b, X):
scores = X @ W + Db

return np.argmax (scores, axis=1)
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def predict (W, b, X):
scores = X @ W + Db

return np.argmax (scores, axis=1)
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p = softmax(X @ W + b)

64
S
. ek .
(D) = _ @D
softmax (s )k =S5 = Pk
J=1
bl Y=k oM 4 xD csg,5 00l sl Jlazs!
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9,598 5 . 1
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def softmax loss(scores, y):

(x®, y®)

# softmax loss Iimplementation. ¢
# vy 1s encoded as a one-hot vector. L; = z — Vi logpk — —logpy(i)
p = softmax (scores) k=1

return —np.sum(y * np.log(p))

3.2 0.13 1.0

5.1 softmax 0.87 <Zross Entropy> 0.0 /_‘
-1.7 0.0 0.0
scores p y

X RS LS,LQ.,)L’
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Lw,b) == (~logp,w) + Wl
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— 1 N | esy(i) 2
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- y
4 N I
aL; dL; apy(i) dSp dL; d0L; apy(i) 0sy,
dw (k) op,»  Osy  ow® gw ® 0P, ds,  ow®
( 1 ) (1-py) x® ( 1 ) (—pi) x®
O - X =\~ P,oO\—Pk) x
Py Pick > = P pPyw) 7 *

— (pk _ 1)x(l) _ () = (pk)x(i) (D)
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« D
h = f(Wyx + by) [“%YPW‘M}

KS — th‘l‘bz

/h1=f(W1x + by) [“%ywwﬁw

h, = f(Wyhy + by)

%

G = W3h2 + b3 j
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hl
h2

‘))J.u._x.g ) U033 S)washy ;¢ 0c sl aSun

lambda x: 1.0 /

np.random.randn (3,

f(Wl @ x + Dbl)
f (W2 @ hl + b2)

W3 @ h2 + b3

(1.0 + np.exp(—-x))

h h;

Oc—C
</ < s
OO
RSO <@V
NN

# activation function (sigmoid)

1) # random input vector (3x1)

# first hidden layer activations (4x1)
# second hidden layer activations (4x1)

# scores (1x1)



4 neurons 2 neurons

| ---.-_—_-----------—-—-- EEEEEEE.
4

X12 \
mixed with varying
weights, shown by
the thickness of

= gt
_ the lines.
X1X2 (

sin(X1)

This is the output
from one neuron.
Hover to see it 5 5 4 3 2 4 ¢ 1 2 3 4 5 &
larger.

Colors shows

. data, neuron and J ! l
sin(X2) 1 0 1

weight values.

https://playground.tensorflow.org
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1.0~

0.8 -

0.6 -

0.4 -

0.2 -

0.0

A gaSpn

Sigmoid Function

olx)=1/(1+e7%)

1.0 -

0.5 -

0.0 -

S ymle Colib

ITanh lemction .

Oullezs @lgs

RelLU

. Rectifying Linear Unit (ReLU)

max (0, x)
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impulses carried

toward cell body
branches

of axon

dendrites

axon

nucleus terminals

impulses carried
away from cell body

# assume w and x are 1d numpy arrays

net_input = np.sum(w * x) + b # weighted sum of inputs
output = 1.0 / (1.0 + np.exp(-net_input)) # sigmoid function
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T s
# receive wl, w2, bl, b2 (weights/biases), X (data)

# forward pass:

h = #... function of X, wl, bl
scores = #... function of h, w2, b2
loss = #... (several 1lines of code to evaluate Softmax 1loss)

# backward pass:

dscores = #... dL/dscores
dh, dw2, db2 = #... dr/dh, drL/dw2, dl1/db2 X wi |h o S
dwl, dbl = #... dL/dwl, drL/dbl

1RV - (5015) }ob 33w — uoc (saasud - paibls HSsL



S
il ol jleas Kilgl co mas aSULL SO0 b el )b olaws O
Il St Swd Gygo s o il slad Lol 5 a4y b o alal) i O
s 4 Slawle BI5 SO Job jo (iS5L Oygo 4 (g 0aeld o )5 a4 Ll O
|)w¢9)umm99bm9)umwu|of,@c\f@‘ﬁjbu&G:L.wbu;s\)flj
QS oo & slwoolo

LSS dmle (6l 5L 9590 (Sle polie 0,255 5 Joo SG sl e gl 4 9y Slwlxe O
Lo 609,59 40 Cannd diy 3 2l Lol S dcwlxe jolaie 4 (6 o) 0acld 5l oolainl .cdie 4 9y Olawlxo O

1PV = (5015) pob 33w - (uac slaasul - pabls (s)3sk



“-‘9)-‘-“-.‘.-2




Sy (5)lwaisg)
O .,

from scipy.optimize import minimize

minimize(J, x0, args=(X train, y train), method=‘CG’, Jjac=True)

Al oy SO O a4 b Lol S g b el

M<om!$ 0@ i

c S
=1 ]:18 J

1 [—m o Sy(®
L=— z _log N+ A2
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W(l) e RFxH

W(Z) = RHXC
\

N
bV e RHE

b2 e RC
Y,

B9s yY
S99 YV

s 4
F=784 H=20 (=10

oW

W = np.concatenate((Wl.ravel(), bl, W2.ravel (), b2), axis=0)
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A %
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s Y
F=784 H=20 (=10

) dw

dW = np.concatenate((dWl.ravel(), dbl, dW2.ravel(), db2), axis=0)
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W(l) = RFXH b(l) = ]RH

mow

W(Z) = RHXC b(Z) = RC
- J

A29s ©Y
Sr9/9 4V Wl = np.reshape(W[: F * H], (F, H))
e Y bl = W[F * H: (F + 1) * H]
F =784 H =20 C =10 _
W2 = # ... get W2 and reshape it
b2 = # ... get b2
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A
# create and init parameters W1, W2

Wl = np.random.randn(F, H) * 0.001
W2 = np.random.randn(H, C) * 0.001

bl
b2 = np.zeros((C,))

np.zeros((H,))

DS has W jls a0l b® 9 w® S 1oy g b s ylo O

W = np.concatenate((Wl.ravel(), bl, W2.ravel(), b2), axis=0)
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result = minimize (J, x0=W, args=(X train, y train), method='CG’, jac=True)

1S 0> py Do |y byl lade (gilwdigy ) O
W = result.x
aS e Wols 511, b g W Gl ls 1y g s s 5o O

Wl = np.reshape(W[: F * H], (F, H))

bl = W[F * H: (F + 1) * H]
W2 = # ... get W2 and reshape it
b2 = # ... get b2
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w W+ h aw
0.34 0.34 + 0.0001 ?
-1.11 -1.11 ?
0.78 0.78 ?
0.12 0.12 ?
0.55 0.55 ?
2.81 2.81 7
-3.10 -3.10 ?
-1.50 -1.50 ?
0.33 0.33 ?
Loss 1.25347 Loss 1.25322
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w

0.34
-1.11
0.78
0.12
0.55
2.81
-3.10
-1.50
0.33

Loss 1.25347

W+ h

0.34
-1.11
0.78
0.12
0.55
2.81
-3.10
-1.50
0.33

Loss 1.25322

(BB ($33C O10AT

+ 0.0001

aw

-2.50

?
?
?

(1.25322 - 1.25347) / 0.0001
= -2.5

df(z)
dx

m
h —0

f(z+h) - f(z)
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0.34 0.34 -2.50
-1.11 -1.11 + 0.0001 ?
0.78 0.78 ?
0.12 0.12 ?
0.55 0.55 ?
2.81 2.81 7
-3.10 -3.10 ?
-1.50 -1.50 ?
0.33 0.33 ?
Loss 1.25347 Loss 1.25353
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0.34
-1.11
0.78
0.12
0.55
2.81
-3.10
-1.50
0.33

Loss 1.25347

W+ h

0.34
-1.11
0.78
0.12
0.55
2.81
-3.10
-1.50
0.33

Loss 1.25353

(BB ($33C O10AT

+ 0.0001

aw

-2.50

0.60

N

(1.25353 - 1.25347) / 0.0001

= 0.6
df(@) _ . flz+h)— fa)
dx h —0 h
?

1PV = (5015) pob 33w - (uac slaasul - pabls (s)3sk



LSS ($33c (384T
T e

w W+ h aw
0.34 0.34 -2.50
-1.11 -1.11 0.60
0.78 0.78 + 0.0001 7
0.12 0.12 ?
0.55 0.55 ?
2.81 2.81 7
-3.10 -3.10 ?
-1.50 -1.50 ?
0.33 0.33 ?
Loss 1.25347 Loss 1.25347
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w

0.34
-1.11
0.78
0.12
0.55
2.81
-3.10
-1.50
0.33

Loss 1.25347

W+ h

0.
-1.

0.
.12
.55
.81
.10
.50
.33

o

Loss 1.25347

34
11
/8
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s 4.

+ 0.0001

aw

-2.50

0.60
0.00

2

(1.25347 - 1.25347) / 0.0001

= 0.0
df(@) _ . flz+h)— fa)
dx h —0 h
?
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def eval_numerical_gradient(f, x):

fx = f(x)
grad = np.zeros(x.shape) df(:l:) f(a: 3 h) - f(:l:)
h = = Hm
dx h —0 h
it = np.nditer(x, flags=[‘multi_index’], op_flags=[‘readwrite’])
while not it.finished:
iX = 1t.multi_index
old_value = x[ix]
x[ix] += h il O
fxh = f(x) # evaluate f(x + h) Ls“’)"’" (|
x[1x] = old_value
rotes e B

grad[ix] = (fxh - fx) / h # compute the partial derivative
it.iternext() # step to next dimension

return grad
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# Vvanilla Gradient Descent
while True:

gradient = evaluate_gradient(loss_fun, data, weights)
weights += -step_size * gradient # weight wupdate
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# Mini-batch Gradient Descent

while True:

data_batch = sample_training_data(data, 256) # sample 256 examples
gradient = evaluate_gradient(loss_fun, data_batch, weights)
weights += -step_size * gradient # weight updare
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