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K cu(p) Fm B p F R NBHE R j FRERREVIOFRENRA: u(2023)
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[4] A
RARDIR R E AT R Wi R ET
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[T i

JEHP, wp(p) T p M 5 WA RANO R w,(2023) %77 2023 4F
BB RAORAEDIORI O ks e 767300 p 4R b FO2L (R DU Rb 40 B 4 18 175 o,
RS
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A TS, FR5IROMERE, SIANSERARRATralRmE i M EEDER
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cam = [T 0+ el)en(2023)
re- i1
st =2 i (p) = T (p)

Salp)= [] (+ef)Sa(2023), k=86, 7

[T =

Sa(p)=(1+elf)Sa(2023) , k+6,7
wa(p)= [ (+efiuw(2023)
]

(32)

wa@= [T (+el)ua(2023)
T i
-53" “'U(ﬂiybﬁj

6. 2. 4 {ZIEAREIRIK R

FIEEH, Al C MBS 2 IERNR T B TFATFREST 2024
| 2030 B IEHRITR 1, 2, 3. BHOTERFED T,
HE1S: SHREM 413107824687 76, JCiE{hfisdin T

B 13 5% 1 SR
KR 25 BHEAN35571712.9128454 5, HifbdsgnT.
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eleelear,
% SRR
plant2023 = importdata("2023 HH 7 % mat”);
output2023 = importdata(* 2023 FHIEE i mat™),
Sale = importdata(” & {E40% % 5 4t mat");
Stastic = importdata(™ ¥ HUH % 50 8048 mat");
Diatal = importdata(® 1. xlsx");
Data2 = importdata(®2.x1sx");
Data3 = importdata®3.x1sx";
Area = Datal data.Sheetl ;

nPop = 50; % HE ¥ &

maxlt = 500,

nFec =03,

nC = rourd(nPop * nPc/2) *2 ;
crossover rate = 0,1; %7¢ %
mutation_rate = 0.01; %3¢ S8

% BRE L

num_years = 8, % 2023 | 2030
num_plots = 54; % ¥
num_crops = 41; % fEhe¥

% BHibgS
land_types = [ones(1,6),2%ones(1,14),3%ones(1,6),4%ones(1,8), 5%ones(1,16),6%ones(1,4)];

% IRIEFREE RS, 3% 5 FiEYD

crop_massif.a = [];

crop_massif{1).a = [1:15]; % 518 45 H, L i

crop_massif(2).a = [16]; %ok kb i

crop_massif(3)a = [17:34]; %K R E—F HEXWME—-F TEAM——%
crop_massifi4).a = [35:37]; Serk ek i — =

crop_massifi3)a = [38:41]; %l MR =S

% TR, RIERBRREE Y,
% 1=—"FEVWHAEWY, 2=-MEREY, 2 HF 2 (£, HFEROE W

season_malrix_sizes = §

% % FRE, — I FTH—1ED

[ 1] % HHE, —TETH—TED

[1.1]; % ik, —FTRH—1ED

[1, 1] % Rk, —PETRER—HED
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[2. 2); % WL, BEREHEHER
[2 2); % WEALH. SEREHHEHED
£

templatex = [];
template.y = [];

Parent = repmat(template,nPop,1 ),

R=[); %o T 17 0ifl it (A%
oo bk e b
for i=1:nPop
Parent(i).x = spe_createPop(erop _massif, land_types, season_matnx_ sizes, num_years,
num_plots, plant2023, output2023, Area, Stastic),
Parent(i).y = fun{Parent(i) =, Datal output2023, Sale Stastic);
end

for It = 1:maxIt
Offspring = repmat{template,nC/2,2);

for j = 1:Ci2
parent] = selectPop(Parent);
parent2 = selectPop(Parent);
[Offspring(j,1).x,0Mspring(j, 2).x] = crossPop(parent], parent2, crossover_rate,
season_matrix_sizes, num_years, num_plots, crop_massif, land_types, output2023, Area, Stastic),
end

Offspring=0Offsprng(:),
A = Offspring;

%t iTHE R
for k=1:nC
Offsprng(k)x = mutatePop{Ofspring(k).x, mutation_rate, crop_massif, land_types,
season_matrix_sizes, num_years, num_plots, output2023, Area, Stastic);
Offspring(k)y = fun{Offspring(k).x,Data ] ,output202 3, Sale, Stastic);
end

newPop=[Parent, Offspring],
[~.s0]=sor([newPop.y], ascend');
newPop=newPop{so),
Parent=newPop(1:nPop);
disp([' AL HCH num2str(Tt),, /B9 num 2sir(Parent(1).v)])
R=[R,Parent(1).¥]
end
figure
plot()
slabel( Fp ik it {0 #




ylabel( ¥ B~k ik LIS R A

title('ig 1ol F 38 14 6 £)

%o dk AL

best x = Parent{ 1 ).x;

vaild = check(best_x, crop_massif, land_types, num_vears, num_plats),

ni{x.Datal output2023, Sale, Stastic)
Area = Datal data Sheetl;
Crop = Datal .data, Sheet2;
% W—FIfEth EoFIEHDh FE=VIFEHF
for year= 2:8
Plan = zeros(150, 4); % Fi4EC Plan #UH. BHEMKXITHN 150, BEHIRE
planCounter = 1; % F-THE Plan ##l s ahiTH
for i = 1:size(Area,1)
plan = x{year.i};
%81 FEE
if size(plan,2) == 1
land = plan_land,
season = plan.season,
crop = plan.crop;
% H—FIfEth EFisH BE=FIFEHF BFHEER
Plan{planCounter, !} = [crop, land, zeason, Areafi)];
planCounter = planCounter -+ 1;
Yo L E
else
forj=1:2
erop = plan(j).crop;
land = plan{)).land;
season = plan{j).season;
for k = crop
Plan(planCounter, :) = [k, land, season, Areai)/ length{crop)]
planCounter = planCounter + 1,
end
end
end
el
Plan = Plan({] :planCounter - 1, ;) % 8% Plan 3 )
Output = zeros(size{Crop, 1),2);
Cost =0,
for 1 = 1:size(Plan, 1)
crop = Plan(i,1);
land = Plan{i,2);
season = Plan(i,3),

28




w%EeRT FA3E~R
vield permu = Stastic(1,land, crop,season;,
YofP R AR/ 8D
plant_cost = Stastic] 2, land crop, season);
i RENS T EEN~E
Output{crop,season) = Cutput{crop.season )+ Plan(1,4) * vield permu;
Cost = Cost + Plan(i,4) * plant_cost;
end
¥l = -Cost,
%H—H THHHEEH
for 1 = 1 size(Cutput, 1)
for j = l:size(Output,2)
¥1 =yl + min{Output(i.j),output2023(i.j) * Sale(i.j);
end
end
y2 = -Cost,
%l W FHAHE- R
for i = L:size(Output, 1)
for ) = Lisize(Cutput,2)
if Output(i,j) = output2023(i,j)
¥2 = v2 + output2023(i,i) * Sale(i,y) + (Output(i,j)-output2023,3)) * Sale(iy) *
0.5;
else
y2 = y2 + Qutput(i,j) * Sale(ij),
end
end
end
Yiyear-1)= -y1;
end
¥ = sum(Y ),

function selected = selectPop(Parent)
%ot br WL FRIE
population_size = numel{Parent);
fitness = [Parent.y];
tournament_size = 5,
selected_indices = zeros(population_size, 1),
for i = 1:population_size
candidates = randsample( 1 :population_size, tournament_size);
[~ best_candidate_idx] = max(fitness{candidates));
selected indices(i) = candidates(best_candidate _idx);
end
% St RS AR
counts = histe(selected _indices, 1 :population_size);
[max_count, ~] = max{counts},
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most_selected_indices = find(counts == max_count),

% MRHZHAKMARSE, BLERE—
il length{maost selected indices) = 1
parent_idx = most_selected _indices(randi(length{most_selected indices)));
else
parent_idx = most_selected _indices;
end
selected = Parent{parent_idx).x;

function mutated_offspring = mutatePop(offspring, mutation_rate, crop_massif, land_types,
season_matrix_sizes, num_years, num_plots, output2023, Area, Stastic)
% Wik R B EE
mutated offspring = offspring;
if rand(1) < mutation_rate
plot= randi{[2, num_plots]), % MB EFERTER, T —FOHFEHFIE
for year = 2:num_vears
output = zeros(4]1,2);
fori = I'num_plots
land type = land typesii),
if i~= plot
num_season = size(mutated offspring {year, 1}, 2,
for season = 1:num_season
erops = mutated offspring fvear, 1}(season).crop;
for crop = crops
output{crop,season) = output{crop,season) + Areali) *
Stastic | Jand_type,crop,season),
end
end
end
end

land_type = land_types(plot);
siZes = season_matrix sizes{land _typel;
if land_type==4
num_seasons = randi{[1,2]);
else
num_seasons = sizes( 1),
end
max_crops_per_season = sizes{2),

planting_plan = struet();
% HAABERT B RB A
if land type==4 && num_seasons == | && size{mutated offspring {vear-1, plot}, 2) ==
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num_seasons = 2;
end
for season = | :num_seasons
% ek A Eid
if land_type == 4 && num_seasons ==
Crops group = 2;
% KRt —F FEAWE—F WEXR——F{EH4a
elseif land _type == 6 || land_type == 4 £& num_seasons == 2 && season == ||
land_type == 5 && num_seasons == 2 && season ==
Crops_group = 3;
% Kiekh i —S{Ea
elseif land type == 4 && num_seasons == 2 &8 season ==
crops_group = <;
% S _FE{EWE

¢lseif land_type == 5 && num_secasons == 2 && season ==

Crops_group = 5,
else % FRIMhE, FRE. HE. Lk
crops_group = 1;

end
available_crops = crop_massificrops_group).a;
crops_per_season = randi([1, max_ecrops_per_season]);
planting_plan{season).land = land_type;
planting_plan{season) season = season,
crops = generate unigque_cropa(available crops, crops per season,
mutated_offspring, planting_plan, year, plot, season, output2023, output, Area, Stastic),
i isempty{erops)
awvailable crops = crop_massif{3).a;
crops = generale_umque_crops(available crops, crops_per_season,
mutated_offspring, planting_plan, year, plot, season, output2023, output, Area, Stastic)),
end
planting_plan{season).crop = crops,
if erops_group == 2 && ~ismember(16,planting_plan{season).crop)
planting plan{season® 1) land = land type;
planting_plan{seasont1).season = season+1;
crops = generale_unique_crops(avalable crops, crops_per_season,
mutated_offspring, planting_plan, year, plot, season+1, output2023, output, Area, Stastic),
planting_plan(season®1).crop = crops;
output(crops, season + 1) =  output{crops, season + 1)+ Area(plot) *
Stastic(1,land_type,crops,season + 17,
end
for k= l:length{planting_plan{season).crop)
crop = planting_plan{season).crop(k),
output(crop, season) =  oulput{crop, season) + Area(plot) *
Stastic] 1 Jand type, crop,season),
end
end
mutated_offspring{year, plot} = planting_plan;
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end

mutated_offspring = checkAndRepain{mutated_offspring, crop_massif, land_types, num_plots,
season_matrix_sizes, output2023, Area, Stastic),
end

function crops = repair{available_crops, crops_per_season, individual, planting_plan, year, plot,
season, output2023, output, Area, Stastic)

num_attempts = 13; % S ENIRM, B E LR HTE

land_types = [ones(1,6),2%ones(1.14),3*ones(1,6).4%ones(1,8), 5*ones(1,16),6%ones(1.4)];

% JRRITREUH SRR, M AT

if year > 1

prev_vyear_plan = individual{year - 1, plot};
else

prev_year_plan = [].
end

for attempt = 1:num_attempls
vaild = false;
if length{available crops) = 1
crops = randsample(available crops, crops_per season, false),
elseif length{available crops) ==
crops = available crops(1);
elseif 1sempty{available crops)
crops =[],
retumn
end

for i = l:crops_per_season
% BEIWETAREDESER
if length{unique(crops)) < crops_per_season
vaild = true;
continue;
end

% RES EFEREARR
if season > 1 && isheld(planting_plan(season - 1), "erop')
if hasOverlap{crops(i), planting_plan(season - 1).crop)
available crops{available crops==crops(i)) = [];
vaild = true;
confinue,
end
end

% RS EERAFTRENL
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if hasYearOverlap{crops{i), prev_year_plan)
available_crops{available_crops==crops({i)} =[]
vaild = true;
continue,
end
% RE=FARHEREDER
if year >= 3 && ~checkLegumesinThreeYears(crops(i), individual planting_plan, vear, plot,
season) && ~ismember{crops(1),[1:5, 17:19])
% K eI ELE Pl R —
if plot = 26 && season == 1 L& plot <51
legume crops = [17:19]; % H—F T EWMRS
crops(i) = randsample{legume crops, 1, false);
% P
elseif plot <= 26
legume crops = [1:5]; % W —=EEEHES
erops(i) = randsample{legume_crops, 1, false);
elseif plat == 51
legume _crops =[17:19]: % H—FTXEHES
crops(l) = randsample{legume _crops, 1, false);
end
end

if ~ismember{crops(i),[1:5,17:19,35:41])
Yot A AR I TR S i K2
refer sale = output2023(crops(i), season},
cur_sale = output{crops(i), season);
will_sale = Area{plot) * Stastic{],land_types{plot).crops(i).season),

if cur_sale + will_zale > refer sale + 50000
available_crops{available _crops==crops{i)) =[],
vaild = true;
continue,

end

end
end
% MASZWAAEY FeERFMERERESTRL FRHEREE S X0EY
if ~vaild
retum
end
end
end

. function indrvadual = spe_creat¢Pop{crop_massif, land_tvpes, season_matrix_sizes, num_years,
num_plots, plant2023, output2023, Area, Stastic)
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% WIRE{LFRRE G ER b (R B
individual = cell{num_vears, num_ plots), % F7E L8 T (5 8Y cell 5[
% £ 2023 BIFRR AR
individual(1,:) = plant20:23;
for year = 2:num_years
% FM{EMEEMN S ELY AR TR
cutput = Feros(41,2),
for plot = 1:num_plots
% RBRRERESERPHAT R
land type = land types{plot),
sizes = season_matrix_sizes{land_type}:
if land_type==
num_seasons = randi{[1,2]);
else
num_seasons = sizes{ 1)
end
max_crops_per_scason = sizes{2],

planting_plan = struct();
% FFR4ARREMR AT = B i Hls
if land type == 4 && num_seasons == | && size(indradual {yvear-1, plot}, 2) == ]
num_seasons = 2;
end
for season = | :num_seasons
% AR RE{EH
if land_type == 4 && num_seasons ==
Crops group = 2;
% K —F FECHE—= S8R ——=/EhA
elseif land type == 6| land_type == 4 && num_seasons == 2 && season == 1 ||
land_type == 5 && num_seasons == 2 && season == 1
crops_group = 3;
% AKEeHhEE —FEMEA
elseif land_type == 4 && num_seasons == 2 && season ==
crops_group = 4,
% KW —FEhE
elserf land _type == 5 && num_s¢asons == 2 && season == 2
crops_group = 5;
else % XMpithih, FRE., SE. Lt
crops group = 1;
end
available crops = crop massificrops group).a;
crops_per_season = randi{[ 1, max_crops_per_season]), % Hi¥L 1 3| 2 #{Edn
planting plan{season) land = land type,
planting_plan{season).season = season;
crops = generate_unique crops(available crops, crops_per season, individual,
planting plan, vear, plot, season, output2023, output, Area, Stastic);
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Yol Wt i FREMH P ZRB R T LRV EDZERT—FE E_FHd
T g
if isempty(crops)
available crops = crop massifi3).a;
“eavailable_crops = crop_massifi1).a;
crops = generate umgue crops(available crops, crops per season, individual,
planting_plan, year, plot, season, output2023, output, Area, Stastic),

end
planting_plan{season).crop = crops,
Sl HEGERAREEFDARERE

if crops_group==2 && ~smember(16,planting_plan(season).crop)
available crops = crop_massifid).a;
planting_plan(season®1).land = land_type;
planting_plan(season+1).season = season+1,
crops = generate_unigque_crops(available crops, crops_per_season, individual,
planting_plan, year, plot, season+ 1, output2023, output, Area, Stastic),
planting plan{season+t | ).crop = crops;
output(crops, season + 1) = output{crops, season + 1)+ Area(plot) *
Stastie( 1 land type crops,seazon + 1),
end
for k= length{planting_plan{season).crop)
crop = planting_plan{season).cropdk);
outputcrop, season) = output{planting_plan(season).crop(k), season) +
Area(plot) * Stastic(1 land_type,crop,season),
end
end
Y% FE TR B B R
individual {vear, plot} = planting_plan;
end
end

function over hasYearOverlap{crops, prev_vear plan)
overlap = false;
if ~isempty(prev_vear plan)
for prev_season = 1:length{prev _wear plan)
if isfield{prev_vear plan{prev season} 'crop')
if hasOwverlap({crops, prev_vear_plan{prev_season).crop)
overlap = true,
break.
end
end
end
end
end
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' function everlap = hasOverlap(erops], -:r,':l
overlap = any(ismember({cropsl, crops2))
end

. function crops = generate_unique_crops{available_crops, crops_per_season, individual,
planting_plan, yvear, plot, season, output2023, output, Area, Stastic)

num_attempts = 18; % 2 E(RREA, By L C G ER

land types = [ones(],6),2%ones{1,14),3%ones(1,6),4%ones(1,8), 5%ones(1,16).6%ones(1,4)];
% PLHTERRUHI GG, WA fiIRA iR

if year > 1

prev_vear plan = individual{year - 1, plot};
else

prev_year_plan =[],
end

for attempt = 1:num_attempls
vaild = false;
il length{available crops) = 1
crops = randsample{available_crops, crops_per_season, false);
elseil length{available crops) == 1
crops = available_crops(1};
elseif isemptyv{available crops)
crops = [
retumn
end

for i = licrops per season
% MEISMWMEVTANEDESTES
if length{unigue{crops)) < crops_per_season
vaild = true;
continue;
end

% RS LERETRR
if season = 1 && isfield(planting_plan(season - 1}, "crop’)
il hasOwverlap{crops(i), planting_plan(season - | ).crop)
available crops(available crops==crops{i)) = [];
vaild = true;
continue,
end
end

% WS LERATFTERLNL
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if hasYearOverlap{crops{i), prev_year_plan)
available_crops{available_crops==crops({i)} =[]
vaild = true;
continue,

end

% RE=FANMHEXREDER
if year == 3 && ~checkLegumesInThree Years(crops(i), individual planting_plan, vear, plot,
season) && ~ismember(crops(1),[1:5, 17:19])
v 7h e kh B PFE M —
if plot = 26 && season == | && plot < 51
legume_crops = [17:19]; % E—FEHEMES
cropsil) = randsampleflegume_crops, 1, false);
% WIERE
clseif plot <= 26
legume crops = [1:5); % HE—FEGE{EDRES
crops(l) = randsample{legume_crops, 1, false);
elseif plot == 51
legume crops = [17:19]; % HE—FE G R{EMRS
crops(i) = randsample{legume_crops, 1, false);
end
end

if ~ismember{crops(i)[1:5,17:19,35:41])
wiRERGEIRNEEELS
refer sale = output2023(crops(i). season;
cur_sale = output{crops(i), season),
will_sale = Area(plot) ® Stastic(],land_types{plot).crops(i)season);

if cur_sale + will_sale > refer_sale + 50000
available crops{available crops==crops{i)) =[];
vaild = true;
continue;

end

end
end
% MMBHEREST &SR EDEHERESHED PG &R EE RS
i ~araild
retum
end

cle clear,cle;clear;
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% FA 3 H RS E

x = importdata(" {i§ 5% 1.mat");

plant2023 = importdata(" 2023 1 % & mat");
output2023 = importdata(" 2023 HHE T mat™);
landoutput2023 = importdata(" 2023 Fi ¥4 # & mat");
Sale = importdata(" & {E 105 =/ {7 mat");
Stastic = importdata(™ #8255 i R mar),
Datal = importdatal™ 1.xlsx");

Diata2 = importdata(™2.x1lsx"),

Data3 = importdata(™3.x1sx");

Area = Datal data Sheet]

% BHERL

num_years = 8, % 2023 F| 2030

num_plots = 54; % B ¥

num_crops = 41; % {E4E%

% HRIGFPETE Bl o 3% 5 FR{EYD

erop_massif.a = [];

crop_massif{1)a = [1:15]; % F S B E, L H

crop_massif{2).a = [16]; % kb =

crop_massifi3)a = [17:34]; %ok e —F WY —F FHAR—-—_%
crop_massifid).a = [35:37); %ok ia i — =

crop_massifi5)a = [38:41]; %l KB — 5

% FNHEEERD, IRk EEE X,
% 1=—PFETWHAED, 2=-FEREDY, 2 HE 2 ED. FENROE TN

season_matrix_sizes = {

(1,1, % FRE, P EFH—MEY

[1,1]; % BE, —PENH—ED

[1. 1) % Wk, —rFWH— e

[, 1 % Kk, —TFEWREH—1THIES
[2.2): % WEAE, BFEREFERES

[2, 2} % WHAH, BFERZHERHEN

k

% W—FIEl BoFIgHE B=FIFE8

land_types = [ones(1,6),2%ones(1,14),3%ones(1,6).4%ones(1,8), 5*ones(1,16),6%ones(1,4));
sale = Data3.data;

vaild = check(x, crop_massif, land_types, num_vears, num_plols, Area, Stastic);

[npl. offspring2] = cFﬂp(parc., part:n, CTOSSOVET_Tabe, scamn_m_aj.zcs.
num_years, num_plots, crop_massif, land_types, output2023, Area, Stastic)
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% Wt R
offspringl = parent];
offspring2 = parent2;

% BTk rand #H

% FTFM rand i8H

crossover matrix = rand{num_vears, num_plots) < crossover rate;
crossover vear = randi([2.num_vears]];

for plot = 1 :num_plots
if crossover matrix{crossover_year, plot)
offspring 1(:, plot) = parent2(;, plot);
offspring 2(:, plot) = parent1{, plot);
end
end
% HRANRBERHEAE—E
offspring] = checkAndR.epair{cffspringl, crop_massif, land_types, num_plots,
season_matrix_sizes, output2023, Area, Stastic);
offspring2 = checkAndR.epair(offspring2, crop_massif, land_types, num_plots,
season_matrix_sizes, output2023, Area, Stastic),
end

function individual = createPoplcrop_massif, land_types, season_matrix_sizes, num_vears,
num_plots, plant2023)
% WIEILIRE e e
individual = cell{num_years, num_plots), % #4087 {5 cell i [§
% i 2023 BFPHISLAE
individual(l,:) = plant2023;
for vear = 2:num_years
% FIRAEMEES SRl A ARt A 2 T 1 i
output = zeros(41,2);
for plot = 1:mum_plots
% HRIGEEBRTE R H T R
land_type = land_types{plot),
sizes = season_matrix_sizes {land_type}:
if land_type==4
num_seasons = randi[ 1,2]);
else
num_seasons = sizes({1)
end
max_crops per_season = sizes(2),

planting_plan = struct();
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% #A RN T Z R A HRl
if land_type == 4 && num_seasons == | && sizelindividual {vear-1, plot}, 2) ==
num_seasons = 2;
end
for season = | :num_seasons
% kA F e
if land_type == 4 && num_seasons == 1
Crops_group = 2;
% K —F MY = FEAR—-—S{Eha
elseif land type == 6| land_type == 4 £& num_seasons == 2 && season == 1 ||
land_type == 5 && num_secasons == 2 && season ==
Crops group = 3
% K — =k

CTOps_group = 4;
% HEAWE _EEhiE
elseif land_type == 5 && num_seasons == 2 && season == 2

crops_group = 5;
else % R EithEe, FREh. BBE. L#Hh
crops_group = 1;

end
available_crops = crop_massificrops_group).a;
crops_per_season = randi{[ 1, max_crops per season]), % Hi¥L 1 3| 2 #{Edh
planting plan{season) land = land_type,
planting plan{season).season = season,
crops = generate_unique_crops(available crops, crops per_season, individual,
planting_plan, vear, plot, season, output2023, output, Area, Stastic),
Yol BULE AREM D ERERAWERMFOREDZEHE 2R K _SFh
T E LS8 3
if isempty(crops)
available crops = crop_massif{3).a;
%eavailable_crops = crop_massifi{1).a;
crops = generate_unigue_crops(available _crops, crops_per_season, individual,
planting_plan, vear, plot, season, output2023, output, Area, Stastic),

end
planting _plan{season).crop = crops,
%R W PR AN E

if crops_group==2 && ~ismember{ 16 planting_plan{season).crop)
available crops = crop_massifid).a;
planting_plan{seasont1).land = land_type;
planting_plan{season+ 1) season = season+1,;
crops = generate unigue_crops{available crops, crops per season, individual,
planting_plan, vear, plot, seasont ], outpui2023, output, Area, Stashic);
planting_plan{season+1).crop = crops;
output{crops, season+ 1)= oulput{crops, season + 1)+ Area(plot) *
Stastic( 1 Jand typecrops,season + 1),
end




for k= l:length{planting_plan({seasan).crop)
crop = planting_plan{season}.crop(k);
output{crop, season) = output(planting_plan(season).crop(k), season) +
Area(plot) * Stastie(] land type.crop,season),
end
end
% TEGETPHLH B R ELE
individual {vear, plot} = planting_plan;
end
end
olfspring2 = checkAndRepainfoffspring2, crop_massil, land_types, num_plots, season_malrix_sizes,
output2023, Area, Stastic),
end

func _three_years = checkL egumesInThree Years(crops, mdividual, planting_plan, vear, plot,
sEason)

legumes = [1:5, 17:19];

in_three years = false;

for past_year = max(1, year-2):year-1
prev_vear plan = individual{past_year, plot};
if ~isempty{prev_vyear plan)
for prev_season = |:lengthiprev_year plan)
if isfield{prev_vear plan{prev_season), 'crop’)
prev_crops = prev_year plan{prev_season).erop;
if any(ismember(prev_crops, legumes))
in_three_wyears = true;
returm;
end
end
end
end
end
if season ==
if isfield{planting_plan{season-1), ‘crop’)
prev_crops = planting_plan(season-1).crop;
if any(ismember{prev_crops, legumes))
in_three years = true;
return
end
end
end
if ~in_three_years &% ~any(ismembericrops, legumes))
in_three years = false;
else
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in_three_years = true;

function offspring = checkAndRepair{offspring, crop_massif, land_types,
num_plots.season matrix sizes, output2023, Arca, Stastic)
num_years = §,
vailds = check(offspring, crop _massif, land types, num_yéars, num_plots),
while ~isempty(vailds)
for i = 1size(valds)
output = zeros(41,2),
% HiFhRERmEYg
vear = vailds(i,1);
plot = vailds(i,2),
num_season = size{offspring {year, plot}, 2}
land_type = land_types{plot),
for k = 1:plot
for season = 1:num_season
erops = offspring {year, plot}(season).erap,
for crop = crops
output{crop,season) = outpul{crop,season) + Arealplot) *
Stastic{ | land _type,crop,season);
end
end
end
num_seasons = size(offspring {year, plot}, 2);
vaild = offspring {year, plot};
% 58k ELER IR £ land_type = land_types(plot);
sizes = season_maltrix_sizes{land_type};
max_crops per season = sizes(2);
planting_plan = struct);
% FHAARREMAT B RPN
if (land type == 4 £& num_seasons == | && size{offspnng fvear-1, plot}, 23== 11|
fland_type = 4 && num_seasons == 1 && size(offspring {min{year+ 1 size{offspring, 1)), plot}, 2)
- U

num_seasons = 2;
end
offspring {year, plot}= []:
for season = | :num_seasons
% KR LE R
if land_type == 4 && num_seasons == 1
crops group = 2,
% KEhE—F FEAHE—F FELH—_F{EDhdA
elseif land type == 6 || land type == 4 £& num_seasons == 2 && season==1 ||
land type == 5 && num_seasons == 2 && season == 1
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crops_group = 3,
% KBt —F kA
elseif land_type == 4 && num_seasons == 2 &8 season ==
crops_group =4,
% HFEXWE _F{EhiE
elseif land type == 5 && num_s¢asons == 2 && season == 2
crops_group = 5;
else % MpikhEe, FRE. BEH, L
crops_group = 1;
end
available crops = crop_massificrops_group).a;
crops_per_season = randi[1, max_crops_per_season]); % FEiHL 1 3| 2 #{E1p
planting_plan{season).land = land type,
planting_plan{season).season = season,
crops = repair(available_crops, crops_per_season, offspring, planting_plan, vear,
plotseason, output2023, autput, Area, Stastic),
if isempty(crops)
available_crops = crop_massifi3).a;
crops = repair(available crops, crops per season, offspring, planting_plan, vear,
plot, season, output2023, output, Area, Stastic);
end
planting_plan{season).crop = crops;
Sl W B IRAAE I EAXRE
i crops_group==2 && ~ismember(16,planting_plan{season).crop)
planting_plan{seasont1).land = land_type;
planting_plan{season+1).season = season + 1,
crops = repair{crop_massif{4).a, crops_per_season, offspring, planting_plan, year,
plot, season, oulpui2023, output, Area, Stastic);
planting_plan{season+1).crop = crops;
end
end
offspring {vear, plot} = planting_plan;
end
vailds = checkioffapring, crop_massif] land types. num_vears, num_plats),
end
end

id combo = check{offspring, crop massif, land_types, num_vears, num_plots)
vahd combo = [];
for vear = 1:num_years
for plot = 1:num_plots

% PREREEMENY

land_type = land_types(plot),

num_seasons = size{offspring {year, plot}, 2);

% BeStiRE
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valid = true;
% FESITEWNEY
for season = | 'num_seasons
crops = offspring §vear, plot}{(season).crop;

if land_type == 4 && num_seasons == |
crops_group = 2;

elseif land_type == 6 || (land_type == 4 && num_seasons == 2 && season == 1) ||

(land_type == 5 && num_seasons == 2 && season == 1)

crops_group = 3;

elseif land_type == 4 && num_seasons == 2 && season == 2
crops_group = 4;

elseil land _type == 5 && num_seasons == I && season == 2
crops_group = 5;

else
crops_group = 1;

end

available_crops = crop_massificrops_group).a;

% i AM{EAGELITFERTEEA
if any(~ismemberncrops, available craps))
valid = false;
break;

2

end

% BEFYTR{EOESEY

if length{unigue(crops)) < length{crops)
valid = false;
break;

end

% HEEREREEERRE

if num_seasons == 2 L& ismember{16,0ffspring {vear, plot}(season).crop)
valid = false;
break:

end

w% RESHEVWEDESEN

if season > 1 && hasOverlap(crops, offspring {vear, plot}{season-1).crop)
valid = false;
break;

end

% MES L-FEMASTER

if year = 1 && has YearOverlap{erops, offspring {vear-1, plot})
valid = falze;
break;




end

% RE=FANHERENER
il year == 3 £& ~checkLegumesInThree Years{erops, offspring, offspring {year, plat},
year, plot, season)
valid = false;
break;
end
end
if ~valid
valid_combo = [valid_combo;[year,plot,season] ],
end
end
end
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