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25, =0, Vi € {A1,A2, +,C6), 8,k € {1,2,,15} (7)

Z—IHEENHSERIE A. B, CEHBEERBE —-FRa2EN, Bk
+ Ml ek A AR At B T . FIR, i —HE R TR E A B
{EFEtE, BaRRIFD S R RO ILAE, RAbf kR a4, 3R H ™ Bt i
ol FFak R e

(7) D 25 Ml Bl fo 3 PR 1)

D FEHE R KD, ESPHBE—FABNFEERE. hTHESENA
AEEIE AL, BIRR D Ak p (E R R T BRG], e AR A
RN, BRI,

B, D EM—E RRERRA AR PR — &, RS HE. K
Bi4s 16, HEEMMBRS R 17 E 37, 4@ ik 729 5:

z18 Z (%, + 25%,) = 0, vi € {D1,D2, -, D8}, ¢,k € {17,18, -, 37} (%)
k

Mo, HHsh—FERERE -FRED, i k=1,
Ok, DEMBBER-FAERELEH. A¥ FHOY ., wmEHR 35,
36. ITHMFMBEMER —FMH. XA EEBGER —FHHEMN KRR
REEES, FIPRKIEE ST, A RO E T %R .
28, = 0, Vi € {D1,D2, -, D8}, ¢, k € {35,36,37} (9)

zi = 0, Vi € (D1,D2, -, D8}, L, k € {35,36,37} (10)

MeAE, D 2 Ee S B R PR RS R0 EE 2 2 A i fE . IR S 2 2
(11T ik

Z zf =0, Vi € {D1,D2, D8}, j.t.k € {16,17,18, -~ ,37) R
k

I RS ATRRE T D BRI AEER A, B TREYLER
AR FE RS E M B IR Y. AR SRR ENE, GEEER
Hi iz FE AR Fe R Akl 7, FIRt R RS i A P i A .

(8) E 25 1 e o ok 19 )

E#Eshdkdl i, SsFEiE -FREn—-FafE. BT SERA
il AW T E AR R, SRR E RS e R R T R R

B, ERMBER-FT L EEN, B4R KER. 89 Mg
A b, xee{Etim S 35, 36, 37. HE&KMHHARODEE,

2 2%, = 0, Vi € (E1, E2, -, E16},4, k € {35,36,37) (12)
k
M2 AR R T ACHIAE 35— 25 003 B A~ R K B sl R R i sk M 4
Nl I NTIRE v E IO LT
Hik, EXMshp S - FHairfEaHEEEY,. SRHEM%SE R 3R,
39. 40. 41. XA RGIHT H ML THRARLBES —FhMEddw, CITHFaH
. LR 2 B A A (13) T R
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Z 2%, = 0, Vi € [E1,E2, ~,E16},t, k € {38,39,40,41} (13)
K

X — F S f L IR B S 1 B T E SR OMEA B b R A
FoHIAE S, BMREEMTAENSEEE. A, 8RE XM RaE e e
P, BAFEOGEERMAE, R RAE N E R R E TR

(9) F SR R e Pk e

FEMICAE SN, ST FEMHMERE. AT aENHERXmS
R R G, SRR F R MR 7R RN, SRR RS
37

5%, FEMRERFPHAGHRELEE. 8% MOE b, ZEEDN
PN 35, 36, 37, XN SRR SRR KR O R, BN R
R RITEYD, MM RIE I P He i B SRR R A BE . 2 24 s PR o1 i
1T T Ri&:

Z 7k, = 0, Vi € (F1,F2,F3,F4},j,t, k € {3536,37) (18)
k
S RS A, B EE TR e S 1 E P b f R B R R A
YRR, R E e R, B AR ECE AR B>
B FMHeitiEmy. midifiEs, S8 sl EmamEr, B4 84E
Rt A |
(10) £ FH 7 & FhB PR
FEREMERE T HHEAREES], BEEsE R MR REY. &
RE (#5038, 39, 40, 41) REETETFEICH (E i) day s = F o,
FE g b sE W e iR . S lE B EM TN LM B R R, SR d
NG et e = BTN e o
B, 4005408 T aHE RiEE TR NS —FmHl.
7. =0, Vi € (E1,E2, ~,E16}, 4, k € (38,39,40,41) (15)

ok, AaRQeyHE— P T B kELhAR MR dnA, B, C,
D. FEMMR) P, SRR -FLARE-F, HHEHHRATAN.

zf, = 0, Vi € {A,B,C, D, F}, Vj,t, k € {38,39,40,41} (16)

WXL R, AR R E RIS IE S AR PR B REAE I
REFEV PR S, PEREER R TR, FR, XA R
HETR& BRI A E, ScBfEere s LAt .

(L) FERn R % 4 O B R 1]

AGERIEMAE AR SEA LR, SOFETEREALE M ATER
L (e ER R SN E B, BT T EIR %, Gl
B & A VA B P NS o S M R G e R e R Y e — L
A L B s e A B s AR, AT RS e e e B o R

Ak, A DVEE L RANTIEN S E D EER SRR R, R
i s, ETEE S AEYIL B S IR A T B R R B R S R AR 2 el
KER, BECEDOMEERTRRAN, ks —ErREE.
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Mgt T, Sk, AR/l 2k A0 8)5 R EA-F AT R E s
B AR T SR 0.9 7. X8, BEESRENFREER®T,
RAEAE - L EEOE TN F R, BB % B T 6E 50 A & i 22 3 4 5
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Y B i 2 09 diue Vit k (18)
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WL E A, A AR ] LU 7 R AT S E R, s
THIBMIERMR. Fr, ZLRIENE T RIEWE™ RS, tF—Enr
Riahial, FEFRENES. MAHSmERENRm, SEEMHX—-R
AE %5 SERF M BRI AL A 5 T W R A9 R AR, MR B B (R Ak A R R
5 P

frEprid, FERILRIT 124 RBAR KN, SRR ETTE LR,
FH USRI TR ORERNARCR. SEERTENE, SX1{F
PFRER . ABC RHbSpy o[RS, D BRI S, E RHRETFE
BRI F RMBmiemiRs] . ARG fFFEA o BRI, L
B 9 o= B i AR JE T B . DR SR R0 MR R T B R AR S B i Y o
MPTHES S8, BraafA 7 ElER, N8R 7B 0, i
ACIANE R RL AR R A T =5 i (AR

4.4.3 BEEHMGE

ERFYERRLLSE S, BfRndEEXEE, BEEREHEY
AL RS bl . ABIRLEY B bR ERR-LE (20242030 52) ¢, i@id
sESEREHTA. FOFE BAEREDREOETE. ARSI NET
BHEEA SHRRAE, TRESGSSEED™ . MAHEESEEE, B
SRR .

H g S B G R AL B D SR, BR SS E ANBie R AR . Rk
i, AR SRR R R, B R TR AR O AR T 2023
FEFFAE, HBET 2 H 54 MBS ER 41 FriE. B Rl
FA % HE R o SN il B MR . BETEARTESE — TP A TTER, DU 2 i IR A
i L S

HERSROEE R TR FROHE S RO, SRR EcREEE T
WA (R &, LURBREMRE FROMET, REDHNESTE. 58
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2
max Z ZZ Z {m"‘{r:’l .}?i:rﬂrr jﬂt‘} p“tﬁ + fr - max(xqt ylj'tﬁ!
t=2024 i=1 j=1 k=1 (19]

= g, 0) - Pijexc — xjij': * Cijek)

APy RREWEER L., 5. Wi bpEmR, RS0 dy
TR ARRAE O . WA T R, Bk, ArE% 2023 £ &5 LED
P BRi, fFAARETING S RE G KE: puR A FUHERCE. BF.
Hoshi bRy 4% s dr, s0oRIo R ASCEFIT 2 b 2023 S8R TR HER
firs fERAAHI RN EITASIKIE . Meyu o EMEEReiE, $/F. Wb
MR AR, AR e B HEREY, BT EHES ek
A FEER A, Emiemai s R, siERER L.

e, % AR e, SRS HRIES EEDRTE. il
md, RIRE-LEAPRESE. SoZiilEn 1208 R%ENt. BEEE
R T aliTar P E LT %, S e FiE e Eey . (RIS Re 5t e &
MEH, At PR et TR ERE .

ik, RIELL &y F 5 B bR e 5 3 i e fE i e e 1R AL LR R

2030 54 2 41
: k
max 1 33D ninCele e i) Py - maxCeh i
t=2024 i=1 j=1 k=1

= e O) - Pijere — xJ::;': * Cijek)
i 41

Z xk, < Ay Vi€ [A1,AZ, =, F4), )t
k=1
e 2 05 A;- 2y, Vi€ [A1,AZ, - F4}, ). t,k
by < Ap- 25, Vi€ (AL A2, F4), )0,k
Zhe * Zheen = 0, Vi € {AL A2, C6} 1, k
42
Z 7, = 1, Vi € {A1,A2, ~,F4}, 0,k € {1,2,3,4,5,17,18,19}
k

=t

zfy = 0, Vi € {A1,A2,~,C6},t,k € {1,2,~,15} (20)

Zit; Z (25, + 25,) = 0, Vi € {D1,D2, -, D8}, 1, k € (17,18, -, 37)
k

Z #%, = 0, Vi € {E1,E2, - ,E16},t,k € {35,36,37)
k

s-l !—I-‘

Z zf, = 0, Vi € (F1,F2,F3,F4), . t, k € {35,36,37)
k
2k, = 0, Vi € (A, B,C, D, F}, Vj, t, k € {38,39,40,41}

Z k <5,V Lk

Xie Vi 2 09 dju V), L.k
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4.5 ETE i EERNER T RIENER

PR e A o T A o R A2 4 T EEAER, Hobalt s S e b i
fER M e |, I EZ N T2 2RIt e B, oot ik
SX gt RERE S, BER S REZFHFORD, SR Z0ES0ER SRR,
AT g 2 A i) BB o R A4 B B R T R .

EHH: (Genetic Algorithm, GA) ¥ FaH 4k fb o R8I, B—Fh 4
R HEL BRI A 2R, A R e RS, W
PGB A TREVOER .. XX AER, B EEaMNTENME, EMHIFEE
EETEP LB ERR BN, @EREN T PR e EmT. ME
o I, EXER. il TR s R RN ERREE B, HE
SR 4RI AR AR, BRI, BRGSO R AR AR RO R UL AT i R, PR T
{ER S e Ak ol B R R R .

E4ri LS (Differential Evolution, DE ) JE 1586 37 i 3568 b % g i ki
— £ B ERIICEGE, 19008 A TR £ bk b i R igage). o tib i
S WL, R B AR, R, . EE=F
WAL RE. AERZ, 2ot b Rl S CE s p BT FE i, Hn
EEZEREERR, BSEOCE#RITESE Wnls T £REEEHV,
SR, 2540 SHEA o AR T 0 e B 0 A ) 5 0 P 5 1) L

AT W R R ISR RN A, A = e RS Gl
& S MIHE B ch , 20 b fE S 08 i) 42 /) S0 RE Joal B w48 iz i ok
BE, JRAEEIUREE. (ERBEVIAGILRS . S F R o] B A0 ik 40 R R S (R A B BEAE
AR, BT RN A AR A R SR ), R A AR
B FCRHETEMCRENSUERERE (DEGA Biz) , AR TE
L AE YA Goag Rt AP S BRI R L SR AR R, R IRGENAR . BTN
AL RO i Ot 1 B i B R BRI R .

Step 1 1B ol 8

IENERA T AR AR, £ REY MR RS R,
3 R e B CARA I O B bRl AT iR GE R REE R, F2 0 iR EAs I T
WY, BRERE. SR HERERN, Bt ieREiT R,
AT ALEDNEIDRE LR, =R A8, B EED
HIAR SRRz B 0% 7. £k b2k LS S —F0EA E Bt & 1F T f i
HMamrs, AiA:

Y(T). Y(T+1),¥(T +N) (21)
Z(TY. Z(T + 1), Z(T + N)
=S BRHENEEN, BiEh:

t=N=1
Fitness= Z VAX(L) + AY (L) + AZ(1) (22)
i=1

[x('r} s X(T+ 1), X(T+N)

AY(t) = Y(T + 1) = ¥(T) (23)

dﬁ:’(—t} = X(T+ 1)~ X(T)
AZ(t) = Z(T + 1) = Z(T)
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Step 2 FE#EAIEHL

e, WG 2 HE S S R PR DR B e Rl o] e o A s AR
Hten 14N, No . N3 Nyo Neo Ngo oo N SERPHCIOBE: ik, 2fe
BT ORIT SO R SRR, ElnRkiRE: BE, MERPEES
AT E R, BB R ICRRER A R RN, R R ST R
M, BAERGR M AL, PR BEEREREE, EHNLN. Ny Ny Ns
voeeen Np FOBE. o B R BERT R B AT 30 57 B A 1> R 2 Rk B 9 e B

Step 3 Bufh (i AT

0 05 (R 5 ) MO ) o] T A B FE O 5 ) i £ B P A R 4 T (R
el riz. F LSz o ni 6. BTN EG. F adtmig., 8w,
ARG, A RURTE R4 B WL HUR B 1F B RN | poss N2 pos
» H?..pﬂs' Hm,‘ EE H:r.pﬂ-s'ﬂ

Step 4 R

TECUH S B R R R AR 2 i LIS R 7 XM BB 8118
AT AR RARAE . FEE A R AR N AT A ) B R R, LU R A S
A, (AR, 0 i R T08RE, BEL 20N,

Py(i) = Npege () + F % [N1(8) = N2(D] + F x [N3(D) — No(D)] (24)

A, Py() A TR BERBTE: Ny (DR 200E T AR EED
BRAE: FREHIAT: Ny Na(D N3(D)s Ny (D ATEER A FIE 418

Step 5 2 WH#k{E

(SO Fiep, 28 ARTERI AT E B e e £ R BE R AT — E AT
fhrh pEE AT 3, B AR R U AR, R R A

 _ [Puc(i)if rand (0,1)<CR||i = iyguq
Cxli) {H;EEL s (25)

A, Cu(DAERBIFEIAE: CRATORAZ UME, BHi=i MRS
TR (B2 MRS, Lo [0, m) 22 16D A Bl . 3

Step 6 EFI{E

SO, R AR AR RS R R AR S TR E RN
HEEXZ BMIEE, LU PRE, JEnh H RS 0 O TR, i ins2
Ak SEIETE AR E kSR, AR EER: S0k BE S HE
o B ARl IR B

B, iE B R 1 IE R FE Fitness(Ny) . Fitness(N3) . Fitness(N3)
+ ==+ Fitess(N,)), LK, W8S e SR T REEPHER, Bt
AN

PN, = _ffmess(N,-] g
Z. 1 Fitness{ﬂj) (26)
j‘:
= i'f'ﬁﬁ’i“’?‘{diﬂ*jﬂﬂfﬁ%- REdE &30
=) P(V) @)
=1

BiE. E01EEAFE RS . Er<q[l], WEFEA% 1, FNik
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Tk, gk —1]) <r<glk]ar. WH bR E ERTERLSH,

Step 7 FrFTEHSH A

A 28 AR FS A R A B P A A IS R EEHE R, R /2 T ik
RS LR n/2 TR E A T R, LSRR
i o A B A RN S AR B PR A R 1 B T Ak B i ik i
(& ki s 8 BraR:

7
TREE
L4 ¥
ERERME > EERE
v ¥

B8 BT S5 (M AR TR A
4. 6 FliFmx iR EdhiiaEn i i 2l atsk g2

AT AR 2023 4 FRARMEA R FE IS BRI i, SE IR
W, AR, EHET R EENOLBERE, 18I Python
SRl d A AL B AR P b s PR AL B, 9 2024-2030 SEFTHT R 50%FE
A B R T 5, B A P BB RS R 2024 SERIRPHEOT R . BEJS,
0 ) S TRt 28, i — A A FEREEE 5 SO%RR il T iS00 i KA
il

4.6.1 EMRIEPAEMHERNIER

A PTTHRAE B 2 P aY 2023 FEREDRER, S S RIEYTEETE
IR A A A R R N ) e R AR, R 2023 ER REMES T
EU SRR P AR S R R A A A . R R, el
Bt Be e 2023 SR AT. FHitt, fERE—d, 2024 % 2030 51505
A AE4 TR A P 25 R) 1 2023 SR

BRI, #18B5 T 2023 & L AEYTE A BIRp b0 b 080 s F e i
e . i L, TR T () A A Y i e RO e AT B
19 T SR EESAF 00 B, GRS D R R
it T AERE AR .



1 202 FEFANTREDNEE~E

{4 = {E40.4 R HiER L i T
1 #E Lk 167580
2 =g B 65550
i a8 L2 68400
4 PR Lk 05520
5 ez BE 29625
6 A LK 506160
7 EP, 3 g 384750
8 #T ok S 210900

34 A - 5430
35 NS BoE 150000
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F1E 9 Al BRAEEWE ABC Ehbsh iU S e, Rl X, 7
. GRMa¥ iR s E B, HRER BN, ZE{ENE ABC
Fuush SIE TR EMMREBLE. HEZT, D EG i R S i
£, BO® FRCEREMSHAIREN, SR TEEENED B bn
PR3, BbSh, EF EHRME R MBS S04, A EnAehg
W MEME, SHREEMPERTRaRA, BELESE.

R s, D EHRMREDHELE MRRAREL, SR KEE, 4%

o PELLHEF O RIS EH, R EYAE D B s
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MiF 3 DEGA FERIZRF
import numpy as np
import random

import pandas as pd

# pEEE

land data = pdread excel(r"D: EODMF1(1).xlsx™)  # Hedh{S 2

crop data = pdread excel(r"D: SLHFHF2(1)x1sx™y & {E4r™ /a4 i i

demand data = pd.read excel(r"D:\ S\ {EHiETN RE WIEMRS(1).xlsx")
# R

# BT R TR R —

land types = land data]'Hi 5 2555 stestrip().unique().tolist))

crop data['#fl &8 5] = crop_data| {196 5 .astype(str) + ' + crop_data['Huiih
FA

crop types = crop data['#H & 885 uniquel).tolist()

vears = range(2024, 2031)

seasons = range(l, 3)

# EBREH

POPULATION SIZE = 100 # Frpfaisl

NUM GENERATIONS = 500 # i&{Cik¥
MUTATION FACTOR = 0.8 # ZRHAT
CROSSOVER RATE = 0.8 # ZWE

EARLY STOPPING THRESHOLD = 0.01 # £ b M{g

# AT Y
def’ mitialize population():
population = |]
for _ in range(POPULATION SIZE):
individual = §
'x': np.zeros{(len{land types). len{crop types), len(seasons), len{yea
1s))).
'z": np.orandom.randint{0, 2. (len{land types), len{crop tvpes). len(se
asons). len{vears)))

H
# Wb AE, WA HEER 50% 5 100%

for 1. land in enumerate(land types):
land area = land data.loc[land data[HiEt &7 == land, 'HoSR
). values[0]
for k in range(len{crop tvpes)):
for j in range(len(seasons)):
for t in range(len{vears)):

b |



# BEPLERE 50% =K 100% RO
individual['x"][i, k. j. t] = random.choice([0.5, 1.0])
* land area

population.append(individual )
returmn population

#OERMEEN: BT HRSIOHEE T ERERE
def’ calculate fitness{individual):
fitness = 0
penalty = 0
for 1, land in enumerate{land types):
for k. crop in enumerate(crop types):
for j n seasons:
for 1 in vears:
area = individual['x'][i, k, j - 1, t - 2024]
z val = individual['z'][i, k, j - 1. t - 2024]

crop info = crop datafcrop data['#H 585'] = crop]
if not crop _info.empty:
price = crop info[ i {5 5L {"]. values[0]
cost = crop_info["F i A 4. values[0]
vield per acre = crop_info[ 7™ &/ 7"].values[0]

demand = demand datajdemand data[' {E¥8e 5] =—
int{crop.split(’_")[O])]['7% K &'].values[0]

profit = min{yield per acre * area, demand) * price
- cosl * area

fitness += profit

# SRR 1. M iR R
if npsum{individual['x'|[1, . 1 - 1, t = 2024]) =
land data.loc[land data'#iEh #%5') == land.
" fifs 2 [ B2 values| 0]
penalty += 1000 # i KBRS 5 W

# PIRERM 2 R TR AR
if area <= 0.5 * land data.loc[land data['Hbzh 45 %5’
= land, "Hiih@#"].values[0] and z val = 1;
penalty += 500 # Ff B4 2 i il

# EHRMF 3. (EYFELS Zr R OcER
if area > land data.loc[land data['Hbih &5 = lan
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d, "k i values[0] * z val:
penalty += 1000 # BB RRLY ok

retum fitness - penalty

#oEgiHEEREE
def’ differential mutation{population):
new_population = []
for 1. target in enumerate(population):
indices = list{range(len{population)))
indices.remove(i)
rl, r2. 3 = random.sample{indices, 3)
donor = {'x": np.copy(population[rl]|'x']). 'z': np.copv{population|rl]|'z

i

donor|'x'] = population|r]|['x'] + MUTATION FACTOR * (population|r
2]['x'] - population[r3]['x'])

# BRERNMESERTEREE, MERGER 50% 5 100%
for 1 in range(len(land tvpes)):
land area = land dataloc[land data'Hiih ##5'] = land tvpes[i]. *
Hit R i #2'). values[0)
donor|'x'][1] = np.clip{donor|'x'][1], 0.5 * land area. 1.0 * land are

a)
new population append{donor)
retum new population

# 22 Xtk
def’ crossover(target, donor):
trial = {'x": np.copy(target|'x’]). 'z': np.copy(target|'z’])}
for 1 in range(len(land types)):
if random.randomy() > CROSSOVER RATE:
trial['X][i] = donor['X'|[i] # % M E ik

retum trial

O R R AT A
def’ selection({target. trial):
target fiiness = calculate fitness(target)
trial fitness = calculate fitness(trial)
return irial if trial fiiness > target fitness else target
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# ERET

def’ differential evolution():
population = initialize population()
best fitness history = ||

for generation in range(NUM GENERATIONS):
new population = ||
for i in range(POPULATION SIZE):
donor = differential mutation(population)[i] # £ 7%
trial = crossover(population[i]. donor) # % 3R H #9716
selected individual = selection(population[i], trial) # E3FEHEL
new_population.append(selected _individual)

# BifgE

population = new_population

# TH SR — R R R IE R R

fitness values = [calculate fitness(ind) for ind in population]
best fitness = max(fitness values)

best fitness historv.append(best fiiness)

# FIEE AL
if generation > 0 and absibest fitness history[-1] - best fiiness history
[-2]) < EARLY STOPPING THRESHOLD:
print(f"Early stopping at generation {generation}.")
break

print{{"Generation {generation}: Best Fitness = {best fiiness}™)
return max(population, key=calculate fitness)

# BITHIE
best solution = differential evolution()

# i AR ES
output_data = []
for 1, land in enumerate(land types):
for k. crop in enumerate{crop tvpes)
for j in seasons:
for t in vears:
area = best solution['x'|[i. k. j - 1, t - 2024]
if area > (:
outpul_data.append([land. crop, ). t. area])
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# RFEREIExcel
print{output_data)

PGt 4 31N CVaR B DEGA BUEM EHIZFF
H R REER A MACVaRIE T MW
def calculate fitness with_cvar(individual, alpha=0.93):
fitness = ()
penalty = 0
losses = []
for i, land in enumerate(land tvpes):
for k. crop in enumerate{crop types):
for j in seasons:
for t in vears:
area = individual['x'|[1, k, j - 1, t - 2024]
z val = individual["2'][i, k, j - 1. t - 2024]

crop info = crop datafcrop data|'l &% 5] = crop)
if not crop info.empty:
# ik F0 Rk AR D Eh
base price = crop info["§ 41 {1').values[ 0]
base cost = crop info["FHi Hk 4. values[0]
base vield per acre = crop info[ g/ it/ Fr'].values

10]
# TREREwmPERR
if " in crop: # MEEEDIHERE
price = base price
elif ‘B in crop: # BB EMEEME ETS%
price = base price * (1.05 ** {1 - 2023))
elif "HAE" in crop: # frFE ST R 1%-
3%
price_decline = random.uniform{0.01, 0.05)
price = base price * (1 - price decline) ** (1
- 2023)

else:

price = base price

# R AL A D SR I 5%
cost = base cost * (1.05 ** (1 - 2023))

# B ROEEEHB L 10%

vield per acre = base vield per acre * (1 + rando
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m.uniform{-0.1, 0.1))

# WRE ML EN £ 5%
demand = demand data[demand data['{F#¥4s 5] ==
int{crop.split(’_")[OP]['# K #'] values[0]

demand = demand * (1 + random.umiform(-0.05, 0.
05

# kol

profit = min{vield per acre * area, demand) * price
- cost * area

fitness += profit

# otk ()
if profit < O
losses.append{abs(profit))

# R 1 s TR s
if npsum{individual['x'|[i. = j - 1, 1 - 2024]) =\
land dataloc[land data['MiZh #7F') = land,
"Hib e [ #) values[ 0]

penalty += 1000 # %5 ke TELFR S 90 0

# #REN 2. PR R TR
if area <= 0.5 * land data.loc[land data]'Hb 5k £ 5
= land, "HRE @ #2"].values[0] and 2z val — 1:

penalty += 500 # F i 814 2 Y 1 )

# HIRERN 3. FRE S —nAE R oRE
if area > land data.loc[land data['ihsh % #'] = lan
d, "HiE A" values[0] * z val:

penalty += 1000 # i5 Rl 5 o0 B
# CVaR FE Y1t 5

if' losses:
sorted losses = sorted(losses)
index = int{np.ceil{{l - alpha) * len(sorted losses)))
evar = np.mean(sorted losses[:index]) # 1 HCVaR
penalty += cvar  # JFCVaR{E A& 5 mi

return fitness - penalty



fizg s SIANEXERMN DEGA WEFERF
# SR P R
def’ create correlation matrix():
# RAE A & e B3 FahE SR B
# X § LLEM AR len(crop types) BB H ]
correlation matrix = np.identitv(len(crop tvpes)) # #l&s{tAmfrElE, &
T HEEMER

# FahidBEEMZFEMOMEXME (TE A EME) o FW:
# correlation matrix[i, j] = 0.5 #R1FEW i F{EH j F 05 FHxHE
4 (EIR A Z A
for i in range(len{crop tvpes)):
for j in range(i + 1, len{crop tvpes)):
# RERAEY e B VIR A WO ek, Flinag T g R
e AT iU
i D in crop tvpes[i] and 'S i crop types[j]:
comrelation_matrix[i, j] = 0.7 # EEBEFEEEMO AT ELRE
correlation_matrix[j. 1] = 0.7 # XFEHEE
elif "HLE' in crop types[i] and "HLfI' in crop types[j]:
correlation matnix[i, j] = 0.5 # BaHEEWPFENE
comrelation_matnix[), 1] = 0.5
else:
correlation matrix[i, j] = 0.2 # AR {EHEHEHE T

correlation_matrix[j. i] = 0.2

retumn correlation matrix

4 IERTRF R B MACVaRFH M 404

def’ calculate fitness with evar and correlation{individual, correlation matnx, alp

ha=0.95);
fitness = 0
penalty = 0
losses = []

for 1, land in enumerate{land types):
for k. crop in enumerate{crop types):
for j in seasons:
for 1 in wvears:
area = individual['x')[i, k. j - 1. t - 2024]
2 val = individual["2"|[i, k. j - 1, t - 2024]

crop info = crop datafcrop data['l &% 5] == crop)
if not crop info.empty:

# A B R AR Y i B

base price = crop info[ "5 ¥ {1'].values[0]
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base cost = crop_info[ FOfl 4. values[0]
base vield per acre = crop info[ B /= /"] values
[0]

# TR FRRIECAR TR B A S iR e

price_correlation factor = 1 + correlation matrix|[k].
mean() # HFPERHT R HIEE 0

cost_correlation factor = 1 + correlation matrix[k].m

ean() # HH P AR R AR (RS

# FEEER OGS
if " in crop: # MEEEHMRERE
price = base price * price correlation factor
elif B3 n crop: # MBI EME LK%
price = base price * (1.05 *¥% (1 - 2023)) * pr
ice correlation factor
elif "HE" in crop: # HAENREET 1%
5%
price decline = random.uniform(0.01, 0.05)
price = base price * (1 - price decline) ** (1
- 2023) * price correlation factor
else:
price = base price * price correlation factor

# 2 R R AR AR A SR S 3 D 5% 3 H SR M R e
cost = base cost * (1.05 #** (t - 2023)) * cost corr
elation factor

# 25 R B BT R O L 10%0F HLAZ A e rERG
vield per acre = base vield per acre * (1 + rando
m.uniform(-0.1. 0.1))

# TREMEEAE L%

demand = demand data|demand data|' {E¥0é 5" ==
int(crop.split¢’ "OPI' ™ 23K &' values[0]

demand = demand * (1 + random.uniform(-0.05, 0.
05))

# Bl

profit = min{vield per acre * area. demand) * price
- cost * area

fitness += profit

# TN g (i)



if profit < 0:
losses.append({abs({profit))

#EREN 1. MR TR
if np.sum(individual['x"][i. =, j - 1. 1 - 2024]) =\
land data.loc[land data['Hi3h £ %] == land.
"l e [f ). values[0]:
penalty += 1000 # i 52 B2 80 T

# PR 2. LB ke B T ER
if area <= 0.5 * land data.loc[land data['Hh2l 35 %5
== land, "Huih @ #1"].values[0] and z val = 1:
penalty += 500 # Foadin A4~ 2 #0500

# HHEM 3. fEMR RS e R
if area > land data.loc[land data['HiZh 35 %] = lan
d, "k AR | values[0] * z val:
penalty += 1000 # iERMHS5 oW B

# CVaR &I 5

if losses:
sorted losses = sorted(losses)
index = int(np.ceil({1 - alpha) * len(sorted losses)))
cvar = np.mean(sorted losses[:index]) # ¥ CVaR
penalty += evar  # JFCVaR{E i 510

retum fitness - penalty

# ERIETAR
def’ differential evolution():
population = mtialize population()
best fitness history = ||
correlation matrix = create correlation matrix() # )2 H JE PR R

for generation in range(NUM GENERATIONS):
new population = []
for 1 in range(POPULATION SIZE):
donor = differential mutation(population)[i] # £ R~k
trial = crossover(population[i], donor) & =& ¥4 REE Y
selected individual = selection(population[i]. trial) # EFEHLIE
new population.append(selected individual)

# ik hE

population = new population



# A TUA R I R

fitness values = [calculate fitness with cvar and correlation(ind, correl
ation matrix) for ind in population]

best fitness = max(fitness values)

best fitness historyv.append({best fitness)

# S IE L)
if generation > 0 and abs(best fitness history[-1] - best fitness history
[-2]) = EARLY STOPPING THRESHOLD:
print(f"Early stopping at generation {generation}.")
break

print({"Generation {generation}: Best Fitness = {best fitness}™)

return max{population, kev=lambda ind: calculate fitness with cvar and cor
relation{ind, correlation matrix))



