9.2.10 02clust
Application purpose

o2clust performs cluster analysis on a set of data. It uses an adaptive algorithm outlined in section
3.2 tailored to the second-order distance metric described in section 2.2.

Application notes

Although the correlation-matrix cluster representation implemented in the corrmatrix module is
complete, the algorithm does not work at present. The problem seems to lie with forming clusters
that have too few points, and therefore are unnaturally biased along an arbitrary axis. When
forming clusters by adding points (as opposed to splitting larger clusters into progressively smaller
clusters) the clusters grow from a few points to encompass (hopefully) a natural cluster. However,
when a cluster contains one or two points, the correlation matrix is either singular or very close, and
the resulting “shape” of the cluster is merely the axis through the two points. This severe skew
persists until a greater number of points are used to form the matrix.

The preliminary solution was to form a “dummy” cluster around a cluster with few points. This
dummy cluster would be used to calculate the correlation matrix until a certain threshold number of
points existed within the cluster. The dummy cluster was spherical around the centroid of the redl
cluster. However, this did not solve the problem.

The second approach was to “steal” the nearest n points when creating a new cluster. This caused
unnaturally shaped clusters.

Lipson and Siegelmann [1998] use the correlation matrix representation to form the receptive field
of aneuron. The matrix is incrementally updated (via a “learning rate”). The receptive fields are
initialised to an area before learning begins. No new “clusters’ or neurons are generated. One
approach with o2clust would be to likewise segment the data space to initialise the clusters. This
would require some new method to create a new cluster, however.

Another possible method would be to incrementally adjust the correlation matrices via a learning
rate so they did not “contain” the points but merely represented a “ best guess’ of acluster. The data
set could then be classified on the termination of the algorithm.

Usage

*** o2clust -- performs adaptive 2 clustering on a set of vectors
Version 0.32.cp build 22:20:54 Cct 10 2000 [IRI X64 6.5 |P25]
Usage: o2clust {vector file} {cluster file} {classify file} {stop paran

VWere: {vector file} -- file to take vectors from

[specify '-' for stdin]

{cluster file} ~-- file to wite clusters to
[specify '-' for stdout]

{classify file} -- file to wite classified vectors (fromvector file) to
[specify '"-' to skip this step]

{stop paran -- stop clustering when RVS error changes by | ess than
this factor. i.e. 0.1 => 10%4 0.25 => 2594 etc.

Modules used

StdDefs, 2DArray, TokenLst, TokScan, Gauss, RunAvg, Vector_Utils, Vector_Read, CorrMatrix,
Cluster
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Source code

Makefile

TARGET=02cl ust
VERSI ON=032cp

CFI LES=${ TARGET}.c cluster.c vector_utils.c vector_read.c

gauss2.c 2darray.c runavg.c

corr_matrix.c

tokenl st.c

HFI LES=st ddefs.h cluster.h vector_utils.h vector_read.h corr_matrix.h tokscan.h tokenlst.h gauss.h

runavg. h 2darray. h
OBJFI LES=${ TARGET}.0 cluster.o vector_utils.o
gauss2.0 nrutil.o runavg.o 2darray.c

DI STFI LES=Makefil e o2cl ust. hel p. make ${CFI LES} ${HFI LES} ${ TARCGET}

SYSVER=\""unanme -nprs\"

CC=cc

CFLAGS=- 64 -pca - DPLATFORM="${SYSVER}" - DUN X #- DDEBUG

LFLAGS=-64 -pca -Im-Inalloc

${ TARGET}: ${ OBJFI LES}
${CC} -0 ${TARGET} ${OBJFILES} ${LFLAGS}

hel p: ${ TARGET}
${ TARGET} --help

cl ean:
rm-f *. o ${ TARCET}

refresh: clean ${TARGET}

di st: ${Dl STFI LES}
tar cvf ${ TARCET}_v${VERSIO\}.tar ${Dl STFI LES}
gzip -f ${TARGET} _Vv${VERSI O\}. tar

.C.0:
${CC} ${CFLAGS} -c $*.c

vector_read.o corr_matrix.o

tokenlst.o

o2clust.help.make

/* Help make file for o2cl ust
*
Aut hor: Dylan Miir
Date: 3rd July, 2000
Modi fi ed:
Version: 0.15.cp
/

L

#defi ne p(x) fprintf(helpFile, x);

p("\n");
p("Put your help info here\n");
p("\n");

p("\n");

p("bl ah bl ah bl ah\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");

p("\n");
p("\n")
p("\n");

#undef p

/* --- END of generic.hel p.make --- */

o2clust.c

/* o2clust -- perforns order-2 (ellipsoid) clustering on a set of vectors
* Uses a nodified version of the adaptive Forgy's algorithm

Aut hor: Dyl an Muiir (dr. nuir @tudent. qut. edu. au)
QUT MLRC Senester 2, Novenber 1999

Date: 8th Novenber, 1999

Modi fied: 10th October, 2000

L I T

Version: 0.32.cp (cross-platformWn32 and Uni x)
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*
* runavg
* Aknow edgenents: Lipson, H., Siegelman, HT., "H gh Oder
Deconposi ti on"

*

*/
/* -- Conpilation check -- */

#if !defined(UNI X) && !defined(W N32)
#error "Conpilation for Unix or Wn32 ONLY!"
#endi f

/* -- Required nodules -- */

#i ncl ude <stdio. h>

#i nclude <stdlib. h>

#i ncl ude <tine. h>

#i f def UNI X
#i ncl ude <uni std. h>

#endi f

#i f def W N32
#i ncl ude <string. h>
#define srand48(x) srand((unsigned int) (x))
#define strcasecnp stricnp
#define PLATFORM "Generic Wn32 Systent

#i ncl ude <coni o. h>

#i ncl ude <ctype. h>

#endi f

#i ncl ude <mat h. h>

#i ncl ude "stddefs. h"

#i nclude "cluster.h"

#i nclude "vector_utils.h"

#i ncl ude "vector_read. h"

#i nclude "corr_matrix. h"

#i ncl ude "runavg. h"

/* -- defines -- */

#defi ne APP_NAME 0

#define HELP 1

#define VECTOR FILE 1

#define CLUSTER FILE 2

#define CLASSIFY_FILE 3

#define CLUST_PARAM 4

#defi ne NUMVARGS 5

#define MAX_CLUSTERS 3000
#define | N T_STOP_PARAM 0. 001
#define SAVPLES_TO AVG 5
#define VERSION "0.32.cp"
#define HELP_FILE "o02cl ust. hel p"
#define Abort(x) AbortPrint((x), __LINE , __FILE )
/* -- codebook stuff -- */

typedef corrMatrix *codebook

codebook CodebookNew(int sl ots)

codebook CodebookDestroy(codebook book, int slots)

codebook CodebookNewFronCl uster(cluster *clust)

codebook CodebookMakeCopy(codebook book, int slots)

voi d WiteCodebook(FI LE *out put, codebook book, int slots)
codebook | nitialiseCodebook(int nunClusters, cluster *vectorSet)
int FreeC uster(codebook book, int nunSlots)

voi d WiteCodebook(FI LE *out put, codebook book, int slots)
doubl e Get Error(codebook book, int nunC usters)

/* -- knmeans hel per function prototypes -- */

voi d Usage(FI LE *output, char *appNane);

voi d Hel p(FI LE *out put, char *appNane)

void AbortPrint(int code, int line, char *file);
voi d ProcessCommandLi ne(int argc, char *argv[],
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FILE **vectFile, FILE **clustFile, FILE **classFile,

doubl e *cl ust Paran ;
voi d O oseFiles(FILE *vectFile, FILE *clustFile, FILE *classFile);
voi d PrintBanner(char *argv[], FILE *vectFile, FILE *clustFile, FILE *classFile, double clustParan;
cluster *ReadTraini ngSet (FILE *vectorFile, int *numlrai nVectors);
vector **Vect ArrayNewFr onC uster(cluster *clust);
int FindNearestNei ghbour(vector *vect, codebook currentBook, int nunCusters, bool useCorr, bool
ignore[]);
int Fi ndWor st Vect or (vector  **vect or Set, int nunVect or s, int cl ust er Menber shi p[], codebook
current Book, bool ignore[]);
int FindwrstVectorlnduster(vector **vectorSet, int nunVectors, int clusterMenbership[], codebook
current Book, int clusterSlot, bool useCorr);
doubl e Cvatri xAvCorrWthinC uster(corrMatrix matrix);
bool UseCorrel ati on(codebook currentBook, int nunCl usters);

void CassifyVectors(vector **vectorSet, int nunirainVectors, int clusterMnbership[], codebook
current Book, int lastduster, bool useCorr, double stopParam bool ignore[]);

doubl e Aver ageCodebookCorrel ati on(vector *vect, codebook currentBook, int nunCusters, double
*st ddev) ;

/[* -- main -- */

int main(int argc, char *argv[])

FI LE *vectFile, *clustFile, *classFile;
doubl e cl ust Par am
|lastError, thisError;

int | ast Gl uster, nunilrai nVectors,
*cl ust er Menber shi p, slot;
bool firstRun, termnate;

cluster *vectorSetd uster;
codebook current Book;
vect or **yvect or Set ;

doubl e wor st Corr,
best Corr,
testCorr,
best Di st ,
testDi st,
avCorr,
st ddevCorr ;
int cl osest,
ol dd osest,
next Cl osest,
wor st ,
| ast NewCl ust er,
best FronCl ust
best Tod ust,
fronmC ust,
toC ust,
nunC usters;

bool *jignore,
firstPass,
tracki ng,
report;

ProcessConmandLi ne( argc, argv,
&vectFile, &clustFile, &classFile,
&cl ust Par an ;

Pri nt Banner (argv, vectFile, clustFile, classFile, clustParam;
vect or Set 0 ust er = ReadTr ai ni ngSet (vect Fil e, &nunir ai nVectors);
vector Set = Vect ArrayNewFr onCl ust er (vect or Set d uster);

if (!(clusterMenbership = (int *) malloc(nunirai nVectors * sizeof(int)))) {
fprintf(stderr, "*** Could not allocate cluster nenbership array.\n");
Abort (24);

for (slot = 1; slot < nunilrai nVectors; sl ot++)
cl uster Menbership[slot] = -1;

cl ust er Menber shi p[0] = O;
/* clusterMenbership[1l] = 1; */

current Book
| ast d uster

InitialiseCodebook(nunilrai nVectors, vectorSetd uster);
1;

if (!(ignore = malloc(nunirainVectors * sizeof(bool)))) {
fprintf(stderr, "*** Could not allocate ignore array.\n");
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Abort (23);

for (slot = 0; slot < nunmlrai nVectors; slot++)
i gnore[slot] = FALSE;

lastError = GetError(currentBook, |lastC uster + 1);
printf("Initial (no classification) error: %\n", lastError);

if (nunirai nVectors > 1000)
report = TRUE;

el se
report = FALSE;

tracki ng = FALSE;
term nate = FALSE;
firstRun = FALSE;
nunCl usters = 1;
while (!termnate) {

slot = 0;
while (slot < numlrai nVectors) {
cl osest = Fi ndNear est Nei ghbour (vectorSet[slot], currentBook, lastCluster + 1, TRUE, NULL);

if (clusterMenbership[slot] == -1) { /* ie not clustered */
avCorr = AverageCodebookCorrel ati on(vectorSet[slot], currentBook, |astduster + 1,
NULL) ;
best Corr Chatri xCorrel ati onWthVect (current Book[ cl osest], vectorSet[slot]);

//avCorr = CMatrixAvCorr Wt hi nCl uster(currentBook[cl osest]);
stddevCorr = CMatri xSt dDevCorrW thi nCl uster(currentBook[cl osest]);

if (bestCorr > avCorr) {

/lif (fabs(bestCorr - avCorr) > (stddevCorr * clustParam) ({
/* Make a new cluster with the current vector */
nunCl ust er s++;
cl osest = Freed uster(current Book, MAX CLUSTERS);

if (closest == -1)
fprintf(stderr, "*** Exceeded conpiler limt of clusters [%].\n", MAX_CLUSTERS);
Abort (22);

if (closest > lastC uster)
|l astd uster = cl osest;

}
} else {
if (closest == clusterMenbership[slot]) { /* Not going to nove */
i gnore[closest] = TRUE
next Cl osest = FindNearest Nei ghbour(vectorSet[slot], currentBook, l|astCuster + 1,
TRUE, ignore);
if (nextdosest I=-1) {

testCorr = CMatri xNor medCorr W t hVect (curr ent Book[ next O osest], vectorSet[slot]);

test Di st Vect or Eucl i deanDi st (vector Set[slot],
CMat ri xCentroi d( current Book[ next O osest]));
} else {
testCorr = 9000. 0;
test Di st = 9000. 0;

}
i gnore[cl osest] = FALSE;

best Corr = CMatri xCorrel ati onWt hVect (current Book[cl osest], vectorSet[slot]);
best Di st = Vect or Eucl i deanDi st (vectorSet[slot],
CMat ri xCentroi d( current Book[ cl osest]));

/lavCorr = AverageCodebookCorrel ation(vectorSet[slot], currentBook, |astCuster + 1,
&st ddevCorr);

avCorr = CMatri xAvCorr Wt hi nC ust er (current Book[ cl osest]);

stddevCorr = CMatri xSt dDevCorr Wt hi nCl ust er (current Book[ cl osest]);

if ((currentBook[closest] -> numvectors > 10) && ((bestCorr - avCorr) > (stddevCorr
* clustParam)) {
if ((testCorr - CMat ri xAvCor r Wt hi nCl ust er (cur r ent Book[ next Cl osest])) >
(CWatri xSt dDevCorr Wt hi nC ust er (current Book[ next O osest]) * clustParan)) {
/* Make a new cluster with the current vector */
nunCl ust er s++;
cl osest = Freed uster(current Book, MAX CLUSTERS);

if (closest == -1) {
fprintf(stderr, "**%  Exceeded conpiler limt of clusters [%].\n",
MAX_CLUSTERS) ;
Abort (22);
}

if (closest > lastCluster)
| ast d uster = closest;
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} else {
cl osest = nextd osest;
}

}

ol dC osest = cl uster Menbership[slot];

if (oldC osest != closest) {
/* Update the previous cluster's centroid after renoving the vector */
if (olddosest !'=-1) {
CMat ri xDel et eVect or (current Book[ ol dCl osest], vectorSet[slot]);
if (currentBook[ol dC osest] -> numvectors == 0)
current Book[ ol dd osest] = CwMatri xDestroy(currentBook[ ol dCl osest]);
nunCl ust ers- -;

}
/* Update the current cluster's centroid after adding the vector */
i f (currentBook[closest] == NULL) {

current Book[ cl osest] = CMatri xCreate(vectorSet[slot] -> dimensions);

}
ChMat ri xAddVect or (current Book[ cl osest], Vector MakeCopy(vectorSet[slot]));
cl ust er Menber shi p[sl ot] = cl osest;

}

sl ot ++; /* Next training vector */
if (report &&(slot % (int) (nunfrainVectors / 10) == 0))
printf("|");

}

thisError = GetError(currentBook, lastduster + 1);

if (!firstRun && fabs(thisError - lastError) < INIT_STOP_PARAM //(fabs(lastError - thisError)
/ lastError) > clustParam /* Percentage change */
term nate = TRUE;

fprintf(stderr, "RMS error: % (9%.2f%% change) [% clusters]\n", thisError, (fabs(lastError -
thisError) / lastError) * 100.0, nunC usters);

lastError = thisError;

firstRun = FALSE;

}

/1 C assi fyVectors(vectorSet, numlrai nVectors, clusterMenbership, currentBook, |astduster, TRUE,
I NI T_STOP_PARAM NULL);

{

int nunfFinal dusters = 0;

printf("clusters: ")
for (slot = 0; slot <= lastduster; slot++) {
i f (currentBook[sIot]) {
printf("9 current Book[ sl ot ] -> num vect ors,
CNBtrlethevOorrWthl nC uster(currentBook[sI ot])/ Cvatri xAvCorr Wt hi nCl ust er (curr ent Book[ sl ot]))
nunfi nal Cl ust er s++;
}

}

printf("\n");

printf("%l clusters (final), RVB err: %\n", nunfFinal Custers, thisError);
}

/* Get rid of small clusters */

term nate = FALSE;

{
doubl e sum
sum = 0. 0;
for (slot = 0; slot <= lastduster; slot++) {
if (currentBook[slot] != NULL) {

sum += (doubl e) currentBook[slot] -> numvectors;

}
sum /= (doubl e) nunCl usters;
printf("Culling < %\n", (int) (sum);
while (!termnate) {

term nate TRUE;
for (slot 0; slot <= lastCuster; slot++) {
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if (cu
if

} else
ign

rrent Book[slot] != NULL) {
(current Book[slot] -> numvectors < (int) (sum)
ignore[slot] = TRUE;

ore[slot] = FALSE;

Cl assifyVectors(vectorSet, nunilrainVectors, clusterMnbership, currentBook, [|astduster,
TRUE, | NI T_STOP_PARAM ignore);

for (slot
if (cu
if
}
}

= 0; slot <= lastCluster; slot++) {

rrent Book[slot] != NULL) {

(currentBook[slot] -> numvectors < sun)

;//term nate = FALSE; /* Need another pass to cull */

Wit eCodebook(cl ustFile, currentBook, nunilrainVectors);

{

i nt nunFi nal

Clusters = 0;

fprintf(stderr, "clusters: ");

for (slot =

0; slot <= lastCuster; slot++) {

if (currentBook[slot]) {

fprint
nunfin
}

f(stderr, "%l ", currentBook[slot] -> numvectors);
al d ust er s++;

fprintf(stderr, "\n");
fprintf(stderr, "%l clusters (final), RVMS err: %\n", nunfFinal dusters, thisError);

/* If we are to wite out the classifications, do so here */

if (classFile !
printf("Wit
for (slot =

= NULL) {
ing classification.\n");
0; slot < nunilrainVectors; slot++) {

fprintf(classFile, "%l\t", clusterMenbership[slot]);

Vect or Wi

te(classFile, vectorSet[slot]);

/* We need to destroy everything here! */

CodebookDest roy(current Book, |astCl uster + 1);

Cl oseFi | es(vect

return O;

/* -- hel per funct

File, clustFile, classFile);

ions -- */

voi d Usage(FI LE *output, char *appNane)
{

fprintf(output,
fprintf(output,
fprintf(output,
appNane) ;
fprintf(output,
fprintf(output,
fprintf(output,
fprintf(output,
fprintf(output,
to\n");
fprintf(output,
fprintf(output,
than\n");
fprintf(output,
etc.\n");
fprintf(output,
fprintf(output,
}

"\'n*** o2clust -- perfornms adaptive 2 clustering on a set of vectors\n");
Version % build % % [%]\n", VERSION, _ TIME__, _ DATE , PLATFORM;
"Usage: % {vector file} {cluster file} {classify file} {stop param\n",

"Where: {vector file} -- file to take vectors fromn");
[specify '-' for stdin]\n");
{cluster file} -- file to wite clusters to\n");
" [specify '-' for stdout]\n");
" {classify file} -- file to wite classified vectors (from vector file)
[specify '-' to skip this step]\n");
" {stop paran} -- stop clustering when RVMS error changes by |ess
this factor. i.e. 0.1 => 10%4 0.25 => 25%%

"For detailed info, type % --help\n", appNane);
"\n)

void AbortPrint(int code, int line, char *file)
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fprintf(stderr, "Aborting [% | %]...\n", file, line);
exit(code);

voi d ProcessConmandLi ne(int argc, char *argv[], FILE **vectFile, FILE **clustFile, FILE **classFile,
doubl e *cl ust Par an

if ((argc > 1) && (strcasecnp(argv[HELP], "--help") == 0)) {
FILE *hel pFile;

if (!(helpFile = fopen(HELP_FILE, "wt"))) {
fprintf(stderr, "*** Could not create help file [%].\n", HELP_FILE);
Abort (1);

}

Hel p(hel pFil e, argv[ APP_NAME]);
printf("Created %\n", HELP_FILE);
exit(0);

if (argc < NUMARGS) {
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** |nvalid nunber of argunents.\n");

Abort (2);
}
if (argc > NUMARGS)

fprintf(stderr, "--- Warning: extra argunents ignored.\n");
if (strcnmp(argv[VECTOR FILE], "-") == 0)

*vectFile = stdin;
else if (!(*vectFile = fopen(argv[ VECTOR FILE], "rt"))) {
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Could not open vector file [%] for reading.\n", argv[ VECTOR FILE]);
Abort (3);
}

if (strcnmp(argv[ CLUSTER FILE], "-") == 0)
*clustFile = stdout;
else if (!(*clustFile = fopen(argv[ CLUSTER FILE], "wb"))) {
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Could not open cluster file [%] for witing.\n", argv[ CLUSTER FILE]);
Abort (4);
}

if (strcnmp(argv[CLASSI FY_FILE], "-") == 0)
*classFile = NULL;
else if (!(*classFile = fopen(argv[ CLASSI FY_FI LE], "wb"))) {
Usage(stderr, argv[ APP_NAME]);
fprintf(stderr, ok Could not open classification file [%] for witing.\n",
ar gv[ CLASSI FY_FI LE]);
Abort (4);
}

if (!isdigit(*argv[CLUST_PARAM)) {
Usage(stderr, argv[ APP_NAME]);
fprintf(stderr, ok Error converting RMS error stop paraneter from [%].\n",
ar gv[ CLUST_PARAM ) ;
Abort (5);

*cl ust Param = at of (ar gv[ CLUST_PARAM ) ;

}
void O oseFiles(FILE *vectFile, FILE *clustFile, FILE *classFile)
{
if (vectFile !'= stdin) fclose(vectFile);
if (clustFile !'= stdout) fclose(clustFile);
if (classFile !'= NULL) fclose(classFile);
}

voi d PrintBanner(char *argv[], FILE *vectFile, FILE *clustFile, FILE *classFile, double clustParam

fprintf(stderr, "- o2-clustering ver %\n", VERSION);
fprintf(stderr, " o Vector Input: << [");
vectFile == stdin ?

fprintf(stderr, "- stdin]\n") :

fprintf(stderr, "%]\n", argv[ VECTOR FILE]);
fprintf(stderr, " o Custers output: >> [");
clustFile == stdout ?
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fprintf(stderr, "- stdout]\n") :

fprintf(stderr, "%]\n", argv[ CLUSTER FILE]);
fprintf(stderr, " o dassification output: ");
classFile == NULL ?

fprintf(stderr, "skipped\n") :

fprintf(stderr, ">> [%]\n", argv[ CLASSI FY_FILE]);

fprintf(stderr, " o RVS error stop paranmeter: [9%.3f] (9%3.2f%9\n",
100.0);
}
voi d Hel p(FI LE *hel pFile, char *appNane)
{
fprintf(helpFile, "-----commmmmii \n");
fprintf(helpFile, " Help file for prognane ver %\n", VERSION);
fprintf(helpFile, "---c-mmmmmm e \n\n");

Usage( hel pFil e, appNane);
#i ncl ude "o2cl ust. hel p. make"
}
/* -- Codebok stuff -- */
codebook CodebookNew(int sl ots)
codebook newBook;

if (!(newBook = (codebook) nalloc(slots * sizeof(corrMatrix))))
return NULL;

return newBook;

}
codebook CodebookDestroy(codebook book, int slots)
{
int sl ot;
slot = 0;
while (slot < slots) {
CMat ri xDest roy(book[slot]);
sl ot ++;
}
free(book);
return NULL;
}
codebook CodebookNewFrontCl uster (cluster *clust)
{
codebook newBook; /* new codebook */
cluster *clndex; /* index into cluster */
int sl ot ; /* slot index into codebook */
if (!(newBook = CodebookNew( Cl usterSize(clust))))
return NULL;
slot = 0;
clndex = clust;
while (clndex !'= NULL) {
newBook[ sl ot] = CwMatrixCreate(clndex -> vect -> dinensions);
ChMat ri xAddVect or (newBook[ sl ot], clndex -> vect);
clndex = clndex -> next;
sl ot ++;
}
return newBook;
}
codebook CodebookMakeCopy(codebook book, int slots)
{

codebook newBook;
int sl ot ; /* index into codebook slots */

if (!(newBook = CodebookNew( sl ots)))
return NULL;

slot = 0;

while (slot < slots) {
newBook[ sl ot] = CMatri xMakeCopy(book[slot]);
sl ot ++;

}
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return newBook;

}
codebook I nitialiseCodebook(int nunClusters, cluster *vectorSet)
{
codebook newBook;
int sl ot ,
nunDi nensi ons;
cluster *clndex;
if (!(newBook = CodebookNew(nunC usters))) {
fprintf(stderr, "*** Could not initialise codebok.\n");
Abort (20);
newBook[ 0] = CMatri xCreate(vectorSet -> vect -> di nensions);
CMat ri xAddVect or (newBook[ 0], vectorSet -> vect);
for (slot = 1; slot < nunC usters; slot++) {
newBook[ sl ot] = NULL;
}
return newBook;
}

cluster *ReadTraini ngSet (FILE *vectorFile, int *nunilrainVectors)

{

cluster *vector Set;

fprintf(stderr, "Reading training vectors...\n");
vectorSet = O usterReadFronFil e(vectorFile);
if (CusterlsEnpty(vectorSet)) {
fprintf(stderr, "*** Enpty training set.\n");
Abort (10);

fprintf(stderr, "Read % vectors.\n", dusterSize(vectorSet));

if (!'CusterCheckD nmensionality(vectorSet)) { /* make sure they're all the sane
di mensionality */
fprintf(stderr, "*** The training vectors nust all be the sane dinensionality.\n");
Abort (7);
}

fprintf(stderr, "Training dinension: %\ n", vectorSet -> vect -> dinensions);

*numlrai nVectors = C usterSize(vectorSet);
return vector Set;

int FindNearestNei ghbour(vector *vect, codebook currentBook, int nunCusters, bool wuseCorr, bool
ignorel[])

int sl ot ; /* index into codebook */
doubl e m nCorr, /* current mexi mum correlation (lowest absolute val) */
corr; /* current correlation */
int m nSl ot ; /* current slot of maximumcorrelation */
mnSlot = -1;
slot = 0;
while (slot < nunOusters) {
if (currentBook[slot] &% ((ignore == NULL) || ('ignore[slot]))) {
if (useCorr)
corr = Cwvatri xNornedCorr W thVect (current Book[sl ot], vect);
el se

corr = VectorEuclideanDi st(CMatrixCentroid(currentBook[slot]), vect);

if ((MnSlot == -1) || (corr < mnCorr))) {
m nCorr = corr;
m nSlot = slot;
}
}
sl ot ++;

}

return mnSlot;

int FreeC uster(codebook book, int nunSlots)

{
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int sl ot ;

for (slot = 0; slot < nunSlots; slot++)
i f (book[slot] == NULL)
return slot;

return -1;

}

void WiteCodebook(FILE *out put, codebook book, int slots)
{

int sl ot;

for (slot = 0; slot < slots; slot++) {
if (book[slot] != NULL) {
Chvatri xWite(output, book[slot]);
}

vector **Vect ArrayNewFr onC uster(cluster *clust)
{
vect or ** newBook; /* new codebook */
cluster *clndex; /* index into cluster */
int sl ot ; /* slot index into codebook */

if (!(newBook = (vector **) malloc(d usterSize(clust) * sizeof(vector *))))
return NULL;

slot = 0;

clndex = clust;

while (clndex !'= NULL) {
newBook[ sl ot] = Vect or MakeCopy(cl ndex -> vect);
clndex = clndex -> next;
sl ot ++;

}

return newBook;

}

doubl e Get Error(codebook book, int nunCl usters)
{

doubl e bookError;

int sl ot;

bookError = 0.0;

slot = 0;

while (slot < nunCusters) {
if (book[slot]) bookError += CMatri xRVMSCorrel ati on(book[slot]);
sl ot ++;

}

bookError /= (double) nunC usters;
return sqrt(bookError);

}

doubl e AverageCodebookCorrel ati on(vector *vect, codebook currentBook, int nunClusters, double
*st ddev)
{

double corr, sum sunfqr;

int sl ot, nunReal ;

sum = 0.0;
sunqgr = 0.0;
nunReal = O;
for (slot = 0; slot < nunC usters; slot++) {
if (currentBook[slot] != NULL) {
corr = CMatrixNornmedCorr W thVect (currentBook[slot], vect);
sum += corr;
sunsqr += corr * corr;
nunReal ++;

}

if (stddev != NULL) {
*stddev = sqrt(((double) nunReal * sunBSgr - (sum * sun)) / (double) (nunmReal * (nunReal -
1)));
}

return (sum/ (double) nunReal);

}
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void CassifyVectors(vector **vectorSet, int nunilrainVectors, int clusterMnbership[], codebook

current Book, int lastduster, bool useCorr, double stopParam bool ignore[])
{
bool classify; /* Do we continue classifying? */
runAvg  *avg; /* Running average of RMS error */
int sl ot, /* Vector to | ook at */
cl osest, /* Cosest cluster to current vector */
ol dd osest, /* Custer vector was last in */
tries; /* Nurmber of times we've tried to classify themall */
double closestCorr, /* Distance to neasrest cluster */
RVBer r or, /* current RVS error */
| ast Error;
lastError = GetError(currentBook, |lastC uster + 1);
avg = | nit Runni ngAver age( SAMPLES_TO AVQ) ;
tries = 0;
classify = TRUE;
while (classify) {
slot = 0;
while (slot < nunilrainVectors) {
cl osest = FindNearest Nei ghbour(vectorSet[slot], currentBook, lastCluster + 1, wuseCorr,
i gnore);
cl osest Corr = Vector Eucl i deanDi st (current Book[ cl osest] -> centroid, vectorSet[slot]);
ol dd osest = cl ust er Menbership[slot];
if (oldd osest != closest) {
if (oldCosest = -1) {
CMat ri xDel et eVect or (current Book[ ol dC osest], vectorSet[slot]);
if (CMatrixlsEnpty(currentBook[ol dd osest])) {
CMat ri xDest roy(current Book[ ol dCl osest]);
current Book[ ol dO osest] = NULL;
}
}
if (!currentBook[closest])
current Book[ cl osest] = Cvatri xCreate(vectorSet[slot] -> dimensions);
CMat ri xAddVect or (current Book[ cl osest], vectorSet[slot]);
cl ust er Menber shi p[sl ot] = cl osest;
sl ot ++;
}
RMSerror = GetError(currentBook, lastduster + 1);
if (fabs(RvBerror - lastError) < stopParam
classify = FALSE;
tries++;
if (tries %10 == 0) {
printf(".");
st opParam *= 2;
}
}
}
/* --- END of o2clust.c --- */
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