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class NeuralNetwork(init)

__init_(self, num_inputs, num_hidden, num_outputs, hidden_layer_weights =

hldden laver_hias = ’ autput _Taver weights = , output laver hias = ):
self.num_inputs = num_inputs

self.hidden_layer = NeuronLayer (num_hidden, hidden layver hias)
self.output _layer = NeuronLayer (num_outputs, output_laver_hias)

self.init weights from _inputs to hidden layer neurons(hidden layer weights)
self.init_weights_from_hidden_laver_neurons_to_output _laver_neurons(output _layver_weights)
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class NeuralNetwork(init_ weightB8 %)

finit WE|ghtS _from_inputs to_hidden laver neuronsiself, hidden laver weights):

WE|ght _hum = 0
“h in range(len(self.hidden_layer.neurons)):

i in range(self.num_inputs):
f not hidden laver weights:
self.hidden_laver.neurons[h].weights.append(random.random())

| _2ée|f.hidden_layer.neuruns[h]-weights.append(hidden_layer_meights[weizht_num])
weight _num += 1

finit WE|ghtS from _hidden laver neurons to output laver neurons(self, output laver weights):

WE|ght num = 0
r o in rangelleniself.output laver.neurons)):

‘or h in range(len(self.hidden_laver.neurons)):

t output_layer_weights:
self output _laver.neurons[o].weights.append(random.random())

self.uutput_layer.neuruns[u].WEIghts-apnend(uutput_layer_m9|ghts[weight_num])
weight_num += 1
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ef inspect (self): B
print (’------ ] 30 wa
print (' Inputs : {1 .format (self.num_inputs))
print ("------ ol '
print (’"Hidden Laver’)
se|f.hidden_ Iayer inspect ()
print(’------ ")
print (’x Output Laver’) b1.3: b2 6
self .output _layer.inspect () - :
print (*------ ")

lef feed_forward(self, inputs): INAT R

h|dden _layer outputs = self.hidden_layer.feed _forward(inputs)
turn self.output _laver.feed forward(hidden Tayver outputs)

e inspect[XMFFUH SN TULVELY,

e feed_forwardlE. HAREIZ jb(d—éﬂjjj(j:ﬁl:?{k)éﬂj_d_o
CDEMN, FEEFENRHZEIZ, BEEIZEDL,

[0.7513650695523157, 0.7729284653214625]

:

[0.01591362044355068, 0.9840642735146238]
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0.01, 0.997)
print (i, round(nn. calculate _total_error([[[0.05, 0.1], [0D.01, 0.99]11), 9))




class NeuralNetwork(train B8 24)

# Uses online learning, ie updating the weights after each training case
train(self, training_inputs, training_outputs):
self.feed_forward(training_inputs)

# 1. Output neuron deltas
pd_errors_wrt _output _neuron_total _net_input = [0] * len(self.output_layer.neurons)
0 range(len(self.output _laver.neurons))

# 2E/3z
pd_errors_wrt_output _neuron_total_net _input [0] = self.output_laver.neurons[o].calculate_pd_error_wrt_total_net_input (training_outputs(ol)

# 2. Hidden neuron deltas
pd_errors_wrt_hidden_neuron_total _net_input = [0] % len(self.hidden_layver.neurons)
h range(len(self.hidden_laver.neurons)):

#t e nped to calculate the derivative of the error with respect to the output of each hidden laver neuron
#dE/dy; = = OE/dz % d2/3yi= T BE/dzi * w
d_error_wrt_hidden_neuron_output = 0
0 range(leniself.output _layer.neurons)):
d_error_wrt_hidden_neuron_output += pd_errors_wrt_output _neuron_total _net_input [o] % self.output_laver.neurons[o].weights[h]
 E/3zi = dEfdy; x 22/ @

pd_errors_wrt_hidden_neuron_total_net_input [h] = d_error_wrt_hidden_neuron_output # self.hidden_layver.neurons(h].calculate_pd_total _net_input _wrt_input ()
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class NeuralNetwork(train B8 24)

# Uses online learning, ie updating the weights after each training case
train(self, training_inputs, training_outputs):
self.feed_forward(training_inputs)

# 1. Output neuron deltas
pd_errors_wrt_output _neuron_total net_input = [0] % len(self.output _laver.neurons)
0 range(len(self.output _laver.neurons)):

f 9E/9z2
pd_errors_wrt_output _neuron_total _net_input [0] = self.output_layer.neurons[o]

.calculate_pd_error_wrt_total_net_input (training_outputs[a]

# 2. Hidden neuron deltas
pd_errors_wrt_hidden_neuron_total _net_input = [0] % len(self.hidden_layver.neurons)
h range(len(self.hidden_laver.neurons)):

# We need to calculate the derivative or the error with respect to the output of each hidden layer neuron

ff dEfdy; = = FEfPzi % d2/dyi= T FE/Pzi % w
d _error wrt _hidden_neuron output =0
0 range(leniself.output _layer.neurons)):

d_error_wrt_hidden_neuron_output += pd_errors_wrt_output _neuron_total _net_input [o] % self.output_laver.neurons[o].weights[h]

# 2E/3z = dE/dy; x 22/ 2

pd_errors_wrt_hidden_neuron_total_net _input [h] = d_error_wrt_hidden_neuron_output # self.hidden_layer.neurons(h
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class NeuralNetwork(train BE £t =)

Update output neuron weights
range(len(self.output _layer.neurons)):

DBl

OEisial L Clout

onelsy

dout,) dnet,

w_ho range(len(self.output _laver.neurons(o].weights)): Ow
# dE/Fwiz= FESFzi% dz/dw
pd_error_wrt_weizht = pd_errors_wrt_output _neuron_total _net_input[o] % self.output_laver.neurons[o].calculate_pd_total_net_input _wrt_weight (w_ho)
# Aw=ax JESIw
self.output _laver.neurons[o].weights[w_ho] -= self.LEARNING_RATE * pd_error_wrt_weight TIN
o

Update hidden neuron weights

= W5 — 1] *

OE i atal
s

range(len(self.hidden_laver.neurons)):
w_ih range(len(self.hidden_laver.neurons[h].weights)):
# AESFwi= FE/Pzix Fz/Fw

pd_error_wrt_weight =

NER R

JES I u

self. hldden Iayer neurons[h].weights[w_ih] -= self.LEARNING_RATE % pd_error_wrt_weight
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pd_errars_wrt_hidden_neuron_total_net_input [h] % self.hidden_layer.neurons[h].calculate_pd_total_net_input_wrt_weight (w_ih)
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class NeuralNetwork
(calculate total errorB8%R)

calculate total erroriself, training sets):
total _error = 0
t range(len{training sets)):
training_inputs, training_outputs = training_sets[t]
self.feed forward(training_inputs)
0 range(len{training_outputs)):
total error += self.output _laver.neuronslo].calculate errori{training outputsfol)
total _error

Erotal = ) :_I_;(Tr'ff‘gf"f — n-ufpuﬂf
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class NeuronlLayer

NeuranayEr: .
__init_(self, num_neurons, bias):

# Every neuron in a layer shares the same bias
self.bias = hias if bias ¢l=e random.random()

self neurons = []
i range(num _neurons):
self .neurons.append (Neuron(self.hias))

inspect (self):
print ("Neurons:’, len(self.neurons))

rn oin range(leni(self.neurons)):
print (" Neuron®, n)
for w in range(leni(self.neurons[n].weights)):

print (" Weight:’, self.neurons[n].weightsw])
print{’ Bias:’, self.hias)

f feed_forward(self, inputs):
outputs = []
r neuron in self.neurons:
output s.append(neuron.calculate_output (inputs))
n outputs

f get _outputsiself):
outputs = []
v neuron in self.neurons:
outputs.append(neuron.output)
n outputs
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class Neuron

Neuron:
__init_(self, bias):
self.bias = hias
self.weights = []

calculate_output (self, inputs):

self.inputs = inputs

self.output = self.squash(self.calculate_total _net _input())
self.output

outp

calculate_total_net_input (self):|

total = 0
i range(len(self.inputs)):

total += self.inputs[i] % self.weights[i] netp, wy * 1) + wo * 19 + by * 1

total + self.bias
B Lpply the logistic function to squash the output of the neuron
B The result is sometimes referred to as "net’ [2] or "net’ [1]

squashiself, total_net_input):
1/ (1 + math.exp(-total _net_input))

c Za—OAVIZHEITAAHDETEE D,
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class Neuron

i Determine how much the neuron’s total input has to change to move closer to the expected output
H Now that we have the partial derivative of the error with respect to the output (2E/2 v and

it the derivative of the output with respect to the total net input (dvi/dzi) we can calculate

It the partial dPr|x4+|\P of the error with respect to the total net input.

I This value is als INUWH as the delta (&) [1]

i & = 9E/ 9z = .HE % dyi/dz

calculate_pd errar_wrt_total_net_input (self, target output):
- rn self.calculate_pd_error_wrt_output (target _output) % self.calculate_pd_total_net_input _wrt_input ();

#f The error for each neuron is calculated by the Mean Square Error method:
- calculate _error(self, target _output): . 1 a
rn 0.5 % (target _output - self.output) *% 2 IL;| = ;[fo*?fff”L — outy ) 4
i The partial derivate of the error with re:perf fu actual output then is calculated bhy:
= 2 % 0.5 ¥ (target output - actual output) = (2 - 1) ¥ -1
= -(target output - actual output)

it The Wikipedia article on backpropagation [1] simplifies to the following, but most other learning material does not [2]
t = actual output - target output

: Alternative, vou can use (target - output), but then need to add it during hackpropagation [3]

5 Note fh«f the actual output of the output neuron is often written as v; and tarzet output as t; so:

t = JE/ D = =(t; - v
calculate_pd error_wrt_output (self, target_output):
- (target _oufput - self.output) OE, st

—(target, — out,)
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class Neuron

E The total ni}(input‘jﬁtojfhe neuron is squashed using logistic function to calculate the neuron’s output:
viz @ =1 1 + e (-2
E Note that where ; represents the output of the neurons in whatever layer we're looking at and ; represents the layer helow it

# The derivative (not partial derivative since there is only one variahle) of the output then is:

i e o total net_input wrt_input (self)

def calculate_pd total _net _input_wrt _input (se : Hout.. .
return self.output * (1 - self.output) Jit?d = outy (1 — outy)

B The total net input is the weighted sum of all the inputs to the neuron and their respective weTents:

E zziznet; = xawa + MaWe oun

# The partial derivative of the total net input with respective to a given weight iwith evervthing else held constant) then is:
#= 3z/3w = some constant + 1 % xa,”(1-0) + some constant ... = x

def calculate_pd total net _input _wrt weight (self, index):
return self.TnputsTindex]

Onetor | 1 s outpy * ws " 4+ 04 0 = out,

cws

 EAFHOMBOHE, FIERSARp.20,p.218 8,

#(2) = 1= ¢ =1/(eM-2)+ 1) = (eM-2) + 1)"(-1)
whi:; has a nice derivative of: 80/6z = eN-2)(eN(-zZ) + 12
9 _ 1 = 1(eM(-2) + 1)(eM-z)+1-1)/(e"(-z) + 1)
= (1
5, — ¥(1-¢) f— _ 0(-0)
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