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Figure B.1 The actual look of the color code.
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Figure B.2 Statistics images of spring wheat, oats, summer fallow,
and native grass pasture on July 26, 1978.
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Figure B.3 Statistics images of spring wheat over 4 months period.



Appendix C

Program of Fast Likelihood Classification

Ly

typedef struct class_str {

char
char
iong
short

long
long
long

short
float
float
double

float
float

float
float
float

short
short

double
double

long
long

float

double
double
double
double
double
double

unsigned char

short
float

} CLASS_STR;

location[LEN_LOCATION];
species[LEN_SPECIES];
date;

id_number;

no_sample;
no_training sample;
nos_tested;

*cla_result;
*accuracy_array;
accuracies [MAX_NO_REPEAT];
accuracy;

*data_floatl;
*data_float2;

*train_data;
*test_data;
*test_accuracy;

*short_train_data;
*short_test_data;

*double_sumx;
*double_sumxy;

no_train data;
no_test_data;

*parzen_result;
*mean;

*cov;

*icov;

det;

log_det;

square det;

*classified as;
*1ikelyhood values;

typedef struct class_info_str {

unsigned long

char name {LEN_NAME];

char stat_image_ name[LEN NAME];
long no_sample;

float *data_float; /*
double *mean;

double *cov;

double *icov; /*
double det; /*
double square det; /*
unsigned char *half_image;
float *fmean;

float *fvar;

long STI_save mode; /*
long no_line STI;

long no_col STI;

unsigned char *STI;

} CLASS_INFO_STR;

*classification_np_result;

wave_length_default;

not used */

not used */
not used */
not used */

55555 :save in file and return in memory
33333 sreturn in memory only

otherwise:save in file only
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NOTE:STI_save mode need to be set for every class */

/***********************i*****i****************i**t******i******/

/***i*t*

*xkexxx FUNCTION : sub_fast_ml

/t******
/*******

class

IH

: struct (see “dfss.h")
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Viahalakododdd o _class : rumber of classes

JRdkdkkkk acgual_array_siz:e : class->data float2(data to be classified)
Veiaa ety class->cov

JRkxREXR ro_new_channel : nurber of channels (new features)

Vihbd bt o 1 ba.ml used cla : number of bands to be used for classification
[RFkkkkk dmse data

Yt N ro ev used

[rakxkex T ]q=_57 O=classify all (no truncation)

Jkkkkkk 1=classify one {no truncation)

JRRrERRR 2=classify ore (truncation by diff)

/*********;**i**************i**t*********i******t*****t*t**t****/

swb fast_ml(class,no_class,actual array_size,no_new channel,no band used cla,choose data,no ev used, key)
lcng no_new channel,no class,no_band used cla,actual array | sue,*dxoose data,no ev_used, key;
struct class str *class;
{
lorg i, 3,k;
long para_len,max poss band;
long longint;
double *icov, *means, *detmat, *para;
float ave ac;

/*****/
/**xk* Absolute or Relative FML
[rxxxkglobal fml flag => O:ML l:relative fml 2:absolute fml
/i****/
if (global fml flag=1)
{
printf("Relative FML: Number of Truncations=%d\n",global number trun);
for (i=0; i<=gldbal muber trun; i++)
printf ("### % trun at=%d trun by=%f\n",i,gldoal trun at[i],global trun by(i]);
}
else if (gldbal fml flag=2)
{
printf(*Absolute FML: Number of Truncations=%d\n",glcbal number trum);
for (i=0; i<=gldbal muber trun; i++)
printf ("### % trun at=%d trun by=%f\n",i,global trun at{i},glcbal trun byl[il]);
}
else if (gldoal fml flag=3)
printf(" FML: Number of Truncations=%d\n",global number_trun);

/******/

/****x%x*x a]llocatate memory for means, cov, detmat,para
/t*t***/

longint=({long) DOUBLE*actual array size*no class;

if ({means=(double *)malloc(longint))=NULL)

outerr ("ERROR - Can't assign memory for means");

longint=(long) DOUBLE*actual array size*actual array size*no class;
if ((icov={(double *)malloc(longint}}==NULL)
outerr ("ERRCR - Can't assign memory for icov");

longint=(long) DOURIE*no_class*actual array size;
if ((detmat=(double *)malloc({longint})=NULL)
outerr("ERROR - Can't assign memory for detmat");

para_leractual array size* (actual array size-l);

para_len=para | len/2+2* (actual_array size=1)+1;
longint=(long) DOURLE*no_class*para len;

if ((para=(double *)malloc(longint))=NULL)
outerr{"ERRCR — Can't assign memory for para");

/****t*/

[¥**xx* make para
/******/

max_poss_band=no band used cla;
printf ("Making parameter for FML...\n");
for (i=0; i<no_class; i++)

{
for (30; j<no_bard used cla; j++)
{
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* (means+i*no_band used clat+])
= *((class+i)->meant j};
} /* for 3*/

printf ("$d making parameter of %s... N=id,\n",i, (class+i)->species, no_band used cla);
_ make para(no band used cla, (class+i)->cov, actual array size,
detmat+actual array size*i, paratpara len*i,&j);

if (j<max poss band)
{

max_poss_band=j;
printf (" Not enough trainirg sample for $d ID:%d $s % max poss band=%d\n", i,
(class+i)->id mmber, (class+i) ->species, (class+i)—>date,max poss band) ;
}
} /* for i */

if (global fml flag==3)
{

printf ("Calculating Separability for FML3...\n");
calculate msc threshold(no_class,class, actual array size);
}

no_band used cla=max _poss_band;
printf ("### Maximum Possible number of Features=%d\n",max . poss_band) ;

/******/

Jrxxxk% do all classifications

/******/

printf("##4 FML Started\n");

for (i=0; i<no class; i++)
sub fast ml per_class(i,no_class,class, no_band used cla,actual array size,
key, para,para_len,means,detmat) ;

/******/
JHxxxkx print all classifications result
/******/
if (key<l)
for (k=0; k<no band used cla; k++)
{
for (ave ac=i=0; i<ro_class; it++)
{
(class+i) ->accuracy=(class+1i) ->accuracies [k} ;
for (7=0; j<no_class; j+)
*((class+i)->cla_result+j)= *((class+i) ->cla_result+k*no_class+]);
} /* loop 1 */

ave_ac/=no_class;
print_classification one result (class,no_class,k+l, choose_data,no_ev_used) ;

} /* loop k */
else

print_classification one result(class,no _class, no band used cla, choose data,no_ev used);
if (key<l)

for (k=0; k<no_band used cla; k+)

{

for (ave ac=i=0; i<mo_class; i+
ave_act=(class+i)->accuracies[k];

ave_ac/=ro _class;
printf ("N=td Average Accuracy=%.2f\n",k+l,ave_ac);
} /* loop k */

free(para) ;
free (icow) ;
free(means) ;
free (detmat) ;

return;
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/****************************************************i*************************/
/*t*

/*** FUNCTION: calculate msc threshold

/***
/************t**********************i*i********tt**************************t*i*/
calculate msc_threshold(no class,class, no_new_channel)

long no_class,no_new_channel;

struct class str *class;

{

long i, j,k,no_feature;

double bha, threshold;

threshold= 2*log(global abs fml threshold/ (1,~global abs fml threshold));

/*i***************************************i***********t/

[Hrxkkkkassign memory for icov
/*******tt*t*t**************i*i************************/
i=no_class*no_class*global nurber trun;

if ((global msc t}uesl'xold=(d01ble *)malloc((unsigned) (DOUBLE*1) ) ) ==NULL)
outerr ("ERRCR - Can't assign memory for global rmsc threshold");

for (i=0; i<global mumber trun; i+=1)
{

no_feature=glcbal trun at{i];
printf ("%d Calculating separability(RMSC)...N=%d Threshold=%.2f\n",
i,no_feature,thresheld);

for (j=0; j<no_class; j++)
{

*(global mmsc_threshold+nc class*no class*i+j*no class+j)= 20;
for (k=0; k<i; k++)
{
double bhattacharyya (sbha, (class+3j)->cov, (class+J) ->mean, (class+k) ->cov,
(class+k) ->mean, no_feature, no new_chanrel); /* Calculate bhattacharyya distance */
*(global mmsc | threshold+m class*no > class*i+j*no_class+k)=
* (gldbal_rmsc t threshold+no class*no_class*itk*no_class+j)= threshold-bha;
}
}
} /* for i */
return;

/***************************************************************/
/******i
[FxxkF%% FONCTION : sub fast ml per class IH
/*******
/********************t*********t**********tt****it******tt*t**ti/
swb _fast ml per class(i,no _class,class,no band used cla,actual array size,key,para,para len,means,detmat)
struct class str *class;
double *para, *means, *detmat ;
long i,no _class,no_band used cla, key,para len,actual array size;
{

long longint;

unsigned char *result;

long j,k;

long no_feature, nc,correct_cl;

double accuracy, *accuracies;

/*t**i*/

J***%%% assign memory

/******/

longint=(long) DOUBLE*NO_BAND FSS;

if ((accuracies=(double *)malloc({unsigned) longint) )=NULL)
outerr ("ERROR - Can't assign memory for accuracies");

longint=(long) CHAR* (class+i) ~>no_sample*no band used cla;
if ((result=(unsigned char *)malloc(longint))=NULL)
outerr ("ERROR - Can't assign memory for result 745");

/******/
/¥*¥*%%% set parameters




229

/*t****/

no_feature=no_band used cla; /* no_feature are same */
nc=actual array size;

correct_cl=i;

/******/

= /Rxkexk o311 function

- /‘k*****/

if (key==2) /* 2=classify one with truncation */

sub fast ml one  truncation(nc,no_class,no | feature, correct_cl,
para,para . len,neans,detmat, {class+i) —>data float2, (class+i)->no_sample,
& ((class+i) ->nos_tested), result, &accuracy,actual array size);

else if (key==0) /* O=classify all (no truncation} */
sub fast ml all without _truncation(nc,no_class,no_feature, correct « cl,
para,para . len,neans,chtmat, (class+i) ->data float2, (class+i) ->no_sample,
&((class+i)->nos_tested), result,accurac;.&s,actual array size);

else if (key==1) /* 1=classify one ({(no truncation} */
sub _fast ml_one without __truncation(nc, no_class,no | feature, correct cl,
para, para . len, means, detmat, (class+i)—>data float2, (class+i)->no_sample,
&((class+i)->nos_tested), result,aocurac1es,actual array size);

/******/
/¥****% save classification results
/******/
if (key<l)

for (k=0; k<no_bard used cla; k++)

{

for (j=0; j<no_class; j+t)

* ((class+i) ->cla_result+k*no class+3)=0;

for {#0; j<(class+i)->no_sample; j+)
*( (class+i)->cla result + k*no_class +
(long) * (result+k* (class+i) ->no sarrple+j) Y +=1;

(class+i)->accuracies [k]=accuracies k] ;
} /* loop k */
else /* classification is done for just one feature */

for (j=0; j<no_class; j+)
* ((class+i)->cla result+3)=0;

for (¥0; i<(class+i)->no _sample; Jj+)
*( (class+i)->cla result + (long)*(result+j) ) + 1;

(class+i) ->accuracy= accuracy;

}

free(result);
free (accuracies) ;
return;

/********t***************it**************i*******i****************tt***********/
/***

/***  FUNCTION: sub fast ml_all without truncation

Jikx
/*******************************t***tti**************t*********ti*********t****/
/******i***************i*************i***************i******i*i************t***/

Sk
Vi <PARAMETER DESCRIPTION>

/***

Y falall c + muber of channels (MAX. 300)

Ve no_class : mumber of classes

Wkl no feature : muber of channels to be used

/3% correct ¢l  : correct class to be classified if available
[xx para : parameter files. Include cov,mean,det.

Vhlaled para_len : lergth of parameter file

Voiala fss td : data to be classified td[no_sample] [nc]

/***




Wkl ro sample  : rumber of data to be classified

Vasiall result : unsigned char array which will contain the results
Y halalad {(unsigned char result{no sample])

[rx* accuracy + classification accuracy

Vfodale actual array size td :

/***

/xxxu-x-ntfxx--ax-xx:-xx-xxixnxnu-x-ux-x--ixx--x--xx---xxuxxxxxxax-xxxxxx-x---./
stb_fast_xﬁl_all__wit}mrt_tmncation {nc, no_class, no_feature, correct_cl,para, para_len, mean, detmat,
fss_td,no_sample,nos, result, accuracies,actual_array_size td)
long nc,no_class, correct_cl,no_feature, actual array size td,para len;
long no_sample, *nos;
double *para, *mean, *detmat , *accuracies;
float *fss td;
unsigned char *result;
{
long i, 3,k 12
register double *tpara,*meanf;
register float *pt2;

long longint;
long error [MAX NO REPFAT],tres,nosl;
double tmax, *temp, *templ, dt,dtl, tm;

for (i=0; i<no feature; i++)
error{i]=0;

/******/

J*¥***kx% assign memory
JREKIKK [

longint= (long) DOUBLE*no_feature*no_class;
if {(temp=(double *)malloc{longint))==NULL)
outerr ("ERROR - Can't assign memory for temp");

/******/
/****t* Classify

/******/
for (i=nosl=0; i<no_sample; i++,nosl++)

{
pt2= fss td+actual array size td*i;

for (30; j<no _class; j++)
{
tpara= paratpara_len*j;
meanf= meantnc*j;
templ=tempino_feature*j;

tme= *pt2- *meant;
* (templ+0) = tm*tm* *(tpara+t); /* start point */

for (k=1; k<no_feature; k++)

{

tme * (pt2+k) - * (meanf+k);

dt = *(templ+k-1); /* previous value */

for (dt1=1=0; 1l<k; l+)
dtl += (*(pt2+1)~ *(meanf+l))* *(tparatt);

dt += *(tpara++)* (tm* (tm—dt1-drl) +dt1*dtl);

* (templ+k) =dt;
} /* loop k */
} /% loop J */
JRkKRRR [
/*x*xx* classify up to no_feature
/******/

for (k=0; k<no_feature; k++)
{
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tmax= -1e30;
for (30; j<no_class; j++)

if (= *(tempino_feature*j+k)- *(detmat+nc* j+k) >tmax)
{

tmax= - *(temp+no_feature*j+k) - *(detmat+nc* j+k) ;

A tres=j;
SR
if (correct_cl != tres)
. (error{k])++;
* (result+k*no_samplet+i)={(unsigned char) tres;
} /* loop k */
} /* loop i=ro_sample */
/******/
J¥*xxxk calculate accuracy
/******/

for (k=0; k<no_feature; k++)

{

* (accuracies+k)= 100.* (no_sample—error(k]) /no_sample;

printf ("correct cl=%d no_feature=%d accuracy=%5.1f\n",correct cl, k+l,*(accuracies+k});
}
free (temp) ;
*nos=nosl;

return;
}

/*******t***i******************************t*******i***/
/******
/***%%x FUNCTION: sub fast ml one truncation
/******
/*************i***************t**t******i*t************/
sub fast ml ore truncation{nc,no class,no feature,correct cl,para,para len,
mean, detmat, fss_td, no_sample, nos, result, accuracy, actual array size td)
long nc,no_class,correct cl,actual array size td,para len;
long no_sample, *nos;
double *para, *mean, *detmat, *accuracy;
float *fss td;
unsigned char *result;
{
if (gldoal fml flag=1) /* truncation by absolute difference */
{
sub fast ml by likely diff rel gen(nc,no class,no_feature,correct cl,para,para len,
mean, detmat, fss_td,no_sample, nos, result, accuracy, actual array size td);
}
else if (global fml flag==2) /* truncation by absolute region ###¥aFML¥### */
{
sub fast ml by likely diff abs gen{nc,no class,no_feature,correct cl,para,para len,
mean, detmat, fss_td,no_sample, nos, result, accuracy, actual array size td);
}
else if (glcobal fml flag=3) /* truncation by relative difference considering class
separability ###rFML#### */
{
sub fast ml by rel diff rel gen(nc,no class,no_feature,correct cl,para,para len,
mean, detmat, fss_td,no_sample, nos, result, accuracy, actual array size td);
}
else

{
printf ("global fml flag=td\n",global fml flag);
outerr ("global fml flag ERROR") ;

}

return;
}

/******************t*********t*************************/
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/*t****

;****:* FUNCTION: sub fast ml by likely diff rel gen
kkkkkk

[RERREK relative FML

/******

/*t*****t*t**t**************************************t**/

swb_fast ml by likely diff rel gen(nc,no_class,no feature,correct cl,para,para len,
mean, detmat, £ss_td, no_sample, nos, result, accuracy, actual_array size td)

long nc,no_class,correct cl,actual array size td,para_len;

lorg no_sample, *nos;

double *para, *mean, *detmat, *accuracy;

float *fss td;

unsigned char *result;

{

long i,3,k,1,k1;
register double *tpara,*meanf;
register float *pt2;

long longint;

long ierr,tres;

double tmax,*temp, *tmp val, *templ,dt,dtl, tm;
daouble *temp/, *detmat7;

long j1,n0 keepl,no keep2;
long detindex,para_len offset, *index keeps;

long incre, start;
dauble *keeps:

if (o sample=0)

{

printf("No test sample... Just returning... Correct cl=%d\n",correct cl};
return;

}

/*t**t*********i********i****i******************t/

/*** set truncation parameter */
/*************************t**********************/
global trun at([global number trun}-no_feature;
jerr=0;

/****************i*****************ii**ttt******tl

[¥F*Hk** assign memory

/****************t***********i***t**t************/

longint=(long) DOUBLE*no_class;

if ((tmp_val={double *)malloc(longint))==NULL}
outerr("ERROR - Can't assign memory for tmp val");

longint=(long) DOUBLE*no_feature*no class;
if ((temp=(double *)malloc(longint})==NULL)
outerr ("ERROR - Can't assign memory for temp");

longint={long) DOUBLE*no_class;
if ((keeps=(double *)malloc(longint))==NULL)
outerr ("ERROR ~ Can't assign memory for keeps™);

longint=(long) INT*no_class;
if ((index keeps=(long *)malloc(longint))=NULL)
outerr ("ERROR - Can't assign memory for index keeps");

/t***i****t****i**************t****t******tit**xt/
/*** calculate discriminant functions */
/t******t**********t****t*************t*****t****/
start=test_start;

incre=test_incre;

*nos=0;

for (i=start; i<no_sample; i=i+incre)
{



pt2= fss td+actual array size td*i;

/****************i*********i***************i*****/
/*+* initialization */
/************************************************/

no_keepl=no class;
' for (F0; j<no_class; j++) /* start point */
{

* (index_keepstj)=J;

tme *pt2- * (mean+nctj) ;

* (temptno_feature*j)= tm*tm* *(paratpara len*j);
} /* loop J */
para len offset=l;

for (k1=0; kl<global number trun; kl++)
/****i*********************************i*********/

/***  calaulate discriminant functions */

/***t*t**********t****t**********t**********i****/

for (j1=0, 3 *(index keeps); jl<no keepl; j= *(irdex keeps+ ++jl))
{

tpara—para+para len* j+para len offset;
meanf=mean+nc*j;
templ=temptno_feature*j;

for (k=global trun at(kl1]; k<global trun at(kl+l]; k++)

{
tme * (pt2+k) - * (meanf+k);
dt = *(templ+k-1); /* previous value */

for (dt1=1=0; 1<k; 1+)
dtl += (*(pt2+1)- *(meanf+l))}* *(tpara+t);

dt += *(tpara++) * (tm* (tm—dt1-dt 1) +dtl*dtl) ;

* (tampl+k) =dt;
} /* loop k */

} /* loop J */

/************i*******i***************************/

/*** classify and truncate

/i****************t******************t******i****/
tmax= -1e30;

detindex= global trun at[k1+1]-1;

no_keep2=no_keepl;

tempi=tampi+det index;
detmat 7=detmat +detindex;

for (j1=0, % *(index keeps); jl<no keep2; j= *(irdex keeps+ ++]1))
if (tmax < (tmp val[j]= - *(temp7+no_feature*j) - * (detmat 4nc*3) ) )

{
tres=j;
tmax = tmp valljl:
}
if (k1+1==no feature)
break;

no_keepl=0;
tmax —~= gldbal trun by(kl+l];

for (j1=0, 5= * (index keeps); Jjl<no_keep2; J= *(index keeps+ +i1))

if (tmax < tmp val[j])
*(index keeps+no_keepl++)=j;

/* check only one class left */
if (no_keepl==1)
break;
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/* para len offset=15*14/2+15; */
para len offset= global trun at(k1+1]*(global trun at[k1+1]-1)}/2+ global trun at([k1+1];

} /* loop k1 */

w7 if (correct cl != tres)
' ierr++;
(*nos) ++;

if (global chi_threshold prob<=0) /* check threshold */

* (result+i)=(unsigned char) tres;

else if (global chi threshold{detindex]>tmax+ * (detmat7+nc*tres))
* (result+1)=(unsigned char) no_class;

else
* (result+i)=(unsigned char) tres;
} /* loop 1 */
*accuracy=(*nos - ierr)*100; /* accuracy */

*accuracy /= *nos;
printf ("rFML nos tested:%d correct cl:%d accuracy=%4.1f\n", *nos, correct cl, *accuracy);
/*****************tt*************t****t****ti***t******/

[*¥xxx%x check saving classfication result (map)

/t***********************t***t***********i*******t**t**/
check save _result TM(result,no_sample,no class);

free (temp) ;

free(index keeps):

free (keeps) ;

return;

/***************i************i*t*t*******************t*/

JRrERRE
;**t*** FUNCTION: sub fast ml by likely diff abs gen
Y ok ok ke

JrHEAKK absolute FML

/******

/*********************************i**************i*****/
sub fast ml by likely diff abs gen(nc,no _class,no_feature, correct cl,para,para len,
mean, detmat, fss_td,no_sample, nos, result, accuracy, actual array size td)
long nc,no_class,correct_cl,actual array size td,para len;
long no_sample, *nos;
double *para, *mean, *detmat, *accuracy;
float *fss td;
unsigned char *result;
{
lorng 1,3,k,1,k1,trun each state[10];
register double *tpara, *meanf;
register float *pt2;

long longint;

long ierr,tres;

double amax,tmax, *temp, *templ,dt,dtl,tm;
double *templ;

long j1,mo keepl, no_keep2, tres bak;
long detindex,para len offset,*index keeps;

long flag correct_cl_truncated;
dauble *keeps;

/*****/

Jx**x%x  chack mmber of samples
/*****/

if (no_sample=0)

{



printf ("No test sample... Just return Correct _cl=%d\n",correct _cl);

return;
}

/*****/
/E*%xx  set truncation parameter

< Vid it 7

global trn at(global number trun]=no_feature;

ierr=0;
for (i=0; 1<10; i++)
trun each state(i}=0;

/*t*i*/

/¥***x*x  assign memory

/**t**/

longint=(long) DOUBLE*no_feature*no_class;

if ((temp=(double *)malloc(longint}))==NULL)
outerr("ERROR - Can't assign memory for temp 234");

Jongint=(long) DOUBLE*no class;
if ((keeps=(double *)malloc(longint))==NULL}
outerr("ERROR - Can't assign memory for keeps 462");

longint=(long) INT*no_class;
if ((irdex keeps=(long *)malloc(longint))==NULL)
outerr ("ERRCR - Can't assign memory for index keeps 620");

/*****/

J*%xxk classify

/*****/
for (*nos=i=0; i<no sample; i++)
{
pt2= fss td+actual array size td*i;

/*****/

/*kxk% - initialization
/*****/

no keepl=no class;

for (0; j<no_class; j++) /* start point */
{

* (index_keeps+3)=3;

tme *pt2- *(meantnc*s) ;

* (temptno_feature*j)= tm*tm* *(paratpara len*j);
} /* loop j */
para len offset=1;

for (k1=0; kl<global number trun; ki+)
{

/*****/

/**%x*  calculate discriminant functions
/*****/

for (j1=0, = *{index keeps); jl<no keepl; j= *(index keeps+ ++jl))

{
tpara= paratpara len*jtpara len offset;
meanf= meantnc*j;
templ= temp+no_feature*j;

for (k=global trun at(kl]; k<global trun at(kl+l]; k++)

{
tme= * (pt2+4k) - * (meanf+k) ;
dt = *(templ+k-1); /* previous value */

for (dtl=1=0; 1i<k; 1++)
dtl 4= (*(pt2+1)- *(meanf+l))* *(tpara++);

dt += *({tpara+)* (tm* (tm—dt1-dtl) +dt1*dtl);
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* (templ+k) =t ;
} /* loop k */

} /* loop 31 */

/*****/
J*xxxx classify and truncate
) [rxkxx
amax = global trun by(k1+1]; /* absolute value */
detindex= glabal trun at[k1l+1]-1;
no_keep2=no keepl;
no_keepl=0;
temp7=temp+det index;

tres bak=j= *(index keeps);

flag correct cl truncated=0;

for (mo _keepl=j1=0; jl<no keep2; j= *(index keeps+ ++31))

{
if (amax < - *(tempT+no_feature*j)) /* threshold deperds only on r */
* (index keeps+no_keepl++)=3;

/* count ro. truncation of correct class at each stage */
if (j=correct cl && amax >= - *(temp7+no_feature*j))
{
flag correct_cl truncated=l;
trun each state(kl]+=1;
}
} /* for ro keepl */

if (no_keepl<=l) /* only ore class is left */
break;
/* para len offset=15%14/2+15; */
para_len offset= global trun at[ki+1]*(gldbal trun at [k1+1]-1) /2+ global trun at[kl+l];

} /* loop k1 */

/*****/

/*¥*** make comparson outside the loop
/***i*/
if (no_keepl=l)
* (index keeps)=tres bak; /* restore the first class */
tmax= -1e30;
for (j1=0, 3 *(index keeps); jl<no keep2; j= *(index keeps+ ++31))
if (tmax < (dtl= - *(temp/+no_feature*3j) - * (detmat +nc* j+detindex) ))
{
tres=j;
tmax = dtl;
}

if (correct_cl != tres)
lerr++;

if (correct cl != tres & flag correct cl truncated=1)

trun__each_gtate[kl]-el; /* though truncated, classified correctly */
(*nos) ++;

if (global chi threshold prob<=0) /* check threshold */

* (result+i)=(unsigned char) tres;

else if (gldbal chi threshold[detindex]>tmax+ *(detmat+nc*tres+detindex))
* (result+i)=(unsigned char) no class;

else

* (result+i)=(unsigned char) tres;

} /* loop 1 */
*accuracy=(*nos - ierr) *100; /* accuracy */

*accuracy /= *nos;
printf("aFML nos tested:%d correct cl:%d accuracy=%.4f\n", *nos, correct_cl, *accuracy) ;
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/*******************i***t******************************/

/***x%xx*x check saving classfication result (map)

/*t*t**i******it*t***t****i****************ﬁ***********/

check save result TM(result,no_sample,no class);

_free(tenp) ;
" - free(index keeps);

free (keeps) ;

return;

/*****t*******t**********************ii****************/

/**t***

/*x*xkx FUNCTION: sub fast ml by rel diff rel gen

/******
/******
/******

relative FML

/**************t***********tt*************************t/

sub fast ml by rel diff rel gen(nc,no class,no_feature, correct cl,para,para len,
mean,detmat,fss td, no sanple nos, result,accuracy, actual array size td)

long nc,no_class, correct cl,actual array : size td,para len;
lorg no_sample, *nos;

double *para, *mean, *detmat, *accuracy;

float *fss td;

unsigned char *result;

{

long i,3,k,1,k1;

register double *tpara,*meant;

register float *pt2;

long longint;

long ierr,tres;

double tmax,*temp, *tmp val, *templ,dt,dtl, tm;
double *temp7, *detmat7, *tmp threshold;

long j1,no_keepl, no_keep2;

long detindex,para len offset,*index keeps;
double *keeps;

if (no_sample=0)
{

prirtf ("No test sample... Just returning... Correct cl=%d\n",correct cl);

return;
}

/**t***********i***i*i********i**************i***/

/*** set truncation parameter */
/************************************************/
global trun at[global nurber trun]=no_feature;
ierr=0;

/***********tk***********i**t**************************/

[rFxkxkx gigenvectors & eigenvalues and feaband

/****i***i*****************t***************************/

longint=(long) DOUBIE*no_class;
if ({tmp val=(double *)malloc(longint))=NULL)
outerr ("ERROR - Can't assign memory for tmp val®);

longint={(long) DOUBLE*no feature*no class;
if ({temp=(dowble *)malloc(longint))==NULL)
outerr ("ERROR - Can't assign memory for temp 63");

longint=(long) DOUBLE*no_class;
if ((keeps=(double *)malloc(longint))==NULL)

outerr(“ERROR - Can't assign memory for keeps 94f");

longint=(long) INT*no_class;
if ((index keqas—(long *)malloc (longint) ) =NULL)

outerr ("ERROR - Can't assign memory for index keeps 83");
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/******************************************i*t***/

/*** calculate discriminant functions */

/***********i****************i*****t*************/

for (*nos=i=0; i<no sample; i+)
{
pt2= fss tdtactual array size td*i;

'/**t***********i**i*******************t**********/
/*%  initialization */
/************************************************/

no_keepl=no_class;
for (F0; j<no_class; ++4) /* start point */
{

* (index keeps+3)=J;

tm= *pt2- * (meantnc*j);

* (temptno_feature*j)= tm*tm* * (paratpara len*j);
} /* loop 3 */
para len offset=1;

for (k1=0; kl<global number trun; kl++)
{if (k1=0)
{global sum no_feature += glaobal trun at(kl+1]*no keepl;
global sum operatlon += glabal trun ¢ at [k1+1]*global trun at{k1+1)*no_keepl;
el

{
global_sum operation += (global trun at[k1l+l]*glabal trun at(k1+1]

—global trun at(kl]*global trun at[kl])*no _keepl;

global_sum no feature += (glabal trun at[kl+l]-global trun at[k1]) *no_keepl;

}

/**************tt***********i*************t****i*/

/***  calculate discriminant functions */
/******t*****t******t*t*t****************k*******/
for (j1=0, = *(index keeps); jl<no keepl; j= *(index keeps+ +t+jl))
{

tpara=para+para len* jtpara len offset;

meanf=mean+nc*3j;

templ=temptno_feature*j;

for (k=global trun at[kl]; k<global trun at[kl+l]; ki+)
{

tme * (pt2+k) - * (meanf+k);

dt = *(templ+k-1); /* previous value */

for (dt1=1=0; 1<k; 1++)
dtl += (*(pt2+1)- *(meanf+l))* *(tpara++};

dt += *(tpara++) * (tm* (tm—dt1-dt1) +dti*dtl) ;

* (templ+k) =dt;
} /* loop k */

} /* loop 3 */

/***************t********i************t****t*****/

/*** classify and truncate
/***************t*****************t*****t*t**ti**/
tmax= -1e30;

detindex= global trun at{k1l+1]-1;

no_keep2=no keepl;

tempT=terp+det index;

detmat 7=detmat+detindex;

for (j1=0, = *(index keeps); jl<no keep2; j= *(index keeps+ ++jl))
if (tmax < (tmp val{j}= - *(temp7+no_feature*j)- *(detmat7+nc*j)))
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{
tres=j;
tmax = tmp valljl;
}
if (kl+l=mno feature)
break;

" no_keepl=0;

tmp_threshold= global msc_threshold+ (k1*no_class+tres) *no_class;

for (j1=0, = *(index keeps); jl<no keep2; F *(index keeps+ ++jl))
if (tmax - *(tmp threshold+]) < tmp val[j]}
* (index keeps+no keepltt)=J;

/* check only ore class left */
if (no_keepl=1)
break;

/* para len offset=15%14/2+15; */
para len offset= global trun at{kl+11*(global trun at(k1+1]-1)/2+ gldbal trun at(kl+l};

/* loop k1 */

if (correct cl != tres)
ierr++;
(*nos) ++;

if (gldbal chi_threshold prob<=0) /* check threshold */

* (result+i)=(unsigned char) tres;

else if (global chi threshold|detindex]>tmax+ * (detmat7+nc*tres))
* (result+i)=(unsigned char) no class;

else
* (result+i)=(unsigned char) tres;
} /* loop 1 */
*accuracy={*nos — lerr)*100; /* accuracy */

*accuracy /= *nos;
printf ("rFML3 nos tested:%d correct cl:%d accuracy=%4.1f\n", *nos,correct_cl, *accuracy) ;

free(terp) ;
free(index keeps);
free (keeps) ;
return;
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Appendix D

Program of Decision Boundary Feature Extraction
for Gaussian ML Classifier

/********t‘ti**************i***************i************ti**********/

/***

[xx* FUNCTICN: FS_decision boundary (36)

/***

Vislaid INPUT:

Vil no_feature(long) : mumber of features (=N)

Vsl no_class (long) : murber of classes

Vdaiald class_info{struct): class informations (See Apperdix C)
Vil QUTPUT:

[rxx eigenvectors (double, N by N) eigervectors

[rxk eigenvectors (double, N) eigenvalues

Vbl ERRCR FIAG(*1long) error flag, must be zero.
/***

/**************************t******i****************it***************/

FS decision boundary(class info,no class,no_feature,eigen | vectors,eigen values, ERROR FIAG)
long *ERRCR FLAG;
lorg no class,no feature;
struct class info str *class_info;
double *elgen vectors,*elgan » valves;
{
dowble *edofm, *EV_edbfm, *E value edbfm, *edbfm all;
char fname[100];
long i, j,k,class_index[2];
double accuracy;
long longint;

/*******/

[***kkk% gssign memory
/*******/

longint=no_feature*no feature*FS DOUBLE;

edbfm=(double *)SI_create memory(longint);
if (edbfm=FS NULL)
*ERROR_FLAG=507;

edbfm all=(double *)SI_create memory (longint);
if (edofm all=FS NULL)
*ERROR FLAG=508;

EV_edbfi=(double *)SI create memory(longirnt);
if (EV_edbfm=FS NtILL)
*ERROR FIAG=509;

E value edbfr=(double *)SI_create memory (longirnt) ;
if (E Value edbfi—FS NULL)
*ERROR_FLAG=510;

/*******/

JRxxkdx chack error

/****tt*/

if (*ERROR FLAG>O)

{

SI_free memory((char **)&E value edbfm);
SI_ " free > memory ( (char **) SEV etbfm) :

SI " free  memory ( (char **) sedbfm 1 all);
SI_free memory((char **)sedofm) ;

return;
}




/*******/

Jxkxxkxk find edofm of each pair of classes

/****t**/

for (1=0; i<no feature*no feature; i++) /* initialize */
_ edbfm all[i]=0;

for (i=0; i<no class; it++)
for (F0; j<i; 3+
{
class_index[0]=i;
class_index[1]=3;
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FS_sub find edbfm 2 class(class_info,class_index,2, no_feature, edbfm, &accuracy, ERROR FIAG) ;

FS optimize 2 class (class_info,class_index,2,no_feature, edbfm, accuracy, ERROR FLAG) ;

for (k=0; k<no_feature*no feature; k++)
edbfm all[k]+=edbfm[k],
}

/*******/

J*s*xxx%% calculate eigenvectors and eigenvalues of edbfm all
Vesiittodl -
for (3=0; j<no_feature*no feature; j++)

E value ed;fm[]]=edbfm all[j],

deigen (ro_feature, E value edbfm, 2, &i,EV_edbfm,no_feature);

/******t/
/**¥%%%+ copy eigen vectors ard eigen value
/*******/
for (i=0; i<no_feature; i++)
for (j=0; j<no_feature; j++)
{
elgen values [1]=F value edofm[i*no | feature+i};
eigen vectors[i*no ! feature+]]-EV edbfm[l*no feature+j];
}

/*i*****/

J**xkxx% free memory

/******i/

SI_free memory((char **)&E 1 value edbfm);
SI free rrerory((char **) EV ¢ edbfm) ;
SI_free memory ({(char **) gedbfm all);
SI_free memory ((char **)sedbfm) ;

return;
/***********************i****************************i*/
/*******
W falablolabold FUNCTION: FS optimize 2 class
/*******

/***************t*********ii******ti**********t*****t**/
FS optimize 2 class(class_info,class index,no class, no_new_channel, edbfm, accuracy,
ERRCR FLAG)
long *ERRCR _FLAG;
struct class info str *class info;
long *class index,no new chamel,no class;
dowble *edbfm, accuracy;
{
register double *fmean, *icov;
long 12,1, 3,k,a,b,erri2];
dowble class min{2],log det,op threshold;
long error=0;
long longint;

double *mean, *EV, *eval, *icov_all, *cov, *ficov,mah(2],t1,t3;
doble det[2];
float *td,*dfloat(2],acc(2];
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long total sample;

/*******/
/**xk*x init threshold

/*******/

_op_threshold=0.97;

[rxkkxkk f
Jxx*xk%% assign memory & calculate eigenvalue of edofm
/*******/
EV=(double *)SI _create memory((unsigned long)no new channel*no new channel*FS DOURLE) ;
if (Ev==FS NULL)
*ERROR FIAG=511;

eval=(double *)SI_create memory ((unsigned long)no_new channel*no new_channel *FS DOUBLE) ;
if (eval=FS NULL)
*ERROR FIAG=512;

if (*ERROR F1AG=0)

{

for (i=0; i<no_new chammel*no new channel; i++)
eval [i]=edbfm[i];

deigen(no_new channel,eval, 2, &i,EV,no_new channel);
}

icov_all=(doucle *)
SI create memory({unsigned long)no class*no_new_channel*no new_channel*FS DOUBLE) ;
if (icov all==FS NULL)

*ERROR FLAG=513;

cov={(double *)
SI_create memory((unsigned long)no_class*no new channel*no_new_channel*FS DOUBLE) ;
if (cov=FS NULL)

*ERROR FIAG=514;

mean—=(double *}SI_create memory ({(unsigned long)no_class*no new channel*F'S DOUBLE) ;
if (mean—FS NULL)
*ERROR_FIAG=515;

/******k/

/***x*%% assign memory & copy data

/*******/

if (*ERRCR FLAG=0) /* continue if no error occurred */

for (total sample=i=0; i<no class; i++)
{
total samplet= (class infotclass index([i])->no sample;

longint=(long) FS_FLOAT*no new channel* (class_infotclass index[i])->no sample;
dfloat[i]=(float *)SI create memory((unsigned)longint);
if (dfloat=¥S NULL)

{
*ERRCR FLAG=516;
break;

}

FS sub linear transfomm(dfloat[i], (class infotclass index(i})->data float,
EV,no_new _channel,no new chanrel, (class_info+class index[i})->no_sample);

cal stat fdata(dfloat[i],no new channel,

(class_infotclass index{i])->no_sample,

mean+i*no_new_channel,cov+i*no new channel*no new channel,no new_chamnel) ;
}

if (*ERROR FIAG==0) /*#########4#44#4 continue if no error occurred */
{

/*******/

[¥**xkxxk classsify
JREREIRK [




for (i2=1; i2<=no new chanrel; i2++)

{
for ($0; j<no_class*no new_channel *no_new_chanrel; j++)
icov_all[jl=covii};
for (i=0; i<no _class; i++)
{

- FS_irnverse log det (icov_all4no new channel*no_new channel*i,i2,

no_new chanrel, det+i, slog det) ;

det [i]=log(det[i]);
}

err(0]=err(1)=0;
for (i=0; i<no class; i+)

/*******/

J**xxxxk do classification

/*******/

for (30; i<(class infotclass index[i])->no_sample; j+)

{

td=dfloat [i]+3*no_new_channel;

for (k=0; k<no_class; k++)

{
fmearFmean+no_new_channel*k;
icov=icov_all+no new channel*no new_channel*k;

for (mahlk]=a=0; a<i2; a++)

{
ficov = icov+no new_channel*a;
t3= *(td+a)- *(fmean+ a);

for (t1==0; b<a; b++)
tl — (*(td+ b)- *(fmean+ b)) * *(ficov+ b);
mah(k] += t3* (t1+#1-t3* *(ficov+ a));

} /* for k */

/*******/
[R¥xxxkkk check error
/*******/
if (mah[i]-det[i]<mah[1-i]-det[1-i])
err(i]++;
} /* for j */
} /* for i */

error=err|[0]+err(l];

if (100.*{toctal sample-error)/total sample>=op threshold*accuracy)
break;
} /% i2 %/

/*******/

J*x*xkix Making new EDBFM

/*******/

for (1=0; i<no new_channel*no new channel; i+)
edbfm[1]=0;

for (i=0; i<i2; i++)
{
for (3=0; j<no new chamnel; j++)

for (k=0; k<no_new channel; k++)
* (edbfim+ j*no_new_channel+k) += *(EV+3j*no_new_channel+i)*

* (EV+k*no_new_channel+i)* eval{i*no new channel+i];

}

} /A R SRS I (CERROR FIAG=0) */

/****t**/

/*i*‘k*** fm menory
/*******/
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SI_free memory({char *x) gdfloat[11);
ST |  free  memory ( (char **) &dfloat [0]);

SI_free memory((char **)smean);
SI_free memory ({char **)scov);
_ SI free memory((char **)&icov all);
7 -SI_free memory((char **)seval);
SI free memory((char **)&EV);

. return;
/****************t******t****i****************#********/
/*******

V folabalebalold FONCTION: FS sub find edofm 2 class
/****i**

/***********************it***t******t****i*************/

typedef struct cl res info str {

log counter;

double threshold?2;

float *classified;

log *classified as;

short *sflag;

lag no_passed mah dis;

float *mah dis;

log no_passed mah dis the other;
float *mah dis the other;

} CL_RES INFO STR;
FS : sub fmd edbfm 2 class(class_info,class index,no ¢ class, no_new_channel, edbfm, accuracy,
FRROR FIPG)
long *ERROR FLAG;
struct class info str *class s info;
long *class_m(hx,no__new_chamel no_class;
double *edbfm, *accuracy;
{
struct cl res info str cl res{2];
register double *fmean, *icov;
lorg i, 3,k,1,a,b,cnt thbl[5],point_array c:nt flag,err(2];
double *pointl_array, *point2 array,dmin,tmp, class , min{[2],log det;
float *tpl, *tp2;
long imin,error=0,minimum;
long longint;

double *icov all,*ficov,mah[2],t1,t3;

double threshold?,threshold prab2, threshold, threshold | prao=.995,det [2] ;
float *td, fmax;

long total_sample;

/*****i*/

/x*xkkk* assign memory

/****t**/

for (total sample=i=0; i<no class; i+)

total sarrp1e+—(class infotclass s index[i])->no_sample;

longint={long) FS DOUBLE*no new_channel*total sample;
pointl array=(double *)SI ¢ create » memory ( (unsigned) longint) ;
if (pouml_array=FS_MJIL)

*ERROR FIAG=517;

point2_array=(double *)SI create memory ((unsigned) longint) ;
if (point2 array=¥S NULL)
*ERROR FIAG=518;

longint=(long) sizeof (long) *nc_new_channel*tctal sample;
{cl_res+0)->classified : as=(long *)SI create nenory((unugned) longint);
if ((cl res+0)->classified as=FS NULL)

*ERROR_FLAG=519;

(cl_res+l)->classified as=(long *)SI create  memory ( (unsigned) longint);
if ((cl res+l)->classified as=FS NULL)




*ERROR_FLAG=520;

longint=(long) FS_FLOAT*total sample;

{cl_res+0)->mah dis=(float *)SI_create  memory ( (unsigned) longint) ;
if ({cl res+0) ->mah dis==FS | NULL)

_ *ERROR FIAG=521;

) (cl_res+l)->mah dis=(float *)SI_create > memory { (unsigned) longint) ;
if ((Cl res+1)—>mah dis=FS NULL}
*ERROR_FLAG=522;

{(cl res+0)->mah dis the other=(float *)SI create > menory ( (unsigned) longint) ;
if ((cl res+0) ->mah _dis the other=¥S NULL)
*ERROR_FLAG=523;

(cl_res+l)->mah dis the other=(float *)SI_create memory ( (unsigned) longint) ;
if ((cl res+1)—>mah ¢ d.ls the other=¥S NULL)
*ERROR F1AG=524;

longint={(lorg) sizeof (short) *total_sample;
{cl_res+0)->sflag=(short *)SI_create  memory { (unsigned) longint) ;
if ((cl_res+0)->sflag=FS NULL)

*ERROR FIAG=525;

(cl_res+l)->sflag=(short *)SI_create memory((unsigned)longint);
if ((cl_res+l) ->sflag—=¥FS NULL)

*ERROR FLAG=526;

icov_all=(double *)

ST ¢ Create » memory ( (unsigned long)no class*no_new_channel*no new channel*FS DOUBLE) ;

if (icov ¢ all—FS _NULL)
*ERROR ! FT]¥3-527

if (*ERROR FIAG=0) /*#######4##3444## continve if no error oocurred */
{

/*******/
JR**&x%x calculate inverse of cov
/*******/
for (i=0; i<no class; i++)
{
for (30; j<no_new channel*no new ¢ channel; j++)

icov_alllno new ¢ channe_l*no new d’)ammel*lﬂ]— (class_info+class_index[i])->cov[]];

FS_inverse log det(loov all+no new_channel*no new channel*l,no new_channel,
no_new_channel,det+i,&log det);

det [i]=log(det[i])}
}

/*******/

[xxkkkxk firp threshold to remove outliers (self)

/*******/

threshold prob=.95;

sub _find r threshold(no new ¢ channel, sthreshold, threshold prdb, (double)0.1) ;
threshold *= -threshold;

/*******/

Jxkxxxxx fine threshold to remove outliers (the other class)

/*******/

threshold prob2=.95;

sub find r threshold(no new_channel, sthreshold2, threshold prob2, (double)0.1) ;
threshold? *= —threshold2;

/*ti****/

JRxxxxkx classsify

/*******/
err[0l=err{1]=(cl_res+0)->counter=(cl res+l) ->counter=0;
for (i=0; i<no class; i+t)

JrrEKRNK ]
[Hxxxxxx do classification
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/*****t*/

for (0; i<(class_info+class index[i])->no sample; j++)
{
td=(class_info+class_index[i})->data float+j*no_new channel;

_ for (k=0; k<no class; kt++)
R
' fmearr (class_infotclass index[k])->mean;

icov=icov . al_l+no new (¢ d'xannel*no new_chanrel*k;

for (mah(k]=a=0; a<no_new_chamnel; a++)

{
ficov = icov+tno new_channel*a;
t3= *(td+a)- *(fmean+ a);

for (t1=b=0; b<a; bt+t)
1 = (*(td+ b)- *(fmean+ b)) * *(ficov+ b);
mah(k] += t3*(£1+t1-t3* *(ficov+ a));
}

if {i=xk)
{
(cl_res+i)->mah dis[j]=mah[k];
(cl res+i)—>mah dis the other[j]=mah{1-k];
}
else
{
{cl_res+i)->mah dis[j}=mah[1-k];
(cl res+1)->mah dls the other(j]=mah(k};
}

} /* for k */

/****i**/

Jx%kxkkx chack error
/*******/
if (mah[i]-det[i]<mah[l-i]-det[1-i])
{
err{i}+;
{cl_res+i)->classified as{j]=1-i;
}
else
{
(cl_res+i)->classified as[jl=i;
}
} /* for 3 */
} /* for i */

error=err{0]+err{i];

*accuracy=100.* (total_sample-error) /tctal sample;

/*****t*/

Jx*xkxxx count mumber of samples passing the threshold test

/*******/

for (i=0; i<2; i++)

{
(cl_res+i)->no_passed mah dis_the other=(cl res+i)->no , passed mah dis=0;
fmax= -1e30;

for (30; i<(class infotclass index[i])->no_: sample; j+) /* 333 */
if ((cl_res+i)—>classified as[j]—l && (cl_res+i)->mah dis[j]>threshold)
{
if ((cl _res+i)->mah dis{j}>threshold)
(cl res+i)->no _passed mah dist=1;
if ({cl_res+i)->mah dis 1 the » other [ j]>threshold?)
{cl_res+i)->no , passed mah dis_the other+=1;
if ((cl res+i)->mah dis t the other[j]>fmax)
fmax—(cl m+1)—mah dJ.S the other(j];
}
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/*******/

[X*¥%xx* Too Few Samples ?
/*******/

(cl_resti) —>threshold2=threshold2;
minimom=5;

7 Af ((cl_resti)->no_passed mah dis the other<minimm)

i

for (#0; j<(class_infot+class index{i}]}->no_sample; J+4)
(cl res+i)->sflag]1=0;

for (k=0; k<minimum; k++)
{
for (fmax= -1e30, +0; j<(class_infot+class index[i])->no _sample; j++)
if ((cl _res+i)->mah dis the other[j]>fmax &&
(cl res+1)-—>class:.fled as[j]=i && (cl_res+i)->mah dis[j]>threshold &&
{cl_res+i)->sflag[j]=0) /* 333 */
{
fmax=(cl_res+i)->mah dis the » other{jl;
Tl res+1)—>sflag[]]—l
}
}
(cl_res+i)->threshold2=fmax;
}
}

/*******/
J**kxx%x fird the closest sample in the other group
/*******/
point_array cnt=0;
for (i=0; i<2; i+4)
for (#0; j<{class infotclass index[i])->no sample; )
if ((cl_res+i)->classified aS[]]—l && (cl_res+i)->mah dis[j]>threshold)
{
dmin=1e30;
tpl=(class_info+class irdex[i])->data . float+j*no_new channel;
for (flag=k=0 k< (class info+class_index[1-1i])->no sanple, k++)
if {(((cl res+1—1)->clasaf1ed as[k]=(1-1)) &&
{cl 1 res+1-1) ->mah _dis {k]>threshold &&
(cl 3 res+1-1)->mah ¢ dlS the other([k]>(cl_res+l-i)->threshold?) /* 333 */

{
tp2=(class_info+class_index[1-i])->data float+k*no_new chanrel;

/*******/
Jx*xxxax Buclidean distance

/*******/
for (tmp=1=0; l<no new channel; 1++)
tmpt= (*(tpl+l) - *(tp2+l))*(*(tp1+l) - *(tp2+l));

if (tmp<dmin)
{
dmin=tmp;
imirek;

}
flag=1;
}

if (flag==1) /* save pair */

{
tp2=(class info+class index([1-i])—>data float+imin*no new channel;
for (1=0; 1<no_new channel; 1++)
{
* (pointl array+point_array crnt*no new channel+l)= *(tpl+l);
* (point2 array+point array ¢ cnt*m new channel+l) * (tp2+l1) ;

}
point_array crt+;
} /* if (flag=1) */
} /* for j */




/*******/

J**xxkk find the point on decision boundary and calculate edbfm

/*******/

FS_sol bnd line((class infotclass ,_index [0]) ->mean, (class_infotclass _index[1]) ->mean,

(c.lass  info+class 1rdax[0])—>cov, (c]ass infotclass irﬂex[l])-—>oov,
ERRCR FLAG) ;
} /RHE R R R I (CERROR FLAG—0) */

/*******/

/******* fm memory

/*******/

SI free memory ((char **)&icov all);

ST free netnory((char **) g{cl nes+1)->sflag) ;

ST | "~ free rrenory((char **) g (cl res+0)-—>sflag) ;

SI_;  free > memory ({char **)&(cl : :es+1)—>mah dis the other);
ST | "~ free msmry((d’lar **) & (cl " res+0) ->rrah dJ.s the otmr) :
SI free rremory((d)ar **) g (cl “res+1)->mah dis);

ST | ~ free nenory((char **}&(cl res+0)—>mah y dis) ;

S1  free memory((dlar **) & (cl_res+l) ->classified | as);
SI_free memory ({char **) & (c1_res+0) ->classified as);

SI | " free nermry((char **) gpoint2 array);

SI  free nenory((char **) gpointl array);

return;
}

/******************************************************/
/*******
Vahaladalolalal FONCTION: FS sol bnd lire
/*******
/***************************t**********t***************/
FS sol bnd line(meanl,mean?,covl,cov2 ,pointl_array,point2 array,no points,
dim, act dim, edofm, ERROR FIAG)
double *meanl, *mean?, *covl, *cov2;
long d.lm,act_dnn,
dowble *pointl_array, *point2_array, *edofm;
long *ERRCR FLAG;
{
double *icovl,*icov2, *icov diff, *mean icov diff;
double detl,det2, ¢, threshold=0, msml, msm2;
long i, j,k, rejected=0;
double *normal,log detl,log det2;

/*******/

J*xxkxxk initialize & check no of points
/**t****/
for (i=0; i<dim*dim; i++)

* (edbfm+i) =0;

if (no_points<=0)
retumy;

/*******/
JHxkxxek assign memory
/*****t*/
nomal=(double *)SI_create memory((unsigned long)dim*FS_DOUBLE) ;
if (normal=FS NULL)
*ERROR FLAG=528;

icovi=(dowble *)SI create memory ((unsigned long)dim*dim*FS_DOUBLE) ;
if (icovl=FS NULL)
*ERROR FIAG=529;

icov2=(dowble *)SI_create memory((unsigned long) dim*dim*F'S_DOUBLE) ;
if (icov2==FS NULL)
*ERROR FLAG=530;

= ~'pomt1 array,pomtz array,point_array ait,no new d’)annal,no new_channel , edbfm,
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icov diff=(double *)SI_create memory((unsigned long)dim*dim*FS DOUBLE) ;
if (icov diff=FS NULL)
*ERROR FIAG=530;

mean icov diff=(double *)SI create memory((unsigned long)dim*FS DOUBLE) ;
~ Af (mean icov diff=Fs NULL)
= *ERROR FLAG=531;

if (*ERROR FIAG==0) /*##########44#H4#4 continue if no error occurred */

/*******/

[¥*xk*kk caleulate icov diff
/*******/
for (i=0; i<dim; i+)
for (3=0; j<dim; j+)
{
* (icovl+irdimtj)= *(covl+i*act _dim+j);
* (icov2+i*dim+]j)= *(covZ+i*act dim+j);
}
FS_inverse log det (icovl,dim,dim, &detl, &log detl);
Fs_inverse log det (icov2,dim,dim, &det2, &log det2) ;

for (i=0; i<dim; i++)
for (7=0; j<dim; J++)
*(icov diff+i*dimt+j)= *(icovl+i*dim+]) - * (lcov2+i*dimt]);

/*******/
[}FRx*x*x calonlate mean icov diff
JRxFEIRR [ - -
for (i=0; i<dim; i++)
for (*(mean icov diff+i)=3=0; j<dim; j++)
*{mean icov diff+i) += *({meanl+j)* *(icovl+ixdim+j) - *(mean2+3j)* *(icov2+i*dim+]);

/i****t*/

[*¥*xx%%% caleulate ¢

/*******/

for (msml=msm2=1=0; i<dim; i++)

for (3=0; j<dim; j++)

{
msml4= *(meanl+i)* *(icovl+i*dim+j)* *(meanl+]);
msm2+= * (mean2+i) * * (icov2+i*dimt+j) * * (mean2+j) ;

}
=0, 5* ( (msml-msm2) +1og (fabs (det1/det2)) ) ;

/*******/

[x*xkk*% calenlate effective decision boudary feature matrix

[rRxSkRk

for (i=0; i<no points; i++)

{
FS sol bnd line 2(mean icov diff,icov_diff,c,pointl array+dim*i,point2 array+dim*i,
dim, dim, nomal, threshold, i, ERROR FLAG) ;

if (*ERROR FIAG>0)
break;

if (normal[0])=0 && nommal [1]=0)
rejected+t;

for (3=0; j<dim; ++)

for (k=0; k<dim; k++)

* (edofm+ J*dim+k) += *(normal+j) * * (nomal+k);
}

/*******/
[**x%*%%k normalize edofm
/***t***/

for (3=0; j<dimg j+)



for (k=0; k<dim; k++)
* (edbfim+ j*dimtk) /= no_poirts;
} JAERREEEHIRHEEHEEEFE AT R S A4S if (*ERROR FLAG=0) */

/*******/

Jxxxkkk* free mamory
"~/*******/
SI_free memory((char **)&mean icov diff);
SI free memory((char **) &icov diff);
SI_free memory((char **)&icov2);
SI free memory((char **)&icovl);
SI_free memory ({char **)&nomal);

return;

/**i**********k*******************i********i***********/
/*******
Vasialalalaboll FONCTION: sol _bnd line 2
/***i***
/***********************************tt*****************/
FS sol bnd line 2 {mean_icov diff,icov diff,c, pointl,point2,dim,act_dim, normal, threshold,
point_array index,ERROR FIAG)
double *icov diff,*mean icov diff,c,threshold;
double *pointl, *point2, *nommal;
long dim,act dim, point_array index,*ERROR FIAG;
{
double c2,a,b,u,ul,u2, root, *ficov, ¥V, v2(2];
long i=act_dim, J=point _array index;
douwble t1,t2,t3;

/*******/
Jxk*xkk% assign memory for difference vector V and calcuate V
/i******/
if {(v=(double *)SI create memory({unsigned long)dim*FS_DOUBLE) )=FS NULL)
{
*ERROR_F1AG=532;
return;
}

for (i=0; i<dim; i+
*(V4i)= * (point2+i) - *(pointl+i);

/*******/

[xxkkxxx caleulate a, b, c2
/k******/

for (a=b=c2=i=0; i<dim; it++)
{

ficov = icov diff+dim*i;

for (t1=t3=j=0; j<i; j+)
{

tl 4= *(V+j)* *(ficow+ J);
t3 += *(point1+j) * *(ficov+ j);
}

a += *(VHi)* (L14+t1+ *(V+i) * *(ficov+ 1))
€2 4= *(point1+i) * (£3+t3+ *(pointl+i)* *(ficov+ 1));

for (t2=30; j<dim; j+)
t2 4= *(ficov+ J)* *(V+]);
b += *(point1+i)*t2;

} /* for i */
a/=2;
c2/=2;

for (i=0; i<dim; i+

{

b —= *(mean icov diff+i)* *(V+i);

€2 ~ *(mean_icov diff+i)* *(poirtl+);
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}
c2+=c;

/t******/

[¥*axdxx calculate u

D [HEakxkk [

if (fabs(a)<le-6*fabs (b))
{
if (=0)
outerr ("ERRCR no solution... ES626");

wthreshold-c2/b;
}
else

{
if ((b*b-4*a* (c2-threshold))<0)
{

printf ("ERRCR imagenary root...IGORE\n"};

for (i=0; i<dim; i++)
*(normal+i)= 0;

SI_free memory({char **)&V);
return;
}

roct=sqrt (b*b-4*a* (c2-threshold) ) ;

ul=(-btroot) /2/a;

u2=(-b-roct) /2/a;

if ((u1>=0) & (ul<=l))
wuly

else if ((U2>=0) && (U2<=1))
w2;

else

{

printf("ERROR  no solution between two points...IGNORE\n");

for (i=0; i<dim; i++)
*(normal+i)= 0;

SI_free memory({char **)&V);
return;

}

}

/*******/
Jxxxikkk find intersection point (normal{i]) and calculate h(X)
/*******/
for (i=0; i<dim; i++)
*(nommal+i)= u* *(V+i) + *(pointl+i);
cal_h X(st2,normal,icov diff,mean icov diff,dim,c);

if (fabs(t2)>le-7)
{

for (i=0; i<dim; i++)
* (normal+i)= 0;

SI_free memory((char **)&V);
réturn;

}

/*******/

Jx*%xxkxx find normal vector & normalize
/*******/

for (t1=i=0; i<dim; i++)

{
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V[i]=0;
for (3=0; j<dimy j+)
V[i]+= *(icov _diff+dim*i+])*nomal [j];
V[i]—= mean icov diff{i];
tl+= V{i}*V[1]);

)
tl=sqrt (tl);

for (i=0; i<dim; i++)
normal [1]=V[i]/t1;

/******t/
/****t** fm memory
/*******/
SI_free memory((char **)&V);
retum;
}
/************/
/***
/*** FUNCTION: FS_sub linear transform
/***
/********i***/

FS sub linear transfom(fdata after,fdata ori,matrix,matarix dim,

no_new_channel, no_sample)

float *fdata ori,*fdata after;

dowble *matrix;

long no_rew_channel, no_sample, matarix dim;

{

}

/******************************************************/

/*******

JERREEXREIRIKIRIERIELEHIEKKRKEXKAKKR KKK KR X AR Kk KA KAk AK f

long 1, 3,k;

for (#0; j<no_sample; j+t)
for (k=0; k<no new channel; k++)

for (fdata_afger[—]:*no~rew_d)anr1el+k]=l=0; 1<nc new chanrel; 1++)
fdata after(j*no new channel+k] += *(fdata ori+j*no_new channel+l) *

* (mat rix+Dmatarix_dimk) ;
return;

FUONCTION: cal h X

cal_h X(h X, normal, icov diff,mean icov diff,dim,c)
double *h X, *nommal, *icov diff, *mean icov diff,c;

int dim;
{

int 1,3
double t1,t3, *ficov;
for (t3=c,*h X=1=0; i<dim; i++)

{
ficov = icov diff+dim*i;

for (t1=F0; j<i; j+)
tl += nommal[j1* *(ficov+ J);

*h X += nommal [i]*(t1+t1+ normal[i}* *(ficov+ 1));

t3 = *(mean icov diff+i)* normal{i};

}
*h X= *h X/2#t3;
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Appendix E
Program of Decision Boundary Feature Extraction
for Parzen Density Estimator

/***t***********************t****t********t***********tt**t**t****it/

/***
/***
/***
/***
/***
/***

FUNCTICN: fea sel parzen by DEFM (31)
class: struct (See Appendix C)

/********tt*********t***ii**i***i*******i**i****i***i*ti******t*t***/
fea sel parzen by DBFM(class,no class,no new channel)

struct class str *class;

int no_class,no_new_channel;

{

dowble *edofm all, *edbfm, *E value_edofm, *EV_edbfm;

int i, 3,k,1,*class_index, rarkl, rank2,no_feature,data type, save_mode;
double cum, sum;

float tacc, *over_accuracy, *weighted accuracy;

long longint;

char tmp[200] ;

char DB kemel[10];

float *ndata;
int *nindex,total sam,flag tr te,correct cl flag,no_sam selected;

/***i***/
[***k*x* read parameters
/*******/

read flag file("flag.correct™, &G use correct only);

read flag file("flag.np.random", &G np ramdon);

G parzen h size=G def h size;

printf ("G use correct only=%d G np ramdon=%d\n",G use correct_only,G np ramdon);

read flag file double("flag.portion™,&cum);
if (cum>0)

G _DBPZ portior=cum;

read flag file double("flag.incre", écum);
if (cam>0)

G DBPZ _incre=cum;

printf (" G DBPZ portion=%.2f G parzen h size=%.1f G DBPZ incre=%.2f\n",
G DBPZ portion,G parzen h size,G DBPZ incre);

/****t**/

[R*FIxxk make file index and inverse cov
/******t/
if (G_fs parzen kernel=l)
strcpy (DB kernel, “DB2") ;
else
strcpy (DB kemel, "DB") ;

cal icov class(class,no_class,no new channel);
printf ("\nfea sel parzen by DBFM...%d\n",input _parameter.result file index);

/*t*****/

/*t**t** assign memory

/*******/

longint=no_new channel*no new_channel *DOURLE;
edbfm all={double *)malloc (longint) ;
edbfi=(double *)malloc(longint);
EV_edbfm=(double *)malloc(longint);
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/***

/*** Assign memory and classify by parzen
/***/

class_index={int *)malloc((long) INT*no_class);
for (i=0; i<no class; i++)

. class_index[i]=i;

assign class parzen result(class,no_class);

/*******/

/Fxxxxx% Classify training data

/*******/

data type=1; /* training data 542 */

princf ("## Classify training data...\n");

sub parzen classifier(class,no_class,class_index,no_new_channel,no_new chanrel,
&tacc,data type) ;

/* make confusion matrix */
make classification result_table(class,no_class,no_new channel,data type);

/*******/

Jx¥xxxkx f£ind edobfm
/*******/

E value edofredofm all;
i=-1;

if (i<0)

{

/*******/

[¥*¥xkx% calculate edbfm

/*******/

for (i=0; i<no_new channel*no new channel; i++)
edbfm all[i)=0;

for (i=0; i<no class; i++)
for (F0; i<i; 3+

{

class_index[0]=i;

class _index([1]=3J;

printf("i=%d F=%d class index [%d-%d]\n", 1, j,class_index(0],class_index[1]);
sub_find edbfm 2 class by_parzen(class,no_class,class index, no_new_chanrel, edofm) ;

for (k=0; k<no_new_channel*nc new _channel; k++)
edbfm all[k]+=edbfm(k];
}

E value edofredbfm all;
deigen(no_new charnel,E value edbfm, 2,&1,EV_edbfm, no_new channel) ;

normalize column(EV_edbfm, no_new_channel,no_new channel) ;
} /* ot read edbfm */

/*****ti/

[xkkxkxk extimate rank
/*******/
estimate rark (&rankl, srank2,no_new chanrel,E value edbfm);
for (sur=i=0; i<no_new channel; i++)
sum<=E value edbfm({i*no new channel+i];
printf ("Total: Rarkl(>90 percent & <2 percent)=%d Rank2(>95 percernt)=% sur=%.1f\n",
rankl, rank2, sum) ;

/******i/

JReRxkkx calculate new features and stat
/*******/

cal new fea class_float2(class,no_class,no new _channel,EV_edbfm no new_chanrel) ;
calculate new mean cov(no_class,no new_chanrel,class);

cal_icov_class(class,no_class,no_new channel);
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/*******/

[rR*xx%* save eigervalues
/*******/

_ _for (i=0; i<no_new _channel; i++)

I GEvalue edbfm[11=E valve edbfm([i+no new channel*i];
G no_new _( channel=no new (¢ chamnel ;

/*******/

/xxkkxxx classify using features selected by DBFM

/*******/

over_accuracy=(float *) malloc({long) FLOAT*no_new_channel) ;
weighted accuracy=(float *)malloc((long) FLOAT*no new_channel);

for (i=0; i<no class; i++)

class_index[i]=i;

for (no_feature=1; no_feature<=no new channel; no_feature++)

{

parzen classifier(class,no_class,class index,no new_channel,no feature, &tacc) ;

make classification result table(class,no_class,no ! feature,0) ;

over_accuracy [no_feature-1]=weighted accuracy[no_feature-1]=tacc;
save_result (over_accuracy,weighted accuracy,no_feature);

}

/t**i***/
/******* print result
/*******/
printf ("fea sel parzen by DBFM G DBPZ portior=$.2f G parzen h size=%.1f G DBPZ incre=%.2f\n",
G DRPZ_portion,G parzen h size,G I DEPZ incre);
for (i=0; i<no new chanrel; i+)
if (i=1/5*5)
printf (" %.1f\n",weighted accuracy(il);
else
printf ("%,1f\n",weighted accuracy(i]);

free (edbfm all);
}

/***i********/
/***
/*** FUNCTION: parzen classifier
/***
/************/
parzen classifier(class,no_class,class_index,no new ¢ channel, no_feature, tacc)
struct class str *class;
int no new ¢ channel, no ) class,no_feature, *class_index;
float *tacc;
{
int data type=0; /* test data */
sub parzen classifier(class,no_class,class_: index,no_new_channel, no_feature,
tacc,data type);

/************/
/*** FUNCTION: sub parzen classifier
/************/
swb parzen classifier(class,no class,class index,no_new channel,no feature,tacc,data type)
struct class_str *class;
int no_new dxannel, ) class, no_feature, *class_index,data type;
float *tacc;
{
register float *reg fll,*reg f12;
register double *rcov, *rcovl;
int i, j,k,ktmp, ind class,crt_class, ind sample, a,b;
int nos tr,nos_test,no err,tres,tnos,terr,bit map index;

float x,acc,accl;
double dis,prob, tmax, tl,t2,t3,t5;
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printf ("Parzen classifier h=%.1f G DBPZ incre=%.1f\n",
G_parzen window size,G DBPZ incre);

1%¥%/
< Jpexx Joop for each class */
ViV
for (tnos=terr=cnt class=0; at class<no class; at_class+t)
{
ind class=class_index[cnt class);
find bit map index((class+ind class)->id rumber, sbit map index);

printf ("ent_class=%d ind class=%d id number=%d bit map index=%d\n",
ent_class, ind class, (class+ind class)->id number,bit map index);

/***/
/*** loop for each sample in each class */
/***/
for (no_err=nos test=ird sample=0; ind sample<{class+ind class)->no sample; ind sample++)
if (G bitpmap flag=0 |}
(int) * ({G_ms_bit map+bit map index)->bit maptind sample)==data type)
{

nos_test++;
tmax= -1e30;
reqg fll=(class+ind class)->data float2+ind sample*no new chanrel;

/***/
/***  calculate classwise probability */
/***/
for (i=0; i<no class; i+
{
for (proo=nos_tr=30; j<(class+i)->no_sample; j++)
if (G bitpmap flag=0 || (int)*((G_ms bit map+i)->bit map+j)==1)
if (i!=ind class |1 ind sample!=Jj) /* exclude self training sample */
{
nos_tr++;
reg f12=(class+i)->data float2+j*no new chanrel;

/***/
/***  Gaussian kerrel:identity matrix */
/***/
if (G fs parzen kemel=0)
{
for (dis=%k=0; k<no_feature; k++)

{
x=reg f12{k}-reg fl1[k];
dist+=x*x;
}
prao+=exp(-dis/ (2*G parzen h size*G parzen h size));

/***/
/*** Gaussian kernel:individual covariance */
/***/
if (G_fs parzen kemel=1)
{
for (dis=a=0; a<no_feature; at++)

{
rocovl = (class+i)->icov+no new channel*a;
t3= *(reg_fl2+a)- *(reg fli+ a);

for (t1=b=0; b<a; bt+)
tl += (*(reg fl12+ b)~ *(reg fll+ b)) * *(rcovi+ b);
dis 4= £3*(L1+£1+t3* *(rcovl+ a));
}
probi=  (class+i)->square det*exp(-dis/2./
G parzen window size/G_parzen window sizetL parzen scale);

/***/
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/***  Uniform kermel */
/***/
if (G_fs parzen kernel=2)
{
for (dis=k=0; k<no_feature; k++)
{
x=reg f12(k]-reg f11{k]};
dist=x*x;

}

L dis ont+t;

L dis ave=((L dis cnt-1.)*L dis_ave+dis)/L dis ont;
if (dis<G parzen h size)

prabot=1;
) } /* if G bitpmap flag=0 || */

prob/=nos tr;

(class+ind class)->parzen result{ind sample*no_class+i}=prob; /* save prcb */
if (proo>tmax)

{tmax=prd>;

tres=i;
}} /* for 1 */

/* save classification result for each sample */

ktmp=ird sample;
(class+ind class)->classification np result (ktmp]=(unsigned char)tres;

if (tres!=ind class)
o _err+;
} /* for ird sample */

tnost=mos_test;
terr+=no_err;

acc=100.* (nos_test-no_err) /nos_test;
printf ("N=%d CIASS:%d nos=%3d err=%3d Acc=%.1f(%3.1f) G parzen h size=%.1f\n",
no_feature, ind class, nos_test,no_err,acc, 100.~acc,G_parzen h size);

}

*tacc=100.* (tnos-terr) /tnos;
printf ("\nAVERAGE OF ALL CLASS N=%d nos=%d err=%d Acc=%.1f(%.1f) G parzen h size=%.1f\n\n",
no_feature, tnos, terr, *tacc, 100.- *tacc,G > parzen h size);

}

/**********i**********************************i********/

/*******

Valahalchaicld FONCTION: sub find edbfm 2 class by parzen

JRERxARK -7 -

/**********i*******t********tt****i*i******************,

sub find edbfm 2 class_by parzen(class,no total class,class index,no_new_channel,edbfm)

struct class str *class;

int *class_index,no_new channel,no total class;

double *edbfm;

{
sub find edbfm 2 class by parzen 2(class,no_total class,class index,no new channel,
edbfm) ;

}

/***i**********f}*******k*******t****t**********t*tt**t/

Y fadaiboholel FUNCTION: sub find edofm 2 class by parzen 2
/*i******************************************t*********/

swb find edbfm 2 class by parzen 2(class,no_total class,class_index,no_new_channel, edbfm)
struct class str *class;

int *class_index,no new chamnel,no total class;

dotble *edbfm;

{




int i,4,k,1,a,b,key bit,cnt tbl([S],point array ent,bit map index(2],flag,nos,tnos=0;

dable dmin, class min{2];

register float *rfpl, *rfp2;

int *result,imin, ierr{2],inos[2],class2=2;

float *vectors(2],*float points,*min fp, *td, tmin, ftmp;
long longint;

double t1,t2,t3,*hX float data, *sd,ave sd;
int rarkl,rank2?,total error=0,total sample,data type=1 /* train data */;

/i******/

[***xkik assign memory & init

/*******/

vectors [0)=(float *)malloc({unsigned long)no_new charmel*FLOAT);
vectors(1]=(float *)malloc({unsigned long)no new channel*FLOAT);
sd=(double *)malloc({unsigned long)DOUBLE*no_new channel) ;

longint=(class+class_index(0])->no_sample+(class+class_index[1])->no_sample;
if ((hX_float data=(double *)malloc((unsigned long) DOUBLE*longint))==NULL)
outerr ("ERR dkeio3") ;

float points=(float *}malloc((unsigned long) FLOAT*no new channel*longint);
point_array cnt=0;

for (j=0; j<no_new_channel*nc new channel; j+)
edbfm(j) =0;

for (i=0; i<class2; i++)
find bit map index((class+class index[i])->id mmber,bit_map index+i);

/***/
/*** cal average sd
/***/
for (ave_sd=i=0; i<no new channel; i++)
{
for (sd[i]=j=0; j<2; j++)
sd[i]+=sgrt ({class+class_index[j])->cov{i*no new channel+i]);
ave_sd+=sd[i]/no_new_chanrel;
}

Vaakototatod

J¥xdxkxx £ind pairs
Vi ittty

for (i=0; i<class2; it++)

{

for (nos=3=0; j<(class+class_irdex[i])->no_sample; j+)
{

if ((G bitpmap flag=0 ||
(int) (G_ms_bit maptbit map index[i])->bit map[j]=—data type) /* train */
&

(*((class+class_index[i})->parzen result+j*no_total class+class index([i))>
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*((class+class_index([i])->parzen result+j*no t tot:al class+class_index{1-i])))

/****tit/
/r*xxkax find closest sanple
/*******/

tmir=1e30;

if (G _np ramdon—1)

{

for (; )

{

k=randam() ;

k=k-k/ (class+class_index[1-i])->no_sample* (class+class index[1-i])->no sample;
if ((G bitpmap flag=0 ||

(int)*((G ms_bit map+bit map index[1-i])->bit mapt+k)=data type) /* test data */

(*((class+class index{1-i])->parzen result+k*no total class+class index[i])

< *((class+class_index[1-i})->parzen ; nesult+k*no total class+class s index[1-1])))

break;
}



259

jmﬂ‘r‘:k-

min_fp=(class+class_index[1-i])->data float2+k*no_new channel;
rfpl=(class+class index[i])->data float2+j*no new channe.l

} /* if (G _np ramdorr=1) */
else

{
for (k=0; k<{class+class index{1-i]l})->no_sanple; k+)
if ((G bitpmap flag=0 ||
(int) *((G_ms_bit maptbit map index[1-i])->bit map+k)==data type) /* test data */
&
{*({class+class_index{1-i})->parzen result+k*no total class+class_index[i])
< *({class+class_index{1-i})->parzen 1 result+k*no tct,al class+class s index(1-i])))
{
rfpl=(class+class_index{i})->data float2+j*no new channel;
rfp2=(class+class_index[1-i})->data float2+k*no new channel;
for (ftmp=1=0; l<no new channel; 1++)
fmpt= (rfpl {1]~-rfp2[1]) *(rfpl{1]-rfp2[1]);

if (ftmp<tmin)
{
tred rn=ftmp;
imirek;
min fp=rfpd;
}
}
} /* else */

if (i=0)
find point_on DB(class,class index, float points+no new channel*point array cnt,
no_new_channel, rfpl,min fp,hX float datatpoint array ont,ave sd);

else
find point_on DB(class,class_index, float points+no new channel*point array crt,
no_new channel, min fp, rfpl, hX float datatpoint array ant,ave sd);

point_array cnt+;

} /* if after for j */
} /* for § %/
} /* for i */

cal grad(class,class index, float_points,point array cnt,no new chanrel, sd,
hX float data,edbfm);
}

/******i*’ki**/
/***
/**% FUNCTION: cal grad
/***
/************/
int ot _cal grad 1=0;
cal grad(class,class index, float points,no points,no new chanrel, sd,hX float data,edbfm)
struct class str *class;
int no new d')annel *class index;
float *float . points;
double *sd, *hX_float_data, *edbfm;
{
float *float incre;
int i, j,k,result_class_index,over_flow error,ignore flag, ignored=0;
double ratio, sum, *nomal, bak;

bak=G parzen h size;
if (input parameter.result file index—44)
{
read flag file double("flag.grad h size",&G grad h size);

if (G gred h size>0)
G parzen h size=G grad h size;




}

ERR at_zero prob bak= ERR cnt_zero prdb;

float_incre=(float *)malloc((unsigned long) FLOAT* (no_new channel+l));
nomal=(double *)malloc((unsigned long) DOUBLE* (no_new_channel+l});

for (i=0; i<no points; it++)
R

for (k=0; k<no_new channel; k++)

float incre[k)—float . points[no new_channel*i+k};
parzen ¢ classifler one_sample (class,class index, no_new_channel, o new chanrel,
float_incre, &r&sult class_irdex, &ratio, sover_| flow e _error) ;
if (fabs((hX float data[i]-ratio) /ratic)>0.001)
{

hX float datali]}=ratio;
}

for (ignore flag=sum=3j=0; j<no new chanrel; j++)
{
for (k=0; k<no new chanrel; k++)
float _incre(k]=float_points[no_new channel*i+k]};

float_incre(j]+=sd[j]*G DBPZ incre;

ERR ant_zero prob_cam{0]= (char)71;
parzen classifier one sample(class,class index,no new channel,no new chanrel,
float_incre, &result_class index, &ratio, sover flow error);

if (1>0 |lover_flow error==0) /* exclude zero prcbability */
{
normal [§]=(log(ratio)-log(hX float data{i)))/(sd[j]*G DBPZ incre);
sumt=normal [ j] *nomal [j};
}
else
{
if (ignored==0)
ignored++;
ignore flagl;
printf (“cal_grad IGNCRED...i=%d j=%d sum=%f no_points=%d\n",i, j, sum,no points);
}
} /* for j*/

sum=sqrt (sum) ;

if (sum>0 && ignore flag—0)

{

for (j=0; j<no new chanrel; j++)
normal [ ] /=sun;

for (3=0; j<ro new chanrel; j++)
for (k=0; k<no_new_channel; k+t)
edobfm{*no new _channel+k]+=nomal [ 3]} *nomal [k];
}
}

G _parzen h size=bak;
free (normal) ;
free(float_incre);

/*t**********/

/***

/*** FUNCTION: find point _on DB

/***t*****tt*/
it local repeat=0;
it local counter=0;

find point on DB{class,class_index, float point_on DB,no_new_chanrel,
float_pointl,float point2,hX float data,ave sd)
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struct class str *class;

int no new d'xannel,*class index;

float *float point on DB, *float_pointl,*float point2;

double *hX float data,ave_sd;

{
int i, resuit_class_index,over_flow error;

T -float err,threshold=G DEPZ_portion*ave_sd, *new point;
double ratio;

threshold=G DBPZ portion*ave sd;
for (err=i=0; i<no new channel; it++)

{

err+=(float_pointl [i}-float_point2{i])*(flcat_pointi[i]-float point2{i});
float point_on DB[i]=(float_pointl[i])+float point2[i})/2;
}

if (err<threshold && local repeat>0)
{

local repeat=0;

retum;

}

new point=(float *)malloc{(unsigned long) FIOAT*no new channel); /* assign memory */

ERR cnt_zero prob com{0]= (char) "70";
parzen classifier one sample(class,class_index,no new channel,no new channel,
float _poi_nt on DB,&result class irxhx,&ratlo, sover flow I error) ;

*hX float data=ratio;
local repeat+t;

for (i=0; i<no new channel; i++)
new_point [i)=float point on DB[i];

if (result_class index==class index[0]}
find point_on DB(class,class_index, float_point_on DB,no_new chanrel,
rew_point, float_point2,hX fleoat data,ave sd);

else
find point_on DB(class,class_index, float point_on DB,no new chanrel,
float pointl,new point,hX float data,ave sd);

free (new_point);
}
[**%/
/***
Vol FONCTION: cal icov class
/*ex/ }
cal_icov_class(class,no class,no new_channel)
struct class str *class;

int no new channel,no _class;
{
it 4,3;
double dmax= -1e30;

if (G _fs parzen kernel!=l1)
retum;

for (i=0; i<no class; i+t+)

{

for (30; j<no new channel*no new channel; j++)
(class+i)->icov[§]=(class+i)->cov(]];

dinverse ({class+i) ->icov,no new channel,no new channel, &(class+i) ->det);
if ((class+i)->det==0)
printf ("ERROR class:$d DET=%g\n", 1, (class+i)->det);
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(class+i) ->square_det=1./sqrt ((class+i)->det);
printf ("% DET=%g 1/square det=%q\n", i, (class+i)->det, (class+i) ->square det);
if ((class+i)->square det>dmax)
dmax=(class+1) ->square det;
}
- for (i=0; i<ro class; i+)
7+ (class+i) ->square det/=dmax;
) .

/**t*t*/
/tt**i**
/*x%kkxx FUNCTION: assign class parzen result
JRkkdkkk

/******/

assign class parzen result (class,no_class)
struct class str *class;

int no class;

{

long longint, i, 37

for (i=0; i<no _class; i+t)
{
longint={long) FLOAT* {class+i) ->no_sample*no_class;
(class+i) ->parzen _result=(float *)malloc({iunsigned) longint) ;

for (j=0; j<(class+i)->no_sample*no_class; J++)
(class+i)->parzen result Tj]= -1234567;

} /* for 1 */

}

/*************i*****************************i**********/

Valaialalaiall FUNCTION: estimate rank
/*i*******************i*********i*******t****t*********/
estimate rank (rankl, rark2,no new channel,evalue)
int *rarkl, *rark2,no new_channel;
dowble *evalue;
{

int k;

double sum,cum;

for (sumk=0; k<no new channel; k++)

sumt=evalue [k+no_new_channel*k];

for (*rankl= *rank2=curck=0; k<no_new channel; k++)

{

cunt=evalue (k+no_new channel*k];

if (*rank1=0 & cum>0.90*sum && evalue [k+no_new channel*k] < 0.02*sum)
*rankl=k+1;

if (*rank2=0 && cun>0.95*sum)
*rank2=k+1;

}

/******************i******tt***************************/
/*******
Vbbbl FONCTION: cal new fea class float2
/***i***
/*******t******tt**************t***********t**t********/
cal new fea class float2(class,no ¢ class,no_new _channel,EV,dim EV)
struct c]ass sty *class;
mtnonewchanneldmw,noclass,
double *EV;
{

it i,3,k,1;

for (i=0; i<no class; i++)
for (3=0; j<(class+i)->no_sample; j++)
for (k=0; k<no_new channel; k++)
*( (class+i) ->data | _float1+j*no_new channel+k)=
*( (class+i) ~>data_float2+3*no_new channel+k);
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for (i=0; i<no class; i++)

{
printf ("Calculating new features ¥d...\n",i);
for (3=0; j<(class+i)->no_sample; j+)
for (k=0; k<no_new channel; k++)

{
* ( (class+i)->data_float2+j*no new channel+k)=0;

for (1=0; l<dim EV; 1++)
* ((class+i)->data float2+j*no_new channel+k) +=
* ((class+i) ->data_floatl+j*no_new channel+l) *
*(EV+1*dim EV+K) ;
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Appendix F
Program of Decision Boundary Feature Extraction
for Neural Networks

typedef struct weight_array str {
double *weight;

~ double *out; /* out[M], M:no neurons of self stage */

double *delta;

double *error;

double *bias_weight;

int input dim;

int out_dim;
} WEIGHT_ARRAY_STR; /* no_stage needed */
typedef struct in data_str {

double *data;

double target_0;

double target_1;

double learing_rate;

int class;

short *kNN;

short classified_as_parzen;

short classified_as;

} IN_DATA_STR;

it L no_stage,*L no_neuron stage;
struct weight array str *L weight array;

char en[100],nn{100];

char training file name{100],test file name{100];
struct weight array str *weight array;

struct in data str *tr data;

struct in data str *te data;

struct class str *class;

long longint;
int no_stage,*no_reuron stage,tr data dim,out_dim,no_tr_data,no _err;
it te data dim,no te data;

int i, j,k,no_class,no new chanrel,no err by max;

double *edbfm all, *edbfm, *E_value edofm, *EV_edbfm;
int *class index;
char fname[200];

if( {ofp = fopen("nndb.DB","w"}) == NULL )
outerr ("ERROR 3572gh : no stat file");
fclose (ofp) ;

if( (ofp = fopen("nndb.DB2","w")) = NULL )
outerr ("ERROR 3572gh : no stat file");
fclose(ofp) ;

/****k**/

[Axexsx global variable */
/*******/

read nn flag file("nflag.hidden neuron®,&G no_hidden neuron);
if (G no hidden neuron<l)
G_no_hidden neuror=3;

read nn flag file("nflag.no feature", &G rno_feature);

printf ("G_no_hidden neuror=%d G no feature=%d\n",G no_hidden neuron,G no_feature);




/*******/

/***xxx% read input-parameter */
/*******/

if (INT> 2 && arge>l)

. . strcpy(training file name,argv(1});

{

printf("nueral train file name =>\n");
scanf ("§s",cn) ;

strcpy (training file name,cn);

}

if (INT> 2 && arge>2)
strcpy (test_file name,argv(2]);
else
{
printf("nueral test file name =>\n");
scanf ("%s",cn) ;
strepy (test_file name,cn);
}

if (INT> 2 && arge>3)
strepy (G weight bias fname,argv(3});
else

{
printf("nueral test file name =>\n");
scanf ("%s",cn) ;
strcpy (G weight bias fname,cn);

}

printf (“training file name=%s\n",training file name};
printf ("test file mne=%s\n" test_file name);
printf ("G weight ! bias fnam.=%s\n",G velght bias fname);

/*******/

/**xxxxk assign memory for weight array */

/*******/

no stage=3; /* counting input stage */

longint=sizeof (WEIGHT ARRAY STR) *(no_stage+l);

weight array=(WEIGHT ARRAY STR *)malloc((unsigned) longint) ;
no_neuron stage=(int *)malloc((msn;red) INT* (no_stage+l));

L no neuron stage=no reuron stage;
L no sta@=no stage;
L wmght array=weight array;

/***t***/

/**x¥x%* assign memory for in data and read data into in data (train) */
/*******/

read info nn file(training file name,&no tr data,&out_dim, str data dim);
G no training=no tr data;

longint=sizeof (IN DATA STR)*no_tr_data;
tr data=(IN DATA STR *)malloc( (unsigned) longirt) ;
lcngmt=DCIJBlE*tr data dim;
for (i=0; i<no tr data; i++)
(tr_data+i)->data=(double *)malloc((unsigned) longint);

read nn file(training file name,&no tr data,sout dim,&tr data dim tr data);
printf ("File Name=%s no tr ¢ " data=%d tr data dim=%d no classz%d\n"
training file name,no t tr data,tr data dlm,out dim) ;

/*******/

[x*x*%x%k assign memory for in data and read data into in data (test) */
/i**t*i*/

read info nn file(test file name,&no te data,out dim,ste data dim);

longint=sizeof (IN_ DATA STR)*no te data;
te data=(IN DATA STR *)malloc( (unsigned) longint) ;
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longint=DOUBLE*te data dim;
for (i=0; i<no te data, 1++}
(te data+i) ->data=(double *)malloc( (unsigned) longirt);

read nn file(test file name,é&no te data, éout dim, &te data dim,te data);
»prmtf("FJ_le Name=%s no > te data=%d te data « dim=%d no class=%d\n"
’ -tra.].m_ng file name,no t te data,te data « dJ.m,out dim) ;

if (te data dim!=tr data dim)
outerr("te data « d.1m'~—tr data dim");

G original in dimte data dim;
if (G no feature>0)

te data dimetr data dim=G no feature;
else

G no_feature=te data dim;

/*******/

/******* Msign memory
/*******/

no new chanrel=tr data dim;

longint=no_new channel*no new channel*DCUBLE;
edbfm all= {double *)malloc(longirt);

edbfre (double *)malloc(longint) ;
EV_edbfi=(double *)malloc(longint);

/*******/

/¥%kxkxk assign no stage  */

Vi iciiid] -

for (i=0; i<no stage; i++)

no_reuron stage[i]=tr data dim*G no hidden neuron;

no_reuron stage[0]=tr data dim;
no_neuron_stage[1]=tr data dim*G no_hidden neuron;
no_neuron stage[no stage]-—no neuron St'age(no _stage-1}=out _dim;

/*******/

/*x*x%xxx initialize network and read weight and bias */

/*******/

make neural retwork init (weight array,no stage,no neuron stage);

printf ("Reading weight bias=%s\n",G weight bias fname);

read weight bias(G weight bias frname,weight array,no_stage,&iter start);
printf ("iter start=%d\n",iter start);

/*******/

/****k%% classify training data
/*******/

printf("Classifying...\n");

classify neural network(weight array,tr data,tr data dim,no tr data,no_stage,

noneumnstag&merr,&noerrbymax),

printf ("Train classification result err=%.1f(%d/%d) \n",100.*no _err/no tr data,

no err,no tr data);

Vatiiiii T
J**xxxk% cal L ave sd data
Jrkxxkxx/ T T

cal L ave sd data(tr data,tr data dim,no tr data, &L ave sd,L sd);

/****it*/

[***x*%% agsign memory
/*******/
no_class=out_dim;
class index=(int *)malloc((long) INT*no class);
for (i=0; i<no class; i++)

class_index{i]=0;
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class=(CLASS STR *)malloc( (unsigned) sizeof (CLASS_STR) *no_class);
for (i=0; i<no_class; i++)
{
(class+i)—>data _float2=(float *)malloc(no new channel*FLOAT*no tr data);
(class+i)->no_sample=0;
-1

Vidad ity

/**%%x%% assign only correctly classified samples
/****k**/

for (i=0; i<no_tr data; i++)

{
k={tr_data+i)->classified as;
if (k==(tr_data+i)->class)
{
for (j=0; j<no_new chanrel; j+)
(class+k) ->data_float2{ (class+k)->no_sample*no new channel+jl=(tr_data+i)->datalj];
(class+k) ->no_sample +=1;
}
}
for (i=0; i<no_class; i+t)
prirtf("no of samples (class %d) =%d\n",i, (class+i)->no_sample);

/*******/

Jxkxxkkx £ind edofm

/*******/

for (i=0; i<no_new channel*no new channel; i++)
edofm allli]=0;

for (i=0; i<no class; i++)
for (30; i<i; j+)
{
class_index[0]=i;
class_index([1}=3;

printf("i=%d j4d class_index [%d-%d]\n",1,]j,class index[0],class_index[1]);
sub find edofm 2 class by nn(class,class_index,no_new_channel,edbfm) ;

for (k=0; k<no_new_channel*no new _chanrel; k++)
edbfm all{k}+=edofm(k];
}

E value edbfreedofm all;
my deigen(no_new channel,E value edbfm,2,&i,EV_edbfm, no_new channel) ;

sprintf (fname, "EV&s\0O\n", training file name);
save_edbfm NN (fnare, EV_edofm, E value edbfm, no_new_chanrel) ;

/*******/

/¥xkxkak calculate new features and stat

/*******/

cal rew feature nn(no_new_channel,tr data,no tr data,EV_edbfm,no new channel);
cal new feature nn(no new channel,te data,no_te data,EV_edbfm,no_new _chamnel);

printf ("After cal new feature nn\n");
cal L ave sd data(tr data,tr data dim,no tr data,sL ave sd,L sd);

/****i**/

[x*x*xkxk gape files with new features
/*******/

sprintf (fname, "n¥s\0\n", test_file name);
write nn_file(fname,no te data,te data dim,te data);

sprintf (fname, "n¥s\O\n", training file name);
write nn file(fname,no tr data,tr data dim,tr data);

retum;




/************/
/***
/*** FUNCTION: write nn file
Jrkk
/**t***it*t**/
write nn file(frame,no data,no channel, in data)
char *fname;
int no data,no channel;
struct in data str *in data;
{

int i, j,no bit=1;

printf("write nn file fname=%s\n",fname);
if( (ifp = fopen(fname,"w")) = NULL )
outerr("sdfgjkl3tcfo9") ;

fprintf (ifp, "$d\n", no_data);
fprintf (ifp, "$d\n",no_channel);
fprintf (ifp, "&d\n", no_bit); /* no of bit */

for (i=0; i<no data; it++)
{
fprintf (ifp, "$d\t", (in data+i) ->class);

for (j=0; j<no chanrel; j++)
fprintf (ifp, "$£\t", (in data+i)->data(j]);
fprintf (ifp,"\n");
}
fclose(ifp) ;
returm;
}

/***********************************i******************/
/*******
Y fololalololelel FUNCTICN: sub find edbfm 2 class by nn
/*******
/********i************************************t********/
sub_find edbfm 2 class by nn{class,class index,no_new channel,edbfm)
struct class str *class;
int *class_index,no new channel;
dowble *edbfm;
{
int i, 3,k,1,cnt tbl(S],point array cnt,bit map index(2];
double class min[2];
register float *rfpl,*rfp2;
int ierr(2],inos[2],class2=2,cla res new pnt;
float *float points an DB, *min fp, tmin, ftmp;
long lorgint;

/*******/

[***kkxk gssign memory & init

/*****i*/
lorgint=(class+class_index[0])->no_sample+(class+class_index[1])->no_sample;
float_poirts on DB=(float *}malloc((unsigned) FIOAT*no_new channel*longint);
point_array crt=0;

for (30; j<no _new channel*no new channel; j++)
edbfm(j] =0;

/*i*****/

/******* fifﬂ mirs

/*******/

for (i=0; i<class2; i++)

{

for (#70; ji<(class+class_index[i}])->no_sample; i+
{

/**i****/
Jx*xxxkk find nearest sample classified as the other class
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}

/****i‘k*/
tmin=1e30;
for (k=0; k<(class+class_index[1-i])->no_sample; k++)
{

rfpl=(class+class_index[i])—>data float2+j*no new channel;
rfp2=(class+class_index[1-1])~>data float2+k*no_new charnel;
for (ftmp=1=0; 1<no_new channel; 1++)

fempt= (rfpl [1]-rfp2[1]) *(xfpl [1]-rfp2[1]};

if (ftmp<tmin)
{

tmin=ftmp;
) min fpo=rfp2;
}

/*******/

/3xkxkex find point on the decision boundary

/*****t* /

if (i=0)
find point_on nn DB(class,class_index,
float_points on DB+no_new_channel*point_array ant,
no_new_channel, rfpl,min fp,&cla res new pnt);

fird point on nn DB(class,class_index,
float_points on DB+no_new channel*point_array_ent,
no_new _channel,min fp, rfpl,&cla res new prt);

point_array cnt+;
} /* if after for j */
} /* for i */

if (no_new channel<5)

{
if( (ofp = fopen("stat.nndb","w")) = NULL )
outerr (“ERRCOR 45te") ;
for ($0; j<point array ent; j++)
{
for (k=0; k<no_new channel; k++)
fprintf (ofp, "%.2f\t", float_points on DB[no new channel*j+k]);
fpri_ntf (Ofp, "\nn) ;
)
fclose (ofp) 7
}

save DB point (float_points_on DB,no new_channel,point_array cnt);
cal grad NN(class_index,float points_on DB, point_array cnt,no_new chanrel,edofm) ;

free(float_points_on DB);
retum;

/************/

/***

/*** FUNCTION: cal grad NN

/***

/***ti***i***/

save DB point (float points,no_new channel,no points)
int no_new_channel, no_points;

float *float points;

{

int il jr’
if( (ofp = fopen{"nndb.DB","a")) = NULL )
outerr("ERROR 3572gh : no stat file");

for (i=0; i<no_points; i++)
{
for (70; j<no _new channel; j++)
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}

- -if( (ofp = fopen("nndo.DB2","a")) == NULL )

fprintf (ofp, "%.2f\t", float_points[i*no new channel+j]);
fprintf {ofp, "\n") ;
}

fclose{ofp) ;

‘outerr("ERROR 3572gh : no stat file");

for (i=0; i<no points; i+=2)
{
for (#0; j<no new channel; j++)
fprintf (ofp, "%.2f\t", float points{i*no new channel+3j)};
fprlntf(ofp "\XW .
}

fclose (ofp) ;

/************/

/***

/*** FUNCTION: cal grad NN

/***

/************/

int ant_cal grad 1=0;

cal grad NN(class_index, float points,no_points,no_new channel, edbfm)
int no new channel, *class_index,no points;

float *float points;

double *edbfm;

{

float *float_incre;
int i, j,k, result, largest, ignore flag;
dowble ratio, sum, *normal, ratiol,size increment grad=0.3;

float_incre=(float *)malloc({unsigned)FIOAT* (no new_channel+l));
normal=(double *)malloc( (unsigned) DOUBLE* (no new channel+l)};

for (i=0; i<no_points; i++)
{

classify neural network _one sample (L weight array,float points+no new channel*i,
no new d'nannel,L no stage,L no_neuron stage, &result, élargest,
class s_index[0},class index([1], sratiol);

for (ignore flag=sum=3=0; j<no new channrel; j++)

{

for (k=0; k<ro_new chanrel; k++)
float_incref(k]=float pointsino new_channel*i+k];

float incre[j]+=L sd[jl*size increment grad;

classify neural network one sample (L weight array, float incre,
no_new charmel,L o] stage L no_neuron stage,&result,&largest
class >_index[0],class m:b([l] sratio);

nomal [ j]=(ratio-ratiol) /(L sd[j}*size increment grad);
sumt=normal [ j]*normal (j];

} /* for 3*/

suresqrt (sum) ;

if (sum>0 && ignore flag—0)

{

for (3=0; j<no _new channel; j++)
normal [j]/=sum;

for (§=0; j<no new chanrel; ++)
for (k=0; k<no new channel; k++)
edbfm[J*no_new_channel+k]+=nomal [ j] *nomal [k};
}
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}

free (normal) ;
free(float_incre);
return;
/********i***/
/***
/*** FUNCTION: find point_on nn DB
Jrx
JRikk kAR kKR Ak
it local repeat=0;
int local counter=0;

float portion=0.01;
find point_on nn DB(class,class_index, float_point_on DB,no_new_chanrel,
float pointl,float point2)
struct class str *class;
int no rew d’lannel,*class index;
float *float point_on DB, *float_pointl, *float point2;
{
int i,result,largest;
float err,threshold=portion*L ave sd,*new point;
double ratio;

threshold=portion*L_ave sd;
for (err=i=0; i<no_new channel; i++)

{

err+={float_pointl[i}~float point2[i})*(float pointl[i])-float point2[i]);
float_point on DB[i])=(float_pointl[i]+float . point2[i})/2;
}

if (err<threshold && local repeat>0)
{

local_repeat=0;

return;

}

new_point={float *)malloc( (unsigned) FLOAT*no_new_channel) ; /* assign memory */

local repeat++;
classify neural network one sample(L weight array,float point on DB,no new v_channe],
L no_stage,L no neuron stage,&result,&lastt class_index (0], class_index[1],

sratio);

for (i=0; i<no new channel; i+)
new_point [1]=float_point on DB[i};

if (ratio>l)
find point on nn DB{class,class_index, float point_on DB,no_new chanrel,
new point, float_point2);
else
find point_on nn DB(class,class_index, float_point on DB,no new chanrel,
float pointl,new point);
free (new_point) ;
return;
/***t********/
[k
/*** FUNCTION: cal new feature nn
/***
/******tii***/

cal new feature nn(no_new _channel,in data,no : in data,EV,dim EV)
struct in data : Sstr *in data,
double *EV;
int no_new channel,dim EV,no in data;
{
int j,k,1;
dowble tmp[240) ;
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for (#0; j<no_in data; j++)

{

for (k=0; k<no_new channel; k++)
trp[k]=(in data+j)->data(k];

27 for (k=0; k<no_new chamnel; k++)
R
(in data+j)->data(k]1=0;
for (1=0; l<dim EV; 1+4)
(in data+d)->datalk] += tmp(l] * *(EV+1*dim EV+K) ;

}
}

return;
}
JRxkxKk
JRERdkkk
/****k*x%x%x FUNCTION: cal stat in data
Fadaiiin - - -
JRFxdxEk [

cal stat_in data(in data,no_channel,no_sample,mean, cov)
struct in data str *in data;
double *cov, *mean;
int no_channel,no_sample;
{
long i, j/k,1;

/*******/
[r*sxkkk initialization */
/*******/
for (i=0; i<no chamnel; it++)
for (3=0; j<no_channel; j++)
* (meanti) = *(cov+i*no channel+3)=0;

/*******/

/****xx*xxcalculate mean & covariance */
/*******/

for (1=0; l<no_sample; 1++)
for (30; j<no channel; 3++) /* calculate covariance */
{

* (mean+j) += (in data+l)->data(jl;

for (k=0; k<=j; k++)
* (cov+j*no_channel+k) += (in data+l)->datalj]*(in data+l)~->datal(k];
} /* for j */

for (#0; j<no channel; j++) /* calculate mean */
*(meant]) /= no_sample;

for (+0; j<no channel; j++) /* calculate covariance */
for (k=0; k<=j; k+t)

* (cov+Jj*no_channel+k) /= no sample-1;
* (cov+j*no_channel+k) —= *(meant+j) * *(meantk) * no_sample /(no_sample-1);
* (cov+k*no_channel+])= * (cov+j*no_channel+k);
}
retumn;
}

/************/

[k

/*** FUNCTION: classify neural network one sample
/***

/********ﬁ***/
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classify reural network one sample (weight array,fdata,in data dim,no stage,
no neuron stage, result, largest, classl, class, ratio_classl 2)

int no_sthe, *no neuron stage,in data dim, *result, *largest,classl,class2;
struct weight array str *weight array;

double *ratio classl_2;

float *fdata;

{ :C

char camrent [40};

dauble *in, *out,max= -1el0;

int i, 3k, at,res;

Y dakaia?4
/***  assign memory
/***/
for (Fi=0; i<=no_stage; i)
if (j<no_neuron stage([i])
j=no_reuron stagel[il;
ire(double *)malloc( (unsigned) j*DOUBLE) ;
out=(double *)malloc((unsigned) j*DOUBLE) ;

/***/
/***  classify
/***/
for (j=0; j<in data dim; j++)
(weight array+0)->out[jl=in[j)=fdata(jl;

/***/

/***  calculate out

/*i*/

for (3=1; j<no_stage; j++)

(cal_out_array (in, (weight_array+j)->input dim, (weight array+3j)->out, (weight array+3j)->out_dim,
(weight array+3)->weight, (weight array+j)->bias weight);

/***/

/*** copy to in for next stage

/***/

for (k=0; k<(weight array+j)->out_dim; k++)
in[k]=(weight array+j)->out [k];

}

Jrxx)
/***  threshold and check error
/***/
at=0;

for (¥0; j<no_neuron stage[no stage-1]; j++)
{

if ((weight array+no_stage-1)->out[j]>=0.5)
{

cnt+;
res=j;
}

if ((weight array+no stage-1)->out[j]>max)
{
max=(weight array+no stage-1)->out{3j];
}*Jargest=j:
}
if {ent!=1) /* otherwise reject */
res= -1;

*result=res;
*ratio classl 2=(weight array+no_stage-1)->out{classl]/
(weight array+no stage-1)->out [class2];

free(out);
free(in);




returmn;
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