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<stdio.h>
<stdlib.h>
<math.h>
<string.h>

#include
#include
#include
#include

int max_segments;
long number_of_segments;

int codeword_length = 0;

#define Code_value_bits 16
typedef long code_value;
#define

Top_value (((long)l << Code_value_bits) - 1)

#define First_qtr (Top_value / 4 + 1)
#define Half (2 * First_qtr)

#define Third_qtr (3 * First_qtr)

int buffer;

int bits_to_go;

long low;

long high;

long bits_to_follow;

#define SEQUENCE_SIZE 10000000
char sequence[SEQUENCE_SIZE];

#define LENGTH 10000000
int size[LENGTH];

typedef struct segment segment;

struct segment{
long a;
long b;
double
double
double
double tpw;
double log_beta;
segment *parent;
segment *zero;
segment *one;
int index;
long length;
segment *newer;
segment *older;

pe;
pw;
tpe;

};

segment *root;
segment *manage_newest;
segment *manage_oldest;

segment *alloc_segment ()
{

segment *temporary;

temporary = (segment *)malloc(sizeof (segment));
if (temporary == NULL){

printf("malloc() error in %d\n", __LINE__);

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

/*
/*
/*

19

/x BTAY MNBDLR */
/x BIEDET AV MR */

/* W LIERNEREL TECES */

0 DAIVEY */

Y DAIVEY */

FRIEER */

BHTITHEE */

RF IR «/

REMfHIFER */

log BODIE */

B o=/

FHE oAl */

FHE LA */

BOAY MNDEBED / — RPRIDEZZI/HLTWE D */
EIAV PDRE («DIFAIE length = 0) */
ROBEHR */

BIDEFR */

= K~DRAVE *x/
BRFDOEITAYMADRAV Y */
BEOEIT XY MADRAVEY */



exit(1);
}
temporary->a = 0;
temporary->b = 0;
temporary->pe = 1.0;
temporary->pw = 1.0;
temporary->tpe = 1.0;
temporary->tpw = 0.5;
temporary->log_beta = 0.0;
temporary->parent = NULL;
temporary->zero = NULL;
temporary->one = NULL;
temporary->index = 0;
temporary->length = 0;
temporary->newer = NULL;
temporary->older = NULL;

number_of_segments++;

return(temporary) ;
¥
double beta_calculate(int times, double log_beta) /% BTAY NDEBUNADB EFE +/
{
for (times; times >= 1; times--){
if (log_beta > 0.0){
log_beta = -1log10((2.0 * pow(10.0, -log_beta)) - 1.0);
} else {
log_beta = log_beta - 1logl0(2.0 - pow(10.0, log_beta));
}
}
return(log_beta) ;
}

double pw_calculate(int temporary_index, segment *current_position, int length)
{

double temporary_log_beta;

int times;

int times_beta;

double pw;

times_beta = current_position->length - 1;
temporary_log_beta = beta_calculate(times_beta, current_position—>log_beta);

if (temporary_log_beta > 0.0){
pw = 1.0 / (pow(10.0, -temporary_log_beta) + 1.0) * current_position->pe
+ (pow(10.0, -temporary_log_beta) / (1.0 + pow(10.0, -temporary_log_beta))
* ((sequence[temporary_index - length] == ’0’)? current_position->zero->pw: current_position->one->pw));
Yelse{
pw = pow(10.0, temporary_log_beta) / (pow(10.0, temporary_log_beta) + 1.0) * current_position->pe
+ (1.0 / (1.0 + pow(10.0, temporary_log_beta))
* ((sequence[temporary_index - length] == ’0’)? current_position->zero->pw: current_position->one->pw));

}

for (times = current_position->length - length - 1; times > 0; times--){
times_beta——;
temporary_log_beta = beta_calculate(times_beta, current_position—>log_beta);
if (temporary_log_beta > 0.0){
pw = 1.0 / (pow(10.0, -temporary_log_beta) + 1.0) * current_position->pe
+ (pow(10.0, -temporary_log_beta) / (1.0 + pow(10.0, -temporary_log_beta))* pw);
Yelse{
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pw = pow(10.0, temporary_log_beta) / (pow(10.0, temporary_log_beta) + 1.0) * current_position->pe
+ (1.0 / (1.0 + pow(10.0, temporary_log_beta)) * pw);

}
}
return(pw) ;
}
void listupdate(segment *current_position) /x AV NMERIRY 2 NEH +/
{
if (manage_newest == current_position){
return;
}
current_position->newer->older = current_position->older;
if (manage_oldest == current_position){
manage_oldest = current_position->newer;
} else {
current_position->older->newer = current_position->newer;
}
current_position->older = manage_newest;
manage_newest->newer = current_position;
manage_newest = current_position;
current_position->newer = NULL;
return;
}

void dummyupdate(char update)

{
segment *current_position = root; /* BERTWBEI XY N (BRIMIEIV—R) */
int times; /* ETEOLOH */
double temporary_log_beta; /*x B—BHRE *
double temporary_tpw; /* tpw —BHRE */

while (current_position->length > 0){
current_position = ((sequence[current_position->index - current_position->length + 1] == ’0’)
? current_position->zero: current_position->one);

}

/% BEQEIT AV NOFAREEFE */

current_position->tpe = (((update == ’0’)? current_position->a: current_position->b) + 0.5)
/ (current_position->a + current_position->b + 1.0);

if (current_position->tpe < 1e-300){
current_position->tpe = 1e-300;

}

current_position->tpw = current_position->tpe;

temporary_tpw = current_position->tpw;
if (update == ’0’°){
listupdate(current_position);

}

while (current_position->parent != NULL){
current_position = current_position->parent;

/x BEDEITAY NOFRAHELEE */
current_position->tpe = (((update == ’0’)? current_position->a: current_position->b) + 0.5)
/ (current_position->a + current_position->b + 1.0);
times = current_position->length - 1;
for (times; times >= 0; times--){
temporary_log_beta = beta_calculate(times, current_position—>1og_beta);
if (temporary_log_beta > 0.0){
temporary_tpw = 1.0 / (pow(10.0, -temporary_log_beta) + 1.0) * current_position->tpe
+ (pow(10.0, -temporary_log_beta) / (1.0 + pow(10.0, -temporary_log_beta))* temporary_tpw);
} else {
temporary_tpw = pow(10.0, temporary_log_beta) / (pow(10.0, temporary_log_beta) + 1.0)

21



* current_position->tpe + (1.0 / (1.0 + pow(10.0, temporary_log_beta)) * temporary_tpw);
}

current_position->tpw = temporary_tpw;

if (update == ’0’){
listupdate (current_position);
}
}
return;

void actualupdate (int current_index, char t)

{
segment *current_position = root; /x REME (RADIEIL—K) =/
segment *child_position; /* BEHERHCMHER */
double temporary_log_beta; /* B—BHRE */
int times; /* EEBH +/
for (current_index; current_index >= 0 ;current_index --){
current_position->pe = current_position->tpe;
current_position->pw = current_position->tpw;
if (¢ == ’0"){
current_position->a++;
} else {
current_position->b++;
}
if (current_position->length != 0){
times = current_position->length - 1;
/% BTAVNKRERDBEFE */
child_position = ((sequence[current_position->index - current_position->length + 1] == ’0’)
? current_position->zero: current_position—>one);
temporary_log_beta = beta_calculate(times, current_position->log_beta);
temporary_log_beta = temporary_log_beta + loglO(current_position->pe / child_position->tpw);
/% BTAY NEBETREEE +/
for (times = current_position->length - 1; times >= 1; times--){
if (temporary_log_beta > 0.0){
temporary_log_beta = 10g10(2.0) - 1logl0(1.0 + pow(10.0, -temporary_log_beta));
} else {
temporary_log_beta = 10g10(2.0) + temporary_log_beta - 1logl0(pow(10.0, temporary_log_beta) + 1.0);
¥
}
if (temporary_log_beta < -1e+300){
current_position->log_beta = -1e+300;
} else {
current_position->log_beta = temporary_log_beta;
}
} else {
break;
}
current_position = ((sequence[current_position->index - current_position->length + 1] == ’0’)
? current_position->zero: current_position->one);
}
return;
}
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int trim_confirm(current_index)

{
segment *current_position;
int temporary_index; /* index A E— x/
int number_of_needs; /* BT AV NORBREH */
int i = 0;
for (current_position = root; current_index >= 0;){
temporary_index = current_position->index;
if (current_position—>length == 0 && current_position->index >= 0){
while (sequence[temporary_index] == sequence[current_index]){
temporary_index --;
current_index --;
}
if (temporary_index == 0){ /x BEMBOFHE L TEIAY MEEFNZIHE (0 -(1)) */
number_of_needs = 1;
break;
} else { /x REMBEIDHL, FHRETEZEHWL (2 -(2)) */
number_of_needs = 2;
break;
}
} else { /x RIBIROEIT AV~ */
while (sequence[temporary_index] == sequence[current_index] && i < current_position->length){
temporary_index --;
current_index --;
i ++;
}
if (i == current_position->length){/* RMEMBOFHE L TEIT XY MIEENZIHEE (BR-(1)) =/
if (((sequence[current_index] == ’0’)? current_position->zero: current_position->one) == NULL){
number_of_needs = 1;
break;
} else {
current_position = ((sequence[current_index] == ’0’)
? current_position->zero: current_position->one);
}
} else { /x BEMBIFRHL, FHETEZEHV (AR-(2)) */
number_of_needs = 2;
break;
}
}
}
return(number_of_needs) ;
}

void trim_1(segment *cardinal_position, segment *delete_position)/x HIRRL7=EJ XY NOBEDORI Mol d */
{

cardinal_position->a = delete_position->a;

cardinal_position->b = delete_position->b;

cardinal_position->pe = 0.5;

cardinal_position->pw = 0.5;

cardinal_position->log_beta = 0.0;

cardinal_position->zero = NULL;

cardinal_position->one = NULL;

cardinal_position->length = 0;

free(delete_position);

return;
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void trim_2(segment *cardinal_position, segment *delete_position, segment *delete_brother)

{

/* RBORADVEIRSNTHERES LD */

double temporary_log_beta;
double pw;
int i;

cardinal_position->newer->older = cardinal_position->older;
cardinal_position->older->newer = cardinal_position->newer;
delete_brother->parent = cardinal_position->parent;

if (cardinal_position == cardinal_position->parent->zero){
cardinal_position->parent->zero = delete_brother;
} else {

cardinal_position->parent->one = delete_brother;
}
delete_brother->index = cardinal_position->index;
if (delete_brother->length != 0){
pw = delete_brother->pw;
temporary_log_beta = delete_brother->log_beta;
for (i = cardinal_position->length; i > 0; i--){
if (temporary_log_beta > 0.0){
temporary_log_beta = 1logl0(2.0) - loglO(pow(10.0, -temporary_log_beta) + 1.0);
} else {
temporary_log_beta = 10g10(2.0) + temporary_log_beta - 1log10(1.0 + pow(10.0, -temporary_log_beta));
}
if (temporary_log_beta > 0.0){
pw = 1.0 / (pow(10.0, -temporary_log_beta) + 1.0) * delete_brother->pe
+ (pow(10.0, -temporary_log_beta) / (1.0 + pow(10.0, -temporary_log_beta))* pw);
} else {
pw = pow(10.0, temporary_log_beta) / (pow(10.0, temporary_log_beta) + 1.0) * delete_brother->pe
+ (1.0 / (1.0 + pow(10.0, temporary_log_beta)) * pw);
}
}
delete_brother->log_beta = temporary_log_beta;
delete_brother->pw = pw;
delete_brother->length = delete_brother->length + cardinal_position->length;
}
free(delete_position);
free(cardinal_position);

return;

void trim_B(segment *cardinal_position, segment *delete_position)

{

/* RBORADVEIRESNTEREJESINBL +/

if (delete_position == cardinal_position->zero){
cardinal_position->zero = NULL;
} else {

cardinal _position->one = NULL;
}

free(delete_position);

return;

int trim_branches(void)

{
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int subtrahend_of_segment; /x BTAY NOEE */

segment *delete_position = manage_oldest; /x HIBRS B3I XV N %/
segment *cardinal_position= delete_position->parent; /x ZDEITAY NDE */
segment *delete_brother = ((cardinal_position->zero == delete_position)

? cardinal_position->one: cardinal_position->zero); /* HIREhZ I/ AV FDRH */

manage_oldest->newer->older = NULL;
manage_oldest = manage_oldest->newer;

if (delete_brother == NULL){ /* IR 27 XY NORBAFELRBWES */
trim_1(cardinal_position, delete_position);
subtrahend_of_segment = 1;

} else {
if ((delete_position->a + delete_brother->a == cardinal_position->a)
&& (delete_position->b + delete_brother->a == cardinal_position->b)){
trim_2(cardina1_position, delete_position, delete_brother);
subtrahend_of_segment = 2;

} else {

trim_3(cardinal_position, delete_position);
subtrahend_of_segment = 1;

}

return(subtrahend_of_segment);

void tree_update_l(int current_index, segment *current_position, int times)

{
segment *temporary;
temporary = alloc_segment();
temporary->parent = current_position;
temporary->length = 0;
temporary->index = current_index - 1;
manage_newest->newer = temporary;
temporary->older = manage_newest;
manage_newest = temporary;
if (sequence[current_index] == ’0’){
current_position->zero = temporary;
} else {
current_position->one = temporary;
}
current_position->length = times;
return;
}

void tree_update_2(segment *current_position, int temporary_index, int times, int current_index)
{

segment *temporary_1;

segment *temporary_2;

temporary_1 = alloc_segment();
temporary_1l->parent = current_position;
temporary_1->length = 0O;
temporary_1->index = temporary_index - 1;
manage_newest->newer = temporary_1;
temporary_1l->older = manage_newest;
manage_newest = temporary_1;

if (sequence[temporary_index] == ’0°){
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current_position->zero = temporary_1;
} else {
current_position->one = temporary_1;

}

temporary_2 = alloc_segment();

temporary_2->a = current_position—>a;

temporary_2->b = current_position->b;

temporary_2->pe = current_position->pe;

temporary_2->pw = current_position->pe;

temporary_2->log_beta = beta_calculate(times, current_position->log_beta);
temporary_2->parent = current_position;

temporary_2->length = 0;

temporary_2->index = current_index - 1;

if (current_position == manage_oldest){
temporary_2->newer = current_position;
current_position->older = temporary_2;
manage_oldest = temporary_2;

} else {
temporary_2->newer = current_position;
temporary_2->older = current_position->older;
current_position->older->newer = temporary_2;
current_position->older = temporary_2;

}
if (sequence[current_index] == ’0’){
current_position->zero = temporary_2;
} else {
current_position->one = temporary_2;
}

current_position->length = current_position->index - current_index + 1;

return;

void tree_update_s(segment *current_position, int current_index)

{
segment *temporary;
temporary = alloc_segment();
temporary->parent = current_position;
temporary->length = 0;
temporary->index = current_index - 1;
manage_newest->newer = temporary;
temporary->older = manage_newest;
manage_newest = temporary;
if (sequence[current_index] == ’0’){
current_position->zero = temporary;
} else {
current_position->one = temporary;
}
return;
}

void tree_update_4(int i, segment *current_position, int temporary_index, int current_index)
{

segment *temporaryl;

segment *temporary2;

temporaryl = alloc_segment();
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temporaryl->a = current_position->a;

temporaryl->b = current_position->b;

temporaryl->pe = current_position->pe;

temporaryl->log_beta = beta_calculate(i, current_position->log_beta);
temporaryl->parent = current_position;

temporaryl->length = current_position->length - i;

temporaryl->index = temporary_index - 1;

temporaryl->pw = pw_calculate(temporary_index, current_position, temporaryl->length);

temporaryl->newer = current_position/*->older->newerx/;
temporaryl->older = current_position->older;
current_position->older->newer = temporaryl;
current_position->older = temporaryl;

temporaryl->zero = current_position->zero;
temporaryl->one = current_position->one;

if (temporaryl->zero != NULL){
temporaryl->zero->parent = temporaryl;

}

if (temporaryl->one != NULL){
temporaryl->one->parent = temporaryl;

}

if (sequencel[current_index] == ’0’){
current_position->one = temporaryl;
current_position->zero = NULL;

} else {
current_position->zero = temporaryl;
current_position->one = NULL;

}

current_position->length = i;

temporary2 = alloc_segment();
temporary2->parent = current_position;
temporary2->length = 0;
temporary2->index = current_index - 1;
manage_newest->newer = temporary2;
temporary2->older = manage_newest;
manage_newest = temporary?2;

if (sequencel[current_index] == ’0’){
current_position->zero = temporary2;
} else {
current_position->one = temporary2;
}
return;

void tree_update(int current_index, segment *root)
{

int temporary_index;

int i;

segment *current_position;

for (current_position = root; current_index >= O ;current_index --){/* JL— FD'ORISET IEXTUS */
int times = 1; /* BDETETIER */
if (current_position->length == 0 && current_position->index >= 0){
temporary_index = current_position->index;
current_position->index = current_index;
while (sequence[temporary_index] == sequence[current_index]){
temporary_index --;
current_index --;
times ++;
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}

if (temporary_index == 0){
tree_update_1(current_index, current_position, times);
break;

} else {
tree_update_2(current_position, temporary_index, times, current_index) ;
break;

}
}
if (current_position->length >= 1){
temporary_index = current_position->index;
current_position->index = current_index;
i=1;
while (sequence[temporary_index] == sequence[current_index] && i < current_position->length){
temporary_index --;
current_index --;

i ++;
}
if (i == current_position->length){
if (((sequence[current_index] == ’0’)? current_position->zero: current_position->one) == NULL){
tree_update_3(current_position, current_index) ;
break;
Yelse{
current_position = ((sequence[current_index] == ’0’)
? current_position->zero: current_position->one);
}
} else {
tree_update_4(i, current_position, temporary_index, current_index) ;
break;
}
}
}
return;

void count_size(segment *child)

{
if (child != NULL){
if (child->length == 0){
size[child->index]++;
}
count_size(child->zero);
count_size(child->one);
}
return;
}

void trim_index(segment *child, int subtrahend)

{
if (child != NULL){
child->index -= subtrahend;
trim_index(child->zero, subtrahend);
trim_index(child->one, subtrahend);
}
return;
}
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void trim_sequence(int subtrahend, int index)
{

int 1i;

int j;

for (i = 1, j = subtrahend + 1; j <= index; i++, j++){
sequence[i] = sequencel[j];
}

return;

void start_outputing_bits()

{
buffer = 0;
bits_to_go = 8;
return;
}
void output_bit(int bit)
{
codeword_length++;
return;
}
void bit_plus_follow(int bit)
{
output_bit (bit);
while (bits_to_follow > 0) {
output_bit(!bit);
bits_to_follow -= 1;
}
return;
}
void start_encoding()
{
low = 0;
high = Top_value;
bits_to_follow = 0;
return;
}
void encode_symbol(char symbol) /x BMiFS «/
{

long range = (long) (high - low) + 1;
long bound = low + range * root->tpw;

if (bound <= low){
bound = low + 1;

}

if (bound >= high + 1){
bound = high;

}
if (symbol == ’0°){
high = bound - 1;
} else {
low = bound;
}
for (5;){
if (high < low){
exit(1);
}
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if (high < Half){
bit_plus_follow(0);

}

else if (low >= Half){
bit_plus_follow(1);
low -= Half;
high -= Half;

}

else if (low >= First_qtr && high < Third_qtr){
bits_to_follow += 1;
low -= First_qtr;
high -= First_qtr;

}

else break;

low = 2 * low;

high = 2 * high + 1;

}
return;
}
void done_encoding()
{
bits_to_follow += 1;
if (low < First_qtr) bit_plus_follow(0);
else bit_plus_follow(1);
return;
¥

int main(int argc, char **argv)

char graph_name[100] = {0};
FILE *graph;

FILE *srcfp;

int c;

int mask;

int current_index;
int number_of_needs;
int 1 = 100;

char t;

* U VIRILOHAEE */

~

int input_count = 0;

if (argc !'= 3) goto ERROR;
if (argv[2] == NULL) goto ERROR;
if ((max_segments = (int)atof(argv[2])) == 0.0) goto ERROR;

start_outputing_bits();
start_encoding();

if ((srcfp = fopen(argv[1], "rb")) == NULL){
printf("fileopen error on %d\n", __LINE__);

exit(1);
}

number_of_segments = 0;

root = alloc_segment();

manage_newest = root;
manage_oldest = root;
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current_index = 0;

sequence [current_index] = ’e’;

while ((c = getc(srcfp)) != EOF){
input_count++;
for (mask = 1 << 7; mask != 0; mask >>= 1){

memset (size, 0, sizeof(int) * LENGTH);
count_size(root);
dummyupdate(’0°); /* {REFH */

t = (c & mask)? ’1’: ’0’;
encode_symbol(t);

current_index ++; /x YVRILHVEDHAEIND */
if (current_index >= SEQUENCE_SIZE){

printf ("%d\n" LINE_);
exit(1);

PR—

}

sequence [current_index] = t;

if (sequence[current_index] == ’1°){ /x YURLD L EoIBABRHETS +/
dummyupdate (’1’);

}

actualupdate(current_index, sequence[current_index]); /* ANEH */
number_of_needs = trim_confirm(current_index);

while (number_of_segments + number_of_needs > max_segments){
number_of_segments -= trim_branches();
number_of_needs = trim_confirm(current_index);

}
tree_update(current_index, root);

}
}

done_encoding() ;

strcpy(graph_name, argv[i]);
strcpy (&(graph_name [strlen(graph_name)]), "(RZFE).ods");
if ((graph = fopen(graph_name, "a")) == NULL){
printf("fileopen error on %d\n" LINE__);
exit(1);

FRp—

;printf(graph, "%d,%f\n", (int)atof(argv[2]), (double)codeword_length / input_count);
fclose(graph);
fclose(srcfp);
return(0) ;
ERROR:

exit(1);
return(0);
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