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for (int k = @; k < NCLASS; ++k) {

#define IMG_C 3 static int load_train(const char *dir, Sample *train, int limit) { float z = net->fc_blkl; . . o 0
#detine THG_H 32 int total - 0; i e 2 et 4 s zhonghaotian1219@gmail.com
GG WL =7 for (int b = 1; b <= 5 && total < limit; ++b) { B

#define IMG_SIZE (IMG_C * IMG_H * IMG_W)

#define NCLASS 10 char path[512]; float maxz = logits(ol;
efine ) ) . ' - logits . . N
snprintf(path, sizeof(path), "%s/data_batch_%d.bin", dir, b); i P S D L SRSy <) 87 Qe B s (28 S Wik

#define NF 16 int need = limit - total; for (int k = 8; k < NCLASS; ++k) {
: bikl = expf(logits[k] 5
#define K 3 if (need > 10000) need = 10000; R e sl = et

i int n = load_batch(path, train, total, need); ¥
#define CONV_H 30 - p ! BHrp p [EERDE for (int k = 0; k < NCLASS; ++k) prob[k] /= denom;

#define CONV_W 30 if (n < @) return -1; }
#define POOL_H 15 total += n; ;

i static int predict(const Net #net, const Sample *s) {
#define POOL_W 15 } static float convINF][CONV_H] [CONV_W];

static float pool[NF][POOL_H] [POOL_W];
static int argmax_idx [NF] [POOL_H] [POOL_WI];

#define FEAT (NF % POOL_H % POOL_W) return total;

} static float feat[FEAT], logits[NCLASS], prob[NCLASS];
#define LR 0.01f forward(net, s, conv, pool, argmax_idx, feat, logits, prob);
#define MAX_TRAIN 50000 £03 LB ©
- 2 2 : 3 imi for (int k = 1; k < NCLASS; ++k) if (probl[k] > prob[best]) best = k;
#define MAX_TEST 10000 static int load_test(const char xdir, Sample xtest, int limit) { i B

char path[512]; }
typedef struct { ) ) " - X static float train_one(Net #net, const Sample *s) {
. ) snprintf(path, sizeof(path), "%s/test_batch.bin", dir); static float convINF][CONV_H] [CONV_WI;
uint8_t label; L. static float pool[NF] [POOL_H] [POOL_W];
float x[IMG_SIZE]; return load_batch(path, test, @, limit); static int argmax_idx [NF] [POOL_H] [POOL_W]; paN i
} Samp'le' } static float feat[FEAT], logits[NCLASS], prob[NCLASS]; I
forward(net, s, conv, pool, argmax_idx, feat, logits, prob); HJ /n
S S ic inli - - - - flost Toss = —109 h 10 1000/20000 10ss=0.8131 trai =
float conv_wINF] [IMG_C] [K] [K]; static inline float get_plxel(const float *x, int c, int h, int w) { float loss = -logf(probly] + 1e-8f); epocl step / 0S8s=0. tra:!.n_acc_recent_est—
float conv_bINFI; return x[c % IMG_H % IMG.W + h % IMG.W + wl; P —— epoch 10 step 2000/20000 loss=0.8545 train_acc_recent_est=
| ; oat dz ; 5
float fc_wINCLASS] [FEAT]; - - - ! for (int k = 0; k < NCLASS; ++k) dz[k] = problkl - (k == y 7 1.of : 0.0r); | €POCh 1@ step 3000/20000 tl'al.-n_aCC_I'ECent_ESt
Float fc_b INCLASS] ; } epoch 10 step 4000/20000 train_acc_recent_est:
o o : ic fle dfe [ iH — i =
} Net; int p = 0; mensotdfert, 0 sivaot (sfent]); eP°°: 12 Step zgggggggg %Oss—g-gggi Era%"-acc-recenz-esz—e o
for (int f = 0; f < NF; ++f) { epoc| step 0ss=0. rain_acc_recent_est=0.
e T Grene Ot oot o, T £0 4 for (int i = @; i < POOL_H; ++i e (e k:m k; "CLAizT“K? ¢ epoch 10 step 7000/20000 loss=0.9095 train_acc_recent_est=
- 0 .y or (int 1= 0; i < o+ c
return a + (b - a) * ((float)rand() / (float)RAND_MAX); for (int j = @; j < POOL_W; ++j) { dfeatli] += net->fcwlkl [4] * dz[Kl; epoch 10 step 8000/20000 loss=0.9233 tra;n_acc_recent_est:
} int base_i = 2 x i, base_j = 2 * j; epoch 10 step 9000/20000 loss=0.9327 train_acc_recent_est=
float best = conv[f] [base_il [base_j]; y epoch 10 step 10000/20000 loss=0.9488 train_acc_recent_est=0.934
static void init_net(Net xnet) { int best_idx = 0; for (int k = 0; k < NCLASS; ++k) { epoch 10 step 11000/20000 loss=08.9592 train_acc_recent_est=0.934
srand(1); for (int di = 0 di < 2; ++di) { for (int i = 0; 1 < FEAT; ++i ) epoch 10 step 12000/20000 loss=0.9576 train_acc_recent_est=0.933
float conv_scale = sqrtf(2.8f / (IMG_C * K * K)); o (A @) = O 6] @ 29 =gl et e MK ) = L gzl feat (3 epoch 10 step 13000/20000 loss=0.9659 train_acc_recent_est=0.933
for (int f = 0; f < NF; ++f) { int idx = di * 2 + dj; net->fc_blkl —= LR % dz[kl; epoch 10 step 14000/20000 loss=0.9693 train_acc_recent_est=0.932
net->conv_b[f] = 0.0f; float v = conv[f][base_i + dil[base_j + djl; epoch 10 step 15000/20000 loss=0.9753 train_acc_recent_est=0.932
for (int ¢ = @; c < IMG_C; ++c if (v > best) { - - static float dconvINF] [CONV_H] [CONV_W]; epoch 10 step 16000/20000 loss=0.9830 train_acc_recent_est=0.931
for (int r = @; r < K; ++r best = v; memset (dconv, 0, sizeof(dconv)); epoch 10 step 17000/20000 loss=0.9932 train_acc_recent_est=0.929
for (int s = @; s < K; ++s ek = cke for (int f = 0; f < NF; ++f) { epoch 10 step 18000/20000 loss=1.0006 train_acc_recent_est=0.928
net->conv_w(fl [c][r][s] = frand_uniform(-conv_scale, conv_scale } - ;;‘:“1:: i :'0_“1 B epoch 10 step 19000/20000 loss=1.0083 train_acc_recent_est=0.927
¥ for (int § = 05 § < CNV_M; ++) € epoch 10 step 20000/20000 loss=1.0141 train_acc_recent_est=0.926
} ;E ‘W;V 1 [:] J][T 0.0f) deonvit][i1[j] = o0.0f; epoch 10 done: avg_loss=1.0141 train_acc=0.926 test_acc=0.470
float fc_scale = sqrtf(2.0f / FEAT); A 7 deonviTHAT N Model saved to model_weights.bin
- pool[f]l[i] [j] = best; } =
for (int k = @; k < NCLASS; ++k) { o 4 [ n
net->fc_blk] = 0.0f; argmax_idx [f] [1] [j] = best_idx; for (int c = 8 ¢ < IHG_C; ++c
for (int i = @; i < FEAT; ++i } R | = s i 'f::t(;n: ;:roj t;:;:lft) {
net->fc_wlk] [i] = frand_uniform(-fc_scale, fc_scale);
for (int § = 0; § < CONVW; ++
} ¥ dw += deonv (] [1] [§] * get_pixel(s=>x, ¢, i+ F, j + €); 309
static intfloid;batchiﬁ:znst chalrl‘ *fi}ename, Sample *dst, int offset, int max_count) { for (int k = 03 k < NCLASS; ++k) { | X net->conv_w[f] [c] [r][t] -= LR * dw;
EiLI(E: [)’E open(filename, "rb"); float 2/ = net=>fc. blKkl;
. p' " " . for (int i = @; i < FEAT; ++i) z += net->fc_wl[k] [i] * feat[i net->conv_b[f] —= LR * db;
fprintf(stderr, "Cannot open %s\n", filename); . }
return -1; logits [kl = z;
¥ return loss:

int main(int argc, char sxargv) {

const char *dir = argc > 1 7 argv(1] :
int epochs = argc > 2 ? atoi(argv(2]) :
int train_limit = argc > 3 ? atoi(argv[3]) : 5000;
int test_limit = argc > 4 ? atoi(argv[4]) : 1000;

if (train_limit > MAX_TRAIN) train_limit = MAX_TRAIN;
if (test_limit > MAX_TEST) test_limit = MAX_TEST;

/cifar-10-batches-bin";

int count = 0;
while (count < max_count) {
int label = fgetc(fp);
if (label == EOF) break;
dst[offset + count].label = (uint8_t)label;

Sample *train = (Sample *)malloc(sizeof(Sample) * train_limit);

o . Sample xtest = (Sample *)malloc(sizeof(Sample) * test_limit);
u?nts_t buf [IMG_SIZE]; if (!train || !test) {

size_t got = fread(buf, 1, IMG_SIZE, fp); fprintf(stderr, "Memory allocation failed.\n");

if (got != IMG_SIZE) break; return 1;

}

int ntrain = load_train(dir, train, train_limit);
int ntest = load_test(dir, test, test_limit);
if (ntrain <= @ || ntest <= 0) {
fprintf(stderr, “Failed to load CIFAR-10 data. dir=ks\n", dir);
return 1;

for (int i = @; i < IMG_SIZE; ++i
dst[offset + count].x[il = ((float)buf[i] / 255.0f - 0.5f) / 0.5f;

count++; )

printf(“Loaded train=xd, test=%d\n", ntrain, ntest);



