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class ComputationalGraph(object):
- E

100 A7\ 100 N 037 N 137 @ 073
020 \_/ -020 \\& 053 \_/ 053 \_J 100

def forward(inputs):

# 1. [pass inputs to input gates...]

# 2. forward the computational graph:

for gate in self.graph.nodes topologically sorted():
gate.forward()

return loss # the final gate in the graph outputs the loss

def backward():

for gate in reversed(self.graph.nodes topologically sorted()):

gate.backward() # little piece of backprop (chain rule applied)

return inputs gradients
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class MultiplyGate(object):

def forward(x,y):

zZ = xX*y
self.x =
self.y =

return z

X # must keep these around!

y

def backward(dz):
dx = self.y * dz # [dz/dx * dL/dz]
dy = self.x * dz # [dz/dy * dL/dz]

return [dx, dy]
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impulses carried

toward cell body
branches

of axon

dendrites

axon

nucleus terminals

impulses carried
away from cell body

Lo

wWo

cell body

class Neuron:
#...
def neuron_tick(inputs):
“"r assume inputs and weights are 1-D numpy arrays and bias is a number
cell body sum = np.sum(inputs * self.weights) + self.bias
firing rate = 1.0 / (1.0 + math.exp(-cell body sum)) # Sigmoid funciion
return firing rate

arrm

>@® synapse
woTo

axon from a neuron

dendrite

cell body f (Z i b)

w11

Zwimi +b

output axon

activation
function
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# forward pass of a 3-]layer neural network:

f = Tlambda x: 1.0 / (1.0 + np.exp(-x)) # activation function (use sigmoid)

X = np.random.randn(3, 1) # random input vector of three numbers (3x1)

hl = f(np.dot(wl, x ) + bl) # calculate first hidden layer activations (4x1)
h2 f(np.dot(W2, hl) + b2) # calculate second hidden Jlayer activations (4x1)
out = np.dot(w3, h2) + b3 # output neuron (Ix1)
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RelLU

. Rectifying Linear Unit (ReLU)

max (0, x)
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X x>0

max(0.1x, x) flx) = {a’(exp(x) — 1), x=0
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W = 0.01 * np.random.randn(D, H)
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i =

# assume some unit gaussian 10-D input data

D = np.random.randn(1000, 5600)

hidden layer sizes = [500]*10

nonlinearities = ['tanh']*len(hidden layer sizes)

act = {'relu’':lambda x:np.maximum(@,x), 'tanh':lambda x:np.tanh(x)}
Hs = {}
for i in xrange(len(hidden_layer sizes)):

X =D if i == 0 else Hs[i-1] # input at this layer

fan_in = X.shape[1]

fan _out = hidden layer sizes[i]

W = np.random.randn(fan_in, fan out) * 0.01 # layer initialization
H = np.dot(X, W) # matrix multiply

H = act[nonlinearities[i]](H) # nonlinearity

Hs[i] = H # cache result on this layer

Jte O
ge¥ ) Ll o0

9 Y ;2 )5 5,08 00+ O
tanh s o6 O

# look at distributions at each layer
print 'input layer had mean %f and std %f' % (np.mean(D), np.std(D))
layer means = [np.mean(H) for i,H in Hs.iteritems()]
layer stds = [np.std(H) for i,H in Hs.iteritems()]
for i,H in Hs.iteritems():
print 'hidden layer %d had mean %f and std %f' % (i+1, layer means[i], layer stds[i])

# plot the means and standard deviations
plt.figure()

plt.subplot(121)

plt.plot(Hs.keys(), layer means, 'ob-')
plt.title('layer mean')

plt.subplot(122)

plt.plot(Hs.keys(), layer stds, ‘or-')
plt.title('layer std')

# plot the raw distributions

plt.figure()

for i,H in Hs.iteritems():
plt.subplot(1l,len(Hs),i+1)
plt.hist(H.ravel(), 30, range=(-1,1))
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hidden layer 1 had mean -0.000117 and std 0.213081
hidden layer 2 had mean -0.000001 and std ©.047551
hidden layer 3 had mean -0.000002 and std 0.010630
hidden layer 4 had mean 0.000001 and std 0.002378
hidden layer 5 had mean ©.000002 and std 0.000532
hidden layer 6 had mean -0.000000 and std ©.000119
hidden layer 7 had mean 0.000000 and std 0.000026
hidden layer 8 had mean -0.000000 and std ©.000006
hidden layer 9 had mean 0.000000 and std 0.000001
hidden layer 10 had mean -0.000000 and std 0.000000
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input layer had mean 0.001800 and std 1.001311

hidden layer 1 had mean -0.000430 and std ©.981879
hidden layer 2 had mean -0.000849 and std ©.981649
hidden layer 3 had mean 0.000566 and std 0.981601
hidden layer 4 had mean 0.000483 and std 0.981755
hidden layer 5 had mean -0.000682 and std ©.981614
hidden layer 6 had mean -0.000401 and std ©.981560
hidden layer 7 had mean -0.000237 and std ©.981520
hidden layer 8 had mean -0.000448 and std ©.981913
hidden layer 9 had mean -0.000899 and std ©.981728
hidden layer 10 had mean 0.000584 and std ©.981736
00006 o layer mean 0100045 +9 81561 layer std
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input layer had mean 0.001800 and std 1.001311

hidden layer 1 had mean 0.001198 and std ©.627953
hidden layer 2
hidden layer 3 had mean 0.000055 and std 0.407723
hidden layer 4 had mean -0.000306 and std ©.357108
hidden layer 5 had mean 0.000142 and std ©.320917
hidden layer 6 had mean -0.000389 and std ©0.292116
hidden layer 7 had mean -0.000228 and std ©0.273387
hidden layer 8 had mean -0.000291 and std 0.254935
hidden layer 9 had mean 0.000361 and std ©.239266
hidden layer 10 had mean 0.000139 and std ©0.228008

layer mean P layer std
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W = np.random.randn(fan_in, fan_out) / np.sqrt(fan_in)

had mean -0.000175 and std 0.486051 [Gloret et al., 2010] .).."5‘). LSQQQJ9 D
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_f 9

input layer had mean 0.000501 and std 0.999444

hidden layer 1 had mean 0.398623 and std 0.582273

hidden layer 2 had mean ©0.272352 and std 0.403795 [G Ioret et a | . 20 10] . ‘ \ LSQQ M D
hidden layer 3 had mean 0.186076 and std 0.276912 ’ )-*{3 ) Q)g
hidden layer 4 had mean 0.136442 and std 0.198685

hidden layer 5 had mean 0.099568 and std ©.140299

hidden layer 6 had mean 0.072234 and std 0.103280

hidden layer 7 had mean 0.049775 and std 0.072748

hidden layer 8 had mean 0.035138 and std 0.051572

hidden layer 9 had mean 0.025404 and std 0.038583

hidden layer 10 had mean 0.018408 and std ©.026076

layer mean layer std
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input layer had mean ©.000501 and std 0.999444
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[He etal., 2015] .4 y5g, O

0635 425y

hidden layer 1 had mean 0.562488 and std 0.825232
hidden layer 2 had mean 0.553614 and std ©.827835
hidden layer 3 had mean 0.545867 and std 0.813855
hidden layer 4 had mean 0.565396 and std ©.826902
hidden layer 5 had mean 0.547678 and std 0.834092
hidden layer 6 had mean 0.587103 and std 0.860035
hidden layer 7 had mean 0.596867 and std 0.870610
hidden layer 8 had mean 0.623214 and std ©.889348
hidden layer 9 had mean 0.567498 and std 0.845357
hidden layer 10 had mean 0.552531 and std 0.844523
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Inputs: Values of x over a mini-batch: B = {x; ,,}; laws g3l Jb s O
Parameters to be learned: y, 8

Outputs: {y; = BN, (x)} S g0 Sgage Al yo 1) Lol S b= 0
CJ" Lg‘).: ‘) ).Mj)).’ )JQLQA )‘ oo lazw! Q&A‘ @)

up « — X7 x; /I mini-batch mean A5 e wal g S0,
02 « LYM (¢, —up)?  J/mini-hatch variance | D 8038 sl oalade gy 4 (Sl 0
X« (x;—ug)/ |os+€ [/ normalize g WS oo Jos 0alS ool ol oo 4 O

I, aglole 5l eolatwl 4 5l ass o

y; « vX; + p = BN, g(x;) //scale and shift 2 o alS
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RO Ols) ) sl SilwJLley

Inputs: Values of x over a mini-batch: B = {x; ,,}; &%LQ}] ol e Glaws gl by O
Parameters to be learned: y, g WS o e olie (gaisS 4y

Outputs: {yi = BNy”B(xi)}

1 . .o .
pp < — X X /| mini-batch mean N g0 dwlone Laosly

1 - _ JRIC LGOI < FUNSARV-INPE RPN [P AP TRNG
0f « =" (x; — ug)? // mini-batch variance el o] L .

m ol ol Cawd LY uu)jA‘ M‘)ﬂ G’a

_ Dels o ool
X« (x;—ug)/ |os+€ [/ normalize
yi <« ¥& + B = BN, g(x;) // scale and shift ol 5l eslail e g jeel amld b
loles] al 1o yo Soedd polde
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10 —~ i 0% = 0 5 19 95 = 0 5 10
X -= np.mean(X, axis=0) X /= np.std(X, axis=0)
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S =,

def init_two_layer_model(input_size, hidden_size, output_size):

mode {}

model [ ‘wl’] 0.0001 np.random.randn(input_size, hidden_size)
model[ ‘b1l’] np.zeros(hidden_size)

model [ ‘w2’ ] 0.0001 np.random.randn(Chidden_size, output_size)
model[ ‘b2’ ] np.zeros(output_size)

return model

model = init_two_layer_model(32%32*3, 50, 10) # 7nput size, hidden size, number of classes
loss, grad = two_layer_net(X_train, y_train, model, [0.0|) s 40,5 Jled s
print loss

2.30261216167 -
) ““-. ) ¢H}QCJSJ¢L°Qthﬁ
PN sl o 2ol ples (bslS s

!M)L.;o ,-EJ LY «Cew )Q» . . s - s
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def init_two_layer_model(input_size, hidden_size, output_size):

# initialize a model

model = {}

model[‘wl’] = 0.0001 * np.random.randn(input_size, hidden_size)
model[‘b1l’] = np.zeros(hidden_size)

model[‘wW2’] = 0.0001 * np.random.randnChidden_size, output_size)
model [ ‘b2’ ] np.zeros(output_size)

return model

model = init_two_layer_model(32%32%3, 50, 10)
loss, grad = two_layer_net(X_train, y_train, model, |[le3|) b ;40,5 Jled
print loss

3.06859716482 <
Ak SmalEl Wb anse &b lade
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(SLesis ghigel :e)les o5
_of 4

model = init two layer model(32%*32%3, 50, 10) # input size, hidden size, number of classes KA P | & e N
trainer = ClassifierTrainer() 63) )-’ ‘\S-HA U"’)}Q‘ 4-’9-&’ ua-o-b-@ ‘\-SJ O]

X tiny = X train[:20] # take 20 examples

y tiny = y train[:20] ac ‘ S >95 | y S So
best model, stats = trainer.train(X tiny, y tiny, X tiny, y tiny, = J == O . -
model, two layer net, ' . ‘ . . l.s . T
num_epochs=200, reg=0.0, .09.».’ \ E ) \ LU ¢ 3
update='sgd', learning rate decay=1, CC Rk =0y sl
sample batches = False,
learning rate=le-3, verbose=True)

Yl: JSdSS)Q

Sgd o Jld et pelis O

Dgds oo oolaiwl ials Lol,S eolw aseus 31 O
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T

model = init two layer model(32%*32%3, 50, 10) # input size, hidden size, number of classes KA P | & e N
trainer = ClassifierTrainer() 63) )-’ ‘\S-o-w u»)g-d‘ st-w u.a.o.b-a 4\.&.’ O
X tiny = X train[:20] # take 20 examples ‘

y tiny = y train[:20] 4 . S - 95 | & i

best model, stats = trainer.train(X tiny, y tiny, X tiny, y tiny, = J Es IO . -

R

model, two layer net, ' . . ‘ . . Ls . T
num_epochs=200, reg=0.0, 1 go \ E ) \ LU ¢ 3
update='sgd', learning rate decay=1, < o) r = 29r Tl
sample batches = False,

learning rate=le-3, verbose=True)

Finished epoch 199 / 200: cost 6.002617, train: 1.0600000, val 1.000000, lr 1.000000e-03
Finished epoch 200 / 200: cost ©.002597, train: 1.000000, val 1.000000, lr 1.000000e-03 ) ) . _
finished optimization. best validation accuracy: 1.600000 1RV - (5018) po0 s — vac SlaaSun — Grac sP3sh

Finished epoch 1 / 200: cost 2.302603, train: 0.400000, val 0.400000, 1lr 1.000000e-03 =
Finished epoch 2 / 200: cost 2.302258, train: 0.450000, val 0.450000, 1lr 1.000000e-03 [
Finished epoch 3 / 200: cost 2.301849, train: 0.600000, val 0.600000, 1r 1.000000e-03
Finished epoch 4 / 200: cost 2.301196, train: 0.650000, val 0.650000, 1r 1.000000e-03
Finished epoch 5 / 200: cost 2.300044, train: 0.650000, val 0.650000, 1r 1.000000e-03
Finished epoch 6 / 200: cost 2.297864, train: 0.550000, val 0.550000, 1lr 1.000000e-03 —
Finished epoch 7 / 200: cost 2.293595, train: 0.600000, val 0.600000, 1r 1.000000e-03
Finished epoch 8 / 200: cost 2.285096, train: 0.550000, val 0.550000, 1lr 1.000000e-03
Finished epoch 9 / 200: cost 2.268094, train: 0.550000, val 0.550000, 1r 1.000000e-03
Finished epoch 10 / 200: cost 2.234787, train: 0.500000, val 0.500000, lr 1.000000e-03
Finished epoch 11 / 200: cost 2.173187, train: 0.500000, val ©.500000, lr 1.000000e-03
Finished epoch 12 / 200: cost 2.076862, train: 0.500000, val 0.500000, lr 1.000000e-03 L. . w
Finished epoch 13 / 200: cost 1.974090, train: 0.400000, val 0.400000, 1lr 1.000000e-03 cﬂ>5—_)tﬁaa*g ‘k&%‘}ib 659L>.)‘“XJL°
Finished epoch 14 / 200: cost 1.895885, train: 0.400000, val 0.400000, lr 1.000000e-03 _
Finished epoch 15 / 200: cost 1.820876, train: 0.450000, val 0.450000, lr 1.000000e-03 . o S “ a
Finished epoch 16 / 200: cost 1.737430, train: 0.450000, val 0.450000, lr 1.000000e-03 ‘“"*a)Q \ u*’)ﬁ"" <39
Finished epoch 17 / 200: cost 1.642356, train: 0.500000, val 0.500000, lr 1.000000e-03
Finished epoch 18 / 200: cost 1.535239, train: 0.600000, val 0.600000, lr 1.000000e-03
FinisiFinished epoch 195 / 200: cost 0.002694, train: 1.000000, val 1.000000, lr 1.000000e-03 ul
“*=*~'Finished epoch 196 / 200: cost 0.002674, train: 1.000000, val 1.000000, lr 1.000000e-03
Finished epoch 197 / 200: cost 0.002655, train: 1.000000, val 1.000000, lr 1.000000e-03
Finished epoch 198 / 200: cost 0.002635, train: 1
1
1

1
1
.000000, val 1.000000, lr 1.000000e-03 4—
1
1
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model = init two layer model(32*32*3, 50, 10) # input size, hidden size, number of classes See . J
trainer = ClassifierTrainer() )L‘““‘"’ ‘b"“a"”.. e ‘—i" L’ cJ9RXR )}b =S O

best model, stats = trainer.train(X train, y train, X val, y val, .
model, two layer net, ) 5 & i 95
num epochs=10, reg=0.000001, P 69)'“ w
update='sgd', learning rate decay=1, _
sample batches = True, M “ .
learning rate=le-6, verbose=True) 6)4.50[.) cr LS‘)" )‘m &" o (P O
. . 5 - . =
&b Hlade 0gd Sl a5 IS a4 el

Qb Srals 1SS e 50 4 e
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model = init two layer model (32*32%*3, 50, 10) # input size, hidden size, number of classes s . J
e b oo SO L (Jeere j9b 4 O

trainer = ClassifierTrainer()
best model, stats = trainer.train(X train, y train, X val, y val,

model, two layer net, ) § &9 & i
num_epochs=10, reg=0.000001, o (§° bt - 95

update='sgd', learning rate decay=1,

sample batches = True, f M “ S

|learning rate=le-6]| verbose=True) 6 o Ol'i C)" LS‘)" )‘J..Q.a &J o L5'° (5’"”" H
Finished epoch 1 / 10: cost 2.302576, train: 0.080000, val 0.103000, lr 1.000000e-06 (,:’L’ )‘ \a 09&) - :L’ 45 6“\-’9-? O . LQ
Finished epoch 2 / 10: cost 2.302582, train: ©.121000, val 0.124000, 1lr 1.000000e-06 . . . ===
Finished epoch 3 / 10: cost 2.302558, train: 0.119000, val 0.138000, lr 1.000000e-06 . .

Finished epoch 4 / 10: cost 2.302519, train: ©.127000, val 0.151000, lr 1.000000e-06 ..).»Ls u.».&lf )‘)S.- ).c'b )d d..a.a).c’b
Finished epoch 5 / 10: cost 2.302517, train: ©.158000, val 0.171000, lr 1.000000e-06 t .
Finished epoch 6 / 10: cost 2.302518, train: 0.179000, val 0.172000, 1lr 1.000000e-06

Finished epoch 7 / 10: cost 2.302466, train: 0.180000, val 0.176000, lr 1.000000e-06

Finished epoch 8 / 10: cost 2.302452, train: ©.175000, val 0.185000, lr 1.000000e-06

Finished epoch 9 / 10: cost 2.302459, train: 0.206000, val ©.192000, 1lr 1.000000e-06

Finished epoch 10 / 10: cost 2.302420, train: 0.190000, val 0.192000, 1r 1.000000e-06

finished optimization. best validation accuracy: ©.192000 M).Q é’L’ ‘JJL».’ u.u.@ls

/ o o o o o = . -
o S <gjo g0 s sl S8 0 51 G 6250k 25
W (p pdd
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model = init_two_ layer model(32%*32*3, 50, 10) # input size, hidden size, number of classes

trainer = ClassifierTrainer() )l.ua.u p..hu w)m tj.’ lJ GJW )}b 4.9 |:|
best model, stats = trainer.train(X train, y train, X val, y val,

model, two layer net, . &

num_epochs=10, reg=0.000001, f“'“st.fa 69)"“ ‘5795

update='sgd', learning rate decay=1,
sample batches = True,

learning rate=le6, verbose=True) 6}5‘)[" C)" LS‘)" )‘m g_i_: f(_g“ D
x b laie 55d el a5 glisS 4 ol
s L . s 2ol s ) SS S A |
Sl g4 slpl, 166 il J,u laie A @il L hels IS5 50 0 a0 5e
N - % . .
S Jop cwl plos (Jae 44 e (il

i je mb LS als
ol S8 0> 5l i S0k &5
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model = init_two_ layer model(32%*32*3, 50, 10) # input size, hidden size, number of classes . e .
trainer = ClassifierTrainer() )l.ua.u p..hu w)m tj.’ lJ GJW )}b d.s |:|

best model, stats = trainer.train(X train, y train, X val, y val,
model, two layer net, . &
num_epochs=10, reg=0.000001, f“'“st.fa 69)"“ ‘5795
update='sgd', learning rate decay=1,
sample batches = True,

learning rate=le6, verbose=True) 6]5‘)[" C)_, LS‘)" )‘J_Q_,Q g_i_, MGA s

/home/karpathy/cs231n/code/cs231n/classifiers/neural net.py:50: RuntimeWarning: divide by zero en . . . . . =

countered in log (::L: )ku.n 09..&: CA‘-L: 4\5 Lg‘c\.:}f a ‘f""‘"L"’
data loss = -np.sum(np.log(probs[range(N), yl)) / N ¢ ¢ ¢

/home/karpathy/cs231n/code/cs231n/classifiers/neural net.py:48: RuntimeWarning: invalid value enc

ountered in subtract o.)dl.s LJ.M.Q[S )‘)SJ ).Q )O M).Q
probs = np.exp(scores - np.max(scores, axis=1, keepdims=True)) T ”

Finished epoch 1 / 10:| cost nan,| train: 0.091000, val 0.087000, lr 1.000000e+06
Finished epoch 2 / 10:| cost nan,| train: 0.095000, val 0.087000, lr 1.000000e+06
Finished epoch 3 / 10:| cost nan,| train: 0.100000, val 0.087000, lr 1.000000e+06

4 5 @‘3 uﬁb ui‘&Lf

I,uudJuuu&iA UJ/@W({.’{/&/

ol Sy 10 51 Gy sl e gl gl o,

!C,u.u‘gf)).ado- ‘J“"LS)“SOL‘ C)"
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[
model = init two layer model(32%*32*3, 50, 10) # input size, hidden size, number of classes e .
trainer = ClassifierTrainer() )Loua.‘ p.‘hu w)m c_i.’ lJ ch.o.bo )}b d.s L]

best model, stats = trainer.train(X train, y train, X val, y val,

model, two layer net, . &
num_epochs=10, reg=0.000001, f“"'SL_;Q &9)“"J ‘5795

update='sgd', learning rate decay=1,

sample batches = True, = .. o
[Téarning rate=3e-3} verbose=True) 6)4.50[.) cr 6‘).: )‘J..Q.ac SSJ MLSA ot O]
Finished epoch 1 / 10: cost 2.186654, train: 0.308000, val ©.306000, lr 3.000000e-03 L: ‘ o - L: 4\5 ‘ . & L_’
Finished epoch 2 / 10: cost 2.176230, train: 0.330000, val 0.350000, lr 3.000000e-03 (’:J ) A0 ds..w U S 4\.995 4\.: cr@.a..:
Finished epoch 3 / 10: cost 1.942257, train: 0.376000, val ©.352000, lr 3.000000e-03
Finished epoch 4 / 10: cost 1.827868, train: ©.329000, val 0.310000, lr 3.000000e-03 & o PN
Finished epoch 5 / 10:[cost 1inf,| train: ©0.128000, val 0.128000, lr 3.000000e-03 ")"’L’ g)"‘"@ls )‘)S" )'Q )‘3 d"“’)'m
Finished epoch 6 / 10:|cost inf,| train: ©.144000, val 0.147000, lr 3.000000e-03
ol 5 ki et 3e-3 ] uis Az b 8l Jlels
540 Jain 5l caulin 6)U a ) i 50 b gl al
/ = . = . .
cuwl [1e-5, 1e-3] «,e0 v spdsl Il Sy a5 Glas 6 80b &
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gbliis (aiw)bicl sPhiwl :a)ishpl siluaise
v 4 ____________________________________________

st)ﬁ.n] 0,99 O b &l )0 sgmms gl zl. Jle O

max _count = 100
for count in xrange(max count):

reg = 10**uniform(-5, 5) — o U relas o
lr = 10**uniform(-3, -6) AR/ W )5 S,

trainer = ClassifierTrainer()
model = init two layer model(32#*32%*3, 50, 10) # input size, hidden size, number of classes
trainer = ClassifierTrainer()
best model local, stats = trainer.train(X train, y train, X val, y val,
model, two layer net,
num_epochs=5, reg=reg,
update="momentum’, learning rate decay=0.9,
sample batches = True, batch size = 100,
learning rate=1lr, verbose=False)

|val acc: 0.412000, lr: 1.405206e-04, reg: 4.793564e-01, (1 / 100) |

val acc: 0.214000, lr: 7.231888e-06, reg: 2.321281e-04, (2 / 100)

val acc: 0.208000, lr: 2.119571e-06, reg: 8.011857e+01, (3 / 100)

val acc: 0.196000, lr: 1.551131e-05, reg: 4.374936e-05, (4 / 100)

val acc: 0.079000, lr: 1.753300e-05, reg: 1.200424e+03, (5 / 100)

val acc: 0.223000, 1lr: 4.215128e-05, reg: 4.196174e+01, (6 / 100)

val acc: 0.441000, lr: 1.750259e-04, reg: 2.110807e-04, (7 / 100) |

val acc: 0.241000, lr: 6.749231e-05, req: 4.226413e+01, (8 / 100)

| val_acc: 0.482000, lr: 4.296863e-04, reg: 6.642555e-01, (9 / 100) | €—— (4l
val acc: 0.079000, Lr: 5.401602e-06, reg: 1.599828e+04, (10 / 100) '
val acc: 0.154000, lr: 1.618508e-06, reg: 4.925252e-01, (11 / 100)

1WAV - (5018) pob 33w — uoc slaaiud - Grac R0



ab(Bis (,0um)bIc) sPlw] :la)yal)Dpl s)lwaire
v 4.
s2ygel 0)90 B b Clyd (g9 glyzl Lo O

max count = 100 . . v0n max count = 100
for count in xrange(max count): 7 'CSO/Q‘“ for count in xrange(max_ count):
reg = 10**uniform(-5, 5) reg = 1@**uniform(-4, @)
lr = 1e**uniform(-3, -6) lr = 10**uniform(-3, -4)
| val acc: ©.527000, lr: 5.340517e-04, req: 4.097824e-01, (0 / 100) |
val acc: 0.492000, lr: 2.279484e-04, reg: 9.991345e-04, (1 / 100)
val acc: 0.512000, lr: 8.680827e-04, reg: 1.349727e-02, (2 / 100) ) .
val acc: 0.461000, 1lr: 1.028377e-04, reg: 1.220193e-02, (3 / 100) 30 ALl SO LS‘)"_ ar /
val acc: 0.460000, lr: 1.113730e-04, reg: 5.244309e-02, (4 / 100) ’ " ’
val acc: 0.498000, lr: 9.477776e-04, reg: 2.001293e-03, (5 / 100) LS_Q?M . ;O L oaV
val acc: 0.469000, lr: 1.484369e-04, reg: 4.328313e-01, (6 / 100) Q¥ T
val acc: 0.522000, lr: 5.586261e-04, reg: 2.312685e-04, (7 / 100) w . o e .
val acc: 0.530000, lr: 5.808183e-04, reg: 8.259964e-02, (8 / 100) Il S Ao l-‘w“-’
val acc: 0.489000, 1lr: 1.979168e-04, reg: 1.01088%e-04, (9 / 100)
val acc: 0.490000, lr: 2.036031e-04, reg: 2.406271e-03, (10 / 100)
val acc: 0.475000, lr: 2.021162e-04, reg: 2.287807e-01, (11 / 100)
val acc: 0.460000, lr: 1.135527e-04, reg: 3.905040e-02, (12 / 100)
val acc: 0.515000, lr: 6.947668e-04, reg: 1.562808e-02, (13 / 100) Cwy U A i bl
| val acc: 0.531000, lr: 9.471549e-04, reg: 1.433895e-03, (14 / 100) | ¢—— T
val acc: 0.509000, Llr: 3.140888e-04, reg: 2.857518e-01, (15 / 100) S ccouwl s i (Lo pal
val acc: 0.514000, lr: 6.438349e-04, reg: 3.03378le-01, (16 / 100) ’
val acc: 0.502000, 1lr: 3.921784e-04, reg: 2.707126e-04, (17 / 100)
val acc: 0.509000, lr: 9.752279e-04, reg: 2.850865e-03, (18 / 100)
val acc: 0.500000, 1r: 2.412048e-04, reg: 4.997821e-04, (19 / 100)
val acc: 0.466000, lr: 1.319314e-04, reg: 1.189915e-02, (20 / 100)
val acc: 0.516000, lr: 8.039527e-04, reg: 1.528291e-02, (21 / 100) IBQY — (55) ol sam — aac slaaSud - Grac spSsl
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# assume parameter vector W and its gradient vector dw
|\w|| param_scale = np.linalg.norm(W.ravel())
update = -learning rate*dW # simple SGD update
|ldW |  update_scale = np.linalg.norm(update.ravel())
W += update # the actual update
ldW || / ||W]| @ print update _scale / param_scale # want ~le-3
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