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2 11 36 32 9 46 57 36 37.488
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245 13 36 58 36 24.994
745 14 36 50 55 15 1 36 59.04
7245 15 36 27 36 10.81
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Mi® A [@8E—A) MATLAB %3

o OBS AR BE L B R A (3 BT AL LR K
T
e ETHBEAEEKRBE A ST HNHVRPE A, ¥ & ETAAMN
% KR A : V5.0 (2025.08.25) - i Ain % 4% WAL oA
clear all;
clc;

close all;

h —mmm e 1. BEREZHR 5 8%
% EELIE B4 (Markdown % =)
fid = fopen(' X L B B W ¥ & .md', 'r', 'n', 'UTF-8');
if fid == -1
error ('L EFTAXH: ERNEHNESE . nd, FREXHREEFE");

end

% Bkt §] 34T K & (Sheeti+4F &l +4 & /)
for i = 1:3
fgetl(fid);

end

% X B 644T FE B B
distance _data = cell (64, 1);
for i = 1:64

line = fgetl(fid);

if line == -1
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36

|
b

error (' JE B A M KA T E) FE644T, LB E AT,
i-1);
end
parts = strsplit(line, '|');
if length(parts) < 66
error (' JE B 4 [F 7 # 4 k! H%dfT R A %AF (F Ee667)
i, length(parts));
end
row_data = zeros(l, 64);
for j = 2:65
row_data(j-1) = str2double(parts{j});
if isnan(row_data(j-1))
error ('JE B A [ A HE A AR FRAAT FRAA L E K
i, j-1);
end
end
distance _data{i} = row_data;
end
fclose(£fid);
distance _matrix = cell2mat(distance_data);
try
coords = readmatrix (' [r & 4 i . csv');
demands = readmatrix (' T4 T K .csv');
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catch ME

error (' ¥ X B B & MK
end
A - 3

if size(coords, 1) < 64 || size(demands, 1)
error ('L B A H B F R XHFHELT T E

end

positions = coords(:, 2:3); 4 X,V ¢

delivery = demands(:, 2); h ®ERE

pickup = demands(:, 3); h B E

company = 36; hon A E T

A 2. ZHKRE

h mEFESH (FHERAKZREEATH )

pop_size = 150; % FEEE KD

max_gen = 300; %o K% R &

pc = 0.8; hoR XML E

pm = 0.05; h TR

elite rate = 0.1; % fE AR Y B

h TSR

num_vehicles = 20; h T K E

max_capacity = 10; h mARKE (M)

empty_weight = 4; h 2EEE ()

fuel price = 10; h A (m/H)

R — 3. HEHETA

s', ME.message) ;

< 64

(lﬁ %6471‘

(® = %36

4 )

=
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79
80 population = initialize_population(pop_size,

num_vehicles, company, 64);

81 best_fitness = zeros(max_gen, 1);

82 best_cost = zeros(max_gen, 1);

83 avg_fitness = zeros(max_gen, 1);

84 avg_cost = zeros(max_gen, 1);

85 vehicle_usage = zeros(max_gen, 1);

86 fprintf ( )

pop_size, max_gen) ;

87 fprintf ( )

90 h = waitbar (0, s s

93 for gen = 1l:max_gen

95 [fitness, total_costs] =

calculate_fitness(population, distance_matrix,
delivery, pickup,

96 max_capacity,
empty_weight,
fuel _price,
company) ;

97

98



7 OMFE 39

99 best_fitness(gen) = max(fitness);

100 best_cost(gen) = min(total_costs);

101 avg_fitness(gen) = mean(fitness);

102 avg_cost(gen) = mean(total_costs);

103

104

105 [~, best_idx] = max(fitness);

106 best_routes = parse_routes(population{best_idx},
company) ;

107 vehicle_usage(gen) = length(best_routes);

108

109

110 parents = selection(population, fitness, elite_rate);

111

112

113 offspring = crossover (parents, pc, company);

114

115

116 offspring = mutation(offspring, pm, company);

117

118

119 population = elitism(population, offspring, fitness,
elite _rate);

120

121

122 waitbar(gen/max_gen, h, sprintf(

, gen, max_gen, gen/max_genx*100));
123

124
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end

clo

[~

if mod(gen, 10)

fprintf (

==O

b

gen, max_gen, best_fitness(gen),

if mod(gen,

plot_intermediate_results(gen, population,

distance matrix,

end

end

se (h);

best_cost (gen));

50) == 0

delivery, pickup,

max_capacity,

empty_weight,
fuel _price,
company,

positions);

best_idx] = max(calculate_fitness(population,

distance matrix,

delivery,

pickup,

max_capacity,

empty_weight,

40
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fuel _price,
company) ) ;
best_individual = population{best_idx};
routes = parse_routes(best_individual, company);
total cost = calculate_total cost(routes,
distance_matrix, delivery, pickup,
empty_weight,
fuel _price,
max_capacity,

company) ;

vehicle costs = calculate vehicle costs(routes,
distance_matrix, delivery, pickup,
empty_weight,
fuel _price,
max_capacity,

company) ;

plot_comprehensive_results(best_fitness, avg_fitness,
best_cost, avg_cost, vehicle_usage,
routes, vehicle costs,
total_cost, positions,
company,
distance_matrix, delivery,
pickup, max_capacity,

empty_weight, fuel_price);

fprintf (

41
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158 fprintf (' 2 L A 40 %.2f0\n', total cost);
159 fprintf (' 7 Jf 2 4 47 %d/%d\n', length(routes),
num_vehicles);
160 fprintf (' ¥ & 2 5 4~ %.2f 1\n', mean(vehicle costs));
161 fprintf (' & Z 70 % 2 \n');
162 for i = 1:length(routes)
163 fprintf (' 2 7f %d (A~ %.2f0) ¢ hs\n', i,
vehicle costs (i), num2str(routes{il}));
164 end
165 £printf ('========================smmoooommmmmsssmmooosooooas
166
167

168 save_results(routes, total _cost, vehicle_costs);

169

170

171 function population = initialize_population(pop_size,
num_vehicles, company, num_customers)

172

173 population = cell(pop_size, 1);

174 customers = setdiff (1:num_customers, company);

175 if isempty(customers)

176 error("E P R E A ANR! FREAANLERSTZETEH");

177 end

178

179 for i = 1l:pop_size

180
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shuffled customers =

customers (randperm(length(customers)));

split_points = [0,
sort (randperm(length(customers) -1,

num_vehicles-1)), length(customers)];

routes = cell(num _vehicles, 1);

for v = 1:num _vehicles
start_idx = split_points(v) + 1;
end_idx = split_points(v+1);

if start_idx <= end_idx

routes{v} = [company,

shuffled customers(start_idx:end_idx),

company];
else
routes{v} = [company, company];
end
end
population{i} = routes;

end

end

function [fitness, total costs] =

calculate_fitness(population, distance matrix,
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delivery, pickup, max_capacity, empty_weight,

fuel price, company)
pop_size = length(population);
fitness = zeros(pop_size, 1);

total _costs = zeros(pop_size, 1);

for i = 1:pop_size

individual population{i};

total_cost 0;

for v = 1:1length(individual)
route = individual{v};

if length(route) > 2

44

route _cost = calculate route_cost (route,

distance_matrix, delivery,

pickup,

max_capacity,
empty_weight,
fuel _price,

company) ;

total cost = total cost + route cost;

end

end

total costs(i) = total cost;
if isinf(total cost) || total cost
fitness(i) = 1e-10;

else

0
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227 fitness(i) = 1 / total _cost;

228 end

229 end

230 end

231

232 function cost = calculate_route_cost(route,
distance_matrix, delivery, pickup, max_capacity,
empty_weight, fuel _price, company)

233

234 cost = O0;

235 current_weight = empty_weight;

236 delivery_remaining = delivery;

237 pickup_remaining = pickup;

238

239

240 customers = route(2:end-1);

241 total_delivery = sum(delivery_remaining(customers));

242 if current_weight + total_delivery > empty_weight +

max_capacity

243 cost = Inf,;

244 return;

245 end

246

247

248 for i = 1:length(route)-1

249 from = route(i);

250 to = route(i+1l);
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end

end

distance = distance matrix(from, to);
if distance <= 0
continue;

end

fuel _consumption = (distance / 100) * (2 x

current_weight + 7);

cost = cost + fuel_ consumption * fuel_price;
if i < length(route)-1 && to ~= company
current_weight = current_weight -

delivery_remaining(to);

delivery_remaining(to) = O0;

current_weight = current_weight +
pickup_remaining(to);
pickup_remaining(to) = O;

end

function parents = selection(population, fitness,

elite rate)

46
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275

276 pop_size = length(population);

277 elite_size = max(l, round(pop_size * elite_rate));

278

279

280 [~, sorted idx] = sort(fitness, )

281 parents = population(sorted_idx(l:elite_size));

282

283

284 if pop_size > elite_size

285

286 fitness_sum = sum(fitness);

287 if fitness_sum <= 0

288

289 remaining_indices = setdiff (1:pop_size,
sorted_idx(l:elite_size));

290 selected_indices =
remaining_indices (randperm(length(remaining_indices),
pop_size-elite_size));

291 parents(elite_size+1l:pop_size) =
population(selected_indices);

292 else

293 prob = fitness / fitness_sum;

294 cum_prob = cumsum(prob);

295 for i = elite_size+l:pop_size

296 r = rand();

297 selected_idx = find(cum_prob >= r, 1);

298 parents{i} = population{selected_idx};

299 end
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end
end

end

function offspring = crossover (parents, pc,

pop_size = length(parents);

offspring = cell(pop_size, 1);

for i = 1:2:pop_size

if i > pop_size
break;

elseif i+1 > pop_size
offspring{i} = parents{i};
continue;

end

if rand() < pc

pl = parents{il};

p2 parents{i+1};

v = randi(length(pl));
routel = pi{v};

route2 = p2{v};

company)

48
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nodesl routel (routel ~= company);

nodes? route2(route2 ~= company);

if length(nodesl) >= 2 && length(nodes2) >=

2 && length(nodesl) length(nodes?2)

[new_nodesl, new_nodes2] =

pmx_crossover (nodesl, nodes2);

pi{v} [company, new_nodesl, company];

p2{v} [company, new_nodes2, company];

end

offspring{i} = pil;

offspring{i+1} P2;

else

offspring{i} = parents{i};

offspring{i+1} = parents{i+1};
end
end

end

function [childl, child2] = pmx_crossover (parentl,

parent?2)

49
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354 len = length(parentl);
355 if len ~= length(parent2)
356 error (

, len, length(parent2));

357 end

358 if len < 2

359 childl = parentl;

360 child2 = parent2;

361 return;

362 end

363

364

365 cx_points = sort(randperm(len, 2));
366 a = cx_points(1);

367 b = cx_points(2);

368

369

370 childl = zeros (1, len);

371 child2 = zeros (1, len);

372

373

374 childi(a:b) = parent2(a:b);
375 child2(a:b) = parenti(a:b);
376

377

378 for i = [1:a-1, b+1l:1len]
379

380 temp = parentl(i);

381 while ismember (temp, childl(a:b))
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pos = find(childi(a:b) == temp,
temp = parentl(a + pos - 1);
end

child1(i) = temp;

temp = parent2(i);

while ismember (temp, child2(a:b))
pos = find(child2(a:b) == temp,
temp = parent2(a + pos - 1);

end

child2(i) = temp;

end
for i = 1:1len
if child1(i) == 0
child1 (i) = parentl(i);
end
if child2(i) == 0
child2(i) = parent2(i);
end
end
end
function offspring = mutation(offspring, pm,

for i = 1:1length(offspring)

individual = offspring{i};

1);

1);

company)

51
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for v = 1:length(individual)

route individual{v};

nodes route (route ~= company) ;

if length(nodes) >= 2 && rand() < pm

mut_points =

sort (randperm(length(nodes), 2));

nodes (mut_points (1) :mut_points(2)) =

nodes (mut_points (2) :-1:mut_points(1));

individual{v} = [company, nodes,
company];
end
end
offspring{i} = individual;
end

end

function new_population = elitism(population, offspring,

fitness, elite_rate)

pop_size = length(population);

elite_size = max(l, round(pop_size * elite_rate));

[~, elite_idx] = sort(fitness, )

elite_individuals =
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population(elite_idx(l:elite_size));

137 new_population = cell(pop_size, 1);

138 new_population(l:elite_size) = elite_individuals;
139

140

441 offspring _size = min(pop_size - elite_size,

length(offspring) - elite_size);
442 if offspring_size > O

443 new_population(elite_size+l:elite_size+offspring size)

offspring(elite_size+l:elite_size+offspring_size);

444 end

445

446

447 if elite_size + offspring_size < pop_size

448 remaining = setdiff (1:pop_size,
elite _idx(l:elite_size));

449 needed = pop_size - (elite_size +
offspring_size);

450 selected = remaining(randperm(length(remaining),
needed)) ;

451 new_population(elite_size+offspring_size+1l:end)
= population(selected);

452 end

453 end

454

455 function routes = parse_routes(individual, company)
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routes = {};
for i = 1:length(individual)

route = individual{il};

if length(route) > 2 && ~isequal(route,
[company, company])
routes{end+1} = route;
end
end

end

function costs = calculate vehicle costs(routes,
distance_matrix, delivery, pickup, empty_weight,

fuel price, max_capacity, company)

costs = zeros(length(routes), 1);
for i = 1:length(routes)
costs(i) = calculate route cost(routes{il},
distance_matrix, delivery, pickup,
max_capacity,
empty_weight,
fuel _price,
company) ;
end
end
function total cost = calculate total cost(routes,

distance_matrix, delivery, pickup, empty_weight,

54
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end

fuel price, max_capacity, company)

total_cost = 0;
for i = 1:1length(routes)
total cost = total cost +

calculate _route_cost(routes{i},

distance_matrix, delivery, pickup,

end

function save results(routes, total cost,

55

max_capacity,
empty_weight,
fuel _price,

company) ;

vehicle costs)

fid = fopen( )

fprintf (fid, )

fprintf (fid, )

fprintf (fid, , datestr (now));
fprintf (fid, , total_cost);
fprintf (fid, , length(routes));

fprintf (fid,

mean (vehicle costs));
fprintf (fid, )
for i = 1:length(routes)

fprintf (fid,

vehicle costs (i), num2str(routes{il}));

end
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498 fclose(fid);

499 fprintf ( )
500 end

501

502 function plot_intermediate_results(gen, population,
distance_matrix, delivery, pickup,
503 max_capacity,
empty_weight,
fuel price, company,

positions)

504

205 [~, best_idx] = max(calculate_fitness(population,

distance_matrix, delivery, pickup,

206 max_capacity,
empty_weight,
fuel _price,
company) ) ;

207 best_individual = population{best_idx};

208 routes = parse_routes(best_individual, company);

509

510 figure ( , [100, 100, 800, 600]);

011 plot(positions(:, 1), positions(:, 2), ,

, 6, ; )
512 hold on;
013 plot(positions (company, 1), positions(company, 2),
, , 12, ; )
014 colors = hsv(length(routes));
515 for i = 1:length(routes)

516 route = routes{il};
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route_coords = positions(route, :);
plot (route_coords(:, 1), route_coords(:, 2),
, , colors(i, :), , 1.5);
plot (route_coords(:, 1), route_coords(:, 2),
, , colors(i, :), , 5);
end
title(sprintf ( , gen));
xlabel ( ) ;
ylabel ( )
legend( , , )
grid on;
axis equal;
saveas (gcf, sprintf ( , gen));
close;
end
function plot_comprehensive results(best_fitness,
avg_fitness, best_cost, avg_cost, vehicle_usage,
routes, vehicle costs,
total cost,
positions, company,

distance matrix,
delivery, pickup,
max_capacity,

empty_weight,

fuel price)
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%1, 1

Qs 2k K

figure('Position', [50, 50, 1400, 900]);

% TE N

X

L AL H_j AN
AT AT 7%
WX B 2%,

subplot (2, 3, 1);

plot (1:length(best_fitness), best_fitness,

'LineWidth', 1.5);

hold on;

plot(l:length(avg_fitness), avg_fitness, '

'LineWidth', 1);
xlabel (' (£ U 20 ')
ylabel (' & [y )% ') ;
title (' & Ju 2 0 Sy 20D
legend (' 5z [f, 2 fu 0, P aE T )

grid on;

VAN G i = S

subplot (2, 3, 2);

plot(l:length(best_cost), best_cost,

'LineWidth', 1.5);

hold on;

plot (1:1length(avg_cost), avg_cost,
'LineWidth', 1);

xlabel (' (£ L 40 ') ;

ylabel (' it & (70) ');

title (' ik A U S & ') ;

legend (' I ik Av ', ' F ik A )

grid on;

lb_l’

r--",

58
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subplot (2, 3, 3);

plot(l:length(vehicle_usage), vehicle_usage,

'LineWidth', 1.5);
xlabel (' £ 20 ');

ylabel (' 7 47 (# J 20 ') ;

59

g7

title('EHMF HIFE R T ),

grid on;

subplot (2, 3, 4);

plot (positions(:, 1), positions(:, 2), 'bo',

'MarkerSize', 6, 'MarkerFaceColor', 'b');

hold on;

plot(positions (company,

1), positions(company, 2),

rs', 'MarkerSize', 12, 'MarkerFaceColor', 'r');

colors = hsv(length(routes));

for i = 1:length(routes)

route = routes{i};

route_coords = positions(route, :);

plot (route_coords(:,

plot (route_coords(:,

1), route coords(:, 2),

-', 'Color', colors(i, :), 'LineWidth', 1.5);

1), route coords(:, 2),

‘o', 'Color', colors(i, :), 'MarkerSize', 5);

end

title(sprintf (' & 2 (h (L it 72 (2 2 Y. 2f1) ',

total cost));
xlabel ("X 4 4n (k) '),
ylabel ('Y 4 i (%) ')
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2 3 L — i B A =7 A
legend (' /7 ', v E L, VEE B,
grid on;

axis equal;

subplot (2, 3, 5);

bar (vehicle_costs, 'FaceColor', [0.2, 0.6, 0.8]);
xlabel (' 7 77 %% 5 ') ;

ylabel (' % ik 2 (0) ');

title (' & Z 4 B & R A 4 ') ;

grid on;

if ~isempty(routes)
subplot (2, 3, 6);
plot_vehicle _weight (routes{1}, delivery, pickup,
empty_weight, max_capacity);
title(C"EHAETNTH (F—HWE) '),

end

saveas (gcf, ' i m LA o0 png ') ;

figure('Position', [100, 100, 1200, 800]1);

for i = 1:min(4, length(routes))

subplot (2, 2, 1i);

plot_vehicle_analysis(routes{i}, positions,

60
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delivery, pickup, empty_weight, max_capacity,

611 distance_matrix, fuel_price,
company) ;
612 title (sprintf (' % #H%d i 20 o fr (e A h.2f0) ',

i, vehicle costs(i)));

613 end

614 saveas (gcf, ' 7 47 41 0 7 cpng');

615

616

617 figure('Position', [150, 150, 800, 700]);
618 imagesc(distance_matrix);

619 colorbar;

620 title (' {0 & o JE & 4 [F # B )5

621 xlabel (' [V & % 5 ') ;

622 ylabel (' {1 & % 5 ');

623 saveas (gcf, ' 7 A2 [F L ) A Lpng ') ;

624

625

626 figure('Position', [200, 200, 1000, 400]);
627 subplot (1, 2, 1);

628 bar (delivery, 'FaceColor', [0.8, 0.2, 0.2]);
629 title(" B L B X R EXRK9»H");

630 xlabel (' 7 & %4 5 ');

631 ylabel ('3 f¢ 8 (%) ');

632 grid on;

633

634 subplot (1, 2, 2);

635 bar (pickup, 'FaceColor', [0.2, 0.8, 0.2]);
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title( )
xlabel ( );

ylabel ( )

grid on;

saveas (gcf, );

end

function plot_vehicle_weight (route, delivery, pickup,

empty_weight, max_capacity)

current_weight = empty_weight;

weight_history zeros (1, length(route));
for i = 1:1length(route)

customer = route(i);

if customer ~= 36

if i > 1

current_weight = current_weight -

delivery (customer) ;

current_weight = current_weight +
pickup (customer) ;
end
end
weight_history(i) = current_weight;

end

plot(1:length(route), weight_history, ,

62
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end

hold on;

plot ([1, length(route)], [empty_weight +
max_capacity, empty_weight + max_capacityl],

, , 1.5);

plot ([1, length(route)], [empty_weight,
empty_weight], , , 1.5);

xlabel ( );

ylabel ( )

legend( , ) )

grid on;

function plot_vehicle_analysis(route, positions,

delivery, pickup, empty_weight, max_capacity,

distance matrix,

fuel price, company)

current_weight = empty_weight;

weight_history = zeros(l, length(route));
cost_history = zeros(l, length(route)-1);
delivery_remaining = delivery;

pickup_remaining = pickup;

for i = 1:length(route)-1
from = route(i);

to = route(i+1);

63
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weight_history(i) = current_weight;

distance = distance matrix(from, to);

fuel _consumption = (distance / 100) * (2 x

current_weight + 7);

64

cost_history(i) = fuel consumption * fuel price;
if i < length(route)-1 && to ~= company
current_weight = current_weight -

delivery_remaining(to);
delivery_remaining(to) = O;
current_weight = current_weight +
pickup_remaining(to);
pickup_remaining(to) = O;
end
end

weight_history(end) = current_weight;

route_coords = positions(route, :);

plot (route_coords(:, 1), route_coords(:, 2),
, 1.5, , )

hold on;

plot (positions (company, 1), positions (company,

b b 10’ b

2),

)
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end

b H
/.

for i = 1:1length(route)

text (route _coords(i, 1)+1, route coords (i,

num2str (route(i)), 'FontSize', 8);

end

xlabel ("X 4 on (T ) ');
ylabel (' V4 4n (F K ) ');
grid on;

axis equal;

YA 1 N A
text (0.05, 0.95, sprintf (' = i 4~ %.2f70",
sum(cost_history)), 'Units', 'normalized’,

'BackgroundColor', 'white', 'FontSize',

65

2)+1,

9);

text (0.05, 0.85, sprintf (' sz A i & Y. 1f/%. 1fu",

max (weight_history), empty_weight+max_capacity),

'Units', 'mormalized', 'BackgroundColor',

'white', 'FontSize', 9);

MiE B [EIE—A) MATLAB X553

B R R (R MR B R R

it ETREFERMBTBAD ST NG VRP I A,

h KA V7.0 (2025.08.25) - & & AR &AM AT A0 B R A

clear all;

clc;

ZRANIT LA 8 %
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close all;

%h B E4EE (Markdown s =)

66

fid = fopen(' X HE B W ¥E E .md', 'r', 'n', 'UTF-8');

if fid == -1

error (' T EIIF Xt BMEBRMWESE . nd, FREXHELTHFE');

end

Zn|

% Bk RT34T & X (Sheetl+4r A +2 [ 4% )
for i = 1:3

fgetl(fid);

end

ho L H64AT HE B KB
distance data = cell (64, 1);
for i = 1:64
line = fgetl(fid);
if line == -1
error (' JF B A [ AN T E T E641T,
i-1);

end

% AT AR
parts = strsplit(limne, '|[');

if length(parts) < 66

PR B BB hd AT,

error ('JE B A A 4R B %AT R AR (F E667])

i, length(parts));

b
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end

row_data = zeros (1, 64);

for j = 2:65

67

row_data(j-1) = str2double(parts{j});

if isnan(row_data(j-1))

error (
i, j-1);
end

end

distance _data{i} = row_data;
end
fclose(£fid);
distance _matrix = cell2mat(distance_data);
try

coords = readmatrix( )

demands = readmatrix( )
catch ME

error ( , ME.message);
end

if size(coords, 1) < 64 ||

error (

end

positions = coords(:, 2:3);

size(demands, 1) < 64
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delivery = demands(:, 2);
pickup = demands(:, 3);

company = 36;

pop_size = 150;
max_gen = 300;

pc = 0.8;

pm 0.05;

elite_rate = 0.1;

num_vehicles = 20;
max_capacity = 10;
empty_weight = 4;

fuel _price = 10;
driver_salary = 600;

max_fuel = 120;

population = initialize population(pop_size,
num_vehicles, company, 64);

best_fitness = zeros(max_gen, 1);

best_cost = zeros(max_gen, 1);

avg_fitness = zeros(max_gen, 1);
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avg_cost = zeros(max_gen, 1);

vehicle_usage =

fprintf (
pop_size, max_gen);

fprintf (

h = waitbar (0,

best_routes_history =

for gen = 1l:max_gen

[fitness, total costs] =

zeros (max_gen,

cell (max_gen,

69

1);

1);

calculate_fitness(population, distance_matrix,

delivery, pickup,

best_fitness(gen)

max_capacity,
empty_weight,
fuel _price,

company ,

driver_salary,

max_fuel);

max (fitness) ;
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best_cost(gen) = min(total costs);

avg_fitness(gen) = mean(fitness);

avg_cost (gen) mean (total_costs);

[~, best_idx] max (fitness) ;
best_routes = parse_routes(population{best_idx},
company) ;

vehicle_usage(gen) = length(best_routes);

best_routes_history{gen} = best_routes;

parents = selection(population, fitness, elite_rate);

offspring = crossover (parents, pc, company);

offspring = mutation(offspring, pm, company);

population = elitism(population, offspring, fitness,

elite _rate);

waitbar(gen/max_gen, h, sprintf(

, gen, max_gen, gen/max_gen*100));
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end

clo

[~

if mod(gen, 10)

fprintf (

==O

b

gen, max_gen, best_fitness(gen),

if mod(gen,

plot_intermediate_results(gen, population,

best_cost (gen));

50) == 0

distance_matrix, delivery, pickup,

end

end

se (h) ;

max_capacity,
empty_weight,
fuel _price,
company,
positions,

driver_salary,

max_fuel);

best_idx] = max(calculate_fitness(population,

distance matrix,

delivery,

pickup,

71
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151

153 best_individual

max_capacity,
empty_weight,
fuel _price,
company,

driver_salary,

max_fuel));

= population{best_idx};

154 routes = parse_routes(best_individual, company);

155 [total_cost, vehicle costs, fuel costs, salary_costs]

calculate_total cost(routes, distance matrix,

delivery, pickup,

156

158

empty_weight,
fuel _price,
max_capacity,
company,
driver_salary,

max_fuel);

159 plot_comprehensive_results(best_fitness, avg_fitness,

best_cost, avg_cost, vehicle_usage,

160

161

162

routes, vehicle costs,
total_cost, positions,
company,

distance_matrix, delivery,
pickup, max_capacity,

empty_weight, fuel_price,

driver_salary, max_fuel,

72
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best_routes_history);

165 £printf('\n===================== ff {t 4 £

166 fprintf (' 2 2 %k 400 %.2f 0 \n', total _cost);

167 fprintf ('- 4 A 4 %.2f 0 \n', sum(fuel costs));

168 fprintf('- & 4L T % : %.2f n\n', sum(salary_costs));

169 fprintf (' F Jf 2 4 47 %d/%d\n', length(routes),

num_vehicles);

170 fprintf (' ¥ & 2 i 4~ %.2f 1\n', mean(vehicle costs));

171 fprintf (' & &4 5 7% \n');

172 for i = 1:length(routes)

173 fprintf (' = # %d (% gk A%.2f 0 = WFEL.2f T +

T®%.2f0) * %s\n',

174 i, vehicle costs(i), fuel costs(i),

salary_costs (i), num2str(routes{il}));

175 end

176 fprintf ('===================================================

177

178

179 generate_detailed_report(routes, distance_matrix,

delivery, pickup, empty_weight,

180 fuel_price, company,
driver_salary, max_fuel,
max_capacity);

181

182

183 save _results(routes, total cost, vehicle costs,
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fuel costs, salary_costs);

function population = initialize_population(pop_size,

num_vehicles, company, num_customers)

population = cell(pop_size, 1);

customers = setdiff (l:num_customers, company);

if isempty(customers)

error ( )
end
for i = 1:pop_size
shuffled customers =
customers (randperm(length (customers)));
split_points = [0,
sort (randperm(length(customers) -1,
num_vehicles-1)), length(customers)];
routes = cell(num _vehicles, 1);
for v = 1:num _vehicles

start_idx = split_points(v) + 1;

end_idx = split_points(v+1);
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end

end

if start_idx <= end_idx

routes{v} = [company,

shuffled customers(start_idx:end idx)

company];
else
routes{v} = [company, company];
end
end
non_empty_count = O;
for v = 1:num _vehicles
if length(routes{v}) > 2
non_empty_count = non_empty_count + 1;
routes{non_empty_count} = routes{v};
end
end
for v = non_empty_count+l:num_vehicles
routes{v} = [company, company];
end
population{i} = routes;

75
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function [fitness, total costs] =
calculate_fitness(population, distance_matrix,
delivery, pickup, max_capacity, empty_weight,

fuel price, company, driver_salary, max_fuel)
pop_size = length(population);
fitness = zeros(pop_size, 1);

total _costs = zeros(pop_size, 1);

for i = 1:pop_size

individual population{i};

total_cost = O;

for v = 1:length(individual)
route = individual{v};
if length(route) > 2
[route cost, ~, is _valid] =
calculate _route cost (route,
distance_matrix, delivery, pickup,
max_capacity,
empty_weight,
fuel price,
company,

max_fuel);

if is_valid
total cost = total cost + route cost

+ driver_salary;
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252 else

253 total cost = Inf;
254 break;

255 end

256 end

257 end

259 total costs(i) = total_cost;

I
I
o

260 if isinf(total_cost) || total_cost

261 fitness (i)

1le-10;

262 else

263 fitness (i) 1 / total cost;

264 end

265 end

266 end

267

268 function [cost, fuel consumed, is_valid] =
calculate route_cost(route, distance matrix,
delivery, pickup, max_capacity, empty_weight,

fuel price, company, max_fuel)

269

270 cost = O0;

271 fuel consumed = 0;

272 current_weight = empty_weight;
273 delivery_remaining = delivery;
274 pickup_remaining = pickup;

275 is_valid = true;
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276

277

278 customers = route(2:end-1);

279 total_delivery = sum(delivery_remaining(customers));

280 if current_weight + total_delivery > empty_weight +
max_capacity

281 cost = Inf,;

282 is_valid = false;

283 return;

284 end

285

286

287 for i = 1:1length(route)-1

288 from = route(i);

289 to = route(i+1);

290

291

292 distance = round(distance matrix(from, to));

293 if distance <= 0

294 continue;

295 end

296

297

298 fuel _consumption = (distance / 100) * (2 x

current_weight + 7);
299 fuel consumed = fuel _consumed + fuel consumption;
300 cost = cost + fuel_consumption * fuel_price;
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302

303 if fuel consumed > max_ fuel

304 cost = Inf;

305 is_valid = false;

306 return;

307 end

308

309

310 if i < length(route)-1 && to ~= company

311

312 current_weight = current_weight -
delivery_remaining(to);

313 delivery_remaining(to) = O0;

314

315 current_weight = current_weight +
pickup_remaining(to);

316 pickup_remaining(to) = O;

317

318

319 if current_weight < O

320 cost = Inf;

321 is_valid = false;

322 return;

323 end

324 end

325 end

326

327

328 cost = round(cost * 100) / 100;



7 OMFE 80

329 fuel consumed = round(fuel_consumed * 100) / 100;
330 end

331

332 function parents = selection(population, fitness,

elite rate)

333

334 pop_size = length(population);

335 elite_size = max(l, round(pop_size * elite_rate));

336

337

338 [~, sorted idx] = sort(fitness, )

339 parents = population(sorted_idx(l:elite_size));

340

341

342 if pop_size > elite_size

343

344 fitness_sum = sum(fitness);

345 if fitness _sum <= 0

346

347 remaining_indices = setdiff (1:pop_size,
sorted_idx(l:elite_size));

348 selected indices =
remaining_indices (randperm(length(remaining_indices),
pop_size-elite_size));

349 parents(elite_size+1l:pop_size) =
population(selected_indices);

350 else

351 prob = fitness / fitness_sum;

352 cum_prob = cumsum(prob);
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for i = elite_size+l:pop_size
r = rand () ;
selected_idx = find(cum_prob >= r, 1);

parents{i} = population{selected_idx};
end
end
end

end

function offspring = crossover(parents, pc, company)

pop_size = length(parents);

offspring = cell(pop_size, 1);

for i = 1:2:pop_size

if i > pop_size
break;

elseif i+1 > pop_size
offspring{i} = parents{i};
continue;

end

if rand() < pc

pl = parents{i};

p2 parents{i+1};
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382 v = randi(length(pl));

383 routel = pl{v};

384 route2 = p2{v};

385

386

387 nodesl = routel(routel ~= company);

388 nodes2 = route2(route2 ~= company) ;

389

390

391 if length(nodesl) >= 2 && length(nodes2) >=
2 && length(nodesl) == length(nodes2)

392

393 [new_nodesl, new_nodes2] =

pmx_crossover (nodesl, nodes2);

394

395 pl{v} = [company, new_nodesl, companyl];

396 p2{v} = [company, new_nodes2, companyl];

397 end

398

399

400 offspring{i} = pi;

401 offspring{i+1} = p2;

402 else

403

404 offspring{i} = parents{i};

405 offspring{i+1} = parents{i+1};

406 end

407 end
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408 end
409

410 function [childl, child2] = pmx_crossover (parentl,

parent2)
411
412 len = length(parentl);
413 if len ~= length(parent2)
414 error (

, len, length(parent2));

415 end
416 if len < 2
417 childl = parentl;
418 child2 = parent2;
419 return;
420 end
421
422
423 cx_points = sort(randperm(len, 2));
424 a = cx_points(1);
425 b = cx_points(2);
426
427
428 childl = zeros (1, len);
429 child2 = zeros (1, len);
430
431
432 childi(a:b) = parent2(a:b);
433 child2(a:b) = parenti(a:b);

83
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135

436 for i = [1:a-1, b+1:1len]

437

438 temp = parentl(i);

439 while ismember (temp, childl(a:b))
440 pos = find(childi(a:b) == temp, 1);
441 temp = parentl(a + pos - 1);
442 end

443 child1(i) = temp;

444

445

446 temp = parent2(i);

447 while ismember (temp, child2(a:b))
448 pos = find(child2(a:b) == temp, 1);
449 temp = parent2(a + pos - 1);
450 end

451 child2(i) = temp;

452 end

453

454

455 for i = 1:1len

456 if child1(i) == 0

457 child1(i) = parenti(i);

458 end

459 if child2(i) == 0

460 child2(i) = parent2(i);

461 end

462 end

463 end
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464

465 function offspring = mutation(offspring, pm, company)

466

467 for i = 1:1length(offspring)

468 individual = offspring{il};

469 for v = 1:1length(individual)

470 route = individual{v};

471 nodes = route(route ~= company) ;

472 if length(nodes) >= 2 && rand() < pm

473

474 mut_points =
sort (randperm(length(nodes), 2));

475

476 nodes (mut_points (1) :mut_points(2)) =
nodes (mut_points (2) :-1:mut_points(1));

477

478 individual{v} = [company, nodes,
company];

479 end

480 end

481 offspring{i} = individual;

482 end

483 end

484

485 function new_population = elitism(population, offspring,

fitness, elite_rate)
486

487 pop_size = length(population);
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488 elite_size = max(l, round(pop_size * elite_rate));
489

490

491 [~, elite_idx] = sort(fitness, )

492 elite_individuals =

population(elite_idx(l:elite_size));

493
494
495 new_population = cell(pop_size, 1);
496 new_population(l:elite_size) = elite_individuals;
497
498
499 offspring _size = min(pop_size - elite_size,
length(offspring) - elite_size);
200 if offspring_size > O
501 new_population(elite_size+l:elite_size+offspring size)
offspring(elite_size+l:elite_size+offspring_size);
502 end
503
004
505 if elite_size + offspring _size < pop_size
506 remaining = setdiff (1:pop_size,
elite _idx(l:elite_size));
507 needed = pop_size - (elite_size +
offspring_size);
508 selected = remaining(randperm(length(remaining),

needed)) ;

509 new_population(elite_size+offspring_size+1l:end)
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= population(selected);

end

end

function routes = parse_routes(individual, company)
routes = {};

for i = 1:1length(individual)

route = individual{i};

if length(route) > 2 && ~isequal(route,
[company, company])
routes{end+1} = route;
end
end

end

function [total cost, vehicle costs, fuel costs,
salary_costs] = calculate_total_cost(routes,
distance_matrix, delivery, pickup, empty_weight,
fuel price, max_capacity, company, driver_salary,

max_ fuel)

total_cost = 0;

vehicle costs = zeros(length(routes), 1);
fuel costs = zeros(length(routes), 1);
salary_costs = zeros(length(routes), 1);

for i = 1:1length(routes)

87
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533 [fuel cost, ~, is_valid] =
calculate _route_cost(routes{i},
distance_matrix, delivery, pickup,

034 max_capacity,
empty_weight,
fuel _price,
company ,
max_fuel);

535 if is_valid

536 fuel costs(i) = fuel cost;

237 salary_costs (i) = driver_salary;

538 vehicle costs(i) = fuel cost + driver_salary;

539 total _cost = total_cost + vehicle_costs(i);

540 else

041 total cost = Inf;

542 return;

043 end

044 end

545 end

546

547 function save_results(routes, total_cost, vehicle costs,

fuel costs, salary_costs)

548

549 fid = fopen( , );

550 fprintf (fid, )

551 fprintf (fid, )

5H2 fprintf (fid, , datestr (now));

553 fprintf (fid, , total _cost);

054 fprintf (fid, ,
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sum (fuel costs));
fprintf (fid,
sum(salary_costs));
fprintf (fid,
fprintf (fid,
mean (vehicle costs));
fprintf (fid,
for i = 1:length(routes)
fprintf (fid,
i, vehicle costs (i),
salary_costs (i),
end
fclose(fid);
fprintf (

end

, length(routes));

fuel costs (i),

num2str (routes{il}));

function plot_intermediate_results(gen, population,

distance_matrix, delivery, pickup

b

max_capacity,

empty_weight,
fuel price, company,

positions,

89

driver_salary, max_fuel)

[~, best_idx]

distance_matrix, delivery, pi

max (calculate_fitness(population,

ckup,
max_capacity,

empty_weight,
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fuel _price,
company ,
driver_salary,
max_fuel));
best_individual = population{best_idx};
routes = parse_routes(best_individual, company);
figure ( , [100, 100, 800, 6001);
plot (positions(:, 1), positions(:, 2), s
, 6, ; )
hold on;
plot (positions (company, 1), positions(company, 2),
, , 12, ; );
colors = hsv(length(routes));
for i = 1:1length(routes)
route = routes{il};
route_coords = positions(route, :);
plot (route_coords(:, 1), route_coords(:, 2),
, , colors(i, :), , 1.5);

plot (route_coords(:, 1), route_coords(:, 2),

, , colors(i, :), » 5);
end
title(sprintf ( , gen));
xlabel ( );
ylabel ( )
legend( , ) )
grid on;

axis equal;

saveas (gcf, sprintf( , gen));
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close;

function plot_comprehensive results(best_fitness,
avg_fitness, best_cost, avg_cost, vehicle_usage,
routes, vehicle costs,
total cost,

positions, company,

distance matrix,
delivery, pickup,
max_capacity,
empty_weight,
fuel _price,

driver_salary,
max_fuel,

best_routes_history)

figure( , [0, 50, 1400, 900]);

subplot (2, 3, 1);

plot (1:length(best_fitness), best_fitness, s
, 1.5);

hold on;

plot(l:length(avg_fitness), avg_fitness, s

, 1)
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xlabel (' & (£ 40 ') ;
ylabel (' 1 /7 ');

title (' 28 i 7 0 Gl )
legend (' iz {f & Ju 2 ', 'SP AR U E )

grid on;

B AR Sl &

subplot (2, 3, 2);

plot (1:length(best_cost), best_cost, 'b-',
'LineWidth', 1.5);

hold on;

plot(l:length(avg_cost), avg_cost, 'r—--',
'LineWidth', 1);

xlabel (' (L 0 20 ') ;

ylabel (' i 4 (1) ');

title (' & A WSt dh & ')

legend ('t fh ik A0 ', o R R AR )

grid on;

hOERAERF N

subplot (2, 3, 3);

plot(1:1length(vehicle_usage), vehicle_usage, 'g-',
'LineWidth', 1.5);

xlabel (' 4 £ 20 ')

ylabel (' 7 4 (& Fl 71 ') ;

title(" HHHE A H R EZ ML)

grid on;

R
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subplot (2, 3, 4);
plot (positions(:, 1), positions(:, 2), 'bo',
'MarkerSize', 6, 'MarkerFaceColor', 'b');
hold on;
plot(positions (company, 1), positions(company, 2),
'rs', 'MarkerSize', 12, 'MarkerFaceColor', 'r');
colors = hsv(length(routes));
for i = 1:length(routes)
route = routes{il};
route_coords = positions(route, :);
plot (route_coords(:, 1), route_coords(:, 2),
'-', '"Color', colors(i, :), 'LineWidth', 1.5);

plot (route_coords(:, 1), route_coords(:, 2),

'o', '"Color', colors(i,

end

),

'"MarkerSize',

title(sprintf (' 24 (b (b & (2 A S.2f0) ',

total cost));
xlabel ("X 4 4n (T k) '),
ylabel ('Y #r (T K ) ");

legend (' = /" ;i ', ‘v E Y, T

grid on;

axis equal;

subplot (2, 3, 5);

bar(vehicle costs, 'FaceColor',
xlabel (' 7 % %¢ 5 ') ;
ylabel (' © i & (1) )3

title (' 4 % 4 Ak A4 1)

(0.2,

0.6,

0.81);
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grid on;

subplot (2, 3, 6);
fuel total = sum(vehicle costs) - driver_salary x*
length(routes) ;

salary_total = driver_salary * length(routes);

if fuel_total > 0 && salary_total > O
cost_categories = [fuel_total, salary_totall;
pie(cost_categories, {'Jf it/ 2", "H AL L 1),
title (sprintf (' i A A (2 A .2f0) ',

total cost));

else
text (0.5, 0.5, '/ A& i o,

'HorizontalAlignment', 'center');
title (' ik A M R o A7 (204 L&) ")

end

saveas (gcf, 4 B R L LA A T cpng ')

figure('Position', [100, 100, 1200, 800]1);

for i = 1:min(4, length(routes))

subplot (2, 2, 1i);

plot_vehicle_analysis(routes{i}, positions,

94
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delivery, pickup,

empty_weight, max_capacity,

distance_matrix, fuel_price,
company, driver_salary,

max_fuel);

title(sprintf (' 4 47 %dir 20 o 4 (2 2 %.2f 1)

i, vehicle costs(i)));

end

saveas (gcf, ' 4 i 4 o 7 cpng ') ;

figure('Position'

b

[150,

150, 800, 700]);

imagesc(distance _matrix);

colorbar;

title(' L B A JF B 4 = 4 /1 B ') ;

xlabel (' I & 4 5 ') ;

ylabel (' 1 & %5 5 ');

saveas (gcf, ' & % 0 A png');

figure('Position'

subplot (1, 2, 1);

b

[200,

200, 1000, 400]);

bar (delivery, 'FaceColor', [0.8, 0.2, 0.2]);

F RS

title (' & (7 & & 1%

xlabel (' 7 & 4 5 ') ;

subplot (1, 2, 2);

95

b
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711 bar (pickup, 'FaceColor', [0.2, 0.8, 0.2]);

712 title("ZA W ER K F KL A ')

713 xlabel (' [V & % 7 ') ;

714 ylabel (' HL v = (#) ');

715 grid on;

716 saveas (gcf, ' 045 k4 A png');

717

718

719 figure('Position', [100, 100, 1200, 8001);

720

721

722 route_lengths = zeros(length(best_routes_history),
1);

723 for i = 1:1length(best_routes_history)

724 if ~isempty(best_routes_history{il})

725 route_lengths (i) =

length(best_routes_history{il});

726 end

727 end

728

729 subplot (2, 2, 1);

730 plot(l:length(route_lengths), route_lengths, 'm-',

'LineWidth', 1.5);

731 xlabel (' & [ L 20 ') ;

732 ylabel (' {7 Jil % 4 2 ') ;

733 title(' & R & £ H F 44 ');
734 grid on;

735

736 subplot (2, 2, 2);
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plot (1:length(best_cost), best_cost, s
, 1.5);
hold on;

plot(l:length(avg_cost), avg_cost, s

, 1)
xlabel ( );
ylabel ( )
title ( )
legend( , )

grid on;

subplot (2, 2, 3);

path_lengths = cell(length(best_routes_history), 1);
for i = 1:length(best_routes_history)
if ~isempty(best_routes_history{il})
lengths =
zeros (length(best_routes_history{il}), 1);
for j = 1:length(best_routes_history{il})
lengths (j) =
length(best_routes_history{i}{j});
end
path_lengths{i} = lengths;
end

end

if ~isempty(path_lengths{end})

hist (path_lengths{end});

97
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762 xlabel ( )
763 ylabel ( )

764 title( ) ;
765 grid on;

766 end

767

768 subplot (2, 2, 4);

769

770 fuel costs_history =

zeros (length (best_routes_history), 1);
771 salary_costs_history =

zeros (length (best_routes_history), 1);

772

773 for i = 1:1length(best_routes_history)

774 if ~isempty(best_routes_history{il})

775 [~, ~, fuel costs_temp, salary_costs_temp] =
calculate_total cost(best_routes_history{il},
distance_matrix, delivery, pickup,

776

7T fuel costs_history(i) = sum(fuel_costs_temp);

778 salary_costs_history(i) =
sum(salary_costs_temp);

779 end

780 end
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plot (1:length(fuel costs_history),
fuel costs_history, , , 1.5);
hold on;
plot (1:length(salary_costs_history),
salary_costs_history, R , 1.5);
xlabel ( ) ;
ylabel ( )
title( )
legend( , )

grid on;

saveas (gcf, );

end

function plot_vehicle_weight (route, delivery, pickup,

empty_weight, max_capacity)

current_weight = empty_weight;

weight_history = zeros(l, length(route));

for i = 1:1length(route)
customer = route(i);
if customer ~= 36

if i > 1

current_weight = current_weight -

delivery (customer) ;
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end

current_weight = current_weight +

pickup (customer) ;
end
end
weight_history(i) = current_weight;

end

plot(l:length(route), weight_history, ,
, 1.5, ; );

hold on;

plot ([1, length(route)], [empty_weight +
max_capacity, empty_weight + max_capacity]

, , 1.5);

plot ([1, length(route)], [empty_weight,
empty_weight], R , 1.5);

xlabel ( );

ylabel ( )

legend ( , ,

grid on;

function plot_vehicle_analysis(route, positions,

delivery, pickup, empty_weight, max_capacity,

distance matrix,

100

b

fuel price, company,

driver_salary, max_fuel)

current_weight = empty_weight;

weight_history = zeros(l, length(route));
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cost_history = zeros(l, length(route)-1);

fuel history = zeros(l, length(route)-1);

delivery_remaining = delivery;

pickup_remaining = pickup;

total_fuel = O;

for i = 1:length(route)-1

from = route(i);

to = route(i+1l);

weight_history(i) = current_weight;

distance = round(distance matrix(from, to));

fuel _consumption = (distance / 100) * (2 x
current_weight + 7);

fuel history(i) = fuel consumption;

total_fuel = total_fuel + fuel_ consumption;

cost_history(i) = fuel consumption * fuel price

if i < length(route)-1 && to ~= company
current_weight = current_weight -
delivery_remaining(to);
delivery_remaining(to) = O0;
current_weight = current_weight +

pickup_remaining(to);

101

b
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853 pickup_remaining(to) = O;

854

855

856 if current_weight < 0

857 break;

858 end

859 end

860 end

861 weight_history(end) = current_weight;

862

863

864 route_coords = positions(route, :);

865 plot (route_coords(:, 1), route_coords(:, 2), 'b-o',
'LineWidth', 1.5, 'MarkerFaceColor', 'b');

866 hold on;

867 plot(positions (company, 1), positions(company, 2),
'rs', 'MarkerSize', 10, 'MarkerFaceColor', 'r');

868

869

870 for i = 1:1length(route)

871 text (route coords(i, 1)+1, route coords (i, 2)+1,

num2str (route(i)), 'FontSize', 8);

872 end

873

874 xlabel ("X 4 (T %) ');

875 ylabel ('Y 4 4ir (1 K ) ')

876 grid on;

877 axis equal;

878
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879 % oW Rk A fE R
880 text (0.05, 0.95, sprintf ('~ i 4~ %.2f70",
sum(cost_history)+driver_salary), 'Units’',

'normalized’',
881 'BackgroundColor', 'white', 'FontSize', 9);
882 text (0.05, 0.85, sprintf (' i t: %.2f/%.2¢7F ",

total fuel, max fuel),

883 'Units', 'mormalized', 'BackgroundColor',
'white', 'FontSize', 9);
884 text (0.05, 0.75, sprintf (' A 4 & Y. 1f/%h. 1fm ",

max (weight_history), empty_weight+max_capacity),

885 'Units', 'mormalized', 'BackgroundColor',
'white', 'FontSize', 9);

886 end

887

888 function generate_detailed_report(routes,
distance_matrix, delivery, pickup, empty_weight,
889 fuel_price, company,
driver_salary,
max_fuel,
max_capacity)

890 hoAE R FEMAME (K3 ERKLBR)

891 fid = fopen (' iz 4y i+ 40 L & . txt ', 'w');
892

893 A S

894 fprintf (fid, ' 703 2 452 Ao a0 0 U \n ') ;
895 fprintf (fid,

"ER G BNt S L E F AN\t & B A \tR BB A\t E &L A CE)\t
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departure_time = O;
return_times = zeros(length(routes), 1);
avg_speed = 60;
for i = 1:length(routes)
route = routes{il};
total_distance = 0;
for j = 1:length(route)-1
from = route(j);
to = route(j+1);
total distance = total distance +
round (distance matrix(from, to));
end
return_time = departure_time + total_distance /
avg_speed;
return_times (i) = return_time;
current_weight = empty_weight;
weight_changes = sprintf ( , current_weight);

for

j = 2:length(route)-1
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923 customer = route(j);
924 current_weight = current_weight -

delivery(customer) + pickup(customer);

925 weight_changes = [weight_changes, ,
sprintf ( , current_weight)];

926 end

927

928

929 current_fuel = max_fuel;

930 fuel_changes = sprintf( , current fuel);

931 for j = 1:1length(route)-1

932 from = route(j);

933 to = route(j+1);

934 distance = round(distance matrix(from, to));

935 fuel _consumption = (distance / 100) * (2 x

current_weight + 7);
936 current_fuel = current_fuel -

fuel _consumption;

937 fuel_changes = [fuel_changes, ,
sprintf ( , current fuel)];

938 end

939

940

941 fprintf (fid,

942 i, num2str(route), departure_time,

return_time, weight_ changes,
fuel_changes);

943 end
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fprintf (fid,

fprintf (fid,

total_fuel _cost = 0;
for i = 1:1length(routes)

[fuel cost, ~, ~] =

106

calculate route_cost(routes{i},

distance matrix,

total fuel cost =

end

total_salary =

driver_salary x*
total cost = total fuel cost +
fprintf (fid,
fprintf (fid,

fprintf (fid,

fclose(fid) ;
fprintf (

end

delivery,

pickup,
max_capacity,
empty_weight,
fuel _price,
company,

max_fuel);

total fuel cost + fuel cost;

length(routes) ;

total_salary;

, total fuel cost);
, total _salary);

, total cost);



