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2UVOAQ DEDQOUEVWV YIA TIG AOKNOEIG:
21:

Na 1o ouvoAo dedopévwy TG aocknong (1) dnuioupynoaue 8,000 Tuxaia
TTAPAdEIYMATA PE X1, X2 VA AVAKOUV OTO TETPAYwWVO [-1, 1]. Ta kaTtaypdyaue oTo
apxeio data.txt ye JopPn X1,X2,C OTTOU C €ival N KATNyopia TTou avaBéoaue To
TTapadelypa he Baon Tig eGlowoelg. Emonuaivouue o1 TpooBécaue 66pufo Povo
O0TO OUVOAO ekTTaideuong (dnAadn ota TTpwrta 4,000 dedopéva) pe moOavotnTa 0.1.
Na va TTapoupe Tuxaieg TIHEG oTo didoTnua [-1, 1] xpnolgoTroIoaPe TRV ouvapTNon
sin(x) ye X va eivai évag Tuxaiog apiBuog rand()’. MNa va TTdpoupe TNV mMoavoTnTa,
OTTOU €ival évag aplBudg oto didotnua [0, 1], TTaipvouue TNV TTpoNyoUlEVN
ouvaptnon kai v Bafoupe o€ ammdAuTo (fabs(sin(x))) = (|sin(x)]).

Mapdadeypa: -0.186073,-0.943919,3\n
Plot:




22:

Na 1o ouvoAo dedopévwy TG doknong (2) dnuioupynoaue 1,200 onueia oto
ETTITTEDO X1, X2. ETTE10M 0€ auTd TO onuEio Ta TTEdIA TIMWV OEV NTA CUMMPETPIKA OEV
MTTOPOUCAUE VA XPNOIKMOTIOINCOUNE TNV TTPONYOUNEVN CUVAPTNON YIA VO
utToAoyiooupe Ta onueia. ‘ETol dnuioupynoaue pia Kaivouplia ouvapTnon Tuxaiwv
apIBuwWV N otroia dEXETAI pIa EAAXIOTN (a) kal pia péyioTn (b) Tiun. H Tipn emoTpo@ng
NG eivail évag Tuxaio¢” apiBuog ato didotnua [a, bl.

Mapddeiyua: 1.003035,1.243751\n
Plot:
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[MoAueTtTiTredo perceptron, doknon (1):
Aiya Adyia yia Tnv doknon:

H yAwooa TTpoypaupaTiophou TTou TMIAECaPE va XpnoidoTtroiooupe gival n C. MNa va
KOTOOKEUAOOUE TO TTOAUETTITTEDO perceptron XpnoIPOTTOINCAE Structs Kabwg Kal
EexwploTd header files é1Tou KaTAOKEUAOANE POVOI HOG. Ta apxeio vector.h kai
vector.c opiouv-uAoTroloUv Tnv dOWN vector t kal cuvapTiOoEIS yia auTrv. Agv gival
TITTOTA AAANO TTAPA MIa dON TToU eKQPACEl Eva dIAVUCUA KAl CUVAPTACEIS YIA TTPAELEIS
ME auTd. 2Tn OUVEXEIQ EXOUME Ta apxeia neuron.h kal neuron.c oTa oTToia opifoupuE-
UAOTTOIOUNE BOUEG KAl CUVAPTAOEIS VIO VO OUVOECOUE TO perceptron.

H dopn neuron_t Tepiypagel évav veupwva, n layer_t éva emitredo (array amod
VEUPWVEG) Kal n network _t oAdkAnpo 1o dikTuo (array atro layers). O kGBe veupwvag
TePIEXEI TO BApn Tou (vector_t) Kabwg Kal TRV TTOAWOCN Tou.

To K&Be eTTiTTEdO TTEPIEXEI TOUG VEUPWVEG TOU, TNV €i0000 X YIO TOUG VEUPWIVEG, TNV
€€000 0 OTTOU TTPOKUTITEI ATTO TNV ouvapTnon g(ui) (UE g THv ouvdpTnon
EVEPYOTTOINONG), TO id TOU, TO BABOG TOU Kal TEAOG TO dIAVUC A e OTTOU €ival To O yia
KAOE veupwva OTO ETTITTEDO (TO OUYKEKPIUEVO XPNOILOTTOIEITAI OTOV aAyOpIBuo
backpropagation).

TENOG 1O DiKTUO Nnetwork_t TTepIEXEl Eva DIAVUO A TTOU ATTOTEAEI TNV £i0000 TOU
OIkTUOU layer0, éva array a1t eTitreda Kal TEAOG To TTAB0¢ Twv emTédwy. MNa
compile ypA@eTe TNV evToA] make oTO TEPUATIKO.

struct neuron s {
vector t *w;
double wO;
}:

typedef struct neuron s neuron t;

struct layer s
{
int layer id;
neuron_t *neurons;
vector t *x;
vector t *o;
vector t *e;
int layer depth;
}i
typedef struct layer s layer t;

struct network s {
vector t *layerO;
layer t *layers;
int number of layers;
}i

typedef struct network s network t;



Mapduetpol Tou TTOAUETTITTEOOU perceptron:

MNa TG TTapau€TPOUG ToU TTOAUETTITTEOOU perceptron (apiBuou i06dwv (d), apiBuou
karnyopiwyv (K), apiBuou VEupwvwy OTa KpUUUEVa ETTITTEDA, €00 auvapTnonNg
EVEPYOTTOINONGS, PUBLOU udbnong (n) K.a.) KAvaue Xpnon tng eVIoAng OTTOoU
XPNOIUOTTOIEITAI OTOV TTPOETTECEPYAOTA TNG YAWooaC. ‘ETol To diKTUO gival TTARPWS
TTOPAPETPOTTOINCIUO XWPIG VA XPEIAZETAI O XEIPIOTAG VA ETTEUPREI OTOV KWOIKA.

enum FUNCTION{TANH = 0, RELU = 1, LOGI = 2};
typedef double (*g) (double);

/* input size */

#define d 2

/* number of categories */

#define K 4

/* number of neurons at H1 (hidden layer 1) */

#define H1 16

/* number of neurons at H2 */

#define H2 16

/* number of neurons at H3 (if needed) */

#define H3 16

/* activation function to use at hidden layers */
#define F TANH

/* activation function to use at the outer layer H+1 */
#define O F TANH

/* batch size (must be divisor of N) */
#define B 40

/* epoch size */

#define N 4000

/* number of hidden layers */ NpoooxH:
#define CH 3 , ,
/* learning rate */ H napapetpog K Ba mpenel va
#define ETA 0.01 Bpioketal mavro oto TéAoc tng Alotag
/* max accepted error */ depth_per_layer adoul ekdppalel To

#define ERR 0.01 TMARBOC TWV KATNYOPLWV
/* min error difference between 2 epochs */

#define ERM 0.000001

int depth per layer[] = {H1,H2,H3,K}; /* amount of neurons per layer (edit
this to change the order of layers) */

g activation functions[3] = {&tanh, &relu, &logistic}; /* list of
activation functions as pointers */

g d _activation functions[3] = {&d tanh, &d relu, &d logistic}; /* list of

activation function's derivatives as pointers */



PopTwHG cuvolou ekTTaideuong OedOUEVWV Kal KWAIKOTTOINON KATNYOPIWV:
a) Avayvwon atré apxeio:

Na va gopTWOOUNE TO CUVOAO EKTTAIOEUONG KATAOKEUACOUE IO ouvapTNON
avayvwong atmo apxeio. H Tiur offset mou déxeTal wg dpioua XPnNOIUOTIOIEITAI
apyotepa yia va diaBdooupue Ta eTopeva 4,000 dedouéva TTOU aviiKOUV 0TO OUVOAO
eAEyxou aAAa dev Ba pag atracxoAnoel Twpa (TiBetal o€ 0).

void read data file(int offset) {

epoch data = (vector t **)malloc(sizeof(vector t *) * N);
category per data = (int *)malloc(sizeof(int) * N);
int 1i;
for(i = 0; 1 < N; i++) {
epoch data[i] = zeroes(d);

}

double x1, x2;
int category;

FILE *fp = fopen("data.txt", "r'");
for(i = 0; 1 < offset; i++)
fscanf (fp, "%1f,%1f,%d\n", &x1, &x2, &category):;
i =20;
while (fscanf (fp, "%1f,%1f,%d\n", &x1, &x2, &category) != EOF && i < N) {

epoch datal[i]->vector[0] = x1;
epoch _datal[i]->vector[l] = x2;
category per datal[i] = category;
i44+;

}

fclose (fp) ;

}
b) Anuioupyia KatnyopIwv:

MNa va KwdIKOTTOINOOUUE TIC KATNYOPIES TOU TTPORANUATOS XPNOIUOTTOINCAE
Katnyoplotroinon 1-out of-p. MNa 4 katnyopieg AoITTov dnuioupynoaue éva didvuoua
TEOOAPWY BECEWV OTTOU PJOVO JIa ATTO AUTEG €iXE TNV TIUA 1 EVW 01 UTTOAOITTEG TNV
TIuA 0. Mapadeiyhatog xapn av éva TTapadelyua aviKel oTnV TO
dIGvuoua TTou TTEPIYPAQPEI TNV KaTtnyopia Tou givail 1o {0, 0, 1, 0}. 'ETOI TTPOKUTITEI O
TTAPOKATW KWOIKAG:

void init categories() { /* initialize categories as one-hot vectors, for

example ¢l = {1,0,0,0}. c2 = {0,1,0,0} etc. */
int 1i;
categories = (vector t **)malloc(sizeof(vector t *) * K);
for(i = 0; 1 < K; i++) {
categories[i] = zeroes(K);

categories[i]->vector[i] = 1;



APXITEKTOVIKI] DIKTUOU Kal apXIKOTTOiNoN Bapuwv/TTOAWCEWV:

To dikTUO KaTaokeudldeTal oTnv ocuvdpTtnon init_network(...). H cuykekpipévn
ouvapTtnon dEXETAl WG €i00d0 TO TTANBOC TWV ETITTEOWYV TOU DIKTUOU, HIa AioTa TTOU
TTEPIEXEI TO TTABOG TWV VEUPWVWYV O€ KABE ETTITTEDO (KPUMMPEVO 1 Un), Kal TO PHEYEBOG
TNG €10000u (d). Méoa oTn PEBODO APXIKOTTOIOUVTAI Ol QOUEG TTOU XPNOIUOTIOIOUE,
ouvdéovTal Ta eTTITTEdA TOU OIKTUOU PETAEU TOUG KOl APXIKOTTOIOUVTAI Ol TINEG TWV
Bapwv oto didotnua [-1, 1]. TEAOG n ouvdapTnon emMOoTPEPEl Evav OEikTn 0Tn doun
network_t. Znueiwvoupe 0TI 0 puBUOS uABNONG Kal TO KATW@AI TEPUATIOMOU divovTal
pe define otnv main.c 6TTwgG £ENYACAPE TTPONYOUUEVWG.

network t *init network(int number of hidden layers, int *layer depth, int
input size) {

int i; /* layer indexer */

int j; /* neuron indexer */

int total layers = number of hidden layers+l; // calculate the total
number of layers

network t *network = (network t *)malloc(sizeof (network t)); // the
network is an array of layers
network->number of layers = total layers; // set the number of layers

network->layers = (layer t *)malloc(sizeof(layer t)*total layers); //
initialize the array

network->layer0 = allocatem(input size); /* this is the input layer for
the network */

for(i = 0; i < total layers; i++) {

network->layers[i].layer depth = layer depth[i];
network->layers[i].layer id = i+l;

/* set the input of neurons on layer 0 or connect the previous output
with the current input vector */

network->layers[i].x = i1 == 0? network->layer(0 : network->layers[i-
].0;
network->layers[i] .o = zeroes(layer depth[il]);
network->layers[i] .e = zeroes(layer depth[il]);
network->layers[i] .neurons = (neuron t
*)malloc (sizeof (neuron t)*layer depth[i]); Apyxikormoinon Bapwv/

TIOAWOEWV yLo. KAOE VEUPWVAL.

for(j = 0; j < layer depth[i]l; Jj++) {
network->layers[i] .neurons[]j].w = get random norm(network-
>layers[i].x->vector size); // and set the weights vector accordingly
network->layers[i] .neurons[]j].w0 = get random norms();
}
}

return network; // finaly return a pointer to the whole structure



YAotroinon tng ocuvapTtnong forward-pass:

Apxika n ouvapTtnon forward_pass(...) Tou €xel uAoTToINOEi dlaTpéxel KABE veupwva,
KABe eTTITTédOU Kal uTToAoyiCel TO dIAvUO A OO0V YIO TO CUYKEKPIMEVO ETTITTEDOD. TO
dlavuopa £€6d0U UTTOAOYICETAI BPIOCKOVTAG TO ECWTEPIKO YIVOUEVO AVAUECA OTIC TIMEG
€10000U Kal 0TO OIAVUO A Bapwy yia TOV KABE veupwva.

ZUYKeKPIYEva o; = g(Xi; wix; + wp) WE 0j N £6080G TOU j-00TOU VEUPWVA TOU
EMTTEDOU.

void forward pass(vector t *input vector, vector t *output vector) {
int i, j; /* iterate over each neuron in every layer */
copy (network->layer0, input vector); /* set layer0O inputs */

for(i = 0; i < network->number of layers; i++) { /* for every layer */
for(j = 0; j < network->layers[i].layer depth; j++) { /* iterate over
every neuron */
if (i == network->number of layers-1) {

network->layers[i] .o->vector[j] =
(*activation functions[O_F]) (u(network->layers[i].x, network-
>layers[i] .neurons[j] .w, network->layers[i].neurons[]].w0));
lelse {
network->layers[i] .o->vector[]j] =
(*activation functions[F]) (u(network->layers[i].x, network-
>layers[i] .neurons[]j].w, network->layers[i].neurons[j].w0));
}
/* and calculate the dot product
then pass it through the desired activation function to check
if the neuron fires or not! */
}
}

copy (output vector, network->layers[network->number of layers-1].0);



YAotroinon tng ocuvdapTtnong backprob:

H ouvdaptnon backprob(...) mou €xel uhotroinBei apxik& KaAei Tnv ouvdptnon d_loss
N otroia uttoAoyiel To O yia To €TTiTTEdO L=H+1. 2Tn ouvéxeia diaTpéxel KABe
VEUPWVA ToU €TTITTEOOU L Kal TpoTToTtTolEl Ta Bdpn Tou KATd Aw = —n - 6; * X;.

Apéowg PeTd o aAyopiBuog ouveyilel uttoAoyifovtag Ta O yia KABE KpIUEvo ETTITTEDO
atro 1o TEAOG TTPOG TNV apxr). MNa tnv dieukdAuvaon Tou UTTOAOYIOUOU TOU
abpoicuarog

5 =y (1-yM) 2w Vs | yonopomomoape éva SiGvuopa e To otroio
AeIToupyei oav evOIAPEDTN UVAN METALU TwV ETTITTEDWV ATTOONKEUOVTAG TO O TTOU
TIPOKUTITEI O€ KABE eTTiTTEDO.

void d_loss(vector_ t *actual output, vector t *expected output) {
int i;
vector t *diff = sub(actual output, expected output);
for(i = 0; i < diff->vector size; i++) {
diff->vector[i] *= (*d activation functions[O F]) (actual output-
>vector[i]); /* (y hat - y) * g'(y hat) */
network->layers|[network->number of layers-1].e->vector[i] += diff-
>vector[i];

}

for(i = 0; i < network->layers[network->number of layers-1].e-
>vector size; i++) {
network->layers[network->number of layers-1].e->vector[i] /=

(double)batch size;
}

releasem(diff) ;



void backprop(vector t *input vector, vector t *expected output) {
int i, j, L = network->number of layers-1;
double xi;

d loss(network->layers[L].o, expected output); /* calculate delta for the

outer H+1 layer */

for(i = 0; i < network->layers[L].layer depth; i++) { /* for each neuron
in L=H+1 */
for(j = 0; j < network->layers[L].neurons[i].w->vector size; j++) {
/* for each weight in this neuron */
x1 = network->layers[L].x->vector[j]; /* the xi that the wi was
multiplied with */
network->layers[L] .neurons[i] .w=>vector[]j] -= eta * network-
>layers[L] .e->vector[i] * xi;
network->layers[L] .neurons[i] .w0 -= eta * network->layers[L].e-
>vector[i]; /* xi for wO (bias) is 1 */
}
}

for(i = L-1; 1 >= 0; i--) { /* for each hidden layer */
for(j = 0; j < network->layers[i].layer depth; j++) { /* for each
neuron in it */

vector t *wji = allocatem(network->layers[i+1].layer depth);
for(int n = 0; n < network->layers[i+l].layer depth; n++) { /*
neuron indexer for L = h+l */
wji=->vector[n] = network->layers[i+1].neurons[n].w-
>vector[j]; /* get the n-th weight from each neuron */
}

network->layers[i] .e->vector[]j] =
(*d activation functions[F]) (network->layers[i].o->vector[]j]) * dot(wji,
network->layers[i+1].e);

releasem(wji) ;

for(int g = 0; g < network->layers[i] .neurons[]].w->vector size;
g++) { /* for each weight in this neuron */
x1i = network->layers[i] .x->vector[qgl];
network->layers[i] .neurons[]] .w->vector[gq] -= eta * network-
>layers[i].e->vector[]j] * xi; /* xi * delta */
network->layers[i] .neurons[]j] . w0 -= eta * network-
>layers[i] .e->vector[j]; /* xi for w0 (bias) is 1 */
}
}

10



YAotroinon aAyopiBuou gradient descent pe xprion mini batches:

Na va uhotroirjooupue Tov aAyopiBuo gradient descent pe xprjon mono batches
KATAOKEUAOAUE TNV ouvapTnon train. Apxika n ouvaptnon Xwpilel To cUvoAo 6AwvV
Twv d0edouEvwy (eTToxr) o€ batches peyéBoug B. MNa kdBe batch n ouvapTtnon ekTeAei
forward pass kai back propagate kavovtag opadikr) evnuépwon Twv Bapwyv (av B=1
TOTE £XOUME OEIpIaKN evnuépwaon). AQou oAokANpwOEi To TTéEpaoua Twy 4,000
OeQOPEVWV ETTIOTPEPETAI TO TUVOAIKO OQAAUQA ETTOXNG.

double train(vector t **epoch data, int *category per data) ({
int i, j, L = network->number of layers-1;;
double error = 0;

vector t *output vector = allocatem(K);
for(i = 0; i < N-batch size; i+=batch size) {
/* reset all deltas */
for(int p = 0; p < network->number of layers; p++) {
for(int g = 0; g < network->layers[p].e->vector size; g++) {

network->layers|[p] .e->vector[qg] = ;
}
}

for(j = 0; j < batch _size; j++) { /* for every input in the batch
data set */

forward pass(epoch datal[i+j], output vector); /* forward pass the
data through the network */

backprop (epoch data[i+j], categories[category per datal[i+]j] -
1); /* the backpropagate the error and adjust the weights */

error += loss(output vector, categories[category per datal[i+]j] -
1); /* add the mean square error created for the selected batch size */
/* the final result is the epoch error */

}
}

/* release all allocated memory! */
releasem(output vector);
return error/ (double)N;

11



YTTOAOYIONOG Kal EKTUTTWOT TNG IKAVOTNTAG YEVIKEUONG TOU BIKTUOU:

MNa va Tpooeyyioouue 10 TTOOO KAAG YEVIKEUEI TO TTPORANUA TO VEUPWVIKO OIKTUO
ypagouue o€ éva apxeio pEow TnG uEBOdoU test_and_close Ta ammoTEAECUATA TTOU

TIPOKUTITOUV aTTd TO GUVOAOU €AEyXOU. 2Tn ouvéxela To apxeio read data.m diapadel
Ta dedopéva aTrd TO GUVOAO €AEYXOU Kal Ta dedOMEVA ATTO TO TTAPAXOEV apxeEio,
Bpiokel TO TTANBOC TWV CWOTWV ATTAVTHOEWY PETA a1Td OUYKPIoN Kal TEAOG

EKTUTTWVEI TOV AOYO OWOTWV TTPOG OAWYV TWV ATTAVTHOEWYV Tou OIKTUOU. Na
OTITIKOTTOINON TWV ATTAVTACEWYV KAvoue scatter (plot) Ta TTepiexOPEVA TOU apXEiou.

void test and close() {
int i;

FILE *fp = fopen("test.txt", "w"); /* empty the txt file */

vector t *output vector = allocatem(K);
read data file(N);
for(i = 0; 1 < N; i++) {
forward pass(epoch data[i], output vector);

fprintf (fp, "%51f,%1f,%d\n", epoch datal[il->vector[0], epoch datal[il]-

>vector[1], max index(output vector)+l);
}
fclose (fp) ;
/* release all allocated memory! */
for(i = 0; 1 < N; i++) {

releasem(epoch data[il);

}
free(epoch data);
free(category per data);
release network(network) ;
release categories(K);
releasem(output vector);

}

Apxeio read_data.m:

y_hat = load("-ascii", "test.txt");
y = load("-ascii", "test data.txt");

y_hat = transpose(y hat);

y = transpose(y);

e =y hat(3, :).-y(3, :);
columns (e (e == 0))/columns (e)

figure (1) ;
hold on;
for i = [1:1:441]
scatter(y_hat(l, :)(y_hat(3, :) == 1), y hat(2, :)(y_hat(3,
endfor;
hold off;

)

== l),

H+H)
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2TO OUYKEKPIPEVO Bldypapua To dikTuo TTapoucialel 98.22% 1Too00To £TMITUXIAC OTA
QATTOTEAEOUATA TOU YIa TO OUVOAO €AEYXOU TTOU TOU BOONKE. To BIKTUO ATTOTEAEITAI
atro 3 KPUUMEVA €TTITTEDA PE 16 VEUPWVES TO KaBéva. O pubuog pabnong civai
N=0.01 ka1 n ouvapTNOoN EVEPYOTTOINCNG TTOU XPNOIKMOTTOINCAE Eival UTTEPPOAIKA
epatrTouévn. To batch size ival B=40.
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[Mpoypaupa opadotroinong pe alyopiBuo k-means, doknon (2):
Aiya Adyia yia Tnv doknon:

To TpoRANua opadoTtroinong, MeE Xprion Tou aAyopibuou k-means, uAoTroindnke

OTTWG Kal TNV TTponyoupnevn doknon oTn YAwooa Trpoypaupatiopou C. Ta apxeia
vector.c kal vector.h, épola pe Tapatmdvw, opi¢ouv-ulotrolouv Tn dour vector _t kai
TIGC cuvapTAoeIS yI' auTh. MNa compile ypagere TRV EvioAl make 0TO TEPHATIKO.

YAotroinon:

2TO ApxEio main.c Tou QakEAoU k-means, apxIKd, TO TTPOYPANHUA QOPTWVEI TO
apXeio Twv 0EOOUEVWY TTOU BNUIOUPYHOALE.

fp = fopen("data.txt", "r'");

int i,3;

double total error;

for(i = 0; i < N; i4+) { /* for each point */
datal[i].cords = allocatem(P); /* allocate memory for the vector */
data[i].cluster = 0; /* it doesn't belong to any cluster */
fscanf (fp, "%1f,%1f\n", &datal[i].cords->vector[0], &data[i].cords-

>vector[1]); /* read data from file */

}
fclose (fp) ;

‘ETTeiTa, yivetal n emmAoyr Twv KEVTpWV emIAéyovTag Tuxaia M atrd Ta TTapadeiyuara.

O 1Tpo0dIoPIoHOS TOU apIBUOU TwV KEVTPWV (clusters) yivetal oTnv apxn Tou
TTpoypduparog pe #define M, yia M = 3,5,7,9,11,13.

for(i = 0; i < K; i++) { /* for each cluster */
centroids[i] .cords = allocatem(P); /* allocate memory for the vector */
centroids[i].cluster = i+l; /* assign cluster id */
int r = rand() % N; /* pick a random point as cluser coordinates */
centroids[i] .cords->vector[0] data[r].cords->vector[0];
centroids[i].cords->vector[1] datal[r].cords->vector[1];
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2Tn OUVEXEIQ EKTEAEITAI O OAYOPIBUOG k-means, uttoAoyifovTag TNV EukAgideia

amméoTaon KABe onueiou Twv dedouEvwy atrd Ta centroids. To KGBe onueio YTTaivel

oTNV OPAdA ATTO TNV OTToIA £XEI TN MIKPOTEPN ATTOOTACH ATTO TO KEVTPO TNG. TEAOG
aAAGlel Tnv BEon Twv centroids Baoel TNV péon atrdéoTaon Ao Ta dEdOUEVA TTOU
avrKouv oTnv oudda Toug.

loop:
for(i = 0; 1 < N; i++) { /* for each data point */
double min = euclidean distance(data[i].cords, centroids[0].cords);
/* calculate the euclidean distance from the first centroid */
int min ¢ = 1; /* assign the id of the first centroid */
for(j = 0; j < K; j++) {
double temp = euclidean distance(datal[i].cords,
centroids[j].cords); /* calculate the distance from each centroid */
if(min > temp) { /* if we find a better distance */
min = temp; /* change min distance value */
min ¢ = j+1; /* change cluser id for this point */
}
}

data[i].cluster = min c; /* assign the fina value to the data point

*/
}
int terminate = 0; /* create an integer */
for(i = 0; i < K; i++) { /* for each centroid */
double x1 mean = ;
double x2 mean = ;
int counter = 0;
for(j = 0; jJ < N; j++) { /* calculate the new centroid position using
mean data point coordinates */
if (centroids[i].cluster == data[j].cluster) { /* if the data
point belongs to the cluster */
counter++;
x1l mean = x1 mean + datal[j].cords->vector[0];
x2 mean = x2 mean + datal[j].cords->vector[l];
}
}
x1 mean = x1 mean/ (double)counter;
x2 mean = x2 _mean/ (double)counter;
if (centroids[i].cords->vector[0] '= x1 mean || centroids[i].cords-
>vector[1] '= x2 mean) { /* if the data point changes position */

terminate++; /* increase the counter */
}
centroids[i].cords->vector[0] = x1 mean;
centroids[i].cords->vector[l] = x2 mean;
}
if(terminate > 0) { /* if any centroid had its position changed */
goto loop; /* loop */
}
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TENOG, yiveTal UTTOAOYIOPOG TOU OQAAPATOG OpadOoTToINONG yia KABe oudda (cluster),

KaBwg¢ Kal Tou OUVOAIKOU 0@AaAuaTog opadoTroinong (total clustering error) kai

EYYPOPN TwV opadoTToINUEVWY TTAEOV dEDOPEVWY OTO apXxeio test.txt kal Twv centroid

oTo test2.txt.

total error = 0; /* calculate the clustering error for each cluster */
/* and the total clustering error */
for(i = 0; 1 < K; i++) {
double temp = 0;
for(j = 0; J < N; j++) {
if (centroids[i] .cluster == data[j].cluster) {

temp += euclidean distance(centroids[i].cords,
datal[]j].cords);
}

}
total error += temp;
printf("Clustering error for c = %d is c error = %1f\n", i+l, temp);

}

return total error;

void log results() {
int i,3;
/* then write the data points and their assigned cluster to a file for
testing */
fp = fopen("test.txt"™, "w");
for(i = 0; 1 < N; i++) {
fprintf(fp, "%1f,%1f,%d\n", datal[i].cords->vector[0], data[i].cords-
>vector[1], data[i].cluster);
}
fclose (fp) ;
/* also write the cluster coordinates and id's */
fp = fopen("test2.txt"™, "w");
for(i = 0; 1 < K; i++) {
fprintf (fp, "%1f,%1f,%d\n", centroids[i].cords->vector[0],
centroids[i] .cords->vector[1], centroids[i].cluster);
}
}
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A@ou ekTeAéoape To TTPOYpaupa 20 QopEG yia KABE Tipr Tou M, KpaTAoape TN AUon
ME TO MIKPOTEPO total clustering error. ‘ETO1 €X0UpE:

> M=3

Total clustering error c-total = 571.161726
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Total clustering error c-total = 318.733427




Total clustering error c-total = 236.980838

- M=11

2/

Total clustering error c-total = 204.525960
*Mapatpnon: O1 opddeg 3 kal 4 cival dIAPOoPETIKES JETAEU TOUG.
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Total clustering error c-total = 191.473544
Mapatipnon: O1 opddes 5 kal 6, OTTwG Kal o1 8 kal 9 gival SIaPOPETIKEG HETAEU TOUG.

Bdaoel Twv Tapatrdvw attoTEAECUATWY, TO OQAAPA OPadOTTOINONG METABAAAETAI WG
€GNG:

600
500 [
400
300 [ ~

200 - | -

100 L L 1 1 1 |

2UMTTEPAIVOUUE TTWG OTTO TO OQAAUa opadoTroinong € PTTOPOUNE VA EKTINIOOUUE
TOV TTPAYMATIKO ApPIOUO TWV OPAdWY, 0 OTT0I0G OTO TTPOBANKA pag gival 9. 210 oxANa
EXOUME TO PAIVOUEVO TOU «YOVATOU» va cuuBaivel yia M = 9, evw peTd To OQAAPa
opadoTroinong MEIWVETal Aiyo yia TIG UTTOAOITTES TIWEC TOU M. To BEATIOTO (EAGXIOTO)
o@AaApa opadotroinong pelwveTal (akOua Kal Aiyo) 6co peyaAwvel To M. Apa, dev
gival 1I0avIKO atrd auTtd va aTToPacicoule TOV CwaoTO akpIPr) aplOud opddwy TTou
QTTAITEITAI VIO TRV ETTIAUCH TOU TTPORARUATOG.
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