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Mt A REBEMINER

K10 FREEREER

SR A2 | mR3 | R4 | =S | B0 | AT | =R
2510 310 | 360 | 200 | 590 | 475 | 500 | 700
252 310 0 380 | 250 | 230 | 285 | 200 | 390
53] 360 | 380 0 510 | 230 | 765 | 580 | 760
4| 200 | 250 | 510 0 480 | 265 | 450 | 640
55| 590 | 230 | 230 | 480 0 510 | 260 | 450
6| 475 | 285 | 765 | 265 | 510 0 450 | 640
57| 500 | 200 | 580 | 450 | 260 | 450 0 190
58| 700 | 390 | 760 | 640 | 450 | 640 | 190 0
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R A1 RS S RS T8 T

S5 | bRt | FFRATE

1| 5-10 3% | 9:00-16:00

B2 | 10-30 404k | 9:00-16:00

AN TN

B3 | 20-60 4345 | 9:00-18:00

/4| 30400 | 9:00, 9:30, 10:00, 10:30, 11:00, 11:30, 12:00,

12:30, 13:00, 13:30, 14:00, 14:30, 15:00, 15:30,
16:00, 16:30, 17:00, 17:30, 18:00 (24 L% /i
A REED))

A5 | 30-60 43R | 9:00-18:00

=16 | 20-60 535 | 9:00-18:00

a7 | 30-60 43R | 9:00-18:00

=18 30 7 9:00-21:30

Mt B 35EEEKRMBRAEREZ

def find_shortest(distances):

n = len(distances)
min = float("inf")

shortest = None

# P E A AR

middle_nodes = list(range(l, n - 1))

# FTA O AE e SR

all possible paths = itertools.permutations(middle_nodes)

for path in all_possible_paths:
full _path = [@] + list(path) + [n - 1]

current_distance = @
for i in range(len(full_path) - 1):

current_distance += distances[full_path[i]][full_path[i + 1]]
if current_distance < min:

min = current_distance

shortest = [x + 1 for x in full_path]

return min, shortest
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double compute_fitness(const Cell &indiv) {
vector<int> full route = {1};
full route.insert(full_route.end(), indiv.route.begin(), indiv.route.end());
full_route.push_back(8);
double current_time = 12 * 60;
double total_visit = 0.0;
for (size_t i = @; i < full_route.size() - 1; ++i) {
int sp = full_route[i] - 1;
if (current_time > CLOSING_TIME[sp]) {
return 0.0;
}
if (sp + 1 == 4) {
double m = fmod(current_time, 30);
if (m 1= 0) {
double wait_needed = 30 - m;
current_time += wait_needed;
if (current_time > CLOSING_TIME[sp]) {

return 0.0;

}
double t_visit = clamp(indiv.times[sp], static_cast<double>(MIN_TIME[sp]),

static_cast<double>(MAX_TIME[sp]));

if (current_time + t_visit > CLOSING_TIME[sp]) {
return 0.0;

}

current_time += t_visit;

total _visit += t_visit;

int sp_next = full route[i + 1] - 1;

double d = DIST_MATRIX[sp][sp_next];

double walk min = d / SPEED_M PER_MIN;

if (sp_next + 1 == 8 && current_time + walk_min > DEADLINE) {
return 0.0;

}

current_time += walk_min;

}

return total_visit;
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pair<vector<tuple<int, double, double>>, double>

simulate_route(const Cell &indiv) {

vector<int> full_route = {1};

full_route.insert(full_route.end(), indiv.route.begin(), indiv.route.end());
full_route.push_back(8);

double current_time = 12 * 60;

vector<tuple<int, double, double>> schedule;

for (size_t i = 0; i < full route.size() - 1; ++i) {
int sp = full route[i] - 1;

double arrival_time = current_time;

if (sp + 1 == 4) {

double m = fmod(current_time, 30);

if (m !=0) {
current_time += (30 - m);
¥

double t_visit = clamp(indiv.times[sp], static_cast<double>(MIN_TIME[sp]),
static_cast<double>(MAX_TIME[sp]));

double departure_time = current_time + t_visit;

schedule.push_back({full_route[i], arrival_time, departure_time});

current_time = departure_time;

int sp_next = full _route[i + 1] - 1;
double d = DIST_MATRIX[sp][sp_next];
double travel time = d / SPEED_M _PER_MIN;

current_time += travel time;

}

schedule.push_back({8, current_time, current_time + MIN_TIME[7]});

return {schedule, current_time};
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I pair<Cell, Cell> pmx_crossover(const Cell &pl, const Cell &p2) {
2 int n = pl.route.size();
uniform_int_distribution<> dis(@, n - 1);

4 int c1 = dis(global_rng);

int c2 = dis(global_rng);
6 if (c1 > c2)

7 swap(cl, c2);

9 vector<int> childl_route(n, -1);

10 vector<int> child2_route(n, -1);

2 for (int i = c1; i <= c2; ++1) {
childl_route[i] = pl.route[i];
14 child2_route[i] = p2.route[i];

7 unordered_map<int, int> mapl, map2;
18 for (int i = c1; i <= c2; ++i) {

19 mapl[pl.route[i]] = p2.route[i];
20 map2[p2.route[i]] = pl.route[i];

23 for (int 1 = 0; i < n; ++1i) {
24 if (i <cl || i>c2){
int val = p2.route[i];
26 while (find(childl_route.begin(), childl_route.end(), val) != childl_route.end()) {
27 val = mapl[val];
28 }
29 childl_route[i] = val;

30 }

for (int 1 = 0; i < n; ++i) {
34 if (A <cl || i>c2){
int val = pl.route[i];
36 while (find(child2_route.begin(), child2_route.end(), val) != child2_route.end()) {
37 val = map2[val];

}
39 child2_route[i] = val;

}

a2

42

43 uniform_real_distribution<> dis2(0, 1);

44 vector<double> childl_times(pl.times.size());
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pair<Cell, Cell> crossover(const Cell &parentl, const Cell &parent2) {

}

vector<double> child2_times(pl.times.size());

for (size_t i = @; i < pl.times.size(); ++i) {
if (dis2(global_rng) < 0.5) {
childl_times[i]
child2_times[i]
} else {
childl _times[i]
child2_times[i]
}

pl.times[i];

p2.times[i];

p2.times[i];

pl.times[i];

return {Cell{childl_route, childl_times}, Cell{child2_route, child2_times}};

MERF RXNE5LRIEE

auto [childl, child2] = pmx_crossover(parentl, parent2);
uniform_real_distribution<> dis(@, 1);
double alpha = dis(global_rng);

for (size_t i = 0; i < childl.times.size(); ++i) {

childl.times[i] = alpha * parentl.times[i] + (1 - alpha) * parent2.times[i];
child2.times[i] = alpha * parent2.times[i] + (1 - alpha) * parentl.times[i];

}
return {childl, child2};

void mutation(Cell &indiv, double pm) {

uniform_real_distribution<> dis(@, 1);

int n = indiv.route.size();

if (dis(global_rng) < pm) {

uniform_int_distribution<> dis_idx(@, n - 1);

int idx1 = dis_idx(global_rng);

int idx2 = dis_idx(global_rng);

swap(indiv.route[idx1], indiv.route[idx2]);

}

for (size_t i = @; i < indiv.times.size(); ++i) {

if (dis(global_rng) < pm) {
uniform_real_distribution<> dis_time(MIN_TIME[i], MAX_TIME[i]);

indiv.times[i] = dis_time(global_rng);
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