9.2.9 sclust
Application purpose

sclust performs adaptive spherical cluster analysis on a data set. The data can be of any
dimensionality. sclust uses a modified adaptive Forgy’s algorithm, and is deterministic (i.e. the
analysis only needs to be performed once, and will always return the best result for the algorithm
used). See section 1.0 for a description of cluster analysis and section 3.1 for a description of the
adaptive agorithm.

Usage

*** gclust -- Performs adaptive clustering on a set of vectors
Version 0.17 build build 17:01:17 Jun 30 2000
Usage: sclust {vector file} {means file} {av. dist. parni}

Where: {vector file} -- file of vectors to analyse, one per |ine
['-" for stdin]
{means file} -- filenane to output the mean vectors to
['-" for stdout]
{av. dist. parnt -- see help file for information

(0.5 is a good val ue)

Modules used
StdDefs, TokenLst, TokScan, Vector_Utils, Vector_Read, Cluster

Source code

Makefile

TARGET=scl ust

VERSI ON=017

CFl LES=t okenl st.c tokscan.c vector_utils.c vector_read.c sclust.c cluster.c
HFI LES=t okenl st. h tokscan.h vector_utils.h vector_read. h stddefs.h cluster.h
OBJFI LES=t okenl st. o tokscan.o vector_utils.o vector_read.o sclust.o cluster.o
DI STFI LES=Makefil e sclust. hel p. make ${CFI LES} ${HFI LES} ${ TARCGET}

CC=cc
CFLAGS=-2 -64 -apo
LFLAGS=-1m

${ TARGET}: ${ OBJFI LES}
${CC} ${CFLAGS} -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 ${TARGET} v${VERSI ON}.tar ${Dl STFILES}
gzip -f ${TARGET} _Vv${VERSIO\}. tar

.C.O0:
${CC} ${CFLAGS} -c $*.c

sclust.help.make

/* Help make file for sclust
*

* Author: Dylan Miir (dr.nmuir@tudent. qut.edu. au)
* Date: 16th Septenber, 1999

* Modi fi ed:

* \ersion: 0.02

*/

#define p(x) fprintf(helpFile, x);

p("This program perfornms adaptive clustering (a nodified Forgy' sAlgorithm\n");
p("on a set of vectors. This is a data conpression techni que al so known as\n");
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p("Vector Quantisation.\n");

p("\n");
p("Inputs are:\n");

p(" o Afile of vectors,
on (the training set).\n");

p("

al |

of the sane dinensionality,

to performclustering\

n");

p(" o A paraneter that determines the distance ratio required for a pattern to\n");

p("
p("\n");
p("Input formats:\n");

p("Vector files (training set,

be used as the seed of a new cluster.\n");

seeds):\n");

p(" o Vectors are input one per line\n");
p(" o Vector conponents are separated by whitespace (space or tab)\n");

p(" o Al
p("\n");
p("Qutput formats:\n");

p("Vector files (neans output)\n");
p(" o Vectors are output one per line\n");
p(" o Vector conponents are tab-delimted\n");

p("\n");
p("Note that a '-'

p("stdin and witing to stdout.\n");

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

#undef p

[* -

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

vectors in a file should be of the sane dinensionality\n");

can be supplied on the command line to denote reading fromn");

sclust.c

/* sclust -- perfornms vector quantization on a set of vectors
* uses an adaptive nodified Forgy's Algorithmto find

Aut hor :
Dat e:
Version: 0.17

Usage:

{av.

Modul es used:

Aknow edgenent s:

Not e:
/

ok ok ok % 3k 3k ok Ok % R 3k ok Ok R Rk ok ok R % %k ok k¥ F

[* -

<stdi 0. h>
<ctype. h>
<stdlib. h>
<mat h. h>

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude <sys/types. h>
#i ncl ude <tine. h>
#if defined( UNI X)

#i ncl ude <uni std. h>
#endi f
#if defined( W N32)

#i ncl ude <string. h>

di st.

vector _utils,

Towsey,
of the El ectroencephal ogrant,
Sayood, K. 1996,
Publ i shers,
Das,
An Approach to Synbolic Learning',

the nmeans of a set of clusters that
entire set

1999
2000

sclust {input vectors file}

{out put neans file}

M 1998,

S. & Moser,

Requi red nodul es -- */

_stricnp

#define strcasecnp
#endi f
#i nclude "vector_utils.h"
#i ncl ude "vector_read. h"
#i nclude "cluster.h"
#i ncl ude "stddefs. h"
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vector _read,

Dyl an Muiir (dr.nuir@tudent.qut.edu. au)
QUT MLRC LPG Senester 2 1999

15t h Sept enber,
Modi fied: 21st Novenber,

-- whi t espace- del

(accepts stdin if

-- tab-delinted,

(wites to stdout
paraneter} -- average distance a pattern nust be from
clusters to create a new cluster

al |
cluster,

"The Use of Neural
Phd.

"I ntroduction to Data Conpression”,
San Franci sco.

st ddef s,

represent the

imted,

one vector per
is specified)
one nean vector per |i
if '-' is specified

t okenl st, tokscan

line

ne

)

Net works in the Autonated Analysis

Thesis, Univ.

of Q.D, Brisbane.
Mor gan Kauf mann

M 'Dynamic On-Line Clustering and State Extraction:

"Neural Networks", vol.

This code acconpanies the report "To Build a Better Cluster"

11,

no.

1, pp.53-64.



/* -- kneans defines -- */

#defi ne APP_NAME 0
#define VECTOR FILE 1
#define HELP 1
#define MEANS FILE 2
#define DI ST_PARM 3
#defi ne NUMARGS 4

#define VERSION "O0.17"

#define MAX_CLUSTERS 5000

#define Abort(x) AbortPrint((x), __LINE_, __FILE );
#define SQR(x) ((x) * (x))
#define ABS(x) ((x) <02 (-(x)) : (x))

/* -- typedefs -- */

typedef vector **codebook; /* an array of vector pointers */
/* -- hel per function prototypes -- */
/* -- Function Usage
* Purpose: Wites the programusage to 'output’
*
/

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

/* -- Function Help

* Purpose: Wites the programhelp to 'output’
*/

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

/* -- Function AbortPrint

* Purpose: Abnornal termnation of the program

* Wites the filenane and |ine nunber, and terninates
* with error code 'code’

*/

void AbortPrint(int code, int line, char *file);

/* -- Function ProcessConmandLi ne

* |nputs: 'argc', 'argv' : Command |ine arguments

* Purpose: Retrieves the command |ine paraneters

* Qutputs: 'vectorFile' - the file to read training patterns from

* "meansFile' - the file to wite the cluster centroids to

* " di st Parm - the distance paranmeter to use for clustering

*/

void ProcessComrandLine(int argc, char *argv[], FILE **vectorFile, FILE **neansFile,
*di st Parn;

/* -- Function d oseFiles

* Pre: 'vectorFile' and 'neansFile' have been opened
* Post: 'vectorFile' and 'nmeansFile' have been cl osed
*/

void d oseFil es(FILE *vectorFile, FILE *neansFile);

/* -- Function PrintBanner

* Pre: all inputs have been previously initialised

* Purpose: Prints a program benner describing the clustering to

* performto stderr

*/

void PrintBanner(char *argv[], FILE *vectorFile, FILE *neansFile, float distParm;

/* -- Function ReadTrai ni ngSet

* Pre: 'vectorFile' has been opened for reading

* 'nunVectors' has been allocated

* Post: a cluster was returned containing the training data

* && 'nunVectors' contains the nunber of patterns read
*/
cluster *ReadTraini ngSet (FILE *vectorFile, int *nunVectors);
/* -- Function Maked usters
* Purpose: Creates 'nunClusters' clusters
* Returns an array of clusters [0..nunC usters-1]
*/
cluster **MakeC usters(int nunC usters);
/* -- Function DestroyC usters
Pur pose: Destroys a cluster array[O..nunC usters-1]
* Ret urns NULL
*/

f1 oat
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cluster **DestroyC usters(cluster **clusters, int nunC usters);
/* -- Function Fi ndNear est Nei ghbour

* Pre: 'vect' is the data pattern to test

* "currentBook' is the current codebook of cluster centroids

* "nunC usters' is the nunber of valid clusters in 'currentBook'

* Post: Using the Euclidean distance, returns the entry in

* "currentBook' that is closest to 'vect'

* Note: If there are two closest clusters, the function returns the first

*/

nt Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, int nunCusters);

/* -- Function FindFurthest Vector

* Pre: 'vectorSet' is the array of all training vectors

* "nunilrai nVectors' is the nunber of entries in 'vectorSet'

* "clusterMenbership' is the array associating training vectors with clusters
* "currentBook' is the current codebook

* Post: Using Euclidean distance, returns the index into 'vectorSet' that is

* furthest away fromits classified cluster

*/

int FindFurthestVector(codebook vectorSet, int nunirainVectors, int clusterMenbership[], codebook
curr ent Book) ;

/* -- Function CetError

* Purpose: Calculates the classification error of the current codebook
*/

doubl e GetError(cluster **clusters, codebook book, int nunC usters);

/* -- Function O usterRWVSDi st ance

* Purpose: Conputes the mean square average distance for the patterns
* within a cluster

*/

doubl e O ust er RMBDi st ance(cl uster *clust, vector *vect);

/* -- Function InitialiseCodebook

* Purpose: Sets up the inital codebook for the nodified Forgy's

* algorithm See the text for details

*/

codebook I nitialiseCodebook(int nunCl usters, cluster *vectorSet, int nunSlots);

/* -- Function CodebookAverageD st ance

* Purpose: Conputes the average distance for a vectors to all other clusters
*/

doubl e CodebookAver ageD stance(vector *vect, codebook book, int nunC usters);

/* -- Function CodebookCentroid
* Purpose: Conputes the centroid (Euclidean nean) of a cluster

* Returns the centroid as a vector

*/

vect or *CodebookCentroi d( codebook book, int nunflots);

/* -- Function Freed uster

* Purpose: Finds the first free cluster slot in the cluster array
*/

int FreeC uster(codebook book, int nunSlots);

/* -- Codebook functions -- */

/* -- Function CodebookNew

* Purpose: Creates a new codebook with 'slots' entries
*/

codebook CodebookNew(int slots);

/* -- Function CodebookDestr oy
* Purpose: Destroys a codebook with 'slots' entries
*
/
codebook CodebookDestroy(codebook book, int slots);
/* -- Function CodebookNewFr onC ust er
* Pre:'clust' is an allocated cluster
* Post: A codebook was created containing an entry for each
* vector in 'clust’
*/
codebook CodebookNewFrontCl uster(cluster *clust);

/* -- Function CodebookMakeCopy

* Purpose: Creates a conplete copy of a codebook
*/

codebook CodebookMakeCopy(codebook book, int slots);

/* -- Function WiteCodebook
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* Purpose: Wites the vectors in 'book' to 'output’
*/
voi d WiteCodebook(FILE *out put, codebook book, int slots);

/[* -- main -- */

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

FI LE *vectorFile, /* The file to read the training patterns from*/
*meansFil e; /* The file to wite the cluster centroids to */
int lastd uster; /* The last valid entry in the cluster array */
bool term nate; /* flag indicating the conpletion of clustering */
fl oat di st Parm /* paramdist, as described in the text */
doubl e | ast Error, /* Previous calssification error */
thi sError; /* Current classification error */
codebook current Book, /* The current set of centroids */
vect or Set ; /* Set of all training vectors */
int sl ot /* An index into various arrays */
ol dd osest, /* Previsous closest cluster for a vector */
nunTr ai nVect or s, /* How many vectors read fromtraing file */

*cl uster Menbership; /* What cluster does this vector belong to? */

cluster **clusters, /* Array of current clusters */
*vect or Set d uster; /* Contains the entire training set */

doubl e avDi st, /* The average distance fromall vectors to their closest cluster */
cl osestDist; /* The distance to the closest cluster */

int cl osest; /* The index of the closest cluster in 'clusters' */

/* Read in the program paraneters */
ProcessConmandLi ne( argc, argv,
&ectorFile, &reansFile, &distParm;

/* Display the function to perform*/
Pri nt Banner (argv, vectorFile, neansFile, distParm;

/* lnput training set */
vect or Set 0 uster = ReadTr ai ni ngSet (vectorFil e, &nunirai nVectors);
vect or Set = CodebookNewFr onC ust er (vect or Set d uster);

/* Initialise cluster nmenbership array */

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

/* Initialise codebook */
int furthest Vect; /* I ndex of furthest vector */

for (slot = 0; slot < nunmlrai nVectors; sl ot++)
cl ust er Menbershi p[slot] = 0;

currentBook = InitialiseCodebook( MAX CLUSTERS, vectorSetC uster, nunilrainVectors);
furthestVect = FindFurthestVector(vectorSet, nunirainVectors, clusterMnbership, currentBook);
current Book[ 1] = Vect or MakeCopy(vector Set [ furthest Vect]);

/* Initialise clusters array */

clusters = Maked ust er s( MAX_CLUSTERS) ;

clusters[0] = d usterMkeCopy(vectorSetd uster);

clusters[0] Cl ust er RenpbveVect or (cl usters[ 0], vectorSet[furthestVect]);

cl usters[1] Cl ust er AddVect or (cl usters[1], Vector MakeCopy(vectorSet[furthestVect]));

|lastC uster = 1;

}

/* Get the initial training error */
lastError = GetError(clusters, currentBook, |lastC uster + 1);

ternminate = FALSE;
while (!termnate) {
slot = 0;
while (slot < nunilrainVectors) {
avDi st = CodebookAver ageDi st ance(vectorSet[slot], currentBook, lastCuster + 1);
cl osest = Fi ndNear est Nei ghbour (vectorSet[slot], currentBook, |lastCluster + 1);
cl osestDi st = VectorEuclideanDi st(vectorSet[slot], currentBook[closest]);
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/*

voi

voi

voi
*di

if (closestDist > (avDist * distParm) {
/* Make a new cluster with the current vector */
cl osest = Freed uster(current Book, MAX CLUSTERS);
if (closest == -1) {

fprintf(stderr, "*** Exceeded conpiler limt of clusters [%d].\n", MAX_CLUSTERS);

Abort (22);

}

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

}

ol dd osest = cl ust er Menbership[slot];

/* Update the previous cluster's centroid after removing the vector */

if (oldCosest !=-1)
clusters[ol dd osest] = O usterRenoveVector(clusters[ol dd osest], vectorSet[slot]);
i f (currentBook[ol dd osest] != NULL) VectorDeal | ocat e(current Book[ ol dC osest]);

current Book[ ol dCl osest] = ClusterCentroid(clusters[ol dC osest]);

}

/* Update the current cluster's centroid after adding the vector */

clusters[closest] = ClusterAddVector(clusters[closest], VectorMakeCopy(vectorSet[slot]));

cl ust er Menber shi p[slot] = cl osest;

if (currentBook[closest] != NULL) VectorDeal |l ocate(currentBook[closest]);
current Book[ cl osest] = ClusterCentroid(clusters[closest]);

sl ot ++; /* Next training vector */

}

/* Get current training error */

thisError = GetError(clusters, currentBook, lastCuster + 1);

if ((lastError >= thisError) &% (lastError - thisError < 0.0001))
term nate = TRUE

fprintf(stderr, "RVS error: % (%l clusters)\n", thisError, lastduster + 1);
lastError = thisError;

}

/* Qutput final clusters */
Wit eCodebook( neansFil e, currentBook, MAX_CLUSTERS);

/* Cean up and exit */
clusters = DestroyC usters(clusters, MAX_CLUSTERS);

Cl oseFil es(vectorFile, neansFile);

return O;

-- hel per functions -- */

d Usage(FI LE *out put, char *appNane)

fprintf(output, "\n*** sclust -- Perforns adaptive clustering on a set of vectors\n");
fprintf(output, " Version % build % %\n", VERSION, _ TIME _, _ DATE );
fprintf(output, "Usage: % {vector file} {nmeans file} {av. dist. parn}\n", appNane);
fprintf(output, "Wiere: {vector file} -- file of vectors to analyse, one per line\n");
fprintf(output, " ['-" for stdin]\n");

fprintf(output, " {neans fil e} -- filenane to output the nmean vectors to\n");
fprintf(output, " ['-' for stdout]\n");

fprintf(output, " {av. dist. parn} -- see help file for information\n");
fprintf(output, " (0.5 is a good value)\n");

fprintf(output, "For detailed info, type % --hel p\n", appNane);
fprintf(output, "\n");

d AbortPrint(int code, int line, char *file)

fprintf(stderr, "Aborting [% | %]...\n", file, line);

exi t(code);

d ProcessCommandLi ne(int argc, char *argv[], FILE **vectorFile, FILE **neansFile,
st Parm

if ((argc > 1) && (strcasecnp(argv[HELP], "--help") == 0)) {

/* Wite help to a file */
FILE *hel pFil e;
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voi

voi

if (!(helpFile = fopen("sclust.help", "w"))) {
fprintf(stderr, "*** Could not create help file [sclust.help].\n");
Abort (15);

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

if (argc < NUMARGS) {
/* Not enough argunments */
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Invalid nunber of argunments.\n");
Abort (1);

if (argc > NUMARGS) {
/* Too many argunents */

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

/* Read training vectors fromconsole */

*vectorFile = stdin;
}

else if (!(*vectorFile = fopen(argv[ VECTOR FILE], "rt"))) {
/* Could not open file to read training vectors from?*/
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Could not open vector file [%] for reading.\n", argv[ VECTOR FILE]);
Abort (2);

}

if (strcnp(argv[ MEANS_FILE], "-") == 0) {
/* Wite training vectors to console */
*meansFil e = stdout;

}

else if (!(*meansFile = fopen(argv[ MEANS FILE], "wt"))) {
/* Could not open file to wite clusters to */
Usage(stderr, argv[APP_NAME]);
fprintf(stderr, "*** Could not open neans file [%] for witing.\n", argv[ MEANS_ FILE]);
Abort (3);
}

if (lisdigit(*argv[D ST_PARM)) {
/* Could not translate distance paranmeter */
Usage(stderr, argv[ APP_NAME]);
fprintf(stderr, "*** Error converting distance paraneter from[%].\n", argv[D ST_PARM);
Abort (5);
}

*di stParm = (float) atof(argv[DI ST_PARM);

if ((*distParm> 2.0) || (*distParm< 0.0)) {
/* Invalid distance parameter */
fprintf(stderr, "*** Distance paraneter [%f] nust be between 0.0 and 1.0.\n");
Abort (26);

d C oseFiles(FlILE *vectorFile, FILE *nmeansFile)

if (vectorFile !'= stdin) fclose(vectorFile);
if (neansFile != stdout) fclose(neansFile);

d PrintBanner(char *argv[], FILE *vectorFile, FILE *neansFile, float distParm

fprintf(stderr, "- sclust ver %\n", VERSION);
fprintf(stderr, " o Vectors: << [");
vectorFile == stdin ?
fprintf(stderr, "- stdin]\n") :
fprintf(stderr, "%]\n", argv[ VECTOR FILE]);

fprintf(stderr, " o Means: >> [");

nmeansFil e == stdout ?
fprintf(stderr, "- stdout]\n") :
fprintf(stderr, "9%]\n", argv[ MEANS_FILE]);

fprintf(stderr, " o distance paraneter: [%]\n", distParm;

121



codebook CodebookNew(int sl ots)

codebook newBook;

if (!(newBook = (vector **) malloc(slots * sizeof(vector *))))

return NULL;

return newBook;

}

codebook CodebookNewFronCl uster(cluster *clust)
{

codebook newBook; /* new codebook */
cluster *clndex; /* index into cluster */
int sl ot ; /* slot index into codebook */

if (!(newBook = CodebookNew( d usterSize(clust))))
return NULL;

slot = 0;

clndex = clust;

while (clndex !'= NULL) {
/* Copy each vector into the new codebook */
newBook[ sl ot] = Vect or MakeCopy(cl ndex -> vect);
clndex = clndex -> next;
sl ot ++;

}

return newBook;

}

codebook CodebookDestroy(codebook book, int slots)
{

int sl ot;

slot = 0;

while (slot < slots) {
Vect or Deal | ocat e(book[sl ot]);
sl ot ++;

}

free(book);
return NULL;
}

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

cluster *vect or Set ;
fprintf(stderr, "Reading training vectors...\n");

/* Read in vectors as a cluster */

vector Set = d usterReadFronFil e(vectorFile);

if (AusterlsEnpty(vectorSet)) {
fprintf(stderr, "*** Enpty training set.\n");
Abort (10);

}

/* Get the cluster size */
*nunVectors = Cl usterSize(vectorSet);
fprintf(stderr, "Read % vectors.\n", *nunVectors);

if (!dusterCheckDi nensionality(vectorSet)) { /* make sure they're all the same dinensionality

*
/
fprintf(stderr, "*** The training vectors nust all
Abort (7);
fprintf(stderr, "Training dinension: %l\n", vectorSet
return vector Set;
}

codebook CodebookMakeCopy(codebook book, int slots)

codebook newBook;
int slot; /* index into codebook slots */

if (!(newBook = CodebookNew(slots)))
return NULL;
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slot = 0;

while (slot < slots) {
/* Copy each vector into the new codebook */
newBook[ sl ot] = Vect or MakeCopy(book[ sl ot]);
sl ot ++;

}

return newBook;

}

cluster **Maked usters(int nunSeeds)
{
cluster **newC usterArray;
int sl ot; /* index into cluster array */

if (!(newCusterArray = (cluster **) malloc(nunSeeds * sizeof(cluster *)))) {
fprintf(stderr, "*** Unable to allocate cluster space.\n");
Abort (14);

slot = 0;

while (slot < nunBeeds) {
/* Allocate each cluster */
newd usterArray[slot] = dusterNew);
sl ot ++;

}

return newd usterArray;

}

cluster **DestroyClusters(cluster **clusters, int nunBeeds)

{

int sl ot ;

slot = 0;

while (slot < nunBeeds) {
clusters[slot] = ClusterDestroy(clusters[slot]);
sl ot ++;

}

free (clusters);

return NULL;

int Fi ndNear est Nei ghbour (vector *vect, codebook currentBook, int nunCl usters)
{
int sl ot /* index into codebook */
mnSlot; /* current slot of mninmumdistance */
doubl e m nDi st, /* current m ninum di stance */
di st; /* current distance */

0:

m nSl ot ;
Vect or Eucl i deanDi st (vect, currentBook[0]);

m nDi st
slot = 1;
while (slot < nunCusters) {
if (currentBook[slot] != NULL) {
di st = VectorEuclideanDi st(vect, currentBook[slot]);

if (dist < mnDist) {
m nDi st = dist;
m nSlot = slot;

}
sl ot ++;
}
return mnSlot;
}
doubl e GetError(cluster **clusters, codebook book, int nunCl usters)
{

doubl e bookErr or;
int sl ot ;

bookError = 0.0;

slot = 0;

while (slot < nunOusters) {
bookError += O uster RVBDi stance(clusters[slot], book[slot]);
sl ot ++;
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}

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

}
doubl e d uster RVBSDi st ance(cl uster *clust, vector *vect)
{
doubl e err Sum
cluster *clndex;
if (CdusterlsEmpty(clust))
return 0.0;
errSum = 0.0;
clndex = clust;
while (clndex !'= NULL) {
errSum += SQR(Vect or Eucl i deanDi st (vect, clndex -> vect));
clndex = clndex -> next;
}
errSum /= (double) CusterSize(clust);
return sqrt(errSun;
}
void WiteCodebook(FILE *out put, codebook book, int slots)
{
int sl ot;
for (slot = 0; slot < slots; slot++) {
if (book[slot] != NULL) {
VectorWite(output, book[slot]);
fprintf(output, "\'n");
}
}
voi d Hel p(FILE *hel pFile, char *appNane)
{
fprintf(helpFile, "---ccmmmmmm e \n");
fprintf(helpFile, " Help file for sclust ver 9%\n", VERSION);
fprintf(helpFile, "-----commmmmii \n\n");

Usage( hel pFil e, appNane);

#i ncl ude "scl ust. hel p. make"

}

codebook InitialiseCodebook(int nunC usters, cluster *vectorSet, int nunSlots)

{
codebook newBook;

int sl ot ;

if (!(newBook = CodebookNew( nunCl usters))) {
fprintf(stderr, "*** Could not initialise codebok.\n");
Abort (20);

if (!(newBook[0] = CusterCentroid(vectorSet))) {
fprintf(stderr, "*** Could not create initial centroid vector.\n");
Abort (21);

for (slot = 1; slot < nunC usters; slot++)
newBook[ sl ot] = NULL;

return newBook;

}

vect or *CodebookCentroi d( codebook book, int nunSflots)

{
vect or *vect Sum /* Current sum of vectors in codebook */
int slot, entries;

if (nunSlots == 0)
return NULL;

if (!(vectSum = VectorZero(book[0] -> dinmensions)))
return NULL;

entries = 0;
slot = 0;
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}

while (slot < nunBlots) {
if (book[slot] != NULL) {
Vect or Sun{vect Sum book[slot]);
entries++;

sl ot ++;

}

/* Find the average by dividing by the nunber of vectors */
Vect or Di vi deScal ar (vect Sum (double) entries);
return vect Sum

int FreeC uster(codebook book, int nunSlots)

{

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

return -1;

doubl e CodebookAver ageDi st ance(vector *vect, codebook book, int nunCl usters)

{

int

doubl e di stance; /* Cumul ative di stance */
int slot; /* Index into codebook */

di stance = 0.0;
slot = 0;
while (slot < nunCusters) {
i f (book[slot] == NULL) {
nunCl ust ers- -;
sl ot ++;
continue;
}
di stance += Vector Eucl i deanDi st (vect, book[slot]);
sl ot ++;

}

return di stance / (double) nunCl usters;

Fi ndFurt hest Vect or (codebook vectorSet, int nunirainVectors, int clusterMnbership[],

cur r ent Book)

/*

doubl e di st ance, /* Current test distance */
furthestDist; /* Current furthest distance */
int sl ot /* index into 'vectorSet' */

furthestSlot; /* Current furthest vector */

slot = 0;
furthest Sl ot
furthest D st

_1’
0.0;

while (slot < nunirainVectors) {

di stance = VectorEucl i deanDi st (vectorSet[slot], currentBook[clusterMnbership[slot]]);

if (distance > furthestDist || furthestSlot == -1) {
furthestDi st = di stance;
furthestSlot = slot;
}
sl ot ++;
}
return furthestSl ot;
--- END of sclust.c --- */

codebook
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