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0 if Zj w;x; < threshold

output = { Y.; w;x; > threshold
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All in one method
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* 1.Input x: Set the corresponding activation a® for the input layer

2.Feedforward: For each | =2,3,...,L compute z! = w!a!™1 + bt and a! = a(zl).
3.0utput error §1:Compute the vector 6 = 7,C ©® ¢’ (z%).

4.Backpropagate the error:For each | = L-1,L-2,...2 compute
5! — ((Wl+1)T5l+1) @ O"(Zl),

e 5.0utput: The gradient of cost function is given by
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* 6.Gradient descent: For each I=L,L-1,...,2 update the weights according to the
rulew! - w! — %Zx 5% (a®'"1)T and the biases according to the rule
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FOLDERS
v = demo
» [ mnist-parser
matrix.c
matrix.h
mnist_reader.c
[ mnist_reader.h matrix **mini_batch_images
[ m Tizrixk“m1n1_batch_1abels
int i,k;

[2 int *array = (int*)malloc(train_size * (int))

@ nnlc (1 =1; 1 <= epochs; i++) {

test_images.txt

test_labels.txt

[ test matrix

test_matrix.c

[ test reader

test_reader.c

train_images. txt

train_labels.txt

int sGD(matrix *train_images[], matrix *train_labels[], int train_size, int epochs, int mini_batch_size, double eta,
matrix *test_images[], matrix *test_labels[], int test_size) {

(matrix**)malloc(mini_batch size * (char*));
(matrix**)malloc(mini_batch_size * char*});

randomShuffle(array, train_size};

(int start = 8; start < train_size; start+=mini_batch_size) {
(k = 8; k < mini_batch size; k++) {
mini_batch_images[k] = train_images[array[start+k]];
mini_batch_labels[k] = train labels[array[start+kl];

}

update mini_batch(mini_batch_images, mini_batch_labels, mini_batch_size, eta);

}

(test_images != NULL && test labels != NULL) {

printf("Epoch f =din", i, evaluate(test_images, test labels, test size), test size)

{
printf("Epoch %d complete\n", 1i);

free(array);
mini_batch_images);
free(mini_batch_labels);
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update _mini batchi(matrix *mini_batch_images[], matrix *mini_batch_labels[1, int mini_batch_size, double eta) {

int i;

mnist_| = matrix **nabla_w = (matrix**)malloc((num_layers-1} *
— . matrix **nabla_b = (matrix**)malloc({(num_layers-1) =
- (i =8; i < num_layers-1; i++)
newMatrix(weights[i]->rows, weights[i]->cols);
newMatrix(biases[i]->rows, biases[i]->cols);

nabla_w[i] =
nabla_b[i] =

nnl.c
st _imag
matrix **delta nabla w = (matrix**)malloc((num_ layers-1) - (char*));

st_matri elta nabla b = (matrix**)malloc((num layers-1) ° char=));
st_matrix.c i 0; i = mini_batch_size; i++) {

backprop(mini_batch_images[il, mini_batch_labels[il, delta_nabla_w, delta_nabla_b};

(int j = 8; j =< num_layers-1; j++) {
suminabla_wl[j]l, delta_nabla_wl[j]l, nabla_wljl);
sum{nabla b[j], delta nabla bl[jl, nabla b[jl);

j <= num_layers-1; j++){

(delta_nabla_b);
(delta_nabla_w);

(1 =208; i< num_layers-1; i++) {
multiplyMatrix(nabla_w[i], eta/mini_batch_size);
minus (weights[i], nabla_w([i], weights[i]);

multiplyMatrix(nabla_b[i], eta/mini_batch_size);
minus(biases[i], nabla b[i], biases[i]);

(i =8; i < num_layers-1; i++) {
deleteMatrix(nabla_wlil);
deleteMatrix(nabla_bl[il);

N GEERY I
ree(nabla_b);
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FOLDERS
v &= demo
» [ mnist-parser
& matrix.c
[ matrix.h
[& mnist_reader.c
[B mnist_reader.h

O nn

test_images.txt
test labels.txt
[ test_matrix
[ test_matrix.c
[ test_reader
[} test reader.c
train_images.txt
train_labels.txt

t backprop(matrix *x, matrix *y, matrix *nabla_wl[l, matrix *nabla b[]) {

int i;

matrix *activation = copyMatrix(x);

matrix **activations = (matrix**)malloc(num_layers * (char*));
matrix **zs = (matrix**)malloc(num layers * (char*));
activations[0] = activation;

(i1 =10; i < num_layers-1; i++) {
matrix *z = newM ix(weights[i]->rows, activation->cols);
product (weights[i], activation, z);
spw(z, biases[i], z);

C uﬁath\(z)
U sigmoid) ;
actlvatlon = Z;
activations[i+1] = activation;

matrix *nabla c tive(activations[num layers-1]1, y);
matrix 'nabla z py ix(zs[num_layers-1])
funcMatri (nabla Z 51gm01d prime);
matrix *delta = newMatrix(nabla_z->rows, nabla_z->cols);
rP nabla,z, delta);

nabla blnum layers-2] = delta;
transposeSelf(activations[num_layers-2]1);

matrix *dp = newMatrix(weights[num layers-2]->rows, weights[num_layers-2]->cols);

product(delta, activations[num layers-21, dp);
nabla wlinum layers-2] = dp;

int 1;

(L = num_layers-2; 1 >= 1; 1--)

matrix *sp = co Matrix(zs[11);
uncMatrix(sp, 519m01d prime);

matrix ‘wt copyMatrix(weights[1]);

ransposeSelf(wt);
matrix *deltal = ne trix(biases[1-1]->rows, biases[l-1]->cols);
int ret = product(wt, nabla b[l], deltal);
2) {

Product(deltal, sp, deltal);
nabla b[l-1] = deltal;

1tf("wrong size: wt size: (%d, ) nabla b[%d] size: (%d, ), deltal size:
wt->rows, wt->cols, 1, nabla b[l]->rows, nabla b[l]->cols, deltal->rows,

(
deltal- >cols)




4‘ @ ﬁ’# é K& X é

ity of Sci dTlnyCl

o ARHG PN HE
— https://github.com/kitianFresh/neural-networks-by-c
. T
— Valgrind Ci& 5 27 N7 ite kel 1 &
» Hik
— O(1)=7 [ %% B
— O(n) I TR VR Ve 2
— i AT BE L2
. B%

* http://neuralnetworksanddeeplearning.com/



http://valgrind.org/

University of Science and Technology of China

Thank you



