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#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <time.h>
#include "MT.h"

#define Kaisu 10000000
#define SYMBOL_COUNT 3
#define SIMULATION_COUNT 20

double arrive_rates[SYMBOL_COUNT] = {0.1, 0.4, 0.5 }; // A 1=0.1, A 2=0.4, A 3=0.5
int packet_counts[SYMBOL_COUNT] = {1, 2, 2 }; // 11=1, 12=2, 13=2
double service_rate = 1.0; // p=1.0

// FEBSRELE
double Random_Exp(double Lambda) {

return -log(genrand_real3()) / Lambda;
}

/! P URIVER

int symboli() {
double rnd = genrand_reall();
double total_arrive_rate = 0.0;

for (int i = 0; i < SYMBOL_COUNT; i++) {
total_arrive_rate += arrive_rates[i];

}

double cum_prob = 0.0;

for (int i = 0; i < SYMBOL_COUNT; i++) {
cum_prob += arrive_rates[i] / total_arrive_rate;
if (rnd < cum_prob) {

return i;
}
}
return SYMBOL_COUNT - 1;
}
// B—EREH

double ui() {
return Random_Exp(service_rate);

}

// PEERiETE
double theoretical_aoi() {
double Lambda = 0.0;
for (int i = 0; i < SYMBOL_COUNT; i++) {
Lambda += arrive_rates[i];

}

double denominator = 0.0;
for (int i = 0; i < SYMBOL_COUNT; i++) {
double term = (arrive_rates[i] * service_rate / (service_rate + Lambda))
* pow(service_rate / (service_rate + Lambda), packet_counts[i] - 1);
denominator += term;
printf ("> VRIL %d DFE: %f\n", i, term);
}

printf("A = %f, 98 = %f\n", Lambda, denominator);
return 1.0 / denominator;

}

// ¥Tal—>3>

double simulate_AoI() {
double current_time = 0.0;
double service_end_time = INFINITY;
double server_arrival_time = 0.0;
double monitor_update_time = 0.0;
double monitor_arrival_time = 0.0;
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double cumulative_AoI = 0.0;
double first_update_time = 0.0;

int current_symbol = -1;
int remaining_packets = 0;
int arrival_count = 0;

int completion_count = 0;

double total_lambda = 0.0;
for (int i = 0; i < SYMBOL_COUNT; i++) {
total_lambda += arrive_rates[i];

}
/1 ¥IEREIE

current_symbol = symboli();

remaining_packets = packet_counts[current_symbol];
double next_arrival = Random_Exp(total_lambda);
service_end_time = current_time + ui();
server_arrival_time = current_time;
arrival_count++;

while (arrival_count < Kaisu && completion_count < Kaisu) {

if (next_arrival <= service_end_time) {
/] BIBEBARY L (BIDAHA)
current_time = next_arrival;
current_symbol = symboli();
remaining_packets = packet_counts[current_symbol];
next_arrival = current_time + Random_Exp(total_lambda) ;
service_end_time = current_time + ui();
server_arrival_time = current_time;
arrival_count++;

} else {
// Y—ER%ET

current_time = service_end_time;

if (remaining_packets > 1) {
// PENTY
remaining_packets--;
service_end_time = current_time + ui();

} else {
/] BRIy N - EZSEH
if (completion_count == 0) {
first_update_time = current_time;
} else {

double a = current_time - monitor_arrival_time;
double b = monitor_update_time - monitor_arrival_time;
cumulative_AoI += 0.5 * (a*a - b*b);

}

monitor_update_time = current_time;
monitor_arrival_time = server_arrival_time;
current_symbol = -1;

service_end_time = INFINITY;
completion_count++;

}

return cumulative_AoIl / (monitor_update_time - first_update_time);

}

int main() {
init_genrand((unsigned)time(NULL)) ;

/! INFA—RRTE
printf("=== /NS X—Z®E ===\n");
double Lambda = 0.0;
for (int i = 0; i < SYMBOL_COUNT; i++) {
printf ("> VR %d: A=Yf, 1=Yd\n", i, arrive_rates[i], packet_counts[i]);
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Lambda += arrive_rates[i];
¥
printf (" u=%f, A=%f\n\n", service_rate, Lambda);

// IEERIESTE
double theory = theoretical_aoi();
printf ("\n EH{E: A = %f\n", theory);

// ¥Tal—->3v
printf("\n=== ¥ al—>3 YT ===\n");
double total_AoI = 0.0;
for (int sim = 0; sim < SIMULATION_COUNT; sim++) {
double Aol = simulate_AoI();
total_AoI += AoI;
printf(">Sal—>3> %2d: A = %f\n", sim+l, Aol);
¥
double average_Aol = total_AoI / SIMULATION_COUNT;
printf("\n FH> I aL—> 3 Vf#: %f\n", average_Aol);
printf ("IEFREL DE: %f\n", fabs(average_Aol - theory));
printf ("AEXIERE: %.2f%%\n", fabs(average_Aol - theory) / theory * 100);

return O;
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