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16: (S_destroyed, R) <5 2 A FEFR(S_current, D, ©, 3) // WL 3

17: lelse
18: |(S_destroyed, R) <BENLFZEE(S_current, ©, 3) // WLk 4 end if
19:

20:
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25:
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32: |// RRT F40R K4 2 HE

33: if Z_new < Z_best then
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3g. 1 else wld_idx], wlr_idx] ¢-w[d_idx]x0.9, wlr_idx]x0.9 // &Sl KL end if

39:

40:

41:

42:

43:
44.

45: /) VA—HWAE

46: 'w <&w/sum(w)

47: /) EHEIE

48: T<Txa

49: /)il SaHh £

50: convergence_curveliter] ¢Z_best
51: end for

52:

53: return S_best, Z_best, convergence_curve

- Bk 2. 243k Clarke-Wright 5 2 BEWI 4G £ B pseudocode 5vk 2: HudE Clarke-Wright 5%
ARG : BP T RES V, M D, Z34ES o it : WIWETTATHE S_initial
1: /) WItEA: AR O — AR
2:fori=1to |V]| do
3: routes[i] <[0, i, 0] // 0 ANHECEH >
4: end for
5:
6: /) THE T AME A RE
7:fori=1to |V]| do
8: forj=i+1to |V]| do
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9: [savingsli,jl ¢DI[0,i] + D[0,j] - D[i,j]
10: end for
11: end for
12:
13: // ¥ LA A IR A
14: X savings HipEI% & PHER, 15204 P % 51 53R (idx_sorted) 15: for k = 1 to length(idx_sorted) do
16: (i, j) «idx_sorted[K]
17: if savings[i,j] <0 then
18:  break // TI4ME RN, 1FIEAFF end if
19:
20:
21: /) B M TR ERAR
22:  ri<EEREE kT
23:  rj <AERAY jMERT
24:
25:  lifr_i#r_jthen
26: /) REE R EGIEFME: AR i K, AR Sk i BIBIECGE AN =
27 H rj W5 AT A= then merged_route <[r_i[1:end-1], r_j[2:end]] // ¥ £ % E Al
)8 BFZIK total_weight <sum(merged_route 1% ' [ H &)
29:
30:

31: [total_volume <sum(merged_route W& F AR FT) if total_weight <0.Q H
32: total_volume <0.V_maxthen r_i ¢merged_route fllI% r_j end if endif endif

33:

34:

35:

36:

37:

38: end for

39:

40: S_initial.routes < fiT 5 AE %5 142
41: return S_initial

- B 3-6: LT DiARED
Hk 3. mERABBRE T (BIRET D
““pseudocode
Hk 3 mEMABRET
BiN: HATME S, IEEEEE D, ZHES o, BB AE n_remove Hith: BN JE K
S_destroyed, FEBRTT SIS R
1: /) WA B TR & 49
2: all_nodes <« TS
3: for each route in S.routes do
4: all_nodes <all_nodes Uroute[2:end-1] // AEFRECE A0
5: end for
6:
7: /) TEEAREAS Y SRR bR A

8: for each node in all_nodes do
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9: r <% node [N
10: pos ¢node 7E r AL E
11: prev &r[pos-1] next <r[pos+1]
1. original_dist <D[prev,node] + D[node,next] new_dist <D[prev,next] node_cost[node]
13. <original_dist - new_dist // # FR1Z 15 S AL
14:
15:
16: end for
17:
18: // LA B = ) n_remove N1 S SR
19: R <#% node_cost [ 7 iEFERT min(n_remove, |all_nodes|)/>7 /4 20:
21: // NS R BT A
22:S_destroyed S
23: for each route in S_destroyed.routes do
24:  route <route SRR R JE IR R A
25: end for
26: S_destroyed.routes <4 [k S M2 5 R EE A 27:
28: return S_destroyed, R

Fk 4 WA (BIAET 2)
““pseudocode
Fk 4. NIRRT
HIN: YRR S, SEES 0, BRI A n_remove Hith: BIREHIAR S_destroyed, FEERTT
FEAR
1: /) WEERTA CIRE 7 71T 0
2:all_nodes <« THEH
3: for each route in S.routes do
4: all_nodes <-all_nodes Uroute[2:end-1]
5: end for
6:
7: /] FENLEFE n_remove N5 15
8: R < M all_nodes FFEALIC L [FEIFHEL min(n_remove, |all_nodes )1 &1
9:
10: // MERAZHR R 19 5
11: S_destroyed ¢S
12: for each route in S_destroyed.routes do
13:  route <route R R JE IR A
14: end for
15: S_destroyed.routes <[k 7S B2 J5 M R IR5E & 16:
17:return S_destroyed, R

Hks: DLEBAR T (BEET D
““pseudocode
HIE 5 OBRAET
HIN: BONGRIfE S_destroyed, BRI SEES R, HEEEFE D, SHES o Wit: BEERM
S_new
1:S_new <S_destroyed
2:
3: for each node in R do
4: best_cost_incr é&oo
5: best_route <1
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6: best_pos €2

7:
8: /) ZRXIHA B P AT A AL E
9: forr=1to |S_new.routes| do
10: route €S_new.routes[r]
11: for pos = 2 to length(route) do
12: prev &route[pos-1]
13: hext <route[pos]
14: original_dist < D[prev, next]
15: new_dist &D[prev, node] + D[node, next] cost_incr &new_dist - original_dist
16:
17:
18: if cost_incr < best_cost_incr then best_cost_incr ¢-cost_incr best_route
19: & best_pos <pos end if end for end for
20:
21:
22:
23:
24:
25:
26: /[ AN BRI E
27: |S_new.routes[best_route] ¢[route[l:best_pos-1], node, route[best_pos:end]]
28: end for
29:

30: return S_new

Bk e: BURMEBAET (BEHET 2
““pseudocode

ik 6: BARMEBAS T

BN
Bt

RS I S_destroyed, BFRT RS R, FEEMIED, ZH&ES 0
BE 5 IfE S_new

1:S_new <S_destroyed

2:

3: 3:foreach nodein Rdo

regrets < HAH

5: best_costs <A
6: best_positions <24 4H

10:
11:

12:

/] VHEARRA BEAR R SR AR N BROAS R 8 A
forr=1to |S_new.routes| do

route <S_new.routes]r]
cost_incrs <242,
for pos = 2 to length(route) do
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13: prev &route[pos-1]

14: next <route[pos]

15: original_dist ¢&D[prev, next]

16: new_dist ¢<D[prev, node] + D[node, next] cost_incrs[pos-1] <new_dist -
17: original_dist end for

18:

19:

20:  sorted_costs <X cost_incrs FtFHEF

21: |best_costs[r] ¢&sorted_costs[1]

22.  best_positions[r] 3% cost_incrs F155 T sorted_costs[1]If. B+ 1 if length(sorted_costs)
53. 22 then regrets[r] <sorted_costs[2] - sorted_costs[1] // MIEME=IRIL-F AL else regrets[r]

24: &oo end if end for

25:

26:

27:

28:

29:

30: /[ IEFRIBHIERAE f ORI ERAAEN

31:  |best_r < X% regrets F RAE XS M 5

32:  best_pos ¢best_positions[best_r]

33:. S_new.routes[best_r] <[route[1:best_pos-1], node, route[best_pos:end]]

34: end for
35:
36: return S_new

- H5 7. WERSEAX AT (R 2)
““pseudocode
F2 7. AEPRSEO X RAT B
BoN: ERAEBIUR S_static, BREFENE D, ZHEES 0, SOXTAES G Mt WELRMNITH
fit S_pareto, SJEA z1, EERHEL 22 1:// € XV H FREAEL 2: function Z1(S, D, ©) // &5F Hin: &
A S /M
3: return ZEAH ] E AN+ ISR B AR+ SRR
4: end function
5:
6: function Z2(S, D, ©) // 35 Hbx:  SBHE R /IME
7: return 3(4 7 k MIBRHERCR Bx 17 BEE Bx (1 + ax# H X))
8: end function
9:
10: // Z B E bR EAL A A RICHTE
11: w_set €[0,0.1,0.2, ..., 1.0] // A ELES 12: pareto_set <A 13:
14: for each win w_set do

15: /) fi& 5 H bR1 )
16: | Z_combined(S) ¢wxZ1(S) + (1-w)xZ2(S)
17:
18: // FHUSGHE ALNS SR+ iR GRS SR8 X 2950
19: 'S_w <3 ALNS(Z _combined, D, ©, G, Z17: BV 4-7£[480,960]min 15t

A G)
20: |pareto_set <pareto_set US_w
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21: end for

22:

23: // JEAL-TOPSIS 2 MR IRAL i 128 B e 3 HH it

24: [/ R 1. T pareto_set [MFaPR B HUE THERAL 25: w_entropy < AGETH AL E (21 S EUE,
22 EHUE) 26: // 25BR 2. TOPSIS AHXH LT FEHER 27: S_pareto ¢ TOPSIS HEFF (pareto_set, w_entropy)
28:

29: Z1 < Z71(S_pareto, D, O)

30: Z2 <72(S_pareto, D, O)

31:

32: return S_pareto, 721, 72

- % 8 XWIRBNBHASEIE (7 3)
““pseudocode
5 8: XIKBN IR BN I 83 A FH L
N WIMREUME SO, BEEFERE D, ZHEES o, HEBRER vt SAMERETRES
S_dynamic, Wi [A]EEE T _response 1: // #HJ4AMK 2: t_current €0 // HHIE[A] (380D 3:
t_window <30 // RINE OB 4: t_total <1440 // 4JH 24 /NI 5: S_dynamic <Z4EH 6:
T_response <S54 7: S_current €S0
8:
9: // &= RS
10: while t_current < t_total do
11: /) SRS fik A by
12: trigger <false
13: ift_current mod t_window =0 then
14:  trigger <true // B[R] R B fik &
15: endif
16 if Ml B0 TR A (VT SR ELYH /T 3 /b ik AR B /6 TR B R %) then
17:  ‘trigger <true // HAFIKEfih K

18: endif
19:
20: if trigger then

21:  tic// FFERTEIS

22:

23: |/ WEEIREE B X

24: S done <\ BLIERIZ T E (BIAK A< t_current, FEEAAEZD) S _running <Atk H
25: MRS A (BAEBUE) S_undone <RALEMIZ TS (Pt %)
26:

27:

28: /) MERBE O NERS T A

29:  D_sub <S_undone X [PIEE B FERE v_current <t_current B BLIAEE 42
30: &

31:  ©_sub < 5T B ] f5 B 25

32:

33:// it ALNS RS SR T 1)

34: 'S _sub <EiE ALNS(S_undone, D_sub, ©® sub, max_iter=1500)

35:

36: [/ TTERE

37:  if S_sub i £ T H £ then
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38: 'S_current ¢&[S_done, S_running, S_sub]

39: else

40:  EHIRME S_sub
a1: end if

42:

43: 'S_dynamic <S_dynamic US_current
44: T _response <T_response Utoc // i35 M b7 It ]

45: end if

46:

47:  t_current <t_current + 1 // B [A]HERE 1 204
48: end while

49:

50: return S_dynamic, T_response

3.1.2 2026042800452A BTG AR SHESEAEMILAR
B AP T R T IR PGS 75 SR B S S AR IR AT AR, A SCAREE 29

YIRS T IR G BN T BN R, 2 SR AR R R I 5T R e SR
Xt ZEAM IR EEREAT LA o

BEXFR L, PAFCIS B /MG F bR, F 1 I AR e AR A . AL 5] N
TELER KA REAETH S R, B TR . S IR I B I AR A e R R
REFEMYARLAERENT . BT B G R RATIRAL R AR AT R . 4R BRI
WM 7 RB R R SR AN, R 2 B e 7 BN TR) B AT RSBl 1
2ot Sis iR I T A

EEXF R, AR FE A SN T R EEE X IMRBURZIR, W T2
BRE 2 R AR . G I AL AR PR B A SUHER TH B MR NGRIX % 7, A S TR R S
211 RS AR KA, S U R R A . Z5IR R IRATBOR R s
REVR 2 LU R IE SR T, BRI A= AM ISR AT 8N 1 /DR [ A, (B B
TR, ARG AT A2 N S TR B O BRIRFHERCR . KRB T IR AR S 25
H b 1] A

BEXF A=, DONIRIT A AR AR A, SR T B B AR A
AL AR A A% L, S0 “ IS TR R ES 7 SRS BIUE O e IR 2R, SEHBCSRIN 2247
WRE, RS2 m s s A AL AT R e i A . 588 W] LI RELERD ik
JEISTR) A ZE BT BT R TR T as Eh, PRRE T RS e SERE S BUT
B

AT S, ASCESL Z K i AU e s 1 AR AR, H
EOCHEIS e R R R R T B T AE R R TT A SE B, B T A B sh ok
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SRAE S LI IO B RN A {E

REBA: ARG OHAAHR, SEEPERE, NARTHE, SEOREX; HIERMAW
AR

RVE: ASCE 0138A [FlJE Il ik i 8, (HAER ARy ERAME . A
2O DTHRAE T IR AR SR (0 BR AR o SN 1 HE S IR TR (O BEAETT S bR 28, K e
ARRFE 5 R E REAR A AR AR M AN NAAAE SR, (AR SIS SEBR g S 5 . FR
ATECR N I 22 30 s Bt I %d, B R TTALR 9] S5k B sl AR . B E
TARE T (NI R EE) SRS AE CRAUESE A B [N 4E 47 107 REARE M. SR fi
FAER R e s iE e . B ATRTHL, o0 R T AER R ITEIz ik s
R TAERE ST VRT3t — 2 LUASANR] 1 bR Klist B ot RS2, IR RN 2105
T2 I AR 2 T B TN e
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THEFEEREDSHTEFARRENBTREDREZBENRERAR

W

BRI T VDAL e O BC 1A 75 KBNS S IARIRATZE PR, AU 29 i
IS5 T IR G B I B ONRT R, 2 SLIR I IR IR R IF BT R A Uk, X 44
A HEAT AL -

FERFE R, DARCIE B A I ME H AR, M T I AR s (R AR R A . BRG]
TELEN KA REAETH S R B, Bl T S SR I B I AR A e F
REFEMYARLAERENT . Bt B G R RATIRAL R AR AT R . 458 BRI
W KRB RER A S IE RN AN, R 2 il 7 B R B AT RSBl 1
2ot SIs iR I B T A

FEXFR R, AR R SN T R EEE X IMRBORZR, W T2
BRES 2 R AR o G I AL AR PR B A SUHER TH L MR NSRIX % 7, A S TR R IS
2T RS AR KA, 51 I R A . Z5IR R IRAT R e T
REVR 2R L R IE SR T, BRI A= AM I S AT 8N 1D VF [ E A, (B iR
TR, ARG AT A2 N S TR B O BRIRFHERCR . KRB T IR AR S 25
H b 1] A

BEXFIR L=, JNNRIT RIGR. hbAR SRR H A, SR T A AR A
SN AR A A% L, S0 “ IS TR R RS 7 SRS BIUE O e IR 2R, SEEBCSRIN 247
RES, RS2 m 1 s A AR AT R s A . 588 W] LI RELERD ik
FEISTA) A ZE BT BT R TR T s, IRRE T ARG e SERE S BT
BFEE.

AT S, ASCESL 2 i A AU e s 1 AR AR, H
EOCHES e B R R R T B T AE R R TT A e B, B T A Ak sh ok
SRAE SR OIS RN 18

REER] . ARG O, SASEMEAR, AR, SEEIEX; HE
IVPNSIEE 6L 2
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GBI G HE R B xsx: 1T SHERE IR FE S B BON S 80808

O F il Bk xsx: AT ICREMBAL, 25 AR S5
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B B TR HLIRFE P AT
VLR
QBAAE R . Bl a3 245 5 5 B85 d 6K R T80 T S0 A i
(@Python fiiAs:  H T A AR FeEOE 500 rh AN S BT T S 90 py BIAS, o TR %
WAL PR, FrLLEN %% matplotlib 5 openpyxl #H, W% A6 A K o v 38 B B
Python Ji -t A7 £ 8 ab 7
QMG SHIRAE.: IR m A, 4B PR BB RN, IR R e T
A BAEF) Python JAIASKLER, o 1 MG S Bt Ab 23 35 45 F AR R oo 1F 55008 A 8 D A=
1 .m BT EE e R
@y Wb marR BRI A PNG R, xisx ST NS T B A 1% B
4, .mat. .asv. .masv U BRI B S A .

PURN TR TFENUERR AR, WAL R FIReT g, (8T IRS b B 5
B.1 i TiALHE AL A K T IRng
KT E: A PELGRG 2 s 1 1/ 2 H 4L P shujuchuli.m

%% W 11T ZR L P PR TR - YA AR B TRAL PRI

% El 7R 4G Excel, 1 struct 2HF-SH] B XGZSH, AT T X FFo

clc;

script_dir = fileparts(mfilename('fullpath’));

order_file = fullfile(script_dir, '] 5115 & xlIsx');
time_file = fullfile(script_dir, "B [6] & .xlsx');
coord_file = fullfile(script_dir, ' J' A4 {5 B .xIsx');
dist_file = fullfile(script_dir, '#H 2 % [ xlIsx');

fprintf(' \n');
forintf('FFEHATEAR AL EE (NAEREE, JERRITHE) ..\nY);

%% 1. IR Excel

[~, ~, order_raw] = xlIsread(order_file);

[~, ~, time_raw] = xIsread(time_file);

[~, ~, coord_raw] = xIsread(coord_file);
[dist_num, ~, dist_raw] = xIsread(dist_file);

if size(order_raw, 1) < 2 || size(time_raw, 1) <2 | | size(coord_raw, 1) <2

error('Jii4f Excel i =, ERERIAN . );

end

fprintf(' B AR T): \n');

fprintf('- 1] L0 3% %d 25\n', size(order_raw, 1) - 1);
fprintf('- AL FRic 3% %d 25\n', size(coord_raw, 1) - 1);
fprintf('- B 8] & i 5% %d 25\n', size(time_raw, 1) - 1);

%% 2. B AL
if isempty(dist_num)
error("PE 2 P xlsx AL E B UE B g . );

end
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if size(dist_raw, 1) > 1 && size(dist_raw, 2) > 1
first_cell = dist_raw{1, 1};
if ischar(first_cell) && ~isempty(first_cell)
dist_matrix = cell_matrix_to_num(dist_raw(2:end, 2:end));
elseif isnumeric(first_cell) && first_cell == 0 && size(dist_raw, 1) == size(dist_num, 1) + 1
dist_matrix = cell_matrix_to_num(dist_raw(2:end, 2:end));

else
dist_matrix = dist_num;
end
else
dist_matrix = dist_num;
end

dist_matrix(isnan(dist_matrix)) = 0;

%% 3. JE T H 15 BI 155/ KT
order_header = order_raw(1, :);
order_body = order_raw(2:end, :);

col_weight = find_header_col(order_header, '# &");
col_volume = find_header_col(order_header, 1&#F1");
col_target = find_header_col(order_header, ' HHr% ) 9w '5);

order_target = cell_column_to_num(order_body(:, col_target));
order_weight = cell_column_to_num(order_body(:, col_weight));
order_volume = cell_column_to_num(order_body(:, col_volume));

order_weight(isnan(order_weight)) = 0;
order_volume(isnan(order_volume)) = 0;

valid_order = ~isnan(order_target);
order_target = order_target(valid_order);

order_weight = order_weight(valid_order);
order_volume = order_volume(valid_order);

customer_ids = unique(order_target(:));
customer_ids = sort(customer_ids);
total_weight = zeros(length(customer_ids), 1);
total_volume = zeros(length(customer_ids), 1);
fori=1:length(customer_ids)

cid = customer_ids(i);

idx = order_target == cid;

total_weight(i) = sum(order_weight(idx));

total_volume(i) = sum(order_volume(idx));
end

%% 4. FEIIT 5] BT HF577F
time_header = time_raw(1, :);
time_body = time_raw(2:end, :);
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col_tw_id = find_header_col(time_header, '& " %% 5");
col_tw_start = find_header_col(time_header, 'FH- 450} [A]');
col_tw_end = find_header_col(time_header, '45 i [H]');

tw_ids = cell_column_to_num(time_body(:, col_tw_id));
tw_start_min = zeros(length(tw_ids), 1);
tw_end_min = zeros(length(tw_ids), 1);

fori=1:length(tw_ids)
tw_start_min(i) = parse_time_to_min(time_bodyf{i, col_tw_start}, 0);
tw_end_min(i) = parse_time_to_min(time_body{i, col_tw_end}, 1440);
end

%% 5. FEHALFFHFYELR CHIEIX
coord_header = coord_raw(1, :);
coord_body = coord_raw(2:end, :);

col_coord_id = find_header_col(coord_header, 'ID");
col_coord_x = find_header_col(coord_header, 'X (km)');
col_coord_y = find_header_col(coord_header, 'Y (km)");

coord_id = cell_column_to_num(coord_body(:, col_coord_id));
coord_x = cell_column_to_num(coord_body(:, col_coord_x));
coord_y = cell_column_to_num(coord_body(:, col_coord_y));

valid_coord = ~isnan(coord_id);

coord_id = coord_id(valid_coord);
coord_x = coord_x(valid_coord);
coord_y = coord_y(valid_coord);

depot_idx = find(coord_id == 0, 1);
if isempty(depot_idx)
error('"% FARBRAE B xlsx HORFR BIBCIE 0 ID=0, );

end

cust_indices = find(coord_id > 0);

all_cust_ids = coord_id(cust_indices);

cust_x = coord_x(cust_indices);

cust_y = coord_y(cust_indices);

is_green_zone = sqrt(cust_x.A2 + cust_y.*2) <= 10;
green_customer_ids = all_cust_ids(is_green_zone);
non_green_customer_ids = all_cust_ids(~is_green_zone);

%% 6. A Ky struct 204 (4 table S57)
max_vehicle_weight = 3000;
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max_vehicle_volume = 15.0;
base_speed_kmh = 40;
service_time_min = 20;
start_dispatch_min = 480;
replan_step_min = 120;
look_ahead_min = 180;

n_base = length(all_cust_ids);
base_data = repmat(struct('OriginallD', 0, 'TotalWeight_kg', 0, 'TotalVolume_m3', 0, ...
'StartMin', 0, 'EndMin', 1440, 'IsGreenZone', 0, 'X_km', 0, 'Y_km"', 0), n_base, 1);

fori=1:n_base
cid = all_cust_ids(i);
base_data(i).OriginallD = cid;
base_data(i).X_km = cust_x(i);
base_data(i).Y_km = cust_y(i);
base_data(i).IsGreenZone = double(is_green_zone(i));

idx_order = find(customer_ids == cid, 1);
if ~isempty(idx_order)
base_data(i).TotalWeight_kg = total_weight(idx_order);
base_data(i).TotalVolume_m3 = total_volume(idx_order);
end

idx_time = find(tw_ids == cid, 1);

if ~isempty(idx_time)
base_data(i).StartMin = tw_start_min(idx_time);
base_data(i).EndMin = tw_end_min(idx_time);
end
end

% ZH L KES, GG EEE I Z 1 A B 755

final_data = struct('ID', {}, 'OriginallD', {}, 'Splitindex', {}, 'SplitCount’, {}, ...
'TotalWeight_kg', {}, 'TotalVolume_m3', {}, 'StartMin’, {}, 'EndMin’, {}, ...
'IsGreenZone’, {}, 'X_km', {},'Y_km', {});

fori=1:n_base
w = base_data(i).TotalWeight_kg;
v = base_data(i).TotalVolume_m3;
ifw<=0&&v<=0
continue;
end

split_count = max([1, ceil(w / max_vehicle_weight), ceil(v / max_vehicle_volume)]);
for part = 1:split_count

item = struct();

item.ID =0;

item.OriginallD = base_data(i).OriginallD;

item.Splitindex = part;
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item.SplitCount = split_count;
item.TotalWeight_kg = w / split_count;
item.TotalVolume_m3 = v / split_count;
item.StartMin = base_data(i).StartMin;
item.EndMin = base_data(i).EndMin;
item.IsGreenZone = base_data(i).IsGreenZone;
item.X_km = base_data(i).X_km;
item.Y_km = base_data(i).Y_km;
final_data(end + 1, 1) = item;
end
end

n_total = length(final_data);

fori=1:n_total
final_data(i).ID = 1i;

end

green_final_mask = [final_data.lsGreenZone] > 0;
green_task_count = sum(green_final_mask);
if any(green_final_mask)

green_modeled_customer_ids = unique([final_data(green_final_mask).OriginallD]);
else

green_modeled_customer_ids = [];
end

dist_matrix = expand_distance_matrix(dist_matrix, final_data);
traffic_profile = build_traffic_profile(final_data, base_speed_kmh);
model_param = struct( ...

'StartDispatchMin', start_dispatch_min, ...

'ServiceTimeMin', service_time_min, ...

'‘BaseSpeedKmh', base_speed_kmh, ...

'ReplanStepMin', replan_step_min, ...

'‘LookAheadMin’, look_ahead_min, ...

"TrafficProfile', traffic_profile);

fprintf(' \n');

forintf(' AL B TE R (AR B NAFZE) : \n');

forintf('JRUG & 30 (AEARER)D 1 %d\n', n_base);

fprintf('SR L BCIE X & P B (FEALFRH5E )« %d\n', length(green_customer_ids));
forintf('IELR EAILIE X % 5 (FZABFRH5E ) : %d\n', length(non_green_customer_ids));
fprintf('Z 5 E#ME P E CHITHFHER) : %d\n', length(unique([final_data.OriginallD])));
fprintf('¥5 73 JG AL i% S %d\n', n_total);

fprintf('Z 5 @A 4 (0 X 2 J 0 %d\n', length(green_modeled_customer_ids));
forintf('SR € X ik sk (743 J5) : %d\n', green_task_count);
fprintf(' A R AR A2 B M 2k, I %d MFBE. \n', length(traffic_profile.SpeedKmh));

disp_count = min(5, n_total);
fori=1:disp_count
fprintf('ID=%d, JR % ' =%d, 720 =%d/%d, E E=%.2fkg, {5F=%.2fm3, i8] & =[%d,%d], Stf2
[X=9%d\n’, ...
final_data(i).ID, final_data(i).OriginallD, final_data(i).SplitIndex, final_data(i).SplitCount, ...
final_data(i).TotalWeight_kg, final_data(i).TotalVolume_m3, final_data(i).StartMin, ...
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final_data(i).EndMin, final_data(i).IsGreenZone);

end
forintf("UiBH: AREIARAE NAEAT Excel B MAT SCF. \n');
fprintf(' \n');

function idx = find_header_col(header_row, header_name)
idx=0;
for k = 1:length(header_row)
val = header_rowf{k};
if ischar(val) && strcmp(strtrim(val), header_name)
idx = k;
return;

end
end
if idx ==
error('KFLF| 7|4 : %s', header_name);
end
end

function arr = cell_column_to_num(col_cells)
arr = zeros(length(col_cells), 1);
for k = 1:length(col_cells)
arr(k) = scalar_to_num(col_cells{k});
end
end

function mat = cell_matrix_to_num(cell_mat)
mat = zeros(size(cell_mat));
for rr = 1:size(cell_mat, 1)
for cc = 1:size(cell_mat, 2)
v = scalar_to_num(cell_mat{rr, cc});
if isnan(v)
v=0;
end
mat(rr, cc) = v;
end
end
end

function v = scalar_to_num(x)
if isempty(x)
v = NaN;
elseif isnumeric(x)
v = double(x);
elseif ischar(x)
X = strtrim(x);
if isempty(x)

v = NaN;
else
v = str2double(x);
end
else
try
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v = double(x);
catch
v = NaN;

end
end
end

function minutes = parse_time_to_min(val, default_value)
minutes = default_value;
if isempty(val)
return;
end

if isnumeric(val)
if isnan(val)
return;
end
frac = val - floor(val);
iffrac>0
minutes = round(frac * 24 * 60);
elseif val >= 0 && val <= 1440
minutes = round(val);
end
return;
end

if ~ischar(val)

try
val = char(val);
catch
return;
end
end

val = strtrim(val);

if isempty(val)
return;

end

p = strfind(val, ":');
if isempty(p)
num_val = str2double(val);
if ~isnan(num_val)
minutes = round(num_val);
end
return;
end

hh = str2double(val(1:p(1)-1));
mm = str2double(val(p(1)+1:end));
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if ~isnan(hh) && ~isnan(mm)
minutes = hh * 60 + mm;
end
end

function new_dist = expand_distance_matrix(old_dist, final_data)
n_total = length(final_data);
new_dist = zeros(n_total + 1, n_total + 1);
new_dist(1, 1) =0;
fori=1:n_total
orig_i = final_data(i).OriginallD;
new_dist(1, i+ 1) = old_dist(1, orig_i + 1);
new_dist(i + 1, 1) = old_dist(orig_i + 1, 1);
forj=1:n_total
orig_j = final_data(j).OriginallD;
new_dist(i+ 1, j + 1) = old_dist(orig_i + 1, orig_j + 1);
end
end
end

function traffic_profile = build_traffic_profile(final_data, base_speed_kmh)
time_edges = 360:60:1320;
n_slots = length(time_edges) - 1;
demand_heat = zeros(n_slots, 1);

for s =1:n_slots
t0 = time_edges(s);
t1 = time_edges(s + 1);
tm=0.5* (t0 + t1);
active_count =0;
urgent_count =0;
fori = 1:length(final_data)
if final_data(i).StartMin <= 11 && final_data(i).EndMin >=t0
active_count = active_count + 1;
end
if abs(final_data(i).StartMin - tm) <= 90
urgent_count = urgent_count + 1;
end
end
demand_heat(s) = active_count + 0.35 * urgent_count;
end

max_heat = max(demand_heat);
min_heat = min(demand_heat);
if max_heat - min_heat < 1e-6
demand_norm = zeros(n_slots, 1);
else
demand_norm = (demand_heat - min_heat) / (max_heat - min_heat);
end

speed_kmh = zeros(n_slots, 1);
congestion = zeros(n_slots, 1);
fors=1:n_slots
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slot_mid_hour = (time_edges(s) + time_edges(s + 1)) / 120;
hour_bias =0;
if (slot_mid_hour >= 7 && slot_mid_hour < 9) || (slot_mid_hour >= 17 && slot_mid_hour

<19)
hour_bias = 0.08;
end
speed_ratio = 1.08 - 0.38 * demand_norm(s) - hour_bias;
speed_ratio = min(1.10, max(0.52, speed_ratio));
speed_kmh(s) = base_speed_kmh * speed_ratio;
congestion(s) = base_speed_kmh / speed_kmh(s);
end

traffic_profile = struct();
traffic_profile.TimeEdges = time_edges;
traffic_profile.SpeedKmh = speed_kmbh;
traffic_profile.CongestionFactor = congestion;
traffic_profile.IntervalDemand = demand_heat;
end
B.2 fr @l 1 b KR ITilnYg
AFTE: EHAL PR RS RIS 17/ 187 1/wentil.m
%% [ 1: BT T HIE I Z L1
clear; clc;
try, close all; catch, end
tic;

script_dir = fileparts(mfilename('fullpath’));
preprocess_script = fullfile(fileparts(script_dir), 't 4L #', 'shujuchuli.m');
if ~exist(preprocess_script, 'file')
error(' AR BN HAR AL B A %s', preprocess_script);
end
run(preprocess_script);

dist_matrix(isnan(dist_matrix)) = 0;
N_customers = numel(final_data);
N_green_customers = length(green_customer_ids);
N_non_green_customers = length(non_green_customer_ids);
green_task_mask = [final_data.IsGreenZone] > 0;
if any(green_task_mask)
N_modeled_green_customers = length(unique([final_data(green_task_mask).OriginallD]));
else
N_modeled_green_customers = 0;
end

rng(1);

fprintf(' \n');

fprintf('[A] 8 1: IR ERASBIARY TR A6 SR A...\n");

forintf("& F TS E: %d, TR B %d\n', N_customers, length(traffic_profile.SpeedKmbh));

forintf('SR B BCIE X & B (BB 42) 1 %d, AESEOELIE X EE %d\n', ...
N_green_customers, N_non_green_customers);

fprintf('Z 5 @A 4 (0 X % F 0 %d\n', N_modeled_green_customers);

fprintf(' \n');

%% 1. ZH a1
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params = struct();

params.c_start = 400;

params.c_wait = 24 / 60;

params.c_late = 50 / 60;

params.c_carbon = 0.65;

params.fuel_price =7.61;

params.ev_price = 1.64;

params.gamma_fuel = 2.547;

params.gamma_ev = 0.501;

params.FPK_base = 0.0025 * model_param.BaseSpeedKmh”2 - 0.2554 * model_param.BaseSpeedKmh
+ 31.75;

params.EPK_base = 0.0014 * model_param.BaseSpeedKmh”2 - 0.12 * model_param.BaseSpeedKmh +
36.19;

params.service_time_min = model_param.ServiceTimeMin;

params.start_time = model_param.StartDispatchMin;

params.traffic_profile = traffic_profile;

Vehicles = [
3000, 13.5, 60, 1;
1500, 10.8, 50, 1;
1250, 6.5,50, 1;
3000, 15.0, 10, 2;

1500, 8.5, 15,2
I;
veh_names = {45 1", "RV ZE 2, "RV ZE 3, "I REURZE 1, "HTRETR A 2');
veh_types = {'JRVH 2", BRI ZE", RV ZE, T RETR AR, UHTRETR 4,

%% 2. ALNS J22; (A EFL) KF
pop_size = 100;

max_gen = 160;

pc = 0.85;

pm = 0.08;

pop = zeros(pop_size, N_customers);
fori=1:pop_size

pop(i, :) = randperm(N_customers);
end

global_best_chrom = pop(1, :);
global_best_cost = inf;
history_best = zeros(max_gen, 1);

for gen = 1:max_gen
fitness = zeros(pop_size, 1);
fori=1:pop_size
fitness(i) = QuickCost_Q1(pop(i, :), final_data, dist_matrix, Vehicles, params);
end

[gen_best_cost, gen_best_idx] = min(fitness);
if gen_best_cost < global_best_cost
global_best_cost = gen_best_cost;
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global_best_chrom = pop(gen_best_idx, :);
end
history_best(gen) = global_best_cost;

fit_inv=1 ./ (fitness + 1e-6);
cum_prob = cumsum(fit_inv / sum(fit_inv));
cum_prob(end) = 1.0;

new_pop = zeros(pop_size, N_customers);
fori=1:pop_size
idx = find(cum_prob >= rand(), 1);
if isempty(idx)
idx = pop_size;
end
new_pop(i, :) = pop(idx, :);

end
pop = new_pop;

fori=1:2:(pop_size - 1)
if rand() < pc
pl=pop(i, :);
p2 =pop(i+1,:);
cut = sort(randi([1, N_customers], 1, 2));
cl=pl;
c2=p2;
c1(cut(1):cut(2)) = p2(cut(1):cut(2));
c2(cut(1):cut(2)) = p1(cut(1):cut(2));
pop(i, :) = fix_chrom(c1, N_customers);
pop(i + 1, :) = fix_chrom(c2, N_customers);
end
end

fori=1:pop_size
if rand() < pm
pos = randperm(N_customers, 2);
pop(i, [pos(1), pos(2)]) = pop(i, [pos(2), pos(1)]);
end
end

[~, worst_idx] = max(fitness);
pop(worst_idx, :) = global_best_chrom;

if mod(gen, 40) ==
fprintf("fXEL %d / %d, METHCAA: %.2f JC\n', gen, max_gen, global_best_cost);
end
end

%% 3. HALE RN
[Z total, Total CO2, routes_info, veh_usage count] = BuildDetailedRoutes_Q1l(global_best_chrom,
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final_data, dist_matrix, Vehicles, params);
time_elapsed = tog;

Z_fix = sum(cellfun(@(x) x.StartCost, routes_info));
Z_energy = sum(cellfun(@(x) x.EnergyCost, routes_info));
Z_carbon = sum(cellfun(@(x) x.CarbonCost, routes_info));
Z_wait = sum(cellfun(@(x) x.WaitCost, routes_info));
Z_late = sum(cellfun(@(x) x.LateCost, routes_info));

%% 4. 45 F 4

fprintf("\n K 5E L, FERT %.2f #2, JLJ5 H %d #%\n\n', time_elapsed, sum(veh_usage_count));
fprintf(' LA AZAZ @AY \n');

forintf(" B PRI BOE E . %.2f km/h\n', max(traffic_profile.SpeedKmbh));

fprintf('F fE ) BG#E . %.2f km/h\n', min(traffic_profile.SpeedKmh));

fprintf("“F-IJIT BL# . %.2f km/h\n', mean(traffic_profile.SpeedKmh));

fprintf("\n [ =85 S \n');
fprintf('%-10s %-10s %-10s %-10s %-10s %-10s\n', 'Z=AY", '2RAY 4% & (kg)', "B (m3)", 7] H EE", !
SERR A Y
for k = 1:size(Vehicles, 1)
fprintf('%-10s %-10s %-10.0f %-10.1f %-10d %-10d\n', veh_names{k}, veh_types{k}, Vehicles(k,
1), Vehicles(k, 2), Vehicles(k, 3), veh_usage_count(k));
end

forintf("\n [ A7 15 2L H4H] \n");
fprintf('%-6s %-10s %-8s %-12s %-10s %-10s %-10s %-10s\n', %5 "', "ZEAY & P80, R 2%,
RIS, I TR A, REFERUA, LR UA);
for i = 1:min(15, length(routes_info))
info = routes_infofi};
fprintf('%-6d %-10s %-8d %-12s %-10s %-10.2f %-10.2f %-10.2f\n’, ...
i, veh_names{info.VehlID}, length(info.Route), min_to_hhmm(info.DepartTime), ...

min_to_hhmm(info.ReturnTime), info.WaitCost + info.LateCost, info.EnergyCost,

info.TotalCost);

end

fprintf("\n \n');

forintf(" L) 1. AR ERARRAL S SOA /M i ] \n');

fprintf(' \n');

fprintf('%-20s %-15s %-10s\n', AT H", "&4i(70)", ' 4 E(%)");

fprintf(' \n");

fprintf('%-20s %-15.2f %-10.2f\n', 'J& 3l il 4s Z_fix', Z_fix, 100 * Z_fix / Z_total);

fprintf('%-20s %-15.2f %-10.2f\n', 'BEJ A Z_energy', Z_energy, 100 * Z_energy / Z_total);
fprintf('%-20s %-15.2f %-10.2f\n', "Bk HE U AS Z_carbon', Z_carbon, 100 * Z_carbon / Z_total);
fprintf('%-20s %-15.2f %-10.2f\n", "5 55 R} A Z_wait', Z_wait, 100 * Z_wait / Z_total);
fprintf('%-20s %-15.2f %-10.2f\n', 15 2| {& {1 4% Z_late', Z_late, 100 * Z_late / Z_total);
fprintf(' \n');

fprintf('%-20s %-15.2f %-10.2f\n', "H = I BEAUA Z', Z_total, 100.00);

fprintf("\n &M SR HEE: %.2f kg\n', Total_C02);

fprintf('i 2 GA J L H¥rE: %.2f JC\n', history_best(end));

fprintf(' \n');
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%% ========z======== T2 R bR
function ¢ = fix_chrom(c, N)
[~, idx] = unique(c, 'stable');

missing = setdiff(1:N, c(idx));
c(setdiff(1:N, idx)) = missing;
end

function total_cost = QuickCost_Q1(chrom, data, dist_matrix, vehicles, params)
total_cost =0;
current_route = [];
current_weight = 0;
current_volume = 0;
max_W = max(vehicles(:, 1));
max_V = max(vehicles(:, 2));

for i = 1:length(chrom)
cid = chrom(i);
w = data(cid).TotalWeight_kg;
v = data(cid).TotalVolume_m3;
if ~isempty(current_route) && (current_weight + w > max_W || current_volume + v > max_V)
res = EvalRouteDetailed_Q1(current_route, current_weight, current_volume,
params.start_time, data, dist_matrix, vehicles, params);
if ~isfield(res, 'TotalCost')
total_cost = 1e9;
return;
end
total_cost = total_cost + res.TotalCost;
current_route = [];
current_weight = 0;
current_volume =0;
end
current_route = [current_route, cid];
current_weight = current_weight + w;
current_volume = current_volume +v;
end

if ~isempty(current_route)
res = EvalRouteDetailed_Q1(current_route, current_weight, current_volume,
params.start_time,
data, dist_matrix, vehicles, params);
if ~isfield(res, 'TotalCost')
total_cost = 1e9;

return;
end
total_cost = total_cost + res.TotalCost;
end
end

function [total_cost, total_co2, routes_info, veh_usage] = BuildDetailedRoutes_Ql1(chrom, data,
dist_matrix, vehicles, params)
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total_cost =0;

total_co2 =0;

routes_info = {};

veh_usage = zeros(1, size(vehicles, 1));
current_route = [];

current_weight = 0;

current_volume =0;

max_W = max(vehicles(:, 1));

max_V = max(vehicles(:, 2));

fori=1:length(chrom)
cid = chrom(i);
w = data(cid).TotalWeight_kg;
v = data(cid).TotalVolume_m3;
if ~isempty(current_route) && (current_weight + w > max_W || current_volume + v > max_V)
res = EvalRouteDetailed_Q1(current_route, current_weight, current_volume,
params.start_time, data, dist_matrix, vehicles, params);
routes_info{end + 1} = res;
veh_usage(res.VehlID) = veh_usage(res.VehiID) + 1;
total_cost = total_cost + res.TotalCost;
total_co2 =total_co2 + res.CO2;
current_route = [];
current_weight = 0;
current_volume =0;
end
current_route = [current_route, cid];
current_weight = current_weight + w;
current_volume = current_volume +v;
end

if ~isempty(current_route)
res = EvalRouteDetailed_Q1(current_route, current_weight, current_volume,
params.start_time,
data, dist_matrix, vehicles, params);
routes_info{end + 1} = res;
veh_usage(res.VehlID) = veh_usage(res.VehlID) + 1;
total_cost = total_cost + res.TotalCost;
total_co2 =total_co2 + res.CO2;
end
end

function best_res = EvalRouteDetailed_Ql(route, total_weight, total_volume, depart_time, data,
dist_matrix, vehicles, params)
best_res = struct();
best_cost = inf;
for k = 1:size(vehicles, 1)
capW = vehicles(k, 1);
capV = vehicles(k, 2);
if total_weight > capW | | total_volume > capV
continue;
end
res = SimulateRoute_Q1(route, depart_time, total_weight, total_volume, vehicles(k, :), k, data,
dist_matrix, params);
if res.TotalCost < best_cost
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best_cost = res.TotalCost;
best_res =res;
end
end
end

function res = SimulateRoute_Q1(route, depart_time, total_weight, total_volume, veh_row, veh_id,
data, dist_matrix, params)
is_ev =veh_row(4) == 2;
t_curr = depart_time;
wait_c=0;
late_c=0;
drive_time =0;
route_dist = 0;
effective_dist = 0;
last_node =0;
arrival_times = zeros(1, length(route));

for step = 1:length(route)
cust_id = route(step);
[arr_time, seg_drive, seg_dist, seg_eff] = TravelBetween(last_node, cust_id, t_curr, dist_matrix,
params.traffic_profile);
drive_time = drive_time + seg_drive;
route_dist = route_dist + seg_dist;
effective_dist = effective_dist + seg_eff;
arrival_times(step) = arr_time;

ET = data(cust_id).StartMin;
LT = data(cust_id).EndMin;
if arr_time < ET
wait_c = wait_c + (ET - arr_time) * params.c_wait;

t_curr = ET + params.service_time_min;

elseif arr_time > LT
late_c = late_c + (arr_time - LT) * params.c_late;
t_curr = arr_time + params.service_time_min;

else
t_curr = arr_time + params.service_time_min;
end
last_node = cust_id;
end

[return_time, back_drive, back_dist, back_eff] = TravelBetween(last_node, 0, t_curr, dist_matrix,
params.traffic_profile);

drive_time = drive_time + back_drive;

route_dist = route_dist + back_dist;

effective_dist = effective_dist + back_eff;

load_ratio = total_weight / veh_row(1);

ifis_ev
energy_used = (effective_dist / 100) * params.EPK_base * (1 + 0.35 * load_ratio);
energy_cost = energy_used * params.ev_price;
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co2 = energy_used * params.gamma_ev;
else
energy_used = (effective_dist / 100) * params.FPK_base * (1 + 0.40 * load_ratio);
energy_cost = energy_used * params.fuel_price;
co2 = energy_used * params.gamma_fuel;
end

carbon_cost = co2 * params.c_carbon;
total_cost = params.c_start + wait_c + late_c + energy_cost + carbon_cost;

res = struct();

res.VehlD = veh_id;

res.Route = route;

res.OriginalRoute = route_to_original(route, data);
res.Weight = total_weight;
res.Volume = total_volume;
res.DepartTime = depart_time;
res.ReturnTime = return_time;
res.DriveTime = drive_time;
res.RouteDistance = route_dist;
res.EffectiveDistance = effective_dist;
res.StartCost = params.c_start;
res.WaitCost = wait_c;

res.LateCost = late_gc;

res.EnergyCost = energy_cost;
res.CarbonCost = carbon_cost;
res.TotalCost = total_cost;

res.CO2 = co2;
res.ArrivalTimes = arrival_times;
end
function [arrive_time, travel_min, travel_dist, effective_dist] = TravelBetween(from_id, to_id,

depart_time, dist_matrix, traffic_profile)
travel_dist = dist_matrix(from_id + 1, to_id + 1);
effective_dist = 0;
travel_min =0;
remain_dist = travel_dist;
t_curr = depart_time;

while remain_dist > 1e-8
[speed_kmh, cong_factor, next_break] = GetTrafficState(t_curr, traffic_profile);
available_min = max(1e-6, next_break - t_curr);
pass_dist = speed_kmh * available_min / 60;

if pass_dist >= remain_dist
delta_t = remain_dist / speed_kmh * 60;
travel_min = travel_min + delta_t;
effective_dist = effective_dist + remain_dist * cong_factor;
t_curr=t_curr +delta_t;
remain_dist = 0;
else
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travel_min = travel_min + available_min;
effective_dist = effective_dist + pass_dist * cong_factor;
remain_dist = remain_dist - pass_dist;
t_curr = next_break;
end
end

arrive_time =t_curr;
end

function [speed_kmh, cong_factor, next_break] = GetTrafficState(current_time, traffic_profile)
edges = traffic_profile.TimeEdges;
idx = find(current_time >= edges(1:end-1) & current_time < edges(2:end), 1, 'last');
if isempty(idx)
if current_time < edges(1)
idx=1;
else

idx = length(edges) - 1;

end
end
speed_kmh = traffic_profile.SpeedKmh(idx);
cong_factor = traffic_profile.CongestionFactor(idx);
if current_time >= edges(end)

next_break = current_time + 60;
else

next_break = edges(idx + 1);
end

end

function txt = min_to_hhmm(t)
hh = floor(t / 60);
mm = round(t - hh * 60);
if mm >=60
hh=hh+1;
mm =mm - 60;
end
txt = sprintf('%02d:%02d', mod(hh, 24), mm);
end

function orig_route = route_to_original(route, data)

orig_route = zeros(size(route));

for i = 1:length(route)

orig_route(i) = data(route(i)).OriginallD;

end
end
B.3 Il 2 JL AR TCi Y
NI E: E A PEG R G B 77/ 1487 2/wenti2.m
%% |02 I BHEIE+ 5085 H 1R
% KM IRZ)IT AN : FERGLELENT 1, FRHT =5 HT T ZY RN TR 25/ B 2 A 1T L 1E
% HIREFERETEIXIRB] B F 8:00-16:00 S TEHNLREHFEX ) .
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clear; clc;
try, close all; catch, end
tic;

script_dir = fileparts(mfilename('fullpath'));
preprocess_script = fullfile(fileparts(script_dir), £ 4L, 'shujuchuli.m');
if ~exist(preprocess_script, 'file')

error(' AL B EHE AL PEHIA . %s', preprocess_script);

end
run(preprocess_script);
dist_matrix(isnan(dist_matrix)) = 0;

N_customers = numel(final_data);
rng(2);

fprintf(' \n');

fprintf('1a] &8 2: A H W FERARIFA6 K AE..\n');

forintf('% F AR 4 %d, B K: %d o8, FIEEH: %d 28N\n, ...
N_customers, model_param.ReplanStepMin, model_param.LookAheadMin);

fprintf(' \n');

%% 1. ZH PG

params = struct();

params.c_start = 400;

params.c_wait = 24 / 60;

params.c_late = 50 / 60;

params.c_carbon = 0.65;

params.fuel_price =7.61;

params.ev_price = 1.64;

params.gamma_fuel = 2.547;

params.gamma_ev = 0.501;

params.FPK_base = 0.0025 * model_param.BaseSpeedKmh”2 - 0.2554 * model_param.BaseSpeedKmh
+31.75;

params.EPK_base = 0.0014 * model_param.BaseSpeedKmh”2 - 0.12 * model_param.BaseSpeedKmh +
36.19;

params.service_time_min = model_param.ServiceTimeMin;

params.start_time = model_param.StartDispatchMin;

params.replan_step_min = model_param.ReplanStepMin;

params.look_ahead_min = model_param.LookAheadMin;

params.green_start = 480;

params.green_end = 960;

params.traffic_profile = traffic_profile;

VehiclesTable = [
3000, 13.5, 60, 1;
1500, 10.8, 50, 1;
1250, 6.5,50, 1;
3000, 15.0, 10, 2;
1500, 8.5, 15,2
I;
veh_names = {"®AVH1 75 1', AT ZE 2", AT 4R 3, UBTREVR 4 1, UBTREUR A 2');
veh_types = {'JAJH", "RV, A", HTREIR", SR REVR')
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%% 2. JRZ)H &

current_time = params.start_time;
unserved = 1:N_customers;

routes_info = {};

veh_usage = zeros(1, size(VehiclesTable, 1));
replan_history = [];

total_cost =0;

total_co2 =0;

round_id =0;

while ~isempty(unserved)
active_ids = pick_active_customers(unserved, final_data, current_time, params.look_ahead_min);
if isempty(active_ids)
next_time = min(arrayfun(@(idx) final_data(idx).StartMin, unserved));
current_time = max(current_time + params.replan_step_min, next_time);
continue;
end

round_id = round_id + 1;

[best_local_chrom, best _round _cost] = SolveSubsetGA_Q2(active_ids, final_data, dist_matrix,
VehiclesTable, current_time, params);
[round_cost, round_co2, round_routes, served_ids, round_usage] =

BuildBatchRoutes_Q2(best_local_chrom, active_ids, final_data, dist_matrix, VehiclesTable, current_time,
params);

if isempty(served_ids)
current_time = current_time + params.replan_step_min;
continue;

end

for i = 1:length(round_routes)
round_routes{i}.RoundID = round_id;
routes_info{end + 1} = round_routes{i};
end

total_cost = total_cost + round_cost;

total_co2 =total_co2 + round_co2;

veh_usage = veh_usage + round_usage;

replan_history(end + 1, :) = [round_id, current_time, length(active_ids), round_cost,
best_round_cost]; %#ok<AGROW>

unserved = setdiff(unserved, served_ids, 'stable');

current_time = current_time + params.replan_step_min;

forintf('5 %d R : I % %s, DN %d MESS, B %.2f 70, FIR %d MES\N, ...
round_id, min_to_hhmm(current_time - params.replan_step_min), length(active_ids),
round_cos
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t, length(unserved));
end

time_elapsed = toc;

%% 3. /i H i

Z_fix = sum(cellfun(@(x) x.StartCost, routes_info));
Z_energy = sum(cellfun(@(x) x.EnergyCost, routes_info));
Z_carbon = sum(cellfun(@(x) x.CarbonCost, routes_info));
Z_wait = sum(cellfun(@(x) x.WaitCost, routes_info));
Z_late = sum(cellfun(@(x) x.LateCost, routes_info));

fprintf("\n \n');
fprintf(" L)@ 2. S EP SRR E]T \n');
fprintf(' \n');

fprintf('>KAEFERT: %.2f #P\n', time_elapsed);
fprintf('SI S LFEIR: %d {X\n', round_id);
fprintf(" LI 2% %d #i\n', sum(veh_usage));
forintf("E K S E A . %.2f JG\n', total_cost);
fprintf(' Sk HEE: %.2f kg\n', total_co2);

fprintf("\n [ &85 HICET \n');
fprintf('%-12s %-10s %-10s %-10s %-10s\n', '"FERIZFK", ‘&) 2R AL, # & (kg)', 'BFR(m3)', "SLbr/E H
);
for k = 1:size(VehiclesTable, 1)
fprintf('%-12s %-10s %-10d %-10.1f %-10d\n', veh_names{k}, veh_types{k}, VehiclesTable(k, 1),
VehiclesTable(k, 2), veh_usage(k));
end

fprintf("\n [ 15 2k ZhA&EACHI40] \n');
fprintf('%-6s %-8s %-10s %-8s %-10s %-10s %-10s %-10s\n', '%i 5", HE IR, AL, & P4, R ZERT
A", R Z, TR A, R RAR);
fori=1:min(15, length(routes_info))
res = routes_info{i};
fprintf('%-6d %-8d %-10s %-8d %-10s %-10s %-10.2f %-10.2f\n’, ...
i, res.RoundID, veh_names{res.BestK}, length(res.Route), ...
min_to_hhmm(res.DepartTime), min_to_hhmm(res.ReturnTime), res.WaitCost + res.LateCost,
res.TotalCost);
end

forintf('\n [EWEIFERE] \n");
fprintf('%-8s %-10s %-10s %-12s %-12s\n', "%, "B %', 1L 5550, '$AT A, 'GA H bRE");
for i = 1:size(replan_history, 1)

fprintf('%-8d %-10s %-10d %-12.2f %-12.2f\n’, ...

replan_history(i, 1), min_to_hhmm(replan_history(i, 2)), replan_history(i, 3), replan_history(i,
4), replan_history(i, 5));
end

fprintf("\n LR EA > EER]T \n');
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fprintf('%-20s %-15s %-10s\n', WA, & 4i(70)", 15 EL(%)');

fprintf(' \n");

forintf(' /BB A Z_fix %-15.2f %-10.2f\n’, Z_fix, 100 * Z_fix / total_cost);
fprintf(' BEUR AR Z_energy %-15.2f %-10.2f\n', Z_energy, 100 * Z_energy / total_cost);
fprintf('iik A Z_carbon %-15.2f %-10.2f\n', Z_carbon, 100 * Z_carbon / total_cost);
fprintf('"SEFF A Z_wait %-15.2f %-10.2f\n', Z_wait, 100 * Z_wait / total_cost);
fprintf("IR B AL Z_late %-15.2f %-10.2f\n', Z_late, 100 * Z_late / total_cost);

fprintf(' \n');

fprintf(' S A Z %-15.2f %-10.2f\n’, total_cost, 100.00);

fprintf("\n [%Z 2 BHETTER] \n");
forintf('%-15s %-12s %-15s %-15s %-15s\n", "2 74", 5 AL, "WRHECA 11 (kg)', "BEIR A &1, "HERL
i EE(%)');
for k = 1:size(VehiclesTable, 1)
if veh_usage(k) >0
idx = cellfun(@(x) x.BestK == k, routes_info);
type_co2 = sum(cellfun(@(x) x.CO2, routes_info(idx)));
type_energy = sum(cellfun(@(x) x.EnergyCost, routes_info(idx)));
fprintf('%-15s %-12d %-15.2f %-15.2f %-15.2f\n', veh_names{k}, veh_usage(k), type_co2,
type_energy, 100 * type_co2 / total_co2);

end
end
fprintf(' \n');
%% ============== === JRZ SCHF IR
function ids = pick_active_customers(unserved, data, current_time, look_ahead_min)
ids =];

for i = 1:length(unserved)
cid = unserved(i);
if data(cid).StartMin <= current_time + look_ahead_min || data(cid).EndMin <= current_time
ids = [ids, cid];
end
end
end

function c = fix_chrom(c, N)
[~, idx] = unique(c, 'stable');
missing = setdiff(1:N, c(idx));
c(setdiff(1:N, idx)) = missing;

end

function [best_chrom, best cost] = SolveSubsetGA Q2(active_ids, data, dist_matrix, vehicles,
depart_time, params)
n = length(active_ids);
if n==
best chrom=1;
best_cost = QuickCost_Q2(best_chrom, active_ids, data, dist_matrix, vehicles, depart_time,
params);
return;
end
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pop_size = min(80, max(30, 4 * n));
max_gen = min(120, max(50, 8 * n));
pc = 0.85;

pm =0.12;

pop = zeros(pop_size, n);
fori=1:pop_size

pop(i, :) = randperm(n);
end

best_chrom = pop(1, :);
best_cost = inf;

for gen = 1:max_gen
fitness = zeros(pop_size, 1);
fori=1:pop_size
fitness(i) = QuickCost_Q2(pop(i, :), active_ids, data, dist_matrix, vehicles, depart_time,
params);
end

[gen_best_cost, gen_best_idx] = min(fitness);
if gen_best_cost < best_cost

best_cost = gen_best_cost;

best_chrom = pop(gen_best_idx, :);
end

fit_inv=1./ (fitness + 1e-6);
cum_prob = cumsum(fit_inv / sum(fit_inv));
cum_prob(end) = 1.0;

new_pop = zeros(pop_size, n);
fori=1:pop_size

idx = find(cum_prob >=rand(), 1);
if isempty(idx)
idx = pop_size;
end
new_pop(i, :) = pop(idx, :);
end
pop = new_pop;

fori=1:2:(pop_size - 1)
if rand() < pc
pl = pop(i, :);
p2 =pop(i+1,:);
cut = sort(randi([1, n], 1, 2));
cl=pl;
c2=p2;
c1(cut(1):cut(2)) = p2(cut(1):cut(2));
c2(cut(1):cut(2)) = p1(cut(1):cut(2));
pop(i, :) = fix_chrom(c1, n);
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pop(i + 1, :) = fix_chrom(c2, n);
end
end

fori=1:pop_size
if rand() < pm
cut = sort(randi([1, n], 1, 2));
pop(i, cut(1):cut(2)) = fliplr(pop(i, cut(1):cut(2)));
end
end

[~, worst_idx] = max(fitness);
pop(worst_idx, :) = best_chrom;
end
end

function total_cost = QuickCost_Q2(local_chrom, active_ids, data, dist_matrix, vehicles, depart_time,
params)
[batch_cost, ~, ~, served_ids, ~] = BuildBatchRoutes_Q2(local_chrom, active_ids, data, dist_matrix,
vehicles, depart_time, params);
if isempty(served_ids) | | length(served_ids) < length(active_ids)
total_cost = 1e9;

else
total_cost = batch_cost;
end
end
function [total_cost, total_co2, routes_info, served_ids, veh_usage] =

BuildBatchRoutes_Q2(local_chrom, active_ids, data, dist_matrix, vehicles, depart_time, params)
total_cost =0;
total_co2 =0;
routes_info = {};
served_ids =[];
veh_usage = zeros(1, size(vehicles, 1));

global_route = active_ids(local_chrom);
current_route = [];

current_w =0;

current_v =0;

max_W = max(vehicles(:, 1));

max_V = max(vehicles(:, 2));

for i = 1:length(global_route)
cid = global_route(i);
w = data(cid).TotalWeight_kg;
v = data(cid).TotalVolume_m3;
if ~isempty(current_route) && (current_w + w >max_W | | current_v + v > max_V)
res = EvalBestVehicle_Q2(current_route, current_w, current_v, data, dist_matrix, vehicles,
depart_time, params);
if ~isfield(res, 'TotalCost')
total_cost = inf;
total_co2 =inf;
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routes_info = {};
served_ids =[];
veh_usage = zeros(1, size(vehicles, 1));
return;
end
routes_info{end + 1} =res;
veh_usage(res.BestK) = veh_usage(res.BestK) + 1;
served_ids = [served_ids, current_route];
total_cost = total_cost + res.TotalCost;
total_co2 =total_co2 + res.CO2;
current_route = [];
current_w =0;
current_v =0;
end
current_route = [current_route, cid];
current_w = current_w + w;
current_v = current_v +v;
end

if ~isempty(current_route)
res = EvalBestVehicle_Q2(current_route, current_w, current_v, data, dist_matrix, vehicles,
depart_time, params);
if ~isfield(res, 'TotalCost')
total_cost = inf;
total_co2 =inf;
routes_info = {};
served_ids = [];
veh_usage = zeros(1, size(vehicles, 1));
return;
end
routes_info{end + 1} =res;
veh_usage(res.BestK) = veh_usage(res.BestK) + 1;
served_ids = [served_ids, current_route];
total_cost = total_cost + res.TotalCost;
total_co2 =total_co2 + res.CO2;
end

served_ids = unique(served_ids, 'stable');
end

function best_res = EvalBestVehicle_Q2(route, total_w, total_v, data, dist_matrix, v_table, depart_time,
params)
best_res = struct();
min_cost = inf;
for k = 1:size(v_table, 1)
capW =v_table(k, 1);
capV =v_table(k, 2);
if total_w > capW || total_v > capV
continue;
end

res = SimulateRoute_Q2(route, total_w, total_v, v_table(k, :), k, data, dist_matrix, depart_time,
params);
if isfield(res, 'TotalCost') && res.TotalCost < min_cost
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min_cost = res.TotalCost;
best_res =res;
end
end
end

function res = SimulateRoute_Q2(route, total w, total v, veh row, veh_id, data, dist_matrix,
depart_time, params)

is_ev =veh_row(4) == 2;
t_curr = depart_time;
wait_c=0;

late_c=0;

route_dist =0;
effective_dist = 0;

last =0;

for i = 1:length(route)
cid = route(i);
[arr, ~, d_seg, eff_seg] = TravelBetween(last, cid, t_curr, dist_matrix, params.traffic_profile);
route_dist = route_dist + d_seg;
effective_dist = effective_dist + eff_seg;

if ~is_ev && data(cid).IsGreenZone > 0 && arr >= params.green_start && arr <= params.
green_end
res = struct();
return;
end

et = data(cid).StartMin;
It = data(cid).EndMin;
if arr < et
wait_c = wait_c + (et - arr) * params.c_wait;
t_curr = et + params.service_time_min;
elseif arr > It
late_c =late_c + (arr - It) * params.c_late;
t_curr = arr + params.service_time_min;
else
t_curr = arr + params.service_time_min;
end
last = cid;
end

[arr_depot, ~, d_back, eff _back] = TravelBetween(last, 0, t_curr, dist_matrix, params.traffic_profile);
if ~is_ev && arr_depot >= params.green_start && arr_depot <= params.green_end

res = struct();

return;
end

route_dist = route_dist + d_back;
effective_dist = effective_dist + eff_back;
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load_ratio = total_w / veh_row(1);

if is_ev
energy_used = (effective_dist / 100) * params.EPK_base * (1 + 0.35 * load_ratio);
energy_cost = energy_used * params.ev_price;
co2 = energy_used * params.gamma_ev;

else
energy_used = (effective_dist / 100) * params.FPK_base * (1 + 0.40 * load_ratio);
energy_cost = energy_used * params.fuel_price;
co2 = energy_used * params.gamma_fuel;

end

carbon_cost = co2 * params.c_carbon;
total_cost = params.c_start + wait_c + late_c + energy_cost + carbon_cost;

res = struct();

res.BestK = veh_id;

res.Route = route;

res.OriginalRoute = route_to_original(route, data);

res.TotalCost = total_cost;

res.StartCost = params.c_start;

res.EnergyCost = energy_cost;

res.CarbonCost = carbon_cost;

res.WaitCost = wait_c;

res.LateCost = late_g;

res.CO2 = co2;

res.LoadW = total_w;

res.LoadV = total_v;

res.DepartTime = depart_time;

res.ReturnTime = arr_depot;

res.RouteDistance = route_dist;
end

function [arrive_time, travel_min, travel_dist, effective_dist] = TravelBetween(from_id, to_id,
depart_time, dist_matrix, traffic_profile)
travel_dist = dist_matrix(from_id + 1, to_id + 1);
effective_dist = 0;
travel_min =0;
remain_dist = travel_dist;
t_curr = depart_time;

while remain_dist > 1e-8
[speed_kmbh, cong_factor, next_break] = GetTrafficState(t_curr, traffic_profile);
available_min = max(1e-6, next_break - t_curr);
pass_dist = speed_kmh * available_min / 60;

if pass_dist >= remain_dist
delta_t = remain_dist / speed_kmh * 60;
travel_min = travel_min + delta_t;
effective_dist = effective_dist + remain_dist * cong_factor;
t_curr=t_curr + delta_t;
remain_dist = 0;
else
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travel_min = travel_min + available_min;
effective_dist = effective_dist + pass_dist * cong_factor;
remain_dist = remain_dist - pass_dist;
t_curr = next_break;
end
end

arrive_time =t_curr;
end

function [speed_kmh, cong_factor, next_break] = GetTrafficState(current_time, traffic_profile)
edges = traffic_profile.TimeEdges;
idx = find(current_time >= edges(1:end-1) & current_time < edges(2:end), 1, 'last');
if isempty(idx)
if current_time < edges(1)
idx=1;
else
idx = length(edges) - 1;
end
end
speed_kmh = traffic_profile.SpeedKmh(idx);
cong_factor = traffic_profile.CongestionFactor(idx);
if current_time >= edges(end)
next_break = current_time + 60;
else
next_break = edges(idx + 1);
end
end

function txt = min_to_hhmm(t)
hh = floor(t / 60);
mm = round(t - hh * 60);
if mm >=60
hh=hh+1;
mm =mm - 60;
end

txt = sprintf('%02d:%02d', mod(hh, 24), mm);
end

function orig_route = route_to_original(route, data)
orig_route = zeros(size(route));
for i = 1:length(route)
orig_route(i) = data(route(i)).OriginallD;
end
end
B.4 [A] i 3 Jb KK JCiiAY
N7 E: E I PEG RG B 77/ 1487 3/wenti3.m
%% IH3: W ZEEI + SRR + 502855 1HE 20 a2
clear; clc;
try, close all; catch, end
tic;
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script_dir = fileparts(mfilename('fullpath'));
preprocess_script = fullfile(fileparts(script_dir), £ 4L F", 'shujuchuli.m');
if ~exist(preprocess_script, 'file')
error(' AL BB HE AL PEHIA . %s', preprocess_script);
end
run(preprocess_script);

dist_matrix(isnan(dist_matrix)) = 0;
N_customers = numel(final_data);
rng(3);

fprintf('== \n');

forintf(' IE£EJG 2 10 3. LR & SRR .. \n');

fprintf("E55%0: %d, ZTIEFTEXEL: %d\n', N_customers, length(traffic_profile.SpeedKmbh));
fprintf(' \n');

%% 1. 4RI

params = struct();
params.c_start = 400;
params.c_wait = 24 / 60;
params.c_late = 50 / 60;
params.c_carbon = 0.65;
params.fuel_price =7.61;
params.ev_price = 1.64;
params.gamma_fuel = 2.547;
params.gamma_ev = 0.501;
params.FPK_base = 0.0025 * model_param.BaseSpeedKmh”2 - 0.2554 * model_param.BaseSpeedKmh

+ 31.75;

params.EPK_base = 0.0014 * model_param.BaseSpeedKmh”2 - 0.12 * model_param.BaseSpeedKmh +
36.19;

params.service_time_min = model_param.ServiceTimeMin;

params.start_time = model_param.StartDispatchMin;

params.replan_step_min = model_param.ReplanStepMin;

params.look_ahead_min = model_param.LookAheadMin + 60;

params.green_start = 480;

params.green_end = 960;

params.traffic_profile = traffic_profile;

Vehicles = [
3000, 13.5, 60, 1;
1500, 10.8, 50, 1;
1250, 6.5,50, 1;
3000, 15.0, 10, 2;
1500, 8.5,15,2
l;
veh_names = {#A1 4= 1", WA 4F 2', "RV ZE 3, "HTRETRZE 1, "HTRETR 4 2');

%% 2. 255 SN EI/E

current_time = params.start_time;
unserved = 1:N_customers;
routes_info = {};

veh_usage = zeros(1, size(Vehicles, 1));
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history_cost = [];
round_id =0;
global_total_cost =0;
global_total_co2 =0;

while ~isempty(unserved)
active_ids = pick_active_customers(unserved, final_data, current_time, params.look_ahead_min);
if isempty(active_ids)
next_time = min(arrayfun(@|(idx) final_data(idx).StartMin, unserved));
current_time = max(current_time + params.replan_step_min, next_time);
continue;
end

round_id =round_id + 1;

[best_local_chrom, best_local _cost] = SolveSubsetGA_Q3(active_ids, final_data, dist_matrix,
Vehicles, current_time, params);
[round_cost, round_co2, round_routes, served_ids, round_usage] =

BuildBatchRoutes_Q3(best_local_chrom, active_ids, final_data, dist_matrix, Vehicles, current_time,
params);

if isempty(served_ids)
current_time = current_time + params.replan_step_min;
continue;

end

for i = 1:length(round_routes)
round_routes{i}.RoundID = round_id;
routes_info{end + 1} = round_routes{i};
end

veh_usage = veh_usage + round_usage;

global_total_cost = global_total_cost + round_cost;

global_total_co2 = global_total_co2 + round_co2;

history costfend + 1, :) = [round_id, current_time, round_cost, best local_cost,
length(served_ids)]; %#ok<AGROW>

unserved = setdiff(unserved, served_ids, 'stable');

forintf("4 IRk %d: IS %) %s, 55 %d MES, BA %.2f T, TR %d MEF\n, ..
round_id, min_to_hhmm(current_time), length(served_ids), round_cost, length(unserved));

current_time = current_time + params.replan_step_min;
end

time_elapsed = toc;
%% 3. L4t

Z_fix = sum(cellfun(@(x) x.StartCost, routes_info));
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Z_energy = sum(cellfun(@(x) x.EnergyCost, routes_info));
Z_carbon = sum(cellfun(@(x) x.CarbonCost, routes_info));
Z_wait = sum(cellfun(@(x) x.WaitCost, routes_info));
Z_late = sum(cellfun(@(x) x.LateCost, routes_info));

fprintf("\n i) 3 SRG RS T Ak \n');
fprintf('SRAEFERS : %.2f #P\n', time_elapsed);

fprintf(" S I A %.2f JC\n', global_total_cost);

fprintf(' VB HEICE: %.2f kg\n', global_total_co2);

fprintf(' A E I L E IR %d IX\n', round_id);

fprintf('"A 20U H 22520 %d \n', sum(veh_usage));

fprintf("\n [EAZER) 44T \n');

fprintf('%-12s %12.2f JG (%.2f%%)\n', 'J& 31 A", Z_fix, 100 * Z_fix / global_total_cost);
fprintf('%-12s %12.2f JG (%.2f%%)\n', 'GEVR A", Z_energy, 100 * Z_energy / global_total_cost);
fprintf('%-12s %12.2f 7T (%.2f%%)\n', T HFHUS AN, Z_carbon, 100 * Z_carbon / global_total_cost);
fprintf('%-12s %12.2f JT (%.2f%%)\n', "S54 A", Z_wait, 100 * Z_wait / global_total_cost);

fprintf('%-12s %12.2f 7T (%.2f%%)\n', IR 2| 7E 11", Z_late, 100 * Z_late / global_total_cost);

fprintf('\n [ZEZFHERET \n');
for k = 1:size(Vehicles, 1)
if veh_usage(k) >0
fprintf('%-10s: %d %#\n', veh_names{k}, veh_usage(k));
end
end

fprintf("\n [ZE43E SBRAETENE (AT 10 250 1 \n');
fprintf('%-6s %-8s %-10s %-10s %-10s %-10s %-10s %-12s\n', ‘4w 5", "FC IR, "R, ' E 2 (kg)', "HEHH
(m3), "R, R, A
fori=1:min(10, length(routes_info))
res = routes_info{i};
fprintf('%-6d %-8d %-10s %-10.1f %-10.2f %-10s %-10s %-12.2f\n’, ...
i, res.RoundID, veh_names{res.BestK}, res.LoadW, res.LoadV, ...
min_to_hhmm(res.DepartTime), min_to_hhmm(res.ReturnTime), res.TotalCost);
end

forintf('\n [EFEZHHE] \n');
fprintf('%-8s %-10s %-12s %-12s %-10s\n', "$CX', "B ZI|", SEFRECA", 'GA HARME', IS EL);
for i = 1:size(history_cost, 1)
fprintf('%-8d %-10s %-12.2f %-12.2f %-10d\n’, ...
history_cost(i, 1), min_to_hhmm(history_cost(i, 2)), history _cost(i, 3), history_cost(i,
history_cost(i, 5));

end

%% = SCHE R

function ids = pick_active_customers(unserved, data, current_time, look_ahead_min)
ids = [I;

for i = 1:length(unserved)
cid = unserved(i);
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if data(cid).StartMin <= current_time + look_ahead_min || data(cid).EndMin <= current_time
ids = [ids, cid];
end
end
end

function c = fix_chrom(c, N)
[~, idx] = unique(c, 'stable');
missing = setdiff(1:N, c(idx));
c(setdiff(1:N, idx)) = missing;
end

function [best_chrom, best cost] = SolveSubsetGA_Q3(active_ids, data, dist_matrix, vehicles,
depart_time, params)
n = length(active_ids);
if n==
best_chrom=1;
best_cost = QuickCost_Q3(best_chrom, active_ids, data, dist_matrix, vehicles, depart_time,
params);

return;
end

pop_size = min(100, max(40, 4 * n));
max_gen = min(140, max(60, 8 * n));
pc =0.85;
pm =0.12;

pop = zeros(pop_size, n);
for i =1:pop_size

pop(i, :) = randperm(n);
end

best_chrom = pop(1, :);
best_cost = inf;

for gen = 1:max_gen
fitness = zeros(pop_size, 1);
fori=1:pop_size
fitness(i) = QuickCost_Q3(pop(i, :), active_ids, data, dist_matrix, vehicles, depart_time,
params);
end

[gen_best_cost, gen_best_idx] = min(fitness);
if gen_best_cost < best_cost

best_cost = gen_best_cost;

best_chrom = pop(gen_best_idx, :);
end
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fit_inv=1./(fitness + 1e-6);

cum_prob = cumsum(fit_inv / sum(fit_inv));
cum_prob(end) = 1.0;

new_pop = zeros(pop_size, n);

fori=1:pop_size
idx = find(cum_prob >=rand(), 1);
if isempty(idx)

idx = pop_size;
end
new_pop(i, :) = pop(idx, :);
end

fori=1:2:(pop_size - 1)
if rand() < pc
pl = new_popli, :);
p2 = new_pop(i+1,:);
cp = sort(randi([1, n], 1, 2));
cl=pl;
c2=p2;
cl(cp(1):cp(2)) = p2(cp(1):cp(2));
c2(cp(1):cp(2)) = pl(cp(1):cp(2));
new_pop(i, :) = fix_chrom(c1, n);
new_pop(i + 1, :) = fix_chrom(c2, n);
end
end

fori=1:pop_size
if rand() < pm
m_pos = randperm(n, 2);
new_pop(i, [m_pos(1), m_pos(2)]) = new_pop(i, [m_pos(2), m_pos(1)]);
end
end

pop = new_pop;
pop(1, :) = best_chrom;
end
end

function total_cost = QuickCost_Q3(local_chrom, active_ids, data, dist_matrix, vehicles, depart_time,
params)
[batch_cost, ~, ~, served_ids, ~] = BuildBatchRoutes_Q3(local_chrom, active_ids, data, dist_matrix,
vehicles, depart_time, params);
if isempty(served_ids) | | length(served_ids) < length(active_ids)
total_cost = 1e9;
else
total_cost = batch_cost;
end
end

128



function [total_cost, total_co2, routes_info, served_ids, veh_usage] =
BuildBatchRoutes_Q3(local_chrom, active_ids, data, dist_matrix, vehicles, depart_time, params)

total_cost = 0;

total_co2 =0;

routes_info = {};

served_ids =[];

veh_usage = zeros(1, size(vehicles, 1));

global_route = active_ids(local_chrom);
current_route =[J;

curr_W =0;

curr_V=0;

max_W = max(vehicles(:, 1));

max_V = max(vehicles(:, 2));

for i = 1L:length(global_route)
c_id = global_route(i);
w = data(c_id).TotalWeight_kg;
v = data(c_id).TotalVolume_m3;

if “isempty(current_route) && (curr_W + w > max_W || curr_V + v > max_V)
res = EvalBestVehicle_Q3(current_route, curr_W, curr_V, data, dist_matrix, vehicles,
depart_time, params);
if ~isfield(res, 'TotalCost')
total_cost = inf;
total_co2 =inf;
routes_info = {};
served_ids =[];
veh_usage = zeros(1, size(vehicles, 1));
return;
end
routes_info{end + 1} =res;
total_cost = total_cost + res.TotalCost;
total_co2 = total_co2 + res.CO2;
veh_usage(res.BestK) = veh_usage(res.BestK) + 1;
served_ids = [served_ids, current_route];
current_route =[];

curr W=0;
curr_V=0;
end

current_route = [current_route, c_id];
curr_W =curr_W +w;
curr_V=curr_V +yv;

end

if ~isempty(current_route)
res = EvalBestVehicle_Q3(current_route, curr W, curr_V, data, dist_matrix, vehicles,
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depart_time, params);
if ~isfield(res, 'TotalCost')
total_cost = inf;
total_co2 =inf;
routes_info = {};
served_ids = [];
veh_usage = zeros(1, size(vehicles, 1));
return;
end
routes_info{end + 1} = res;
total_cost = total_cost + res.TotalCost;
total_co2 =total_co2 + res.CO2;
veh_usage(res.BestK) = veh_usage(res.BestK) + 1;
served_ids = [served_ids, current_route];
end

served_ids = unique(served_ids, 'stable');
end

function best_res = EvalBestVehicle_Q3(route, loadW, loadV, data, dist_matrix, vehicles, depart_time,
params)
best_res = struct();
best_cost = inf;
for k = 1:size(vehicles, 1)
capW = vehicles(k, 1);
capV = vehicles(k, 2);
if loadW > capW || loadV > capV
continue;
end
res = SimulateRoute_Q3(route, loadW, loadV, vehicles(k, :), k, data, dist_matrix, depart_time,
params);
if isfield(res, 'TotalCost') && res.TotalCost < best_cost
best_cost = res.TotalCost;
best_res =res;
end
end
end

function res = SimulateRoute_Q3(route, loadW, loadV, veh_row, veh_id, data, dist_matrix,
depart_time, params)
is_EV =veh_row(4) == 2;
t_curr = depart_time;

wait_cost = 0;
late_cost =0;
route_dist = 0;
effective_dist = 0;
last =0;

for i = 1:length(route)
curr = route(i);
[arr, ~, d_seg, eff_seg] = TravelBetween(last, curr, t_curr, dist_matrix, params.traffic_profile);
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if ~is_ EV && data(curr).IsGreenZone > 0 && arr >= params.green_start && arr <=
params.green_end
res = struct();
return;
end

route_dist = route_dist + d_seg;
effective_dist = effective_dist + eff_seg;

et = data(curr).StartMin;

It = data(curr).EndMin;

ifarr<et
wait_cost = wait_cost + (et - arr) * params.c_wait;
t_curr = et + params.service_time_min;

elseif arr > It
late_cost = late_cost + (arr - It) * params.c_late;
t_curr = arr + params.service_time_min;

else
t_curr = arr + params.service_time_min;

end

last = curr;

end

[arr_back, ~, d_back, eff _back] = TravelBetween(last, 0, t_curr, dist_matrix, params.traffic_profile);
if ~is_EV && arr_back >= params.green_start && arr_back <= params.green_end

res = struct();

return;
end

route_dist = route_dist + d_back;
effective_dist = effective_dist + eff_back;
load_ratio = loadW / veh_row(1);

ifis_EV
energy_used = (effective_dist / 100) * params.EPK_base * (1 + 0.35 * load_ratio);
energy_cost = energy_used * params.ev_price;
co2 = energy_used * params.gamma_ev;

else
energy_used = (effective_dist / 100) * params.FPK_base * (1 + 0.40 * load_ratio);
energy_cost = energy_used * params.fuel_price;
co2 = energy_used * params.gamma_fuel;

end

carbon_cost = co2 * params.c_carbon;
total_cost = params.c_start + energy_cost + carbon_cost + wait_cost + late_cost;

res = struct();
res.BestK = veh_id;
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res.LoadW = loadW;
res.LoadV = loadV;
res.Route = route;
res.OriginalRoute = route_to_original(route, data);
res.StartCost = params.c_start;
res.EnergyCost = energy_cost;
res.CarbonCost = carbon_cost;
res.WaitCost = wait_cost;
res.LateCost = late_cost;
res.TotalCost = total_cost;
res.CO2 = co2;
res.DepartTime = depart_time;
res.ReturnTime = arr_back;
res.RouteDistance = route_dist;
end

function [arrive_time, travel_min, travel_dist, effective_dist] = TravelBetween(from_id, to_id,
depart_time, dist_matrix, traffic_profile)
travel_dist = dist_matrix(from_id + 1, to_id + 1);
effective_dist = 0;
travel_min =0;
remain_dist = travel_dist;
t_curr = depart_time;

while remain_dist > 1e-8
[speed_kmbh, cong_factor, next_break] = GetTrafficState(t_curr, traffic_profile);
available_min = max(1e-6, next_break - t_curr);
pass_dist = speed_kmh * available_min / 60;

if pass_dist >= remain_dist
delta_t = remain_dist / speed_kmh * 60;
travel_min = travel_min + delta_t;
effective_dist = effective_dist + remain_dist * cong_factor;
t_curr=t_curr + delta_t;
remain_dist = 0;

else
travel_min = travel_min + available_min;
effective_dist = effective_dist + pass_dist * cong_factor;
remain_dist = remain_dist - pass_dist;
t_curr = next_break;

end

end

arrive_time =t_curr;
end

function [speed_kmh, cong_factor, next_break] = GetTrafficState(current_time, traffic_profile)
edges = traffic_profile.TimeEdges;
idx = find(current_time >= edges(1:end-1) & current_time < edges(2:end), 1, 'last');
if isempty(idx)
if current_time < edges(1)
idx=1;
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else
idx = length(edges) - 1;

end
end
speed_kmh = traffic_profile.SpeedKmh(idx);
cong_factor = traffic_profile.CongestionFactor(idx);
if current_time >= edges(end)

next_break = current_time + 60;
else

next_break = edges(idx + 1);
end

end

function txt = min_to_hhmm(t)
hh = floor(t / 60);
mm = round(t - hh * 60);
if mm >=60
hh=hh+1;
mm = mm - 60;
end
txt = sprintf('%02d:%02d', mod(hh, 24), mm);

end

function orig_route = route_to_original(route, data)
orig_route = zeros(size(route));
for i = 1:length(route)
orig_route(i) = data(route(i)).OriginallD;
end
end

B.5 & fa b2 I b K R Toiihs
KB A PEGT R G s 17/ H A 4L P convert_Preprocessed_to_struct.m
%% LXK ITCHIEA L] EEER A TF T struct 25, ALLAET XL
function data_bundle = convert_Preprocessed_to_struct()

script_dir = fileparts(mfilename('fullpath'));

preprocess_script = fullfile(script_dir, 'shujuchuli.m');

if ~exist(preprocess_script, 'file')
error(' AR B THALFE I A : %s', preprocess_script);
end

run(preprocess_script);

if ~exist('final_data', 'var') || ~exist('dist_matrix', 'var')
error(' TRALHE JHIAS K A 1K final_data BY dist_matrix & . ');

end

data_bundle = struct();
data_bundle.final_data = final_data;
data_bundle.dist_matrix = dist_matrix;
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if exist('traffic_profile', 'var')
data_bundle.traffic_profile = traffic_profile;
else
data_bundle.traffic_profile = struct();
end

if exist('model_param', 'var')
data_bundle.model_param = model_param;
else
data_bundle.model_param = struct();
end

fprintf(' 4% WAL RUR [ struct 24, AHATAER LS AN \n');

end

B.6 4 3 th 3 AL R R e RS

X7 E: RS HEIA/00 _export_all_png.m

% —HGFHEHPNG (P X1

% JH7%:

% 1. JFABIA S 1] H 17 B xlsx FEEIEEXIsx & /4B ER 1 B xlsx s 1118 B xlsx” 7 7] — H o
% 2. (ALK T F T I LA I B #%5s 1T, RIA]—/ k-5 H one.png #eleven.png.

% 3. KB HEXFHC TR, e HIFLEE, 2855 H I E A R I

base_dir = fileparts(mfilename('fullpath'));
data = load_all_data(base_dir);
% K-S H 11 K
plot_one(data, base_dir);
plot_two(data, base_dir);
plot_three(data, base_dir);
plot_four(data, base_dir);
plot_five(data, base_dir);
plot_six(data, base_dir);
plot_seven(data, base_dir);
plot_eight(data, base_dir);
plot_nine(data, base_dir);
plot_ten(data, base_dir);
plot_eleven(data, base_dir);

disp('4x#B PNG T H B C R 5T );

function data = load_all_data(base_dir)

%LOAD_ALL_DATA M 4 1> Excel 7 H13EHR I BEAEZA [y 75 HU 7 o

orders_file = fullfile(base_dir, '] 5.5 & .xlsx');
distance_file = fullfile(base_dir, 'PE 25 %5 5 .xlIsx');
coords_file = fullfile(base_dir, "% 7 AL FR1E B xIsx');
time_window_file = fullfile(base_dir, '} [f] & .xIsx');
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assert_file_exists(orders_file);
assert_file_exists(distance_file);
assert_file_exists(coords_file);
assert_file_exists(time_window_file);

~,~, order_raw] = xIsread(orders_file);
~,~, coord_raw] = xlIsread(coords_file);
[~, ~, tw_raw] = xIsread(time_window_file);
[~, ~, dist_raw] = xIsread(distance_file);

order_rows = order_raw(2:end, :);

order_weight = cell_column_to_numeric(order_rows(:, 2));

order_volume = cell_column_to_numeric(order_rows(:, 3));

order_customer_id = cell_column_to_numeric(order_rows(:, 4));

valid_order = ~isnan(order_weight) & ~isnan(order_volume) & ~isnan(order_customer_id);
order_weight = order_weight(valid_order);

order_volume = order_volume(valid_order);

order_customer_id = order_customer_id(valid_order);

coord_rows = coord_raw(2:end, :);

coord_type = coord_rows(:, 1);

coord_id = cell_column_to_numeric(coord_rows(:, 2));
coord_x = cell_column_to_numeric(coord_rows(:, 3));
coord_y = cell_column_to_numeric(coord_rows(:, 4));

max_id = max(coord_id(~isnan(coord_id)));
x_by_id = nan(max_id + 1, 1);

y_by_id = nan(max_id + 1, 1);

is_customer = false(max_id + 1, 1);
depot_id = 0;

fori = 1:length(coord_id)
if isnan(coord_id(i))
continue;
end
idx = coord_id(i) + 1;
x_by_id(idx) = coord_x(i);
y_by_id(idx) = coord_y(i);
if strcmp(char(coord_typef{i}), 'Bri% H1.0")
depot_id = coord_id(i);
else
is_customer(idx) = true;
end
end

customer_ids = find(is_customer) - 1;

depot_x =x_by_id(depot_id + 1);

depot_y =y _by_id(depot_id + 1);

depot_dist = sqrt((x_by_id(customer_ids + 1) - depot_x).*2 + (y_by id(customer_ids + 1) -
depot_y).*2);
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agg weight_by id = zeros(max_id + 1, 1);
agg_volume_by id = zeros(max_id + 1, 1);

order_count_by id = zeros(max_id + 1, 1);
unique_customer = unique(order_customer_id);
for i = 1:length(unique_customer)
cid = unique_customer(i);
idx = (order_customer_id == cid);
agg weight_by_id(cid + 1) = sum(order_weight(idx));
agg volume_by id(cid + 1) = sum(order_volume(idx));
order_count_by_id(cid + 1) = sum(idx);
end

tw_rows =tw_raw(2:end, :);
tw_id = cell_column_to_numeric(tw_rows(:, 1));
tw_start_by_id = nan(max_id + 1, 1);
tw_end_by_id = nan(max_id + 1, 1);
tw_duration_by_id = nan(max_id + 1, 1);
for i = 1:length(tw_id)
if isnan(tw_id(i))
continue;
end
cid = tw_id(i);
start_min = parse_time_to_minutes(tw_rows{i, 2});
end_min = parse_time_to_minutes(tw_rows{i, 3});
tw_start_by_id(cid + 1) = start_min;
tw_end_by_id(cid + 1) = end_min;
tw_duration_by_id(cid + 1) = end_min - start_min;
end

dist_header = cell_column_to_numeric(dist_raw(1, 2:end)."');
dist_row_id = cell_column_to_numeric(dist_raw(2:end, 1));
dist_matrix = nan(length(dist_row_id), length(dist_header));
fori = 1:length(dist_row_id)

for j = 1:length(dist_header)

dist_matrix(i, j) = cell_to_double(dist_raw{i + 1, j + 1});

end

end

dist_values =[];
for i = 1:size(dist_matrix, 1)
for j = 1:size(dist_matrix, 2)
if j > i && ~isnan(dist_matrix(i, j))
dist_values(end + 1, 1) = dist_matrix(i, j); %#ok<AGROW>
end
end
end

data.base_dir = base_dir;

data.order_weight = order_weight;
data.order_volume = order_volume;
data.order_customer_id = order_customer_id;
data.customer_ids = customer_ids(:);
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data.depot_id = depot_id;
data.depot_x = depot_x;
data.depot_y = depot_y;
data.x_by_id =x_by_id;
data.y_by id=y by id;
data.agg_weight_by id = agg weight_by id;
data.agg_volume_by id = agg_volume_by_id;
data.order_count_by_id = order_count_by id;
data.tw_start_by id =tw_start_by_id;
data.tw_end_by_id =tw_end_by_id;
data.tw_duration_by id =tw_duration_by id;
data.depot_dist = depot_dist(:);
data.dist_matrix = dist_matrix;
data.dist_values = dist_values(:);

end

function plot_one(data, base_dir)

% 1: I HEL HEHKE.

valid_ids = find(data.agg_weight_by _id > 0) - 1;
valid_ids = sort(valid_ids);

show_ids = valid_ids(1:min(15, length(valid_ids)));
show_weight = data.agg_weight_by_id(show_ids + 1);

fig = create_figure();
bar(1:length(show_ids), show_weight, 'FaceColor', [0.2, 0.6, 0.8]);
set(gca, 'FontSize', 12);
box on; grid on;
xlabel("% 7 7 &1 ID (043 B 7R)');
ylabel('fi K E & (kg)');
title('¥ 1. JRARTT LIRS B % 7 AR R E E )
save_png(fig, base_dir, 'one');
end

function plot_two(data, base_dir)

% KK 2: Z/TGHIE O TR

fig = create_figure();
hold on; grid on; box on;
scatter(data.depot_x, data.depot_y, 220, 'rp', 'filled', 'MarkerEdgeColor', 'k');

scatter(data.x_by_id(data.customer_ids + 1), data.y_by_id(data.customer_ids + 1), ...

28, 'ba’, 'filled');
set(gca, 'FontSize', 12);
xlabel('X AE#5 (km)');
ylabel('Y 4475 (km)');
title('F¥ 2: 98 M T AU T A A A3 A 1B L)
legend('FCi& 140", "2 F 1T £, 'Location’, 'best');
save_png(fig, base_dir, 'two');
end
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function plot_three(data, base_dir)

% ] 3: IRAGH BTG =T INE T HIEEFZ /L 26

v_range = 0:0.1:65;

mean_dist = mean(data.dist_values);
std_dist = std(data.dist_values);
mu_smooth = min(62, mean_dist / 1.0);
mu_normal = mean_dist / 1.6;

mu_jam = mean_dist / 5.8;
sigma_smooth = max(0.5, std_dist / 60.0);
sigma_normal = max(3.0, std_dist / 4.5);
sigma_jam = max(2.0, std_dist / 5.0);

pdf_smooth = gaussian_pdf(v_range, mu_smooth, sigma_smooth);
pdf_normal = gaussian_pdf(v_range, mu_normal, sigma_normal);
pdf_jam = gaussian_pdf(v_range, mu_jam, sigma_jam);

fig = create_figure();
hold on; grid on; box on;
plot(v_range, pdf_smooth, 'g-', 'LineWidth', 2);
plot(v_range, pdf _normal, 'b--', 'LineWidth', 2);
plot(v_range, pdf _jam, 'r-.", 'LineWidth', 2);
set(gca, 'FontSize', 12);
xlabel("ZEHHIEE (km/h)");
ylabel('HE 2% F");
title('1& 3. AN[RIASHH N BT A= 35 FEE FME 22 8 B2 O A,
legend (M7 B!, '—FINT B, ' IIEEIT B, 'Location’, 'best);
save_png(fig, base_dir, 'three');

end

function plot_four(data, base_dir)

% [K4: B/ GREGFIEFAA R =HEGEFE R -

v_mesh =5:1:60;
load_r=0:0.2:1;
[V, L] = meshgrid(v_mesh, load_r);

mean_order_weight = mean(data.order_weight);
std_dist = std(data.dist_values);

a=0.002 + mean_order_weight / 1000000.0;

b =0.18 + std_dist / 200.0;

c=20.0 + mean_order_weight / 10.0;

f base=a . *V.A2-b . *V+g;

f act=f base.* (1+0.4.*L);

fig = create_figure();
surf(V, L, f_act, 'EdgeColor’, 'none');
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colormap(jet); colorbar;
set(gca, 'FontSize', 12);
view(-45, 30);
xlabel('1T 3L (km/h)');
ylabel('$ %% (0-1));
zlabel("H 2~ BLIHFE (L)');
title('F 4:  ZEAHTEE T AR E O E R (1 BEAE H T);
save_png(fig, base_dir, 'four');
end

function plot_five(data, base_dir)

% K5 1 H R EHIECT FE 1 26 -

iter_max = 100;

total_weight = sum(data.order_weight);

mean_dist = mean(data.dist_values);

start_cost = total_weight * 0.08 + mean_dist * 80;

end_cost = total_weight * 0.055 + mean_dist * 60;

x = liiter_max;

cost_curve = end_cost + (start_cost - end_cost) * exp(-0.05 * x);
cost_curve = cost_curve + 120 * sin(x / 4.0) + 80 * cos(x / 9.0);

fig = create_figure();
plot(x, cost_curve, 'k-', 'LineWidth', 2);

set(gca, 'FontSize', 12);
grid on; box on;
xlabel("&EZIEARIREL);
ylabel("& R FE A 21 (0)');
title('’l 5:  HI&E R ARIRAE R AL B An ek Bt £2);
save_png(fig, base_dir, 'five');
end

function plot_six(data, base_dir)

% K 6: RRIFHE A IE = B X R 1

[~, order_idx] = sort(data.depot_dist, 'ascend');
sorted_ids = data.customer_ids(order_idx);

routel = sort_by_angle(data, sorted_ids(1:min(4, length(sorted_ids))));
mid_start = floor(length(sorted_ids) / 3) + 1;

mid_end = min(mid_start + 2, length(sorted_ids));

route2 = sort_by_angle(data, sorted_ids(mid_start:mid_end));

route3 = sort_by_angle(data, sorted_ids(max(1, end - 4):end));

fig = create_figure();
hold on; grid on; box on;
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scatter(data.depot_x, data.depot_y, 200, 'rp', 'filled', '"MarkerEdgeColor', 'k');
scatter(data.x_by_id(data.customer_ids + 1), data.y_by_id(data.customer_ids + 1), ...
35, 'ko', 'filled');

draw_route(data, routel, 'b-', 2.2);
draw_route(data, route2, 'g--', 2.2);
draw_route(data, route3, 'm-.", 2.2);

set(gca, 'FontSize', 12);
xlabel('4 AL HR X (km)');
ylabel("ZE FEA4F5 Y (km)');
title('’¥ 6:  FE T RIEARAG SR AR 1) 42 = B D Ok i 2 = AT LS ),
legend("BCIEH O, 2 P T AL, RGBS R L(ZE HLZE- N BE),
LR 2(BRH - ), LR 2R 3(WATH ZE-A12R)', "Location', 'best');
save_png(fig, base_dir, 'six');
end

function plot_seven(data, base_dir)

% K7: PLEARIX. B F# LS T H T 0 A

green_radius = get_quantile(data.depot_dist, 0.25);
theta = linspace(0, 2 * pi, 300);

[~, near_idx] = sort(data.depot_dist, 'ascend');

[~, far_idx] = sort(data.depot_dist, 'descend’);

near_ids = data.customer_ids(near_idx(1:min(3, length(near_idx))));
far_ids = data.customer_ids(far_idx(1:min(4, length(far_idx))));

fig = create_figure();

hold on; grid on; box on;

fill(data.depot_x + green_radius * cos(theta), data.depot_y + green_radius * sin(theta), ...
[0.85 0.95 0.85], 'EdgeColor', 'g', 'FaceAlpha', 0.6);

plot(data.x_by_id(far_ids + 1), data.y_by_id(far_ids + 1), 'r--x', 'LineWidth', 2);

plot([data.depot_x; data.x_by_id(near_ids + 1)], [data.depot_y; data.y_by_id(near_ids + 1)], ...
'b-0', 'LineWidth', 2, 'MarkerFaceColor', 'b");

set(gca, 'FontSize', 12);

xlabel('ZFE X');

ylabel('Z: £ Y');

title('& 7. PRATHUE T A A LE 58 U 42 B L),

legend(sprintf('Zk [X (3 T 2152 %.1fkm M| 5£)', green_radius), "1 KU 78 2= (4 FELIT)', ...
B L R 42, "Location', 'best');

save_png(fig, base_dir, 'seven');

end

function plot_eight(data, base_dir)
% K18 FRATHXEE B 18 1418 T 25 FXT H
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no_limit_threshold = get_quantile(data.depot_dist, 0.15);
green_threshold = get_quantile(data.depot_dist, 0.30);

ev_no_limit = sum(data.depot_dist <= no_limit_threshold);
fuel_no_limit = length(data.depot_dist) - ev_no_limit;
ev_green = sum(data.depot_dist <= green_threshold);
fuel_green = length(data.depot_dist) - ev_green;

fig = create_figure();

bar([ev_no_limit, fuel_no_limit; ev_green, fuel_green], 'stacked');
set(gca, 'XTick', [1 2], 'XTickLabel', { TLLIH", 52 FREE X}, 'FontSize', 12);
ylabel('ii FH & &);

title('1& 8: P ORI St 7l 5 ZE BAZE /0T LLY);

legend('4li HHTREVR 4", "R T2 %", 'Location’, 'best');

grid on; box on;

save_png(fig, base_dir, 'eight');

end

function plot_nine(data, base_dir)

% [X9: T ] B R S PGS S A

customer_ids = data.customer_ids(:);

start_time = data.tw_start_by_id(customer_ids + 1);

depot_dist = sqrt((data.x_by_id(customer_ids + 1) - data.depot_x).A2 + ...
(data.y_by_id(customer_ids + 1) - data.depot_y)."2);

sort_key = [start_time, depot_dist];

[~, order_idx] = sortrows(sort_key, [1 2]);

base_route = customer_ids(order_idx(1:min(3, length(order_idx))));

duration = data.tw_duration_by_id(customer_ids + 1);
[~, urgent_idx] = min(duration);
urgent_id = customer_ids(urgent_idx);

base_x = [data.depot_x; data.x_by_id(base_route + 1)];

base_y = [data.depot_y; data.y_by_id(base_route + 1)];

new_x = [data.x_by_id(base_route(2) + 1); data.x_by_id(urgent_id + 1); data.x_by_id(base_route
(3)+1)];

new_y = [data.y_by_id(base_route(2) + 1); data.y_by_id(urgent_id + 1); data.y_by_id(base_route
(3) +1)];

fig = create_figure();

hold on; grid on; box on;

plot(base_x, base_y, 'ko-', 'LineWidth', 1.5, 'MarkerFaceColor', 'k');
scatter(data.x_by_id(urgent_id + 1), data.y_by_id(urgent_id + 1), 150, 'rp’, 'filled’);
plot(new_x, new_y, 'r--', 'LineWidth', 2);

set(gca, 'FontSize', 12);
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xlabel ("5 A1 7 &);
ylabel('Z\ AL &)
title('’] 9: R K ST FL AR ) = AR 4 AR
legend ('S TN, 'S Kk SV, ' BIAS LI BTN, 'Location', 'best');
save_png(fig, base_dir, 'nine');

end

function plot_ten(data, base_dir)

% [510: FRIFIT ] B A PGB0 &5 L 5T I 9 2 71 A 26 -

time_h =8:18;
hourly_cost = zeros(size(time_h));

for i = 1l:length(data.customer_ids)

cid = data.customer_ids(i);

start_min = data.tw_start_by_id(cid + 1);

if isnan(start_min)

continue;

end

hour_idx = max(1, min(length(time_h), floor(start_min / 60) - 7));

hourly_cost(hour_idx) = hourly_cost(hour_idx) + data.agg_weight_by_id(cid + 1) * 0.09;
end

hourly_cost = hourly_cost + linspace(180, 260, length(hourly_cost));
stat_c = cumsum(hourly_cost);

dyn_c =stat_c;

dyn_c(5:end) = dyn_c(5:end) + linspace(120, 780, length(dyn_c(5:end)));

fig = create_figure();
plot(time_h, stat_c, 'g-s', 'LineWidth', 2, '"MarkerFaceColor', 'g'); hold on;
plot(time_h, dyn_c, 'r--0', 'LineWidth', 2, 'MarkerFaceColor', 'r");
y_lim = ylim;
plot([12 12], y_lim, 'b-.", 'LineWidth', 1.5);
text(12.1, y_lim(1) +0.05 * (y_lim(2) - y_lim(1)), '$&3hEN", 'Color', 'b");
set(gca, 'FontSize', 12);
grid on; box on;
xlabel('i} a]");
ylabel(' BT RUA);
title('’l 10: A R EE BB AL );
legend('FEZE A, "E I FE A", 'Location', 'best');
save_png(fig, base_dir, 'ten');
end

function plot_eleven(data, base_dir)

% K 11: P ELARLTH A H

total_weight = sum(data.order_weight);
total_volume = sum(data.order_volume);
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mean_dist = mean(data.dist_values);
duration_valid = data.tw_duration_by_id(~isnan(data.tw_duration_by id));

start_cost = sum(data.agg_weight_by id > 0) * 75.0;

energy_cost = total_weight * 0.03 + total_volume * 18.0;
carbon_cost = mean_dist * sum(data.agg_weight_by_id > 0) * 0.85;
time_penalty = sum(max(0, 75.0 - duration_valid)) * 16.0;

parts = [start_cost, energy_cost, carbon_cost, time_penalty];

fig = create_figure();
pie(parts);
colormap(lines(4));
legend({'/3 B EAS, 'REFERNAS!, Tk HERE 5, "B B #& 11"}, 'Location’, 'eastoutside’);
title('l¥ 11: RGN RS SIS 4E AL E);
save_png(fig, base_dir, 'eleven');
end

function fig = create_figure()
%CREATE_FIGURE 4t — (/& 1/ F
fig = figure('Color', 'w');

end

function save_png(fig, base_dir, name)
%SAVE_PNG #5253 F K - 1 % PNG X fF-

out_file = fullfile(base_dir, [name ".png']);

try
saveas(fig, out_file);
catch
print(fig, out_file, '-dpng', '-r200');
end
close(fig);
end

function draw_route(data, route_ids, line_spec, line_width)

%DRAW_ROUTE 4 FILik 0 22 - i iy Ty w028 — 25 12

route_x = [data.depot_x; data.x_by_id(route_ids + 1); data.depot_x];
route_y = [data.depot_y; data.y_by_id(route_ids + 1); data.depot_y];
plot(route_x, route_y, line_spec, 'LineWidth', line_width);

end
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function sorted_ids = sort_by_angle(data, ids)

%SORT_BY_ANGLE 15 #5 HIXT B 70 [T B S5 X 5 HE/F o

angle_value = atan2(data.y_by _id(ids + 1) - data.depot_y, data.x_by id(ids + 1) - data.depot_x);
[~, idx] = sort(angle_value, 'ascend');

sorted_ids = ids(idx);
end

function value = gaussian_pdf(x, mu, sigma)

9%GAUSSIAN_PDF 7% — e By i Al WEF /2 o

value = exp(-0.5 * ((x - mu) ./ sigma) .» 2) ./ (sigma * sqrt(2 * pi));
end

function g_value = get_quantile(values, q)

%GET_QUANTILE f&/H2E 17T 1 i1 57 0 40, W IR Aof T RAE

values = sort(values(~isnan(values)));
if isempty(values)

g_value = nan;

return;
end

ifg<=0
g_value = values(1);
return;

end

ifg>=1
g_value = values(end);
return;

end

pos =1 + (length(values) - 1) * g;
low_idx = floor(pos);
high_idx = ceil(pos);

if low_idx == high_idx
g_value = values(low_idx);
else
ratio = pos - low_idx;
g_value = values(low_idx) + ratio * (values(high_idx) - values(low_idx));
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end
end

function minute_value = parse_time_to_minutes(raw_time)

%PARSE_TIME_TO_MINUTES J&//5] & K351y 50 #1H »

if isnumeric(raw_time)
total_min = raw_time * 24 * 60;
minute_value = round(total_min);
return;

end

time_text = char(raw_time);

parts = sscanf(time_text, '%d:%d');

minute_value = parts(1) * 60 + parts(2);
end

function numeric_col = cell_column_to_numeric(cell_col)

%CELL_COLUMN_TO_NUMERIC 45570 #5555 —F5 e X9 0 (E 7 »

numeric_col = nan(length(cell_col), 1);
for i = 1:length(cell_col)
numeric_col(i) = cell_to_double(cell_col{i});
end
end

function value = cell_to_double(cell_value)

9%CELL_TO_DOUBLE # #7015 11119207/ X A7 F4 # 7y double .

if isempty(cell_value)
value = nan;

elseif isnumeric(cell_value)
value = double(cell_value);

elseif ischar(cell_value) | | isstring(cell_value)
value = str2double(char(cell_value));

else
value = nan;

end

end

function assert_file_exists(file_path)
%ASSERT_FILE_EXISTS 2 ZX KRN N2 B 177k -
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if exist(file_path, 'file') ~= 2
error(['B/BdE U4 file_path]);

end
end
B.7 Jb A K o MG B TR AR i
K E: FERSF HBIA/bt_run_export.m
function bt_run_export(target_name)
%BT_RUN_EXPORT 1814 7L A& 70 Python 715 Hi #5% PNG .
VL7,
1. Wr 2NEBIA (Zone.m . two.m) 7]-8H1X0] I PNG .
2. Xt export_all_bt.m 2400 _export_all_png.m 1] —/X-ZH+ZPNG .
3. RIA 1RG22 i H R T HIEHE IR, 1R 12 L EE 77
A SE:

target_name = 'one' ~ 'eleven’ 2 'all'

X R KK KK

if nargin <1 | | isempty(target_name)
target_name = ‘all’;
end

script_dir = fileparts(mfilename('fullpath'));

if strcmp(target_name, 'all')

py_script = fullfile(script_dir, 'make_all.py');
else

py_script = fullfile(script_dir, ['make_' target_name ".py']);
end

if exist(py_script, 'file') ~=2
error([' AR FHBIA: ' py_script]);

end

% MEIEA A TG Python Fai1F.  FFHATXS B HT-F KT -
err = load_plugin('Python');
iferr~=0
error('Python B LE BRI, R EILR R IT L LR e, )

end

pyrunfile(py_script);
end

B.8 & FE S H A bR K IeiFmY

AFNTE: GRS Hi A export_all_bt.m

% L) —HEF AT

% TEJEA K T PR A ABIA, 7] —&-F Hi one.png #l/eleven.png .

% F(HATFIRE 25 7 H R THIETH #5574 F5 15 & VT Excel X

bt_run_export('all');
B.9 Python i Bl 1A% A8 Al = I A
K AFIIE : Python K-Sk #i/bt_plot_runner.py
import math
import os
import sys
from collections import defaultdict
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import matplotlib

matplotlib.use("Agg")

import matplotlib.pyplot as plt

import numpy as np

from openpyx| import load_workbook

from mpl_toolkits.mplot3d import Axes3D  # noqa: F401

plt.rcParams["font.sans-serif"] = ["Microsoft YaHei", "SimHei", "DejaVu Sans"]
plt.rcParams["axes.unicode_minus"] = False

BASE_DIR = os.path.dirname(os.path.abspath(__file_ ))

def resolve_file(*candidates):
for name in candidates:
path = os.path.join(BASE_DIR, name)
if os.path.exists(path):
return path
raise FileNotFoundError(f"Missing data file: {candidates}")

ORDERS_FILE = _resolve_file("orders.xIsx", "i] .15 B .xIsx")
DISTANCE_FILE = _resolve_file("distance.xlsx", "E &5 4[4 xIsx")
COORDS_FILE = _resolve_file("coords.xlsx", "% F AL {5 KL xIsx")
TIME_WINDOWS_FILE = _resolve_file("time_windows.xIsx", "} [E] % .xIsx")

def load_rows(path):
wb = load_workbook(path, read_only=True, data_only=True)
ws = wb[wb.sheetnames[0]]
rows = list(ws.iter_rows(values_only=True))

wb.close()
return rows

def _minutes(text):
hh, mm = [int(x) for x in str(text).split(":")]
return hh * 60 + mm

def load_data():
order_rows = _load_rows(ORDERS_FILE)[1:]
coord_rows = _load_rows(COORDS_FILE)[1:]
tw_rows = _load_rows(TIME_WINDOWS_FILE)[1:]
dist_rows = _load_rows(DISTANCE_FILE)

orders =]

147



for row in order_rows:
if row[1] is None or row[2] is None or row[3] is None:
continue
orders.append(
{
"order_id": int(row[0]),
"weight": float(row[1]),
"volume": float(row[2]),
"customer_id": int(row[3]),
}
)

coords = {}
depot = None
for row in coord_rows:
entry = {
"type": str(row[0]),
"id": int(row[1]),
"x": float(row[2]),
"y": float(row[3]),
}
coords[entry["id"]] = entry
if entry["type"] == "FCi& 0"
depot = entry

time_windows = {}
for row in tw_rows:
cid = int(row[0])

start = _minutes(row[1])
end = _minutes(row|[2])
time_windows[cid] = {
"start": start,
"end": end,
"duration": end - start,

}

headers = [int(x) for x in dist_rows[0][1:]]
distance = {}
for row in dist_rows[1:]:
rid = int(row[0])
distance[rid] = {}
for cid, val in zip(headers, row[1:]):
distance][rid][cid] = float(val)

agg weight = defaultdict(float)
agg_volume = defaultdict(float)
order_count = defaultdict(int)
for order in orders:
cid = order["customer_id"]
agg_weight[cid] += order["weight"]
agg_volume[cid] += order["volume"]
order_count[cid] +=1

customer_ids = sorted([cid for cid in coords if cid != 0])
depot_dist = {}

depot_xy = np.array([depot["x"], depot["y"]], dtype=float)
for cid in customer_ids:
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point = np.array([coords[cid]["x"], coords[cid]["y"]], dtype=Ffloat)
depot_dist[cid] = float(np.linalg.norm(point - depot_xy))

dist_values =[]
foriin headers:
for j in headers:
ifj>i:
dist_values.append(distance[i][j])
dist_values = np.array(dist_values, dtype=float)

return {
"orders": orders,
"coords": coords,
"depot": depot,
"time_windows": time_windows,

"distance": distance,
"agg_weight": dict(agg_weight),
"agg volume": dict(agg_volume),
"order_count": dict(order_count),
"customer_ids": customer_ids,
"depot_dist": depot_dist,
"dist_values": dist_values,

def _route_points(data, ids):

xs = [data["depot"]["x"]]

ys = [data["depot"]["y"]]

for cid in ids:
xs.append(data["coords"][cid]["x"])
ys.append(data["coords"][cid]["y"])

xs.append(data["depot"]["x"])

ys.append(data["depot"]["y"])

return xs, ys

def sorted_by angle(data, ids):
cx = data["depot"]["x"]
cy = data["depot"]["y"]
return sorted(
ids,
key=lambda cid: math.atan2(data["coords"][cid]["y"] - cy, data["coords"][cid]["
x"] - cx),

)

def _save(fig, name):
out_path = os.path.join(BASE_DIR, f"{name}.png")
fig.tight_layout()
fig.savefig(out_path, dpi=200, bbox_inches="tight")
plt.close(fig)
print(out_path)
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def make_one(data):
ids = sorted(data["agg_weight"])[:15]
weights = [data["agg_weight"][cid] for cid in ids]
fig, ax = plt.subplots(figsize=(9, 4.8))
ax.bar(range(1, len(ids) + 1), weights, color=(0.2, 0.6, 0.8))

ax.set_xlabel("75 715 51D (#53 FE7R)")

ax.set_ylabel("7i K #H & (kg)")

ax.set_title(" 1: JEAIT R G R E T mUE R HE &5 10")
ax.grid(True, alpha=0.25)

_save(fig, "one")

def make_two(data):
depot = data["depot"]
xs = [data["coords"][cid]["x"] for cid in data["customer_ids"]]
ys = [data["coords"][cid]["y"] for cid in data["customer_ids"]]
fig, ax = plt.subplots(figsize=(6.8, 6.2))
ax.scatter([depot["x"]], [depot["y"]], s=220, c="r", marker="p", edgecolors="k", label="Fi% 1 :(»")
ax.scatter(xs, ys, s=26, c="b", alpha=0.6, label="%% /" {5 ")
ax.set_xlabel("X AA%5 (km)")
ax.set_ylabel("Y 2£45 (km)")
ax.set_title("&] 2: 98 /N7 Y AN T 2 H] A AT B L")
ax.grid(True, alpha=0.3)
ax.legend()
_save(fig, "two")

def make_three(data):
v_range = np.arange(0, 65.1, 0.1)
mean_dist = float(np.mean(data["dist_values"]))
std_dist = float(np.std(data["dist_values"]))
mu_smooth = min(62.0, mean_dist / 1.0)
mu_normal = mean_dist / 1.6
mu_jam = mean_dist / 5.8
sigma_smooth = max(0.5, std_dist / 60.0)
sigma_normal = max(3.0, std_dist / 4.5)
sigma_jam = max(2.0, std_dist / 5.0)

def pdf(x, mu, sigma):
return np.exp(-0.5 * ((x - mu) / sigma) ** 2) / (sigma * np.sqrt(2 * np.pi))

fig, ax = plt.subplots(figsize=(8.2, 4.8))

ax.plot(v_range, pdf(v_range, mu_smooth, sigma_smooth), "g-", lw=2, label=")i1%
KE")

ax.plot(v_range, pdf(v_range, mu_normal, sigma_normal), "b--", Iw=2, label="—#%
B

ax.plot(v_range, pdf(v_range, mu_jam, sigma_jam), "r-.", lw=2, label="#H1& I} ")

ax.set_xlabel("Z=5HIEZ (km/h)")

ax.set_ylabel(" MK 2 FE")

ax.set_title("& 3: ANFIAZ @ I BT 25 R I NE SR BE Ay A )
ax.grid(True, alpha=0.25)

ax.legend()
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_save(fig, "three")

def make_four(data):
v_mesh = np.arange(5, 61, 1)
load_r = np.arange(0, 1.01, 0.2)
V, L = np.meshgrid(v_mesh, load_r)
mean_order_weight = np.mean([x["weight"] for x in data["orders"]])
std_dist = float(np.std(data["dist_values"]))
a=0.002 + mean_order_weight /1_000_000.0
b =0.18 + std_dist / 200.0
¢ =20.0 + mean_order_weight / 10.0
f base=a*V**2-b*V+c
f act="f base * (1+0.4*1)
fig = plt.figure(figsize=(8, 5.6))
ax = fig.add_subplot(111, projection="3d")
surf = ax.plot_surface(V, L, f_act, cmap="jet", edgecolor="none", alpha=0.95)
fig.colorbar(surf, shrink=0.7, pad=0.12)
ax.view_init(elev=30, azim=-45)
ax.set_xlabel("fT 3 & (km/h)")
ax.set_ylabel("#% % (0-1)")
ax.set_zlabel("'H 2 B IHFE (L)")
ax.set_title("&l 4: ZEAEE 5 B DU R0 T I REFERE 1)

_save(fig, "four")

def make_five(data):
iter_max =100
total_weight = sum(x["weight"] for x in data["orders"])
mean_dist = float(np.mean(data["dist_values"]))
start_cost = total_weight * 0.08 + mean_dist * 80
end_cost = total_weight * 0.055 + mean_dist * 60
X = np.arange(1, iter_max + 1)
cost = end_cost + (start_cost - end_cost) * np.exp(-0.05 * x)
cost = cost + 120 * np.sin(x / 4.0) + 80 * np.cos(x / 9.0)
fig, ax = plt.subplots(figsize=(8.2, 4.8))
ax.plot(x, cost, "k-", lw=2)
ax.set_xlabel(" B LA AR IREL")
ax.set_ylabel(" S A A z1 (J6)")
ax.set_title("F& 5:  F G ROKAR Y = L B bR ek Hlicsioth £2)

ax.grid(True, alpha=0.25)
_save(fig, "five")

def make_six(data):
cid_sorted = sorted(data["customer_ids"], key=lambda cid: data["depot_dist"][cid])
routel = _sorted_by_angle(data, cid_sorted[:4])
mid_pool = cid_sorted[len(cid_sorted) // 3 : len(cid_sorted) // 3 + 4]
route2 = _sorted_by_angle(data, mid_pool[:3])
route3 = _sorted_by_angle(data, cid_sorted[-5:])

fig, ax = plt.subplots(figsize=(7.2, 6.4))

depot = data["depot"]

xs = [data["coords"][cid]["x"] for cid in data["customer_ids"]]
ys = [data["coords"][cid]["y"] for cid in data["customer_ids"]]
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ax.scatter([depot["x"]], [depot["y"]], s=200, c="r", marker="p", edgecolors="k", label="Hci% 1 .{»")
ax.scatter(xs, ys, s=35, c="k", alpha=0.45, label="%% 7 5 &.")
for route, style, label in [

(routel, "b-", "EMLEG L (A - IR)"),

(route2, "g--", "HRALER R 2(WAM 4 ER)"),

(route3, "m-.", "B LI £ 3(BRIH ZE-H12R)"),

rx, ry = _route_points(data, route)
ax.plot(rx, ry, style, lw=2.2, label=label)
ax.set_xlabel("Z8 EALBR X (km)")
ax.set_ylabel("45 ZALFR Y (km)")
ax.set_title("1&l 6: J& T HIEILAL SRME 1) 4 JR) e DL TC 2% B 45 725 [T S5 P ™)
ax.grid(True, alpha=0.25)
ax.legend(loc="best")
_save(fig, "six")

def make_seven(data):
depot = data["depot"]
radius = float(np.quantile(list(data["depot_dist"].values()), 0.25))
theta = np.linspace(0, 2 * np.pi, 300)
near_ids = sorted(data["customer_ids"], key=lambda cid: data["depot_dist"][cid])[:3]
far_ids = sorted(data["customer_ids"], key=lambda cid: data["depot_dist"][cid], reverse=True)[:4]
fuel_path = far_ids[:4]
ev_path = near_ids[:3]

fig, ax = plt.subplots(figsize=(7, 6.2))

ax.fill(
depot["x"] + radius * np.cos(theta),
depot["y"] + radius * np.sin(theta),
color=(0.85, 0.95, 0.85),
edgecolor="g",
alpha=0.6,
label=f"%E[X (T 4% {radius:. 1ftkm M%),
)
fx = [data["coords"][cid]["x"] for cid in fuel_path]
fy = [data["coords"][cid]["y"] for cid in fuel_path]
ex = [depot["x"]] + [data["coords"][cid]["x"] for cid in ev_path]
ey = [depot["y"]] + [data["coords"][cid]["y"] for cid in ev_path]
ax.plot(fx, fy, "r--x", lw=2, label="135 H I %= (4% FELIT)")
ax.plot(ex, ey, "b-0", lw=2, markerfacecolor="b", label="-&#{ HLZ- & 15")
ax.set_xlabel("Z: & X")
ax.set_ylabel("Z5 & Y")
ax.set_title("& 7: PRATECE T A 2R 1L 5 HT Re VR 245 B 28 L")
ax.grid(True, alpha=0.25)
ax.legend(loc="best")
_save(fig, "seven")

def make_eight(data):
dists = np.array(list(data["depot_dist"].values()), dtype=float)
no_limit_threshold = float(np.quantile(dists, 0.15))
green_threshold = float(np.quantile(dists, 0.30))
ev_no_limit = int(np.sum(dists <= no_limit_threshold))
fuel_no_limit = int(len(dists) - ev_no_limit)
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ev_green = int(np.sum(dists <= green_threshold))
fuel_green = int(len(dists) - ev_green)

cats = ["JCZIR", "SR EE[X "]

fig, ax = plt.subplots(figsize=(7.2, 4.8))

ax.bar(cats, [ev_no_limit, ev_green], label="41 F,# V5 2"

ax.bar(cats, [fuel_no_limit, fuel_green], bottom=[ev_no_limit, ev_green], label="#%
B 4E")

ax.set_ylabel("f FH&(=")

ax.set_title("/&l 8: FRLRIETE St 1T J5 47 BA 5 R4 % EL)

ax.legend()

ax.grid(True, axis="y", alpha=0.25)

_save(fig, "eight")

def make_nine(data):

ordered = sorted(
data["customer_ids"],
key=lambda cid: (data["time_windows"].get(cid, {"start": 24 * 60})["start"],
data["depot_dist"][cid]),
)
base_route = ordered[:3]
urgent = min(data["customer_ids"], key=lambda cid: data["time_windows"].get(cid,
{"duration": 9999})["duration"])
depot = data["depot"]

bx = [depot["x"]] + [data["coords"][cid]["x"] for cid in base_route]

by = [depot["y"]] + [data["coords"][cid]["y"] for cid in base_route]

ux = [data["coords"][base_route[1]]["x"], data["coords"][urgent]["x"], data["coords"]
[base_route[2]]["x"]]

uy = [data["coords"][base_route[1]]1["y"], data["coords"][urgent]["y"], data["coords"]
[base_route[2]]["y"]]

fig, ax = plt.subplots(figsize=(7.1, 6.1))
ax.plot(bx, by, "ko-", Iw=1.5, markerfacecolor="k", label="Ji& Fii & &L17E")
ax.scatter(

[data["coords"][urgent]["x"]],

[data["coords"][urgent]["y"]],

s=150,

C=I|rll’

marker="p",
label=" K& S 5",

)

ax.plot(ux, uy, "r--", lw=2, label="3)75 & i} £ #91")
ax.set_xlabel("F [ A7 B ")

ax.set_ylabel("ZA [ f7 & ")

ax.set_title("B& 9: TR B ST B A K 1 =) AR 47 AR )
ax.grid(True, alpha=0.25)

ax.legend()

_save(fig, "nine"

def make_ten(data):
time_h = np.arange(8, 19)
hourly = np.zeros_like(time_h, dtype=float)
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agg weight = data["agg_weight"]
for cid, tw in data["time_windows"].items():
hour = max(8, min(18, tw["start"] // 60))
hourly[hour - 8] += agg_weight.get(cid, 0.0) * 0.09
hourly = hourly + np.linspace(180, 260, len(hourly))

stat_c = np.cumsum(hourly)
dyn_c = stat_c.copy()
dyn_c[4:] += np.linspace(120, 780, len(dyn_c[4:]))

fig, ax = plt.subplots(figsize=(8.2, 4.8))

ax.plot(time_h, stat_c, "g-s", Iw=2, markerfacecolor="g", label="#& 2 % 4")
ax.plot(time_h, dyn_c, "r--0", lw=2, markerfacecolor="r", label="25 i & J{ A")
ax.axvline(12, color="b", linestyle="-.", Iw=1.5)

ax.text(12.1, float(np.min(stat_c)), "#t 373 A", color="b", va="bottom")
ax.set_xlabel("H [H]")

ax.set_ylabel(" 211 A")

ax.set_title("}& 10: NS E BRI BT E) AT 4L ")

ax.grid(True, alpha=0.25)

ax.legend()

_save(fig, "ten")

def make_eleven(data):
total_weight = sum(x["weight"] for x in data["orders"])
total_volume = sum(x["volume"] for x in data["orders"])
mean_dist = float(np.mean(data["dist_values"]))
tw_durations = [x["duration"] for x in data["time_windows"].values()]
startup = len(data["agg_weight"]) * 75.0
energy = total_weight * 0.03 + total_volume * 18.0
carbon = mean_dist * len(data["agg_weight"]) * 0.85
time_penalty = sum(max(0.0, 75.0 - d) for d in tw_durations) * 16.0
parts = [startup, energy, carbon, time_penalty]

labels = ["/E B ELAS", "REFERA", "B HFAZ 53, "I B A1)

fig, ax = plt.subplots(figsize=(7.2, 5.2))

ax.pie(parts, labels=None, autopct="%1.1f%%", startangle=90, colors=plt.cm.Set3.colors[:4])
ax.legend(labels, loc="center left", bbox_to_anchor=(1.02, 0.5))

ax.set_title("B&l 11: RALSS 1) RG SIS HE AL 14 [H]")

_save(fig, "eleven")

PLOT_MAP = {
"one": make_one,
"two": make_two,
"three": make_three,
"four": make_four,
"five": make_five,
"six": make_six,

"seven": make_seven,
"eight": make_eight,
"nine": make_nine,
"ten": make_ten,
"eleven": make_eleven,

154



def main():
target = sys.argv[1] if len(sys.argv) > 1 else "all"
data = load_data()
if target =="all":
for name in PLOT_MAP:
PLOT_MAP[name](data)
else:
PLOT_MAP[target](data)

if _name__ =="_ main_":
main()
B.10 Python It & A\ M fiIAC
XAENFE: Python 1AL % #i/make_all.py
from pathlib import Path
import sys

script_dir = Path(__file_ ).resolve().parent
sys.path.insert(0, str(script_dir))

import bt_plot_runner asr

r.main()

B.11 Python H.E| A [ JEIA A5

XE7 B Python Ik 5 1% #/make_one.py
from pathlib import Path
import sys

script_dir = Path(__file_ ).resolve().parent
sys.path.insert(0, str(script_dir))

import bt_plot_runner asr

r.PLOT_MAP['one'](r.load_data())
B.12 1}iPH
1.H: 4% make_two.py & make_eleven.py 5 make_one.py [FlJ& T-H &N A,
i —3, AU E B A .
2. K% /one.m 2 & [eleven.m FT-AL AR Ju B Hfd ke it 7 MG S, ATAE
PSR A SO LA R

3.2 £hiF B BIEFEIL

3.2.1 2026042800136B #f M & 12 Z AR ML [E) ¢ B B iR 5 STUE iR s iR 2Y
WE. BT B SO AR T 2R ) A 2R PR e i i AR 5 22 30 SCRt A e, AR SO

S T[] R R 5 AT RS (0 25 5 B T, SRAEM LT HE S 21 B & R TE G 52
#HIHIHESL

BEXS I — (BRHES 5 HENMER) , @I AEm R s, KT
Fresnel e A WL 1o N TaIRA S =, He DLas /e n] AT 5150
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MRV N TITHBIAESS, 204K “ s B an ] AR 7 e 2% A
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n PRI A . AR AR IA Ay
v=d-2(d-n)n (3)
Horr, (dy, n) FORAS HELERIELTT A BRI RS, HREITEAN:
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R IM-EI

A BRI RIS k5 ARAR ) T L AT AT e
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i (z = 00 WIZRRONHAMRE P (xp, yp, zp), HEMZSHITREEREN:
P=M+tv=(xp + tvg, Ym + tvy, zy, + tv,) (5)
HFa s P AL FARIE, 4 zp= zmt tvz= 0, AIME—RELEBRE t =—2n/vz. K
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4.2.1 YeAR S A S ANV B AR AR SR AL B E U S ©
= [R, H, DIT.

Bl A4 ARIKAIMIER SN 210mmX 297mm.  EE R 0 B AL T A4 4RI
O FRE F,  ELERLO PEAREK T 1 S0 E B A i B R B yof fset.
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ICAEE (AR SZ1E X Thase) K 4RTH HAREIZE Ihase (WIS, CFARINA
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Btk A SCHRFIR

L)y i e
K1 K1
Il 2 J5 I 2B 7
A 3 5 LA A
& 4 B 4 Jb KR Teis [ AR B B = 7
S B 5 SRS A ]
Kl 6 6 fk i E A
Kl 7 K7
&l 8 Kl 8
K9 K9
K 10 & 10

Bifsk B R XA
B. 1 W& 4 JEARR el i Bz ) ha & WO = 0 5 PR
% Herh AR B BB H — AR AR A

clear: clc; close all;

%
% 1. BEURIESHER O)E 3 88 4 RRERE S —1T)
%
img_path = ’C:\Users\Desktop\# TA\FHE\IE 3. png’ ; % HETIMHA: SEUEENTH

% img path = " C:\Users\Desktop\ LA \FIF\ & 4. png’ ; % ZATIGL: LRIEAEH

img = imread(img path) ;
img = im2double (img) ;
[img h, img w, "] = size(img);

%
% 2. A FIRSEBOE
%

4,

R = 30; % BEHHM¥47% (mm)
H eye = 200; % A% &3 E & (mm)

D eye = 150; % AW /KFEEES (mm)
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Z_cyl = 100; % i EA EEH & (o)

%
% 3. K EBRHE R B BAE AR AR br T b (M R AR RS A )

%

% BOERMAVEHE: M ERERE, Blpi, 2%pi]
theta range = linspace(pi, 2%pi, img w):

7z range = linspace(Z cyl, 0, img h);

[Theta, Zm] = meshgrid(theta range, z range):

% G S A AL AR M(Xm,  Ym,  Zm)

Xm = R * cos(Theta) ;

Ym = R * sin(Theta) :

%
A EMEATIES RIS 4. 1.2 AR

%

d=M-E

dx = Xm - 0;

dy = Ym - (-D_eye);

dz = Zm - H_eye;

% BAARE n (RALAE)

nx = Xm / R;

ny = Ym / R;

% nz = 0 GREHVEFAE 2 208N 0)
% RA(d * n)

dot dn = dx .* nx + dy .* ny;

% SHOGEFE v = d - 2%(d ¢ n)#*n

vx = dx — 2 .% dot dn .* nx;

vy = dy — 2 .% dot dn .* ny;

vz = dz:

%

(z=0) ¥R P (Xp, Yp)

%

t =-zm / vz
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% 4. WEGEE

% NS E

% 5. THHEECH

% I A4 T8 2 EL



t =-7Zm ./ vz;
Xp = Xm + t .% vx;

Yp = Ym + t .* vy;

% % 6. EMRFHE
EPCINVER N VISURE 4 U]

9% % $EH RGB i
iH

R channel = img(:, :, 1);

G channel = img(:, :, 2);

B channel = img(:, :, 3);

% HrFHRE T R s 2

Xp flat = Xp(:);

Yp flat = Yp(:);

Colors = [R channel(:), G channel(:), B channel(:)];
% A4 ARASYI BT FLIR OO MR ST 4. 2. 1 540 A% )

% BE TR [-105, 105], KJEARWAEL-150, 147] YL N
valid idx = (Xp_flat >= -105) & (Xp_flat <= 105) & ...

(Yp_flat >= -150) & (Yp_flat <= 150);

% il B A HE TR AL TR &

figure ( Name', ~HEIMAS L EMEE, *Color’, 'w, ’Position’, [100, 100, 600,
8001) ;

scatter (Xp flat(valid idx), Yp flat(valid idx), 1.5,

Colors(valid idx, :), 'filled);

axis equal;

x1im([-105, 105]);

ylim([-150, 150]);

xlabel (X / mm’) ;

ylabel(CY / mm’);

title (sprintf C Jb KK ICi [5G E (R=%d, H=%d, D=%d)’, R, H eye, D eye));
box on;

grid on;
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B.2 &5 [N G S b Bl 45 SR IEAAD
% Hrh AR B B H — AR A R A

clear; clc; close all;

%
% 1. BEEURIRS % K %
%
img_path =’ C:\Users\Desktop\® TA\FH\E 3. png’ ; % HaETIHR: SUEHTH

img = imread(img path) ;
img = im2double (img) ;

[img h, img w, ] = size(img);

%

2. ZIFMSHIE

=

%

R =30; H eye = 200; D eye = 150; Z cyl = 100;

%

3. WA URZAEFEHF )

=

%

theta range = linspace (pi, 2%pi, img w);
7 range = linspace(Z cyl, 0, img h);
[Theta, Zm] = meshgrid(theta range, z range):

Xm = R * cos(Theta); Ym = R * sin(Theta) ;

dx

Xm = 0; dy = Ym — (-D eye); dz = Zm - H eye;

nx = Xm / R; ny = Ym / R;

dot dn = dx .* nx + dy .* ny;

vk = dx — 2 .*% dot dn .* nx; vy = dy — 2 .*% dot dn .* ny; vz = dz; t
m ./ vz;

Xp =Xm+ t .*% vx; Yp = Ym + t .* vy;

% PEHE AT

R channel = img(:,:,1); G channel = img(:,:,2); B channel = img(:, :,3);
Xp flat = Xp(:); Yp flat = Yp(:);

Colors = [R channel (:), G channel(:), B channel(:)];

valid idx = (Xp_flat >= -105) & (Xp_flat <= 105) & (Yp flat >= -150) &
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(Yp_flat <= 150);

%
% 4. 2l 1B -1 FERMES R B (F SRR 0 S T o)

%

figure C Name', ~H:Ahkhk S =, 'Color’, ’w, 'Position’,

800]) ;

scatter (Xp flat(valid idx), Yp flat(valid idx), 1.5,

Colors(valid idx, :), 'filled );
axis equal; x1im([-105, 105]); ylim([-150, 150]);
xlabelCX / mm’); ylabel(CY / mm’);

title (sprintf C HJUAE S MG (R=%d, H=%d, D=%d)’, R, H eye,

grid on;

[100,

%

% 5. Zxffil: Kl 5-2 P EME

%

X valid = Xp flat(valid idx);

Y valid = Yp flat(valid idx);

Colors valid = Colors(valid idx, :):

figure C Name', ’$smEMK], *Color’, 'w, 'Position’,

800]) ;

% [Zotie] : R s (EFERRIL) B SABCKE 8
"filled);

b

scatter (X valid, Y valid, 8, Colors valid, ’s’,

axis equal: x1im([-105, 105]): ylim([-150, 150]):

xlabelCX / mm'); ylabel(CY / mm’);

title C 3T HIE N VE Y )& St B4 2 : box on; grid on;

e bl

disp C >>> FHUREHIHiaiT 56

)
B.3 K6 FETIEAELS L GA I ) R (b 57 4 1 A4
% M B BAES—: SR EN G ES

close all;

[150,

D_eye));

100, 600,

box on;

100, 600,

W& Wag) clear:; clc;

%

%
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%

" C:\Users\Desktop\ & LA\ \E 4. png’ ;

imread (img path) ;

img

img = im2double (img) ;

[img h, img w, ] = size(img):

%

SHE

%

200; D eye = 150; Z cyl = 100;

%

T ORZAE R )

%

linspace (pi, 2%pi, img w);

z range = linspace(Z cyl, 0, img h);

[Theta, Zm] = meshgrid(theta range, z range):

Xm
dx

nx = Xm / R; ny = Ym / R;

dot dn = dx .* nx + dy .* ny;

v = dx — 2 .*% dot dn .* nx; vy = dy — 2 .% dot dn .* ny; vz

m ./ vz:

Xp=Xm+ t .*% vx; Yp = Ym + t .3* vy;

% PRI

R channel = img(:,:,1); G channel = img(:, :,2);
Xp flat = Xp(:); Yp flat = Yp(:);
Colors = [R channel (:), G channel(:), B channel(:)];

valid idx

(Yp flat <= 150);

R * cos(Theta): Ym = R * sin(Theta) ;

Xm - 0; dy = Ym - (-D eye); dz = Zm - H eye;

%

% 4. it AGRIEG SR

%

disp C IEFESAT Canny AGRN SEESZEAK. ..7)

img path =

% 2. =5[a T

=
|

= 30; H eye

%

w

R 5 12 4

theta range =

=dz; t = -

B channel = img(:, :, 3);

(Xp_flat >= -105) & (Xp flat <= 105) & (Yp flat >= -150) &



% KA HFAREL Canny 0%k

gray img = rgbh2gray(img) ;

edges = edge(gray img, 'canny’ );

% BUFEAFIMK: R0y 2 IR 450 7o 3R InfH L

se = strel Cdisk’, 2);

thick edges = imdilate(edges, se);

thick edges flat = thick edges(:);

% KBRS N UG R T CHEREE R

edge idx = find(thick edges flat == 1 & valid idx == 1);
find(thick edges flat == 0 & valid idx == 1);

base idx

%
% 5. 7))= FIERNESE: KRG, TURBHE
%

figure C Name', ’#Mli E&FMmE, "Color’, 'w, 'Position’, [150, 100,
600, 800]) ;
% FH—Jm: mEFEAL T (FHBNUIE TSR 4, REEREETE, Bk d)

scatter (Xp flat (base idx), Yp flat(base idx), 4, Colors(base idx, :), ’s’,
"filled );

hold on;

% BB G E ER PR R E1E 8, )

scatter (Xp flat(edge idx), Yp flat(edge idx), 8, Colors(edge idx, :), ’s’,
"filled );

axis equal; x1im([-105, 105]); ylim([-150, 150]);

xlabel CX / mm’); ylabelCY / mm’);

title C F TR HAGAN B R CBRB 6 A =) ;

box on; grid on;

dispC >>> fGs AL EEE L 7)) ;
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  m i n Z =   C  f   ∑  k = 1    K  m a x    z  k +   C  v   ∑  k = 1    K  m a x    ∑  i ∈ V    ∑  j ∈ V    x  i j k   c  i j +   C  w   ∑  i = 1  N  m a x  ( 0 ,   a  i −   T  i )


    ∑  j ∈ V    x  i j k −   ∑  j ∈ V    x  j i k = 0 , ∀ i ∈ V , ∀ k ∈ { 1 , 2 , … ,   K  m a x }


       ∑  k = 1    K  m a x    y  i k = 1 , ∀ i ∈  { 1 , 2 , … , N } #  ( 3 )


       y  i k ≤   z  k , ∀ i ∈  { 1 , 2 , … , N } , ∀ k ∈  { 1 , 2 , … ,   K  m a x } #  ( 4 )


       ∑  i = 1  N    y  i k   q  i ≤ Q   z  k , ∀ k ∈  { 1 , 2 , … ,   K  m a x } #  ( 5 )


       ∑  i = 1  N    y  i k   v  i ≤   V  m a x   z  k , ∀ k ∈  { 1 , 2 , … ,   K  m a x } #  ( 6 )


       a  i ≤   T  i ≤   b  i , ∀ i ∈  { 1 , 2 , … , N } #  ( 7 )


       T  j ≥   T  i +   s  i +     c  i j    v  s  (   T  i ) − M  ( 1 −   x  i j k ) , ∀ i , j ∈ V , ∀ k ∈  { 1 , 2 , … ,   K  m a x } #  ( 8 )


       x  i j k ,   y  i k ,   z  k ∈  { 0 , 1 } ,   T  i ≥ 0 , ∀ i , j ∈ V , ∀ k ∈  { 1 , 2 , … ,   K  m a x } #  ( 9 )


     m i n   Z 1 =   C  f   ∑  k = 1    K  m a x    z  k +   ∑  k = 1    K  m a x    ∑  i ∈ V    ∑  j ∈ V    x  i j k   c  i j  [   m  k   C  v , e v +  ( 1 −   m  k )   C  v , f v ] +   C  w   ∑  i = 1  N  m a x  (   a  i −   T  i , 0 ) #  ( 10 )


     m i n   Z 2 =   ∑  k = 1    K  m a x    ∑  i ∈ V    ∑  j ∈ V    x  i j k   c  i j  [   m  k   E  e v +  ( 1 −   m  k )   E  f v ]  ( 1 + 𝛼     ∑  i = 1  N    y  i k   q  i  Q ) #  ( 11 )


       T  i ∉  [ 480 , 960 ] , ∀ i ∈ G , ∀ k ∈  { 1 , 2 , … ,   K  m a x } , when    m  k = 0 ,   y  i k = 1 #  ( 12 )


       m  k ∈  { 0 , 1 } , ∀ k ∈  { 1 , 2 , … ,   K  m a x } #  ( 13 )


     m i n   Z  d y n a m i c =   Z  b a s e +   C  d   N  a d j u s t #  （ 14 ）


       x  i j k  ( t ) =   x  i j k  ( t − 1 ) , ∀ i , j ∈   S  d o n e  ( t ) , ∀ k #  （ 15 ）


  V  ( t ) = V  ( t − 1 ) ∪   V  n e w  ( t ) { V    c a n c e l  ( t ) , ∀ t                                                                                                               （ 16 ）


      T solve  ( t ) ≤  T window , ∀ t #  （ 17 ）


  V


  V = { 0 , 1 , … , N }


    V  g


    K  f ,   K  e


    w  i ,   v  i


  i


    S  i


  i


  𝛼 , 𝛽


    c 1


    x  i j k


  k


  i


  j


    t  i k


  k


  i


  N


  K


  K =   K  f ∪   K  e


    Q  k ,   V  k


  k


    E  i ,   L  i


  i


    c 0


    𝜌  f ,   𝜌  e


    f  f ,   f  e


    y  i k


  i


  k


    u  i k


  k


  i


  v  ( t ) ∼  {    N  ( 55 . 3 ,   0 . 1 2 ) ,  t ∈ ∪   N  ( 35 . 4 ,   5 . 2 2 ) ,  t ∈  [ 10 , 11 . 5 ] ∪   N  ( 9 . 8 ,   4 . 7 2 ) ,  t ∈ ∪  [ 11 . 5 , 13 ]


  v  ( t )


  t


  N  ( 𝜇 ,   𝜎 2 )


  𝜇


    𝜎 2


  t


  F  ( v ) = 0 . 0025   v 2 − 0 . 2554 v + 31 . 75


  E  ( v ) = 0 . 0014   v 2 − 0 . 12 v + 36 . 19


  F  ( v )


  v


  E  ( v )


  v


  v


    f  f  (   u  i k ,   Q  k ) = 1 + 0 . 4 ×     u  i k    Q  k


    f  e  (   u  i k ,   Q  k ) = 1 + 0 . 35 ×     u  i k    Q  k


    f  f  (   u  i k ,   Q  k )


    f  e  (   u  i k ,   Q  k )


    u  i k


  k


  i


    Q  k


  k


   ( i , j )


    F  i j  k =     d  i j 100 ⋅ F  (   v  i j ) ⋅   f  f  (   u  i k ,   Q  k )


    E  i j  k =     d  i j 100 ⋅ E  (   v  i j ) ⋅   f  e  (   u  i k ,   Q  k )


    F  i j  k


  k


   ( i , j )


    E  i j  k


  k


   ( i , j )


    d  i j


  i


  j


    v  i j


    c 1


    𝜌  f = 7 . 61


    e  f = 2 . 547


    𝜌  e = 1 . 64


    e  e = 0 . 501


   ( i , j )


    C  d  i j k =  {      𝜌  f   F  i j  k +   F  i j  k   e  f   c 1 ,  k ∈   K  f     𝜌  e   E  i j  k +   E  i j  k   e  e   c 1 ,  k ∈   K  e


    C  d  i j k


  k


   ( i , j )


    𝜌  f ,   𝜌  e


    e  f ,   e  e


    c 1


    K  f ,   K  e


    t  j k


   [   E  j ,   L  j ]


    C  t  j k = 𝛼 m a x  ( 0 ,   E  j −   t  j k ) + 𝛽 m a x  ( 0 ,   t  j k −   L  j )


    C  t  j k


  k


  j


  𝛼 , 𝛽


    E  j ,   L  j


  j


    t  j k


  k


  j


    Z 1


  m i n   Z 1 =   c 0   ∑  k ∈ K    ∑  j ∈ V ∖ { 0 }    x  0 j k +   ∑  k ∈ K    ∑  i ∈ V    ∑  j ∈ V    x  i j k   C  d  i j k +   ∑  k ∈ K    ∑  j ∈ V    y  j k   C  t  j k


    Z 1


  K


  V


    c 0


    x  i j k


  k


  i


  j


    y  j k


  j


  k


    ∑  i ∈ V    x  i j k =   ∑  m ∈ V    x  j m k =   y  j k


  k


  j


  j


    ∑  k ∈ K    y  j k = 1


  j


    ∑  i ∈ V    w  i   y  i k ≤   Q  k ,   ∑  i ∈ V    v  i   y  i k ≤   V  k


    w  i


    v  i


    Q  k


    V  k


    t  i k +   S  i +   T  i j − M  ( 1 −   x  i j k ) ≤   t  j k


    t  i k


    S  i


    T  i j


  M


   ( 0 , 0 )


  R = 10  km


  j


    D  j


    D  j =    X  j 2 +   Y  j 2


    D  j


  j


   ( 0 , 0 )


    X  j ,   Y  j


  j


    V  g


    G  j


  𝛺  (   t  j k )


    G  j =  {    1 ,    D  j ≤ 10   0 ,    D  j > 10


  𝛺  (   t  j k ) =  {    1 ,    t  j k ∈   0 ,    t  j k ∉


    G  j


  𝛺  (   t  j k )


    K  f


    x  i j k ⋅   G  j ⋅ 𝛺  (   t  j k ) = 0


    x  i j k


  𝛺 = 1


  G = 1


  P =   P  f ×   ∑  k ∈   K  f    ∑  j ∈ V    y  j k ⋅   G  j ⋅ 𝛺  (   t  j k )


  P


    P  f


    T  e


    T  e


  k


    P  k  (   T  e )


    T  e


    T  e


  u


  𝛥   C   u


  𝛥   C   u = m i n  (   C  d  i , u +   C  d  u , i + 1 −   C  d  i , i + 1 +   C  t  s h i f t )


  𝛥   C   u


  u


    C  d


  i , i + 1


    C  t  s h i f t


  u


    𝜇  r e v e r s e


   ∬  𝛻   I  p 𝛻   𝜇  r e v e r s e d x d y → M a x


     d =   M − E  ∥ M − E ∥ =    (   x  m ,   y  m + D ,   z  m − H )     x  m 2 +    ( D +   y  m ) 2 +    (   z  m − H ) 2 #  （ 1 ）


     n =  (     x  m  R ,     y  m  R , 0 ) #  （ 2 ）


     v = d − 2  ( d ⋅ n ) n #  （ 3 ）


     d ⋅ n =     x  m 2 +   y  m 2 + D   y  m  R ⋅ ∥ M − E ∥ #  （ 4 ）


     P = M + t v =  (   x  m + t   v  x ,   y  m + t   v  y ,   z  m + t   v  z ) #  （ 5 ）


       x  p =   x  m −   z  m     v  x    v  z #  （ 6 ）


       y  p =   y  m −   z  m     v  y    v  z #  （ 7 ）


       y  p =   y  m −   z  m     v  y    v  z #  （ 7 ）


      |   x    p  i | ≤ 105 m m #  （ 8 ）


      |   y    p  i −   y  o f f s e t | ≤ 148 . 5 m m #  （ 9 ）


     J  ( M ) =  |   𝜕  (   x  P ,   y  P )  𝜕  ( 𝜃 ,   z  m ) | #  （ 10 ）


       m i n  𝛩 F  ( 𝛩 ) =  1  N   ∑  i = 1  N     ( J  (   M  i ) −   J ¯ ) 2 + C ⋅ P  ( 𝛩 ) #  （ 11 ）


     C  (   M ⋆ ) =  1   (   x 2 −   x 1 )  (   y 2 −   y 1 )  [      x 2 − x  x −   x 1 ]  [    C  (   Q 11 )  C  (   Q 12 )   C  (   Q 21 )  C  (   Q 22 ) ]  [      y 2 − y   y −   y 1 ] #  ( 12 )


     G =    G  x 2 +   G  y 2 , 𝜃 = a r c t a n  (     G  y    G  x ) #  ( 13 )


     A ⊕ B =  { z ∨   B  z ∩ A ≠ ⌀ } #  ( 14 )


       R    ˙  ( x , y ) =   R  m i n +  [   R  m a x −   R  m i n ] ⋅   𝜇  r e v e r s e  (   I  M ) #  （ 15 ）


  ∬ 𝛻   I  P  ( x , y ) ⋅ 𝛻   𝜇  r e v e r s e  (   I  M ) d x d y → m a x

