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

/* : */
/* CEPSTRUM Analysis ( cep ana.c ) ' ' : ' * /
/* */
/% ' - create cepstrum(f) file and pitch(i) file - Cox/
/* . . ' - */
/* Compiled by: ‘ C x/
/* cc -0 cep_ana cep_ana.c -lm * /
/* o */
/* [ USAGE ] ‘ : ' : */
/* cep_ana SRCF CEPF PITF THR(G ) _ : x/
/* ' ' Y
/* Input: * /
/* SRCF: input speech source file */
/* CEPF: output cepstrum(f) file */
/% PITF: output pitch(i) file ‘ ) * 7
/* THR: input pitch decision threshold value Y
* *

;*____;;;__-L_...___l....._.__________-;-___.__;____.._____.____._’_______'_. __________________ *5
/* Version 1.0 coded by k.abe 12/08/89 */

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

#include <stdio.h>

#include <math.h>

#include <sys/types.h>

#include <sys/times.h>

#define PI 3.14159265358979323846
struct tms buff;

main( argc, argv )

int argc;

char *argv([]:

{ )
double x[512];
double xpl[512};
double y[512];
double peak[3];
float cep[64]; /* cepstrum */
float coef icep[l6]; /* improved cepstrum coefficients */
int ad_int[512]; /* A/D data */
int pitch_some[3]; ‘ o
short - . ad[512]; ~_/* A/D data */
double bn;
float thr _vuv;
int i; o :
int fd_src; , /* speech source file descriptor */
int fd_cep:; Co ’ /* cepstrum(f) file descriptor */
int fd_pit; /* pitch(i) file descriptor */
int rb_src; -
int nframe; © /% frame number */
int pitch; /* pitch period */
int flag_vuv; /* voice/unvoice dec131on flag */
int . sframe = 60; . /* frame shift = 5ms */ ‘
int len_frame = 256; /* frame length for spec. estimation

= 21.3ms */

int len fft = 256; /* fft frame length for spec. estimation */
int size fft = 8; /* f£ft frame size for spec. estimation */
int ord_icep = 33; /* improved cepstrum order */
int ref icep = 3; /* refrain number of 1mprovement */
int ord cep = 30; , /* cepstrum order */

int len pframe = 384; /* frame length for pitch extraction
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= 32ms */
int len pfft = 512; /* f£ft frame length for pitch extraction */
int size pfft = 9; /* fft frame size for pitch extraction */
[F = check arguement consistency ——=-————==——— - */
if ( argc == ) thr vuv = 6.;
else if( argc == 5 ) thr vuv = atof( argv[4] ):
else
{
printf( " - create cepstrum(f) file and pitch(i) file -\n" );
printf( "[ USAGE ] cep_ana SRCF CEPF PITF or\n"™ );
printf( "[ USAGE ] cep_ana SRCF CEPF PITF THR(6.)\n" );
exit ();
}
[ K SEATE LIME ——— e e o e e e *x/
t_start ();
[ ——— initial setting of analysis conditions ——=———————=—mm e */
for( i=0; i<ref icep; i++ )
coef_icep[i] = 1.5; /* improved cepstrum coefficient */
[ K= open files ———=m——m e e */
if( ( fd_src=open(argv[l], 0) ) == -1 )
{
printf( " * File Open Error ! SRCF = %s\n", argv[l] );
exit ()
}
fd cep = creat( argv({2], 0644 );
fd pit = creat( argv([3], 0644 );
[Fmm read source data ———s e e e e *x/
nframe = 0; )
if( ( rb_src=read(fd_src, ad, 2*(len_pframe-128-sframe)) ) == 0 )

eof ( argv([l], nframe );
for( i=0; i<rb src/2; i++ ) ad_int[128+sframe+i] = (int)ad[i];
if( rb_src/2 < sframe )

for( i=rb_src/2; i<sframe; i++ ) ad_int[i] = 0;
[F read source data ———————mmmmmm e e e K |

while( 1 ) ‘ )
{ ' ,

for( i=0; i<len pframe-sframe; i++ ) ad_int[i] = ad_int[i+sframe];

if( ( rb_src=read(fd_src, ad, 2*sframe) ) == 0 ) eof( argv{l], nframe );

for( i=0; i<rb src/2; i++ ) ad_int[len pframe-sframe+i] = (int)ad[i];

if( rb src/2 < sframe )

for( i=rb_src/2; i<sframe; i++ ) ad_int(i] = 0;

d_zero( x, len fft );
d zero( xp, len pfft );

for( i=0; i<len frame; i++ ) x[i] = (double)ad int(i];
for( i=0; i<len pframe; i++ ) xp[i] = (double)ad int[i];
[Kmmm improved CePSLIUM —— === — e e e e */

black( x, len frame );

d_zero( y, len fft );

fft( x, y, size fft, -1.0 );

logspec( %, y, len fft/2+1 );

imcps( x, size_ fft, oxrd_icep, coef icep, ref icep ):
x[0] *= 0.5; "

if( x[0] < 1. ) =x[0] =1.;

[ mm e pitch extraction ———————— o e e *x/
sinew( xp, len pframe );
cps( xp, size pfft );
apitch( pitch_some, &flag vuv, xp, thr vuv, peak, &bn );
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pitch = 0;
if( flag vuv == 1 ) pitch = pitch some[0];
[*==—=-—= write CepStrUm — = e e e e e */

for( i=0; i<=ord_cep; it+t+ ) cepli] = (float)x[l],
write( £d_pit, &pitch, 4 );
write ( fd _cep, cep, 4*ord cept4 ):

[ = increment counter ———————————————————————————————————————————————————— */
++nframe;’ ’ ‘ ' :

Jxxxxkxxx clear double array *kk ks k% % ko k ok k ok ok ok ok ok % ok ok ok ok ok ok ok ok ook o ok ok o ok o sk sk ok ok ok ok ek Kk ok

/* */
/* X: [out] cleared double array */
/* n: [in ] array length */
/* */

‘/********************************************************************************/

d zero( %, n )
double x[]:

int n;
{
int iz
for( i=0; i<n; i++ ) “x[i] = 0.

}

J*xxxxkk*x plackman window *xFkkkkkkkkkkdkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkxx /

/% */
/* x: [in ] source array ° . . , , */
/* [out] blackman windowed array ' o *x/
/* n: [in ] window length */
/ * */

/*****************************************************k**************************/
black( x, n )

double xI[];

int n;

{
double t;
int i;

for( i=0; i<n; i++ )
{
t = 2.*%PI*(double)i/(n-1.);
x[1i] *= ( 0.42 - 0.5*cos(t) + 0.08*cos{(2.*t) );
}
}

JERFEFRKAK gine Window FEE KA LKk A Ak k kA AKX Kk kA KKK XKk I KA KKK KKK KA KKK KK AR A A KKK K/

/* */
/* x: [in ] source array */
/* [out] sine windowed array x /)
/* n: {in ] window length” . . v x/
/* x/

/****************************************k***************************************/
sinew( %X, n )

double x{1;

int n;

int i;

for( i=0; i<n; i++ )
x[1i] *= sin( (double)l*PI/(n 1.) );
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}

[*F**kxkxHxk copy x from y ( double ) *FXKXKXkkkkkkkkkkkk kKK AKKXKAXKX KKK KK KKK KKK KKk kK /
/* */
/* x: [out] copied double array */
/* y: [in ] source double array */
/* n: [in ] copy length ‘ */
/* : */

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

d___COPY( X, ¥, )
double xI[]1, vI[1:

int n;
{
int i;
for( i=0; i<n; i++ ) x[i] = yI[il;

}

[**x*xkkkx*x fast fourier transform ( FET.c ) *Xkkkkkkkkkhkkkkkkkhkhkkhkhkkkkkkkkkkkkx /

/* */
/* X: [i/0] real part array */
/* yv: [i/0] imaginary part array */
/* 1: [in ] FFT size ( 2°1 ) * /
;: £: [in ] FFT flag ( -1.0:FFT 1.0:IFFT ) :/

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

int £ft{ x, v, 1, £)
double *x, *y, f;

int 1;
{
double s, ¢, sl1, cl, sc, x1, vy1, t; -
int i, 4i0, 11, 3, 11, n, ns, nl, k, ipow2():
n = ipow2( 1 ); /* n = 2"1 %/
nl = n/2; 'sc = PI;
j = 0; -
for( i=0; i<n-1; i++ ) /* bit reverse counter */
{

t = x[1]; x[1] = x[3]: x[3]1 = t;
t = yl[il; yI[il = y[31; v[3l = t;
}
k = n/2;
while( k <= j )
{
j =3 - k; k /= 2;
}
J=3 + k;
}
ns = 1;
while( ns <= n/2 ) /* main loop */
{
cl = cos( sc ); sl = sin( f£*sc );
c=1.0; s = 0.0;
for( 11=0; ll<ns; 1l1++ )
{
for(.1i0=11; i0<n; i0+=(2*ns) )
{
il = i0 + ns;
x1l = x[il]l*c - yI[il]l*s; vl = y[il]l*c + x[il]*s;
x[11l] = x[i0] - =x1; yI[il] =.y[i0] - y1:

x[10] = x[1i0] + =x1; v[i0] = y[i0] + y1:
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o . .
t = cl*c - sl*s; s = sl*c + cl*s; c = t;
}
ns = ns*2; sc = s5¢/2.0;
}
if( £ > 0.0 ) /* judge fft or ifft (update) */
for( i=0; i<n; i++ )
{
x[i] /= (double)n;
y[i] /= (double)n;

}

/******** power *****************************************************************/

/* */
/* 1: [in. ] 2" . _ : * /
/* n: [out]l n = 2"1 */
/* - x/
/********************************************************************************/
int ipow2( 1 )
int 1;
{
int n;
n=1; . .
while( 1 !'= 0 )
{
n *= 2;
1--;

}

return n;

}

/******** cepstrum **************************************************************/

/* */
/* x: [in ] windowed array - , C o */
/% [out] cepstrum %/
/* size fft: [in ] fft frame size . ) x/

* . . *

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

cps( x, size fft )
double xI[1:

int size fft;
{
double y[512];
int i, len fft;

len fft = ipow2( size_f£fft );

d zero( y, len_fft );
fft( x, y, size_£fft, -1.0 );
logspec( x, y, len fft/2+1 ); » »
for( i=len fft/2+1; i<len fft; i++ ) x[i] = x[len fft-i);
d zero{ y, len fft );
fft( x, y, size fft, 1.0 );

}

Jrxkkkkkx 1og magnitude SPectrum *kkskokskskskkkkkkok sk dkkokkokokokkk ok dokok ko kokokokokkkkokokokokkok ko /

/* . . . . . . o x/
/* x: [in ] real part of spectrum */
/* [out] log magnitude spectrum *x/ -
/* y: [in ] imaginary part of spectrum . - , ) * /.
/* n [in ] array length ' . , *x/

/% : ! : */
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/********************************************************************************/

logspec{ x, y, 0 )
double - *x, *y;

int n;

{
double amp;
int i;

for( i=0; i<n; i++ )
{
amp = x[i]l*x[i] + y[i]l*y[i];
if( amp == 0.0 ) x[i] = 0.0;
else x[i] = log( amp );
}
}

JrFxkKkkxk Kk improved CEPSTIUIM * ¥ % kkkskokkkkkkkdkokkdk ok kkkokok ok dkkkkkodkok ok ok ok ko kkok kkokok ok dokk ok % /

/% */
/* x: [in ] log magnitude spectrum *x/
/* [out] improved cepstrum */
/* size fft: [in ] fft frame size */
/* ord icep: [in ] improved cepstrum order */
/* coef icep: {in ] improvement coefficient */
/* ref icep: [in ] refrain number of improvement */
/* */

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

imcps ( x, size fft, ord_icep, coef_icep, ref_ icep )
double xI[]:;
int size fft, ord _icep, ref_icep:;
float coef _icepl];
{
double w[512], =z[512], yI[512];
int i, len_fft;

len_fft = ipow2( size_fft ):

for( i=len_f£fft/2+1; i<len_fft; i++ ) x[i]l = x[len_fft-i];
d copy({ w, %, len_f£fft );

d zero( y, len_fft ); :

fft( x, y, size fft, 1.0 ); /* EFT */

if( ref_icep > 0 )
{
for( i=0; i<ref icep; i++ )
{
d copy( z, %, ord _icep+l );
hamm( z, len fft, ord icep+l, 1 );
d zero( y, len fft );
£fft( z, y, size_fft, -1.0 );
subar( z, w, z, len f£ft );
d zero( y, len fft );
fft( z, y, size fft, 1.0 );
- mult( z, coef icep[il, ord icep+l );
addar( %, z, ord icep+l );
} .
hamm( x, len fft, ord icep+l, 1 );
}
}

J*X*k*kkkk* hamming window **¥¥¥kkkkk XXk KKKk kkkkkk Kk ke k kK Kk k K okokkokkkkkkkkkk XXk x kkkk*k /

/* */
/* cep: [in ] cepstrum ‘ * )
/* [out] hamming windowed cepstrum x/
/* n: [in ] array length */

/* m: [in ] window length x /

N
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/* flag: [in ] window type flag , . */
/* { 1l:hamming , others:rectangular ] . */
/* : */

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

harm( cep, n, m, flag )
double cepll:;

int n, m, flag;
{
int i;
if( flag !'= 1) ) .
for( i=0; i<m; i++ )
cep[i] *= ( 0.54 + 0.46%*cos((double) (PI*i)/(m-1.)) );
for( i=m; i<=n-m; i++ ) cep[il = 0.;
for( i=1; i<m; i++ ) - dep[n—i] = cepl[il;

}

Jxxkxxkxk gUDLTACE array %k kokdkok sk ks sk ok ok ok ok sk ok ok ok ok ok ook ook K ook ok ok ok ok ko ok ok ok ok ok o ke ok ke ok

o * o : , - . : %/
/* z: [out] subtracted array o - ; x/
/* Xx: [in ] source array , o o */
/* v: [in ] subtract array : _ */
/* n: [in ] array length */
/* */

/********************************************************************************/
subar( z, x%x, y, n) ‘
double z[], xI[I1, wll;
int n; '
/ X
int i;
for( i=0; i<n; i++ )
{
z[1] = x[i] - yI[il:
if( z[1i] <= 0.0 ) z[i] = 0.0;
}
}

/******** add array *************************************************************/

/* */
/* X [in 1 source array _ */
/* [out] added array */
/* y: [in 1 add array */
/* n: [in ] array length e , */
T , : . 7

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

addar( x, y, n )
double xI[1, yIl:

int n;
{
- int i;
for( i=0; i<n; i++ ) x[i] += y[il:

}

[FRFExK KKk Kx MULILIiply CONStant *kokskkkoksk sk kkokok sk kkok sk skkkokok sk kodkok ok kokok ok kokkok ok ok ok ko ok ok ok ok ok k ko ok ok ok /

/* ' */
/* X: [in ] source array */
/* [out] multiplied .array. . . - ‘ : */
/* tl: {in ] multiple constant ‘value */
/* n: [in ] array length x/
7% */

/********************************************************************************/
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mult( x, tl, n )
double xI[];
float tl;

int n;
{
int i;
for( 1i=0; i<n; i++ ) x[1] *= tl;

}

/******** extract pitch *********************************************************/

/* */
/* pitch_somer [out] pitch periocd *x/
/* flag_vuv: [out] v/uv flag , */
/* cep: [in ] cepstrum */
/* thr vuv: [in ] threshold value of v/uv decision */
/* peak: [out] cepstrum peak values */
/* bn: [out] parameter of v/uv decision */
/* : */

/********************************************************************************/
apitch( pitch_some, flag vuv, cep, thr_vuv, peak, bn )

double cepl]l, peakl]l, *bn;

int pitch_some[], *flag vuv;

float thr _vuv;

{

double wl2, w2l, w122, w212, sum;
int i," 35 . S '
static float freq lower = 50.; /* lower limit freg. for v/uv decision */
static float freq upper = 350.; /* upper limit freqg. for v/uv decision */
static int ord_cep_vuv = 20; /* cepstrum order for v/uv decision */

[ K extract peak ——————mmo e e e e */

gfrw( cep, 384. );
for( j=0; 3j<2; j++ )
{
peak([]j] = 0.;
for( i=28; i<255; i++ )
if( cepli] > peak[j] )
{

pitch some[j] = i;
peak[]] = cepli];

}
ceplpitch_some[jl] = 0.;

[ Fxm—————— extract v/uv decision parameter ==—=———— === */
wl2 = 2.*PI*(freq lower+freq upper)/12000.;

w2l = 2.*PI*(freq upper-freq lower)/12000.;
wl22 = wl2/2.;

w212 = w2l/2.;

sum =

0.:
for( i=1; i<=ord cep_vuv; i++ )

sum += (0.5%*cep[i]*cos((double)i*wl22) *sin((double)i*w212))/w2l/i;
*bn = 0.5%cep[0] + 4.*sum;

[ *m———= —- decide v/uv flag === m e e e e e e e x/
*flag vuv = 0; :
if ( *bn > thr_vuv ) *flag vuv = 1;

|}

[HRFRFK KKK qUeFrency WAnAOw ok ko sk sk s ok k ok sk k ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok kok ok ok ok ok ok ok kK Kk K kK Kk /

/* * /
/* cep: [in ] cepstrum */
/* [out] quefrency windowed cepstrum « */

/* rate: [in ] weéighted rate */

N
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/x : x/
/********************************************************************************/
gfrw( cep, rate )
double cep[], rate;
{

double x[512];.

int i;

. for( i=28; i<256; i++ ) x[i] = cepli] * (1l.+(double)i/rate);
for( i=28; 1i<255; i++ ) cepli] = x[i-1] + 2.*x[i] + x[i+1];
}

/******** End Of File ***********************************************************/

)k */
/* file: [in ] filename which is on End Of File * /
/* nframe: [in ] frame number _ */
/* : */

/********************************************************************************/
eof( file, nframe )

char *file:;

int nframe;

{ ' ‘ ’

printf( ™ * End Of File ! %s [ %d ]J\n", file, nframe );
t_end():

exit () :

}

/******** display start time ****************************************************/
/* */
/********************************************************************************/
t_start ()

int ts;

ts = time( 0 ); :
printf( "\n ---> program start %s\n", ctime(&ts) );
fflush( stdout ):

}

/******** display end time ******************************************************/
/* */
/********************************************************************************/
t_end()

{
int te;

te = time( 0 ):

printf( "\n <--- program end %s", ctime (&te) );
times ( &buff )
printf( " My user time.....%f sec\n\n", buff.tms utime/60. );

fflush{ stdout ):;
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/********************************************************************************/

/* ' */
/* CEPSTRUM synthesis ( cep_ lma.c ) */
/ ' */
/* - synthesize speech from cepstrum using IMA filter - */
/* - using cepstrum(f) file and pitch(i) file - */
/% */
/* Compiled by: */
/* cc -0 cep_lma cep lma.c -lm - */
/* N - : */
/% [ USAGE ] */
/* cep lma CEPF PITF SYNF CEPOS */
/* - . */
/* Input: : */
/* CEPF: input cepstrum(f) file : */
/* PITF: input pitch(i) file */
/* SYNF : output synthesized speech file : */
/* CEP0S: input cepstrum[0] shift value */
/% */
o e o e e */
/* Version 1.0 coded by k.abe 12/14/89 * /

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

#include <stdio.h>
#include <math.h>
#include <sys/types.h>
#include <sys/times.h>

struct tms buff;

main( argc, argv )

int argc;
char *argvil;
{
float cep(64]; /* current frame cepstrum */
float ‘ cep n[64]; /* next frame cepstrum */
short out_sp[512]; /* synthesized output speech */
float shift_cep0; /* cepstrum[0] shift value */
float ‘ rnd () ; : /* random noise generation routine */
int i;
int : fd_cep: - /* cepstrum(f) file descriptor */
int fd pit; /* pitch(i) file descriptor */
int fd_syn; /* synthesized speech file descriptor */
int nframe; /* frame number */
int ptzr; /* pulse pointer */
int pitch; /* current frame pitch period */
int pitch n; , /* next frame pitch period */
static double filt io[256]; © /* LMA filter input/output */
static double filt buf[1024]; /* LMA filter buffer */
int sframe = 60; /* frame shift = 5ms */
int ord cep = 30; 4 /* cepstrum order */
rnd( 9 );
[ R check arguement consistency ——=—===——— e e e */
if( argc == 4 ) shift _cep0 = 0.;
else if( argc == 5 ) shift cep0 = atof( argv[4] );
else
{
printf( " - synthesize speech from cepstrum using ILMA filter -\n" );
printf( " - using cepstrum(f) file and pitch(i) file -\n" );

printf( "[ USAGE ] cep lma CEPF PITF SYNF or\n" );
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printf( "[ USAGE ] cep lma CEPF PITF SYNF CEP0S(0.)\n"™ );

exit ()
}
[ F start time -—-—————mo oo e */
t_start();
[rmmm————— open files —————mm o e e e e e e */
if( ( fd_cep=open(argv[l], 0) ) == -1) |
{ ;
printf( ™ * File Open Error ! CEPF = %s\n", argv[l] );
exit (); :
}
if( ( fd_pit=open(argv{2], 0) ) == -1 )
{
printf( "™ * File Open Error ! PITF = %s\n", argv[2] ): 5
exit () ; |
}
fd_syn = creat( argv([3], 0644 );
[ K print conditions —-——m e */
printf( " *************************************\n" );
printf( ™ ****x* CEPSTRUM -> LMA synthesis **xx* ( cep lma.c )\n" );
Printf ( " FFkdkdkdkdkokdkokdkokokokokkkkokdkkkkokokokkkkkkkkkkkk\n\n" Y ;
printf( " Cepstrum(f) File = %s\n", argv[l] );
printf( ™ Pitch(i) File = %s\n", argvi[2] );
printf( " Synthesized Speech File = %s\n\n", argv[3] );
printf( " frame shift=%3d cepstrum order=%2d ", sframe, ord cep };
printf( " cep[0] shift=%-4.1f\n\n", shift cep0 );
/K e e * /
/* */
5: process * /
*
K e e e e e e e e —————— e ——— *5
[ Fm—————— initialize counters —————— == mm o e e *x/
nframe = 1;
ptr = 0;
[ K read cepstrum data ( current frame ) —---—----= e e x/
if ( read(fd_cep, cep, 4*ord cept+4) == 0 ) eof( argv[l], nframe );
if( read(fd pit, &pitch, 4) == 0 ) eof( argv[2], nframe );
cep[0] -= shift cep0l;
[F read cepstrum data ( next frame ) —=-—=-——-————m—m e x/
while( 1 )
{
if( read(fd_cep, cep_n, 4*ord cep+4) == 0 ) eof( argv[l], nframe );
if( read(fd_pit, &pitch n, 4) == 0 ) eof( argv[2], nframe );
cep_n[0] -= shift_cep0;
[ F e generate filter exciting function --———-==————————— x/
. plsg( filt_io, &ptr, sframe, pitch );
[Fmmm digital filtering =—=—————————— e *x/
digfi( filt_io, filt _buf, cep, cep_n, ord_cep, sframe );
YA write speech data ————=—==m oo e */
for( i=0; i<sframe; i++ ) out_sp[i] = (short)filt_io[i];
write( fd syn, out sp, 2*sframe );
[ F shift data ---—--——=---———m e */

f copy( cep, cep n, ord ceptl );

pitch = pitch n;
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[Fmm e Increment CoOUNter —————m— o s o e e e e */
++ (nframe) ;
£fflush( stdout );

/******** clear double array ****************************************************/

/* */
/* x: [out] cleared double array * /
/* n: {in ] array length */
/* */

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

d _zero( x, n )
double =x{];

int n;
{
int i;

for( i=0; i<n; i++ ) x[{i] = 0.:;
. s

[*¥xK*kxkkkx copy x from y ( £loating ) X*kxkFkkkkkkkkk Xk kk kK kkkk Xk kX hk Xk XKk kKK Kk /

/* */
/* ©oX: [out] copied float array */
/* y: [in ] source float array */
/* n: [in ] copy length * )
/* */

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

f copy( %, ¥, n )
float x[1, yl1:

int n;
{
int i;
for( i=0; i<n; i++.) x[i] = y[i]:

}

J**Kk*kkkk* generate pulse train *kkkkkkkkkkkkkokkkkokkk &k kkkkkhokkkkkkkkkkkkkkkkkxkkkk /

/* */
/* filt _io: [out] filter exciting function , */
/* ptr: [i/0] pulse pointer */
/* sframe: [in ] frame shift *x/
/* pitch: [in ] pitch period */
* *

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

plsg( filt io, ptr, sframe, pitch )
double f£ilt_iol[]:;

int *ptr, sframe, pitch;
{
int i :
static double pulse amp = 1.0; /* pulse amplitude */

static double noise amp = 0.125; /* noise amplitude */

d zero( filt io, sframe );

[rmm generate random NOisSE —~——— e e e e e e */
if ( pitch == 0 )
{
for( i=(*ptr); i<sframe; i++ )
{
Filt_io[i] = 2.*rnd(1) - 1.;
if( £ilt diofi] >= 0.0 ) filt io[i] = noise_amp;
else 1f( filt io[i] < 0.0 ) filt io[i]l = -noise_amp;

}
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*ptr = 0;
return;

[ generate pulse train —~—————-m s e */
while( *ptr < sframe )

filt_iol[*ptr] = pulse_amp;
*ptr += pitch;

}

*ptr -= gsframe;

}

/******** digital filter ********************************************************/

/* */
/* filt io: [in ] filter exciting function */
/* [out] synthesized speech */
/* filt buf: {i/0]1 filter buffer * /
/* cep: [in ] current frame cepstrum */
/* cep_n: [in ] next frame cepstrum */
/* ord cep: [in ] cepstrum order */
/* sframe: [in ] frame shift */
/* *x/

/********************************************************************************/
digfi( £ilt_io, filt buf, cep, cep n, ord cep, sframe )

double filt iol[l, £ilt buf[];

float cepl]l, cep n[];

int ord cep, sframe;
{
double cep diff[64]; /* difference between cep n & cep */
double cep itpl[64]: /* interpolated cepstrum */
int i, 3, 1lv;
static int itvl_itpl = 15; . /* interpolation interval */

if( ord _cep < 0 ) return;
lv = sframe/itvl_itpl;

for( i=0; i<=ord cep; i++ )
cep_diff[i] = ((double)cep n[i] - (double)cepl[i])/(double)lv;

for( j=1; j<=lv; j++ )
{ .
for( 1=0; i<=ord_cep; i++ )
cep_1itpl[i] = (double)cep[i] + cep diff[i]* (double) j;
for( i=(j-1)*itvl_itpl; i<j*itvl itpl; i++ )
{ : '
Ima( &(filt_io[i]l), £filt buf, cep_itpl, ord cep ):
if( fabs(filt io[i]) > 32767. )
printf( "\n !!! overflow !!! %6.0f\n", £ilt io[i] );:
}

}
}

[*xKkKkkkk*x log magnitude approximate Filter *xkkkkkkkkkkkkkkkkkkkokkkkkkk kX khk k& X k% /

/* * /
/* x: [1/0] input/output of LMA filter */
/* £ilt_buf: [i/0] filter buffer : */
/* cep: [in ] cepstrum */
/* ord_cep: [in ] cepstrum order * /
/* */

/********************************************************************************/
Ima( x, filt_buf, cep, ord cep )

double *x, filt bufl[]l, cepl]l:

int - ord_cep;

{
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double ‘ w0, x0, wnl[3];
int i, i0, 3j, k, ms, ms0;
-— static double fkl —70 999071235/2

static double fk2[3] = { 0., O. 999870613/2 0.994034994/2. };
static int 111641 = { 1, 3, 3, 2, 2, 2, 2, i, 1, 1,

1’ 1’ 14 1’ 1/ 1’ 1’ 1/ 1/ 1’

i, 1,1, 1,1, 1,1, 1, 1, 1,

i, 1,1, 1%, 1, 1,1, 1, 1, 1,

t, 1, 1,1, 1 1,1, 1, 1, 1,

i, &, 1,1, %1, 1,1, 1, 1, 1,

i, 1, 1, 1 };

*x *= exp( cepl[0] )
ms = 0;

for( i0=1; 10<=ord cep; i0++ )
for( i=1; i<=11{i0]1; i++ )
{
x0 = *x;
ms0 = ms;
for( j=1; j<=2; Jj++-)
{

|=:1)
for( k=1; k<i0; k++.)

w0 = f£ilt buf [++ms];
filt bufms] = *x;
*x = w0;

} .

w0 = filt buf[++ms];
filt buf[ms] = *x;
*x = wO*cep({i0];
wnl[j] = *x * £k2[]j] / pow({(double)l1l1l[i0], (double)j);
if( fabs(wnl[jl) <= 1.0e-15 ) wnl[j] = 0.;

}

filt _buf[ms0+1] = £filt_buf [ms0+1] + wnl[1l] - wnl[2];

*x = x0 + 2.*wnl[l];

}
}

[**kkkkx* generate random NOise *xkkkkkkkkkkk kA XXX XXX KKK K KKK KKK KKK KKK KKKk kkkok kK Kk /

/% */
/* x: [i/0] input/output of random routine */
/* */

/********************************************************************************/
float rnd( x )
short X;

{

static short  ix=1, init on=0;

if( ((x & 2)!=0) && (init_on==0) )
{
ix = x;
init on = 1;
} /* set init flag */
ix *= 899;

if( ix < 0 ) ix = ix + 32767 + 1;

return( (float)ix/32768.0 ); -
}

/******** End Of File ***********************************************************/

/* */

N
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/* file: [in ] filename which is on End Of File * /
/* nframe: [in ] frame number */
/* * /

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

eof( file, nframe )

char filel[];

int nframe;

{
printf( " * End Of File ! %s [ %d ]1\n", file, nframe );
t_end():
exit ()

}

/******** display start'time ****************************************************/
/* : */
/********************************************************************************/
t_start ()

int ts;

ts = time (-0 ); . .
printf( "\n =-~-> program start %s\n", ctime(&ts) ):;
fflush{( stdout );

}

/******** display end time ******************************************************/
/* ' */
/********************************************************************************/
t_end()

int te;

te = time( 0 );

printf( "\n <~-- program end %s", ctime(&te) );

times( &buff );

~printf( " My user time..... $f sec\n\n", buff.tms utime/60. );
fflush{ stdout );
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/********************************************************************************/

/* */
/* CEPSTRUM Synthesis (-cp h ol.c )- x/
/* ' */
/* ~ hybrid method using OLA and LMAF - */
/* . */
/* Compiled by: x/ .
/* cc —o cp h ol cp h ol.c -1m ' x/
/* T o */
/* [ USAGE ] */
/* cp h ol CEPF PITF SYNF CEPOS * /
/* T */
/* Input: * /
/* CEPF:  input cepstrum(f) file x/
/* PITF: input pitch(i) file _ */
/* SYNF: °~ output synthesized speech file */
/* CEP0S: input cepstrum[0] shift wvalue . */
/* */
/K e x/
/* Version 1.0 coded by k.abe 12/06/88 */

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

¥include <stdio.h>

#include <math.h>

#include <sys/types.h>

#include <sys/times.h>

#define PI 3.14159265358979323846
struct tms buff;

main( argc, argv )

int argc;
char *argv([];
{
float pse([512]; /* current frame power spectrum envelope */
float pse n[512]; /* next frame power spectrum envelope */
float cep[64]; /* current frame cepstrum */
float cep n{64]; /* next frame cepstrum */
float shift_cep0; /* cepstrum[0] shift value */
float rnd () ; /* random noise generation routine */
long fsize():
int i;
int fd cep; /* cepstrum(f) file descriptor */
int fd pit; /* pitch(i) file descriptor */
int fd syn; /* synthesized speech file descriptor */
int file size; /* file size */
int nframe; /* frame number */
int ptr; /* pulse pointer */
int pitch; /* current frame pitch period */
int pitch_n; /* next frame pitch period */

static double *buf;
static short *out_sp;

int sframe = 60; /* frame shift = 5ms */
int ord cep = 30; /* cepstrum order */
rnd( 9 );
[Hmm e check arguement consistency =———-—r—=—==——— e */
if( argc == ) shift cep0 = 0.;
else if( argc == 5 ) shift cep0 = atof( argv[4] );

else
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{

printf( "[ USAGE ] cp h ol CEPF PITF SYNF or\n" ):
printf( “[ USAGE ] Cp_h_ol CEPF PITF SYNF CEP0S(0.3)\n" );
exit ()
}
[*=————— start time -----———-—--m oo e */
t_start():
[ R OPEN Files = e e e e e e e e e e e */
if( ( fd _cep=open(argv[l], 0) ) == -1 )
{
printf( "™ * File Open Error ! CEPF = %s\n", argv[l] ):
exit () ; ’
}
if( ( fd pit=open(argv[2], 0) ) == -1 )
{
printf( " * File Open Error ! PITF = %s\n%, argv[2] );
exit () ;

}
fd syn = creat( argv[3], 0644 );

/¥ =mm=wmm— set file sizZe ——————m—mm e e e e x/
file size = (fsize(fd_pit)/4-1)*sframe + 512;
lseek( £d pit, 0, 0 );
if ( NULL == (buf=(double *)malloc(8*file size)) )
printf( "!!! No Memories !!! KORA_1 !!!\n" );
exit ();
}
if ( NULL == (out_sp=(short *)malloc(2*file_size)) )
{
printf( "!!! No Memories !!! KORA 2 !!!\n" );
exit (),
}
K e e e e e et e e 1 e o o e e o P e B 2 b e o e e i * /
/% */
/* process */
/* */
/K e e e e e e e e e e e e e e e e */
[F initialize COUNtErS === e e e e e e e e e e e e */
nframe = 0;
ptr = 0;
[Fmm———— read cepstrum data ( current frame ) —-—-—--————-——- e */
if ( read(fd_cep, cep, 4*ord cep+4) == 0 ) eof( argv([l], nframe );
if( read(fd_pit, é&pitch, 4) == 0 ) eocf( argv[2], nframe );
cep[0] -= shift cep0; .
env( pse, cep, ord cep, 512 );
[Fmmmmm—— read cepstrum data ( next frame ) --—-----—-mmmomeme e */
while( 1 )
{
if( read(fd_cep, cep_n, 4*ord cep+4) == 0 )

{
for( i=0; i<file size; i++ ) out_sp[i]
write( fd_syn, out_sp, 2*file size );
eof( argv([l], nframe );

(short)buf[i]:;

}

if( read(fd_pit, &pitch n, 4) == 0 )

{
for( i=0; i<file size; i++ ) out_sp[i]
write( fd syn, out sp, 2*file size );
eof ( argv[2], nframe );

(short)buf[i];
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}

cep n[0] -= shift cepO0;
env(.pse n, cep n, ord cep, 512 );
[ K= process voiced frame ————=—m—mm oo e e e */
if( pitch != 0 ) ola( buf, pse, pse n, sframe, &ptr, pitch, nframe );
[ process unvoiced frame ——--—=m—=-——-- o —————— ————k )
else if( pitch == 0 ) ) .

£lt ( buf, cep, cep_n, ord cep, sframe, &ptr, pitch n, nframe )

[ *mmm shift data ——=~——=————m— e e e e */
f copy( pse, pse n, 257 );
f copy( cep, cep n, ord cep+l );
pitch = pitch n;

[ rmmmm increment counter ==-——s-—me e e —%/

++ (nframe) ; :
fflush( stdout ):

/******** file size *************************************************************/

/* v %/
/* fd: [i/0] file descriptor - . ‘ */
/% ) *x/

/***************************************************k****************************/
long fsize( £4 )
int fa4;

{
long 1lseek():

return{ lseek(fd, 0, 2) );
}

[xFxkkkkk*x clear. double array **kkkkkkkkkkixkokkkokkdkdkkkokkokkdk ke kkkkokokkokkkkkkkkkkkkx /

/* */
/* X3 [out] cleared double array , */
/% n: [in ] array length */

* . *

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

d zero{ x, n )
double x[];

int n;
{
int i;
for( i=0; i<n; i++ ) ‘ x[i] = 0.;

}

/*x**xxx%% copy x. from y ( float. -> double ) **kkkkkkkkkkkkkkkkkhkkhkkkkkkkkkkkkk k% /

/* */
/* X: [out] copied double array */
/* v [in ] source float array. R : x/
/* n: [in ] copy length ) - */
* */

/**************************************************;*****************************/
fd copy( %, ¥, n ) o

double xI[]:

float vils

int n;

{

int i;

I
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for( i=0; i<n; i++ ) x[i] = (double)yl[i];
}

Jrx*kxkkkx copy x from y ( floating ) *xkkkkkskdokkokokdkkkkdokokdokkkkkkhhokkokkkkkkk*kkkk /

/* */
/* X: fout] copied float array */
/* v: [in ] source float array */
/* n: [in ] copy length */
/* */

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

f copy( %, y, n )
float x[1, vI[1:

int n;
{
int i;
for( i=0; i<n; i++ ) x[i] = yI[i];

}

/******** power *****************************************************************/

/% */
/* 1: fin ] 271 * /
/* n: [out] n = 2+1 */
/% */
/********************************************************************************/
int ipow2( 1 )
int 1;
{

int n;

n=1;

while( 1 != 0 )
{

n *= 2;
1~
}
return n;
}
/**xkkx%xx* fast fourler transform (‘FFT.C ) okkkkkkkok kK okokkkkkkokkkkkkokkkkkkkkkkkkkkk /
/* */
/* x: [i/0] real part array */
/* v: [i/0o] imaginary part array ' ' */
/* 1: [in ] FFT size ( 2~1 ) */
/* f: [in ] FFT flag ( =1.0:FFT 1.0:IFFT ) */
/% */

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

int f£fft( %, v, 1, £ )
double *x, *y, £;

int 1;
{
double s, ¢, s1, cl, sc, x1, vi, t: :
int ) i, i0, i1, 3, 11, n, ns, nl, k, ipow2{():
n = ipow2( 1 ); /* n = 221 x/
nl = n/2; sc = PI;
3 = 0;
for( i=0; i<n-1; i++ ) /* bit reverse counter */
{
if( 1 <= 3J )
{ .
t = x[i]; x[1] = x{]]; x[J] = t;
t = y[il; v(il = yv[31; v(il = t;
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k = n/2;
while( k <= J )
{
.j=j_k/ k/=2/
}
Lo =3 + k;
}.
ns = 1;
while ( ns <= n/2 ) _ /* main loop */
{ .
cl = cos( sc ); sl = sin( f*sc );
c = 1.0; s = 0.0;

for( 11=0; ll<ns; 11++ )

{
for( i0=11; i0<n; i0+=(2*ns) )
{

il = i0 + ns;
xl = x[il]l*c -~ y[il]l*s; yl = y[ill*c + x[1il]*s;
x{i1] = x[10] - x1; yl[il] = y[i0] - yl;
x{i0] = x[10] + x1; y[i0] = y[i0] + y1;
}
t = cl*c - sl*s; s = sl*c + cl¥s; c =t;
y .
ns = nsx2; .. sc = s5¢/2.0;

}

if( £ > 0.0

) /* judge fft or ifft (update) */
for( i=0; i<n; i++ )

x[1i] /= (double)n;
/= (double)n;

/******** spectrum enVelOpe *****************************************************/

/* */
/* pse: [out] log power spectrum envelope * /
/* cep: [in ] cepstrum x/
/* ord_cep:. . . [in ] cepstrum order . S x/
/* n: [in ] array length */
/* */

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

env( pse, cep, ord cep, n )
float psell, cep[];

int ord cep, n;
double x[512], yI[512];
int i;

d zero( x, 512 ); :
for( i=0; i<=ord cep; i++ ) x[i] = 0.5*%ceplil;
for( i=n-ord_cep; i<n; i++ ) x[i] = 0.5%cep[n-i];
x[0] *= 2.0;
d zero( y, 512 );
fft( x, y, 9, -1.0);
for( 1i=0; i<n; i++ ) pse[i] = (float)x[i]:
}

J**k¥kkk*kx wave overlapping add Kok Sk ke ok ok K K kR K KKKk Kk kKKK kK ok koK K Kk K K Kk k ko Kok K ko ki ok

/* - */
/* buf: [i/0] working buffer of output speech *x/
/* pse: [in 1 current frame log pse . */
/* pse n: [in ] next frame log pse */

/* sframe: [in ] frame shift */

7N
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/* ptr: [i/0] pulse pointer x/
/* pitch: [in ] pitch period */
/* nframe: [in ] frame number */
/* o */

/********************************************************************************/
ola( buf, pse, pse n, sframe, ptr, pitch, nframe )

double bufl[]:;

float psel[l, pse nl];

int sframe, *ptr, pitch, nframe;
{
double xi[512], y(512];
int i, offset ptr;
[ *mmm———— check pointer ——————— o e e x/

while( *ptr < sframe )

[ K ——— calculate interpolated pse ———=——— s e e *x/
for( i=0; i<257; i++ )
xi[i] = (double) ((sframe-*ptr)*psel[i] + *ptr*pse n[il])/(double)sframe;
[ R —m calculate impulse reSPONSE === == e e e e e e e e e *x/

d zero( y, 512 );
spec( xi, 512 );
ffe( xi, v, 9, 1.0 );

[Hrmm add working buff ——---——em— e e - */
offset_ptr = nframe*sframe + *ptr; :
for( i=0; 1<256; i++ ) bufloffset ptr+i] += xi[256-i]:;
for( i=256; i<512; i++ ) buf[offset ptr+i] += xi[i-256];

[ K e set current frame pointer of pulse center =——=——m— e * /
* . 3 -
ptr += pitch;

[’ set next frame pointer of pulse center ————=——=m—m—— e */
* o~ .
ptr -= sframe;

}

/******** spectrum **************************************************************/

/* */
/* x: [in ] log power spectrum envelope ) */
/* [out] power spectrum envelope *x/
/* n: [in ] array length x/
/* *

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

spec( x, n )
double =xI[1];

int n;

{
int i;
for( i=0; i<n/2+1; i++ ) x[i] = exp( x[i] ):
for( i=n/2+1; i<n; i++ ) x[i] = x[n-i];

}

Jrkkkxkkx Ima filtering *xkkkkdxhkhkdkdkkkhhhhkkdkkkhkhkohkokdkdkkkhkhkkkokdokdkkkhdkokkkkkkok /-

/* */
/* buf: [i/0] working buffer of output speech * /
/* cep: [in ] current frame cepstrum */
/* cep_n: [in ] next frame cepstrum */
/* ord cep: [in ] cepstrum order */
/* sframe: [in ] frame shift x/
/* ptr: [i/0] pulse pointer * /

/* pitch n: [in ] next frame pitch period *x/
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/* nframe: [in ] frame number */
/% */
/********************************************************************************/
flt( buf, cep, cep n, ord cep, sframe, ptr, pitch n, nframe ) -

double buf[]; )

float cepll, cep_nll;

int ord_cep, sframe, *ptr, pitch _n, nframe;
{

double . filt io([256];

int i, offset ptr;

static double filt buf[1024];

[ F e generate random nNoise ——rm—m— s e e e e e */
rndg( filt _io, ptr, sframe );

[*mm digital filtering L D */
digfi( filt_io, filt_buf, cep, cep n, ord cep, sframe );

[ Fmm 0verlap'adding‘———-———————————————————————-~—————————————————————é—---*/
offset ptr = nframe*sframe + 256;
for( i=0; i<sframe; i++ ) buf[offset_ptr+i] += filt_ioli];
if( pitch n != 0 ) d_zero( filt_buf, 1024 );

}

/******** generate random noise *************************************************/

/% , LA
/* filt_ido: [out] filter exciting function */
/* ptr: [i/0] pulse pointer */
/* sframe: [in ] frame shift _ )/
/* . ’ ' */

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

rndg( £ilt_io, ptr, sframe )
double filt _iol[];

int *ptr, sframe;
{
int i;
static double noise_amp = 0.125; /* noise amplitude */

d zero( filt_io, sframe );

[ F e generate random NOise —=—==—— == — e e e */
for( i=(*ptr); i<sframe; i++ ) ) :
{
filt _io[i] = 2.%rnd(l) - 1.;
if( £filt_do[i] >= 0.0 ) filt_io[i]l = noise amp; .
else if( filt_io[i] < 0.0 ) filt io[i] = -noise amp;
}
*ptr = 0;
}

/******** digital filter ********************************************************/

/* ) ‘ s * /
/* filt_io: [in ] filter exciting function */
/* [out] synthesized speech ' */
/* filt_buf: [i/0] filter buffer */
/* ~cep: [in ] current frame cepstrum ‘ Lx/
/* cep n: [in ] next frame cepstrum */
/* ord cep: [in ] cepstrum order */
/* sframe: fin"] frame shift . * /
/* . x/

/********************************************************************************/
digfi( f£filt io, £ilt buf, cep, cep n, ord cep, sframe )

double f£filt_io[]l, filt_buf(];

float cepl[]l, cep n[];
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int ord_cep, sframe;
{
double cep diff[64]; /* difference between cep n & cep */
double cep_itpl[64]; /* interpolated cepstrum */
int i, 3, 1lv;
static int itvl_itpl = 15; /* interpolation interval */

if( ord cep < 0 ) return;
lv = sframe/itvl_itpl;

for( i=0; i<=ord cep; i++ )

cep_diff[i] = ((double)cep_n[i] - (double)cep[il]l)/(double)lv;

for( j=1; ij<=lv; Jj++ )
{
for( i=0; i<=ord cep; i++ )
cep_itpl[i] = (double)cep[i] + cep diff[i]* (double)j;
for( i=(J-1)*itvl itpl; i<j*itvl itpl; I++ )
{ .
Ima( &(filt_io[i]l), filt buf, cep_ itpl, ord cep ):;
if ( fabs(filt_io[i]) > 32767. )
printf( "\n !!! overflow !!! %6.0f\n", filt io[i] ):;
}
}
}

[xxxxxxkx 1og magnitude approximate filter **xkkkkkkkkkkkkkkkkkkkkhkhkkhkkkkkhk k% /

/* */
/* X: [i/0] input/output of LMA filter */
/* filt_buf: [i/0] filter buffer */
/* cep: [in ] cepstrum */
/* ord cep: [in ] cepstrum order : */
/* N */

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

Ima( x, filt buf, cep, oxd _cep )
double *x, filt buf{], cepl]:

int ord_cep;
{
double w0, x0, wnl[3];
int i, i0, 3, k, ms, ms0;

static double fkl = 0.,999071235/2.;
static double £fk2[3] { 0., 0.999870613/2., 0.99403499%4/2. };
] { 1/ 3/ 3/ 2’ 2’,2’ 2’ 1’ 1’ 1’

static int 11[64
i,1,1,1,1,1, 1, 1, 1, 1,
1’ 1’ 1’ 1’ 1’ 1’ 1/ 1’ 1’ 1’
i, 1,1, 1, 1,1, 1, 1, 1, 1,
i, 1,1, 1, 1,1, 1,1, 1, 1,
i, 1,1, 1, 1,1, 1, 1, 1, 1,
i, 1, 1, 1}

*x *= exp( cepl0] ):
ms = 0;

for( i0=1; i0<=ord cep; i0++ )
for( i=1; i<=11[i0]; i++ )
{
x0 = *x;
ms0 = ms;
for( j=1; j<=2; j++ )
{

if( 10 !'= 1)
for( k=1; k<i0; k++ )
{
w0 = filt buf{++ms];
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filt bufms] = *x;
*x = w0;

\ o
w0 = filt buf[++ms];
filt buf[ms] = *x,
*x = wO*cep[10]; - '
wnl[j] = *x * £k2[]] / pow((double)ll[lo], (double) j) ;
if( fabs(wnl[]j]) <= 1.0e-15 ) wnl[j] = O. C

}
filt buf[ms0+1] = filt buf[msO+1] + wnl[l] - wnl[2];

*x = x0 + 2.*%wnl[1];

}

Jxrkkkkk* generate random Noise *kkkkkkkkkkkkkkkkkokkokkkokkkokkokokdokdokkkokkkok kK kkkkokkk /

/x N . | */
/* x: [i/0] input/ocutput of random routine ’ */
/* ’ */

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

float rnd( x )
short X;

{

static short ix=1, init_on=0;

if( ((x % 2)!=0) && (init_on==0) )

ix ' ='x;
" init_on = 1:
b /* set init flag */ -
ix *= 899;

i1f( ix < 0 ) ix = ix + 32767 + 1;

return( (float)ix/32768.0 ):
}

/******** End Of File ***********************************************************/

/* */
/* file: [in ] filename which is on End Of Flle * /
/* nframe: [in ] frame number */
/% : -y

/********************************************************************************/
eof( file, nframe )

char filel]:

int nframe;

{ : .
printf( " * End Of File ! %s [ %d ]\n", file, nframe );

t_end();
exit ();

}

JxRFRx*k k% digsplay start time *x k¥ kkkkokdkkkkkdokk ko kkk ko kkkdkokkkkkdkodkokk ko kdok ok kk Xk kkk /
/* , */
/********************************************************************************/
t_start () .

{
int ts;

ts = time( 0 );
printf( "\n ---> program start %s\n", ctime(&ts) );
fflush( stdout );

}

/******** dlsplay end tlme ******************************************************/

/% » */
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i /********************************************************************************/
t_end()

int te;

te = time( 0 );

K printf( "\n <--- program end %s", ctime(&te) );
; times ( &buff );
printf( " My user time..... $f sec\n\n", buff.tms_utime/60. );

fflush( stdout )





