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Salb—H—D)/—Aa— R

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

#define N 80000

#define NC 0 /30 B =Y DAGZEHDLIR. /=L, NC=0&79 % & AGHIR
HmLEES.

#define K 20

#define _USE_MATH_DEFINES
#define rnd() (1.0 / (RAND_MAX + 1.0)) * rand()

double average_inter_arrival[16], sojourn_time, num_departure, num_block;
double start_time, next arrival, end_time, measurement_time, buffer,all_time;
double num_customer,server_flag,num_server, way_service_time;

double sum_all_wait,count_IDO,count_ID,count_ID2,no_arrival,

int num_move;

double measurement_time2,measurement_interval;

double measurement_time_queue,num_measurement_queue,
measurement_interval_queue;

double sum_num_visit, sum_sojourn_time, num_departure, total _sojourn_time,
total _wait_time;

FILE *outputl, *output2, *output3, *output4;

double time_enter[N] = {0};

IEZ=RET SR
typedef struct {
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double arrival_time[K];

double sojourn_time://#4 5 7E B ]
double all_wait_time;//#27F & R
double wait_time[K];

double service_time[K];

double ID;

int schedule[K];//&A [ F & D H—/\— Z 1&HH

int pass[K];//FAfFED Y —/N\—Zi&# LEOIE—
int num_visit;//LN < DDH—/\—ZFHRT L 1=

int visit_attractions;//L\ { DDH—/\—ZHRT HH

} customer ;

N7 b3%930EREYT HBER

struct server{

¥}

double time_in_attraction;

double average _wait_time;

double prob;

double service_time;

double num_service;//tF—E A%}

double num_arrival;//

int num_customer;//t—/\— KR D E 2%

double sum_num_customer;//tr—/\—N D F#24L
double departure_time;//t—/\— O H FEFFE

int num_block;//{a][E] & 541 7= H

customer queue[N];/ifi A T ULV 5 EDEEAFRDIEENA

/ldouble queue_length;//{3 % A\ 21
/lint flag_busy;//[{t%E % L TL S HEH

struct server server[K];

IT—N—7NEBBHHDEEERT HEERK

struct way{
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int exist;

double arrival_time;

double departure_time;

//[double service_time;

customer customer;//— A5 D &

¥}

struct way way[N];

a4 N> b4 —F
double eventsearch(double *time){
inti, event;

i=0;
*time = end_time;
event = -1,

for(i=0;i<K;i++){
if(server[i].num_customer '= 0 && *time > server[i].departure_time){
*time = server[i].departure_time;
event = i;

if(*time > next_arrival){
*time = next_arrival;
event = K

if(hum_move > 0 && *time > way[0].departure_time){
*time = way|[0].departure_time;
event= K + 1;

if(*time > measurement_time2){
*time = measurement_time2;
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event=K + 2;

if(*time > measurement_time_queue){
*time = measurement_time_queue;
event = K + 3;

return event;

NT—RN—VREBHPODEERDT b330 a3 ~ADEEIRIZY—T1 >
J9459TIL—T1>
void MoveSort (){
int i,k;//way.customer[num_move-1].arrival_timelZH—/\—®D B ERH %
depature TH&HH 9 B
for(i=num_move-1;i>0;i-- ){//EADELFIDEDEEFRE DL
if( way[i].departure_time < way[i-1].departure_time){//# % D Z& <A
DEDREFFHE
k = way][i].departure_time;
way/[i].departure_time = way/[i-1].departure_time;
way/[i-1].departure_time = k;

Yelse{

break:

NT—N—YPREBBFROEDIANT b3V >3 VICEIFRICEST
void way_decrease (){
inti,
num_move = num_move - 1;
for(i=0;i<num_move ; i++){
way/[i].customer = way[i+1].customer;
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way/[i].departure_time = way[i+1].departure_time;
way/[i].arrival_time = way[i+1].arrival_time;

HT—<IN—=JIZEFE LE-FREOREE TS5 ODOYITIL—TFT1 >
customer decide (double time){

customer new_customer;

intk,i,r;

int flag[K] = {0};

new_customer.visit_attractions = 0;

new_customer.schedule[0] = 0;//1 & (2 H—/\—0%FHfE 3 5
new_customer.num_visit = 0;

new_customer.ID = count_ID;

++count_ID;

if(rd() <= server[new_customer.schedule[0]].prob){
++new_customer.visit_attractions;
flag[0] = 1,

}

else flag[0] = 0;

for(i=1; i < K; i++){
new_customer.schedule[i] = rand()%(K - 1) + 1;
r=1,
while(r > 0){
r=0;
for(k=1; k<=i; k++){
if(new_customer.schedule[i]==new_customer.schedule[i-k]){

r++;
¥
¥
if(r>0){
new_customer.schedule[i] = rand()%(K - 1) + 1;
¥

25



}

if(rnd() <= server[new_customer.schedule[i]].prob){
++new_customer.visit_attractions;
flag[i] = 1;

}

else flag[i] = 0;

for(i=0; i < new_customer.visit_attractions; i++){
while(flag[i] == 0){
for(k=i; k < K-1; k++){
flag[k] = flag[k+1];
new_customer.schedule[k] =
new_customer.schedule[k+1];

}

for(i=0; i < new_customer.visit_attractions ; i++){
new_customer.pass[i] = new_customer.schedulel[i];
new_customer.wait_time[new_customer.schedule[i]] = 0;

next_arrival = - average_inter_arrival[(int) (time/3600)] * log(1-rnd()) +
time;//IC C TREIFEFEZETES
if(next_arrival > end_time - 1800) next_arrival = end_time + 1,

return (new_customer);

NMAERY IIN—Ta >

void measurement(double time){
inti,
printf("Result at %f oclock¥n", time/3600 + 6);
fprintf(outputl,"%f,",time/3600 + 6);
fprintf(output2,"%f,",time/3600 + 6);
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fprintf(output4,”%f," ,time/3600 + 6);
for(i=0;i < K ;i++){//0~K-1ETD#E YR L waittimeD#)EA1E
if(server[i].num_service > 0){
if(i < 3) printf("%d %f
(%f %f %f)¥n",i,server[i].average_wait_time/server[i].num_service,server[i].average_w
ait_time,server[i].num_service,server[i].prob);

fprintf(outputl,"%f," server[i].average_wait_time/server[i].num_service);

fprintf(output2,"%f," server[i].num_service);

}

else{

if(i < 3) printf("%d %d
(%f %f %f)¥n",i,0,server[i].average_wait_time,server[i].num_service,server[i].prob);

fprintf(outputl,”%d,",0);
fprintf(output2,"%f," server[i].num_service);

fprintf(output4,”%f," server[i].sum_num_customer/num_measurement_gqueue)

server[i].average_wait_time = 0;
server[i].num_service = 0;
server[i].sum_num_customer = 0;
}
fprintf(outputl,”¥n");
fprintf(output2,"¥n");
fprintf(outputd,”¥n");
printf("num_measurement_gqueue = %f¥n",num_measurement_queue);
if(num_departure > 0){
printf("sojourn_time = %f, wait_time = %f, # of visits
= %f¥n",sum_sojourn_time/num_departure,sum_all_wait/num_departure,sum_num_vis
it/num_departure);

fprintf(output3,"%f,%f,%f,%f¥n" time/3600,sum_sojourn_time/num_departur
e,sum_all_wait/num_departure,num_departure);

b
else fprintf(output3,"%f, %d, %d ,%f¥n" time/3600,0,0,num_departure);
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printf("num_move = %d, # of arrivals = %f, # of departures = %f, # of
illegal arrivals = %f (%f)¥n",num_move,count_ID,count_ID2,no_arrival, count_IDO);

total_sojourn_time += sum_sojourn_time;

total_wait_time += sum_all_wait;

sum_sojourn_time = 0;

sum_all_wait = 0;

num_departure = 0;

sum_num_visit = 0;

num_measurement_queue = 0;

measurement_time2 = time + measurement_interval;

&7 ~3 9 av0FLTIRAERYINL—T1 >
void measurement_queue(double time){;
inti;
for(i=0; i< K;i++){
server[i].sum_num_customer += (double) server[i].num_customer;

}

++num_measurement_queue;
measurement_time_queue = time + measurement_interval_queue;
return;

NgD7 c39 3 ~DEE
void arrival (int flag, double time, customer inside_customer){//2% 1247 { H—/\—

DIEEEZBHTT S

++inside_customer.num_visit;

inside_customer.arrival_time[flag] = time;

inside_customer.service_time[flag] = - server[flag].service_time * log(1-
md());//H— E ABFRIAIERDIEE

/lside_customer.service_time[flag] = server[flag].service_time;//F— E X Ff[H]
Z—EEIZTHERIEIZOXZEALS

if(server[flag].num_customer == N){
++server[flag].num_block;
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printf("A new customer is blocked (%d %f %f)¥n",
flag,time,inside_customer.1D);
return;

}

++server[flag].num_customer;

if(server[flag].num_customer == 1){//H—/\—ADEFHEHN 1 D& =
server[flag].queue[0] = inside_customer;
server[flag].queue[0].wait_time[flag] = 0;
if(NC > 0 && flag == 0 && inside_customer.ID >= NC &&
time_enter[(int)(inside_customer.ID - NC)] + 1800 > time){
server[flag].departure_time =
time_enter[(int)(inside_customer.ID - NC)] + 1800 +
inside_customer.service_time[flag];
}
else if(time < start_time){
server[flag].departure_time = start_time +
inside_customer.service_time[flag];
}
else server[flag].departure_time = time +
inside_customer.service_time[flag];
if(flag == 0 && server[flag].departure_time < start_time)
printf("*** %f¥n" server[flag].departure_time);
}
else{l//ENWTHITNIZHOREEIZIHERD
server[flag].queue[server[flag].num_customer - 1] =
inside_customer;
++inside_customer.num_visit;

}

HEDT7 b3 arhbDiRE

void departure(int flag, double time){
inti,

server[flag].average wait_time += server[flag].queue[0].wait_time[flag];
if(flag == 0){
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time_enter[(int) server[flag].queue[0].I1D] = time;
++count_IDO;
}
++server[flag].num_service;
if (server[flag].queue[0].num_visit == server[flag].queue[0].visit_attractions ||
time > end_time - 600){//R (21T & 2 AMEWNEE
server[flag].queue[0].sojourn_time = time -
server[flag].queue[0].arrival_time[server[flag].queue[0].pass[O]];//#4 & 7E BFfE D & H
pass
if(time > measurement_time){
sum_sojourn_time +=time -
server[flag].queue[0].arrival_time[server[flag].queue[0].pass[0]];//#4 % 7E B D &
pass
server[flag].queue[0].all_wait_time = 0;
for(i=0;i < server[flag].queue[0].visit_attractions ;i++){//0~
K-1EZTORRYIRL waittimeD#)HEA{E
server[flag].queue[0].all_wait_time +=
server[flag].queue[0].wait_time[server[flag].queue[0].pass[i]];
}
sum_all_wait += server[flag].queue[0].all_wait_time;
sum_num_visit += server[flag].queue[0].num_visit;
++count_ID2;
++num_departure;

else{//RIZFTL EZ A H DGR

for(i=0; i < server[flag].queue[0].visit_attractions -

server[flag].queue[0].num_visit ;i++){// A& ¥ 12 —)LE—DF DREIIZT 5T
server[flag].queue[0].schedulel[i] =

server[flag].queue[0].schedule[i+1];

}

++NUm_move;

way[num_move-1].customer = server[flag].queue[0];

way[num_move-1].departure_time = time +
server[flag].time_in_attraction - way_service_time * log(1-rnd());
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if(way[num_move-1].departure_time > end_time) way[num_move-
1].departure_time = end_time - 300;
MoveSort();

-- server[flag].num_customer;//—/\—RDEZ 5T

if(server[flag].num_customer > 0){
for(i=0;i < server[flag].num_customer; i++){//F+ 2= —HNIZ AH VD
EEIDFTORNCT 6T
server[flag].queue[i] = server[flag].queue[i+1];//—/\—K
DEDEH
if(i==0){//5EBEDE % (queue[0]<—queue[l]) H—/N—F
[ZLI-FFDOMIE HIZHT
server[flag].departure_time = time +
server[flag].queue[0].service_time[flag] ;
if(NC > 0 && flag == 0 && server[flag].queue[i].ID
>= NC && time_enter[(int)(server[flag].queue[i].ID - NC)] + 1800 >
server[flag].departure_time){
server[flag].departure_time =
time_enter[(int)(server[flag].queue[i].ID - NC)] + 1800;
}

}
server[flag].queue[0].wait_time[flag] = time -
server[flag].queue[0].arrival_time[flag];//Z DEDFHLEMIZET
Yelse{

server[flag].departure_time = end_time + 1,

1¥1HA1E

void initilization(){
inti,
double proportion[16];
double total;
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char f1[256], f2[256], f3[256], fA[256];
NENEY TFTTET S92 a 0 TOHBBEERERTE
server[0].prob = 1.0; /I A3 — b TOEHREHESE
server[1].prob =0.4;//7 bS50 2 3 V1D FHRIRER
server[2].prob =0.4; /17 k59 2 3 V2D EhEHESR

server[3].prob = 0.35;
server[4].prob = 0.35;

7 &3% 23 U3mahEsE
7 &3%923a vanshkaEsE

server[5].prob =0.3; /7 k5% ¥ 3 V5D EhEHESR
server[6].prob =0.3; /7 k59 ¥ 3 V6D EhEHERE

server[7].prob = 0.25;
server[8].prob = 0.25;
server[9].prob = 0.25;

N7 &30 <3 10
N7 b5 < 3 L 8MehkiESR
N7 b5%9<3 onehmESR

server[10].prob = 0.25; //7 k5% L 3 > 10D FhfEHEER
server[11].prob = 0.25; //7 k54 L 3 > 11D FhfHEER

server[12].prob = 0.2;
server[13].prob = 0.2;
server[14].prob = 0.2;
server[15].prob = 0.2;
server[16].prob = 0.1;
server[17].prob = 0.1;
server[18].prob = 0.1;
server[19].prob = 0.1;

for(i=1;i < K;i++){//0~K-1ETD# YR L waittimeD #)EA1E

N7 c>%9 33 1205hREE
N7 k2493 U130shRMESE
N7 c>%9 33 V140sHRMESE
N7 k2493 U15MshRESE
N7 k5493 16MahRtESE
N7 c5%9 33 1T05hRESE
N7 85493 0 18MahRMESR
N7 k593 190:hRESE

server[i].num_service = 0.;//H—E A ZEE T
server[i].num_customer = 0.;
server[i].sum_num_customer = 0.;

server[i].average_wait_time=0.;//7 b5 23 > 2 L DEF LR

ZHRMLTTY F5 0230 lEni/FbiEZER

server[i].time_in_attraction = 600;

}
total = 40000;

proportion[0] = 0.05; //6FF
proportion[1] = 0.10; //7&F
proportion[2] = 0.3; //8FF

proportion[3] = 0.15; //9FF
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proportion[4] = 0.1; //10%
proportion[5] = 0.05; /11
proportion[6] = 0.05; //12F
proportion[7] = 0.001; //13F
proportion[8] = 0.001; //14F
proportion[9] = 0.001; //15k%
proportion[10] = 0.1; //16R
proportion[11] = 0.1; /178
proportion[12] = 0.001; /188
proportion[13] = 0.001; //19FF
proportion[14] = 0.00001; //20fF
proportion[15] = 0.00001; /21
for(i = 0; i< 16; i++){
if(total * proportion[i] > 0) average_inter_arrival[i] = 60.*60./(total *
proportion[i]);
printf("¥n %d %f¥n",i,average_inter_arrival[i]);
}
count_ID = count_ID2 = count_IDO = no_arrival = 0;
sum_all_wait = 0;
num_departure = 0;
num_customer = 0;
sum_sojourn_time = num_departure = sum_num_visit = 0;
num_measurement_queue = 0;
sprintf(fl,"result/wait_wc%d.csv",NC);
sprintf(f2,"result/num_wc%d.csv",NC);
sprintf(f3,"result/total_sojourn_wc%d.csv",NC);
sprintf(f4,"result/queue_wc%d.csv",NC);
outputl = fopen(fl, "w");
output2 = fopen(f2, "w");
output3 = fopen(f3, "w");
outputd = fopen(f4, "w");

total_sojourn_time = 0;
total_wait_time = 0;
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double erlang_c(double a, int c){
inti;
double z, pO;

z=1,

p0 =z;

for(i=1; i<c; i++){
z=z* al(double) i;
p0 +=Z;

}

z=z*al(c-a);

return z/(z + p0);

int main(){
int event,flag,i;
double sim_time;
customer inside_customer;

for(i=0; i < K; i++){
server[i].service_time = 2; //H—/\—®DF 14— E R BFR
}
server[0].service_time = 0.1;
way_service_time = 600; /38 D F ) H— £ R BFfE
end_time = 60.*60.*16.+1;
/lend_time = 300;
measurement_time =0; /[f5E % LT 5 =OIZIZCHDFERIZIETS.
measurement_interval = 1800;
measurement_interval_queue = 1;
start_time = 3600*2.;
measurement_time2 = measurement_interval;
measurement_time_queue = measurement_interval_queue;

initilization();
sim_time = 0;
srand(5);
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next_arrival = - average_inter_arrival[0] * log(1-rnd()) + sim_time;

while(event >= 0){

event = eventsearch(&sim_time);

flag = event;

if(event == K){
inside_customer = decide(sim_time);
if(inside_customer.visit_attractions > 1)

arrival(inside_customer.schedule[0],sim_time,inside_customer);

else ++no_arrival,
llprintf("a ¥n");
}

else if(event == K + 1){

arrival(way[0].customer.schedule[0],sim_time,way[0].customer);

way_decrease();
[printf("b ¥n");

}

else if(event == K + 2){
measurement(sim_time);
[lprintf("c ¥n");

}

else if(event == K + 3){
measurement_queue(sim_time);
[lprintf("d %f¥n",sim_time);

}

else if(event 1= -1){
departure(flag,sim_time);
[lprintf("c ¥n");

¥

printf("sojourn = %f wait = %f¥n" total_sojourn_time/count_ID2,
total _wait_time/count_ID2);

fprintf(output3,”sojourn = %f wait = %f¥n" total_sojourn_time/count_ID2,
total _wait_time/count_ID2);
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return O;

36



