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EREA B, il S R B R

() A+ B. € JEHubk iR R &

A, B3R CENPSH AT, BRI S, eihihag Qi
H—ERaGBED, E40FEDESH1 215, KR X—RE5ETE
e b, fEEIRR NS SRR, JOIE R A 2 2 el REEE A
£, WmARB. BEER, SXNMFTETE—R6):
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zh, = 0, Vi € {A1,A2, ,C6}, ¢,k € {1,2,~,15} (7)

E-HREENFBEMRE AL B, C EMHigE RH—-FRaEED. Bk
- i (R B B AE AR A el e RO . Fe, X E A T A F O R
fEfetE, BRREY SHERFNITEE, Rk RESN, &7 80t E
] fya R R

(7) D b5 AR 4 PR )

D #Hu B R K pelt, ESMEBE - FABRMFRE. HTHESENA
ARBTIEA L, B D 3k i fE Rl 7 BRG], e AR B
FH M. BARSERITF:

H5E, D EMh—F RERERRE AR P —R, TRERATE. K
B S 16, FERMSSH 17 £ 37, 2 @) HMIT 7K.

2l Z (2%, + 75,) = 0, Vi € {D1,D2, -, D8}, t, k € {17,18, -, 37} )
k

Hep, Fwsh—FHEHE —-F0ED, Bilhk=1.

Jok, DRMRESER -FNEMEAAR. 6% MO¥ b, Wm5HR 35,
36. ITHMEFIRMER —FHH. R BEHRET —FRHHNKERER
REmpEY, FIPKEMPYEETE. A0 E T 5%

zk, = 0, vi € {D1,D2, -, D8, ¢, k € {35,36,37) ©)

zip = 0, Vi € (D1,D2, =, D8, t, k € {35.36,37} (10)

Ak, D 3k Ea A Gl R PR RS REE SE 2 Ah R ICih 1, ORG24
(11)fk T Fik.

Z 2k = 0, Vi € (D1,D2,~, D8}, j,t, k € (16,17,18,~,37) an
k

R HURMRI SRR T D 2KEEMM SR A, &R TR R
A BRI S R B SRR O . A AR SRR R, RESEL
Mk K BE MR AR Fr, IR R AP MR B A P R g

(8) E 3k 5 0% o IR

E RSl i, SeSERE-FREN—-FaME. AT EE2MA
il KR FE AR S, BT E FH @ PR dE i T BRI

Bt ERMBER-FUUMEAENR, HARFRELERE. B M
A b, XEE{EYE S 35, 36. 37. HEAGMSHAX2)FEA,

Z zfy, = 0, Vi € (ELEZ2, -~ ,E16}, ¢, k € {35,36,37} (12)
k

2 H AR IR T W1 B — 2 089 B A B Rk B R 3 e A e 3 o A
ok L A ERF R PRS2,

HY, EEHbshins —F Hauirbom & H 226N, aRENES R 3R,
39. 40. 41. Z-TR&H EAETRESRERS —FhMEEH, $TTATFaEA
R E A Bk S HA T £ A1) AT R



Z 2%, = 0, Vi € {E1,E2, - ,E16),¢t, k & {38,39,40,41} (13)
k

X—RINNFHEREFAAET E B FRXMESFEFNPRILAA K
FrHipe . BRREXNTAHES S 2. B, 8RE MR E e e
P, AP EHFEEAME, AR RAERRE SRR ETR.

(9) F SKHa s i fit

FEMICHEEM, SeTFERumERE. AT aEMNHERXmS
RGN, SRR F R MR RATH 7R RO R RS
AR .

5, FRBBEARFDIANELETE., 5% PRLE b, XEEDD
WA 35, 360 37, X [AN B EE R KE SRR RS EE
ZE RGO, M PR AL ORI P I At B SRR BRI . 2 SO yaed i B i
1T T R/i&:

z 7, = 0, Vi € (F1,F2,F3,F4}, j,t, k € (35,36,37) (14

k

E—E G| A B0R T8 S AL 5 15 15 5 P b FOR0 B R AT
R B, R RERNNEAETRRS, 8 aRPHEENEDSE™
BT FEeRET IR . MRS, BE IR S AR, R RAFE
Pl Bk R dR

(10) £ FA 3 o FhH PR &

AR EEAE T THEAEES, BEesE R FFEY., i1
AE (%5838, 39, 40, 41) REEEFEIM (E Bihdh) iy 5 = F o,
TE A B SR 9 e Vi . S BEREEIE O S ER A, sals
AEESEEENHRTEEER.

AR, ARA0529E 7 &R E RAEE BN S —F i

25, = 0, Vi € (E1,E2, ~ ,E16}, t, k € {38,39,40,41} (15)

sk, a6t — B EER T A EA A RER ST (mA, B, C,

D. F®Eihdh) hii, FibRB-FERBE-F, ARG HN.

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

EIEFEE R, RARETAEEESNRG TR, BRESE R
REFEV PGS, PR R TR, F, XREE R ER
AR T M EE MR R, Sl /R p d iLACH .

(L1) A4 L Y 4 TS B R 1

AREREDRAE TR SEAER, SFNEEAL SR EE
B e E RO L S N E B, e 2 T EOR IR, Flinil
% N 0 B0 A O S NS ot b, MR B Wi 2 B e R Y
e B LA B sl B AR, A TR e A A Al o B

Ak, A DAEL L RANTIES A EDEFEN PR E, R
g5, EEEREYIEE S R S RESE P et b Ko S R 2 (e Y
KFR, BESEDOMEERARRAMMN, g —ErRiEE.
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Zz{}, <5,V tk (17)
=1

TET A 21~ db B0 2 250 R s R e, iR e B T 46 & E R B o A
A Ak 35 E) . Bk, SEEG IR I, AT RER
TEPIE7 R, T Al P Al A

(12) 2k = B2 R 2 T A At I

el A = R, (RER AL R SR AR E i Mk E
FEE, XMUEEXRBR AR AMSHEAE, T RGN R
AT aT. Yo, AR AR RO)RES T F N ERED K
BFE /AT TSR 0.9 . XEekd, BIEETHRENTEAERRT,
FAEE A > BRI TR, LB S T R M S iF k.

54
Z Xt Yijek 2 0.9 djuse , V), LK (18)
i=1

i3 B A A, AR R R ] LU i R AT S B R, s
THIBHMIERR . FN, ZRIENE T REWEP B REE, tF—Enm
B EEHE, BT EM K. HAFFTHERENEE. SBREMX—-HR
g 5 SE SF M B W A A 7 S TR T R B 95 R, WS R BR EE M (R R b A PR R R
sE PEA 2

g Eprid, ARRILET 12 P RBAR KN, SRR EEER LR,
Ziuth R E R IR TR, AREROAHAR. FIDELEERE. S¥(E
PFRER. ABC HHuBp PR S, D R FREES] . E BN A
PR&I. F RMuERmme RS . SAEMMEES]. FRE SRR, b
B9 B B AL AR L TN e B o G 2 BUR PRI S E B R T BRI S R A o
MTIES SR, BaaRA T LR, N8R T AeBai i, A
ASERAAE PR RE RSP T 12 5 1) (R .

4.4.3 BFREMANIRE

ERED L FRR s D, BirRiim e Bl sE, HEEmasit
AL R il m . ABREY B AR ERN-LE (20242030 §2) ¢, i@
eESEME IR, Fd, BRIEREDREPERE.  HirRih ey
B R SHRRAE, TRESGSSEED™ . MNHEESETEE, B
SRR .

H 7 e8 S B G AR AL B R B R, BR B B R AR . RRR
i, SRR REROTHE R, B8 Fofnl 4705 % 4 i MR T 2023
FERFAE, HBET RS HA 54 S HRAERHER 41 FriEY. BPRRaE
& RO 2 AR i B kR SR EE S —Fh A TTER,  BUMER E IR
i S

HARs HOL 18 T = B F Bt i Ba i . SURMEA] o Sk i 38
WY B, DURBREREFROMRET, REVDHHETRE. 68
Half, #F30nRlEa=0Ma=05. lidix—5, SEESHUNN 1%
ah, ARRMEEAE FRAOGE T, RIEDERESUEENNREE. RS
A F BT
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2030 54 41

z

ZZ Z {“"i“(r:;: * Mijtir Djtk) * Pijex T @ - ma“(fﬁ't' Vijtk
£=2024 i=1 j=1 k=1 (19)
= e, 0) - Pijes — xﬁ: " Cijkc)

A,y R EYRERCF . %, i bmsg, BUNR: d
ForFkERGE. BiFERNTMEER, DA, AXE% 2023 £45E1ED
g brr=it, fERhFRTMEERATRGRE: pju R EWEERE, 5.
Hushi bt b, AChIT R, RSB 2 b 2023 F40HR T AR
fir, AR AT B TS 18 . Moy BN TEIDREE MeE. 3. Mk L
FIfeR A, BACAIEE . B HiRE s, R R E S |
A EfER P A, W R TR, R .

e, % HFRRNEE. ﬁﬂﬁ“%iﬁiﬁ%#f‘hmﬂ?"i firizfuidg
ok, iR k-LEOMEMN. S ZiriEm 12 M REN, BiEREh
L AHEGE T A TR EE R 2, SRR RE G EIR, (R T A B e S
R, At E AT R ARG T RERIR .

B, $R4E LA Eeys0f 5 H R S SR S i Ao R e B dems IR AL s R,

2080 54 2 41

max Z Zzz{mi“[ﬁ}r  Yistior Do) * Pijex + a-max{x:-j-t- Mijik

t=2024 i=1 j=1 k=1
; o = g, 0) * Pijer — -TE;': " Cijek)
Z xk, < A, Vi€ {A1,A2,~ F4},j,t

k=1
X = 0.5 A;- 2k, Vi € (A1,A2, - F4},j,t,k
b < Ay 2k, Vi€ (AL A2, F4),j t,k

Zhe - 2Ry = 0, Vi € (AL A2, ,CO} L k
42

Z zf, = 1, Vi € {A1,A2, ~,F4}, 1,k € {1,2,3,4,5,17,18,19}
=t k

725, =0, Vi € {A1,A2, - ,C6), L,k € {1,2,~,15] (20)

. zi8 Z (zf, + 25,) = 0, Vi € {D1,D2, =, D8}, ¢, k € {17,18, ~,37)
1 ke ) k

Z 2%, = 0, ¥i € {E1,E2, -~ ,E16},¢t, k € {35,36,37)
k

z zf, = 0, Vi € {F1,F2,F3,F4}, j,t,k € {35,36,37)

,J,_n Vi € [A,B,C,D,F},¥j,t,k € {38,39,40,41)

Zz!j—r*_:E#j,t,k
i=1
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4.5 &TEHECRENSHRERENER

AL R R e T e et e 3 T EEAEA, ot in SRS b ii=
YE AP AL, 1T E R F 2 800 R L ] B8 . A SCig it 8%
S5 NiEHE S, BER T EE_HNRR, RERZNWSCERE S HEE,
M A ) B A R AR AR (L S WA L T &

HAE B (Genetic Algorithm, GA) #f T B4l (it A sifl, R—Fe
ATz, Rl BRI e . BN ERSEDHLRE, W
B RTRVLUER . RXAER, B EEEMREAME, EREEE
#ETEPHEFIEREEN, SEEN R ROE RO ARG, WS
. KR, ZRHER. iR R R R AN EENE LR, A&
W EREEEAD. W, BERELFERARTREANRE, RETH
{ER g A4 i B R R

E4 LS (Differential Evolution, DE ) J& 58 46 5 2 3L 88 b %2 2 i k0
— £ BRI IE, FERGE M TR £ 4T b i £ R RIS I 5L i
Sl EEL, Bl e, iR, TN, AR =1®
ML MEE. AEME, EoittREadLErRBERTER AR, HHT
HEENREERE, BSHCMERITIES, MWmES T £REREHV,
SR, 25 o M A 0037 o o T e e 50 3 R0 ) e B O 5 )

AT W B SUEE BN R RN 0 (6, ARG il L RS A
fe Wiz RS b B8 K a0 £/ F00E ol bLmaa & iz i Sk
BE, FIEEIUREEE, fEfRBEISGILnt, A R o] Bl il 48 R R R M AR BE 4
AGEAE, BRI E R L il A A E R
%, FAXFRETEmLNEN SR {ERE (DEGA W)  AHRATE
A Yofo b HE RS e b Sc IR RO L SR AR R, AESEIRTG ERRR . BT 4
b = ot Wis ) R AR BRI F .

Step 1 35 5 BF B 8L

IERFE RS T IR EMBE B EE. EAXMLED MRS RS R G,
3 7 FOF R B DR R B bR AT W o SE R BRI R Ry, AR i fh e S A 1 T
MR R, R, EirRTAGENEER, WA ELR R T AR R,
3T A B e R RS R0, ME=RERNASY, A&
H RSPz E R R, Skl 2 SRS R ES F SR T B
MamrE, BiEA.

Y(T). Y(T+ 1), Y(T +N) (21)
Z(T). Z(T + 1), Z(T + N)
A= BRI ERE RS, REA:

t=A=1
Fitness= Z JAX(O) + 4v(0) + A2 (D) (22)
=1

[x(*r} . X(T+ 1) X(T+N)

AY(t) = Y(T + 1) = Y(T) (23)

AX(t) = X(T + 1) = X(T)
AZ(t) = Z(T + 1) = Z(T)



Step 2 FhEEAMH L

T, e B 5 R YR REAR I i Rl ol sl o A st 2
VIt 4en 16N, Nz Ng. Nyo Neo Ngo -0 N, SEREVHETDBE: HU A
BPENT T SRR EIEREE, ElnkEE: B, MERMEES
AT Rt fE, R BB MU BERE A R D R A E R ST R
] A, BUERLR AR, FET UM BHERRRE, BRNL Ny N3y Ny Ns
oo N B0BE. v SO RE FE IR RF S B AT 13 R BE A - (R 2 R ) s F B -

Step 3 Hefb iR

0 5% I3 ] JEBL ) o] A7 A DA FE 9 2 1) 4 ) e S P Ak R ) 4 7 1)
Tz, B LRSI EERE T a0 . RETD&ENE. 1P aHmE. L.
A SCHER SR iz, A AR R A R BE LR B R AR R BN | poe N2 pos
¥ N."ﬂpﬂs" H-i.;pn-s* gt Hl!.pﬂE"‘

Step 4 ZERHR{E

TEEU WiED , R LR E LR EE R H AP S
AT RARAE, SRR R BRI SATE A B A SRR, LUINERE R i S
AL, (RIEFHEE . B R R ROR IR, g AR,

Pu(i) = Npege(1) + F X [N1(i) — N2(D] + F x [N3(D) — Na(i)] (24)

K, Py ()M TR E LR Ny (08 SRS RUETF f R
AR FRGET: Ny NoG)s Na(i)s Ny () RF0RED B A R4 .

Step 5 3 X H4E

TECH R, A2 ARIERI AR R G R AR B - — E N
PR B R ATE X, B ARAE A R, Rk AR

o _ Py (D), if rand (0,1)CR||i = iygng
Cx(f) = {H,[c‘], o (25)

A, Cu(DAERBIEIA g, CRATRE UME, BHi =i, MRS
TR (B2 MRS, i [0, n) 2 18] A . 5

Step 6 HEFFRERIE

Ul R, R R R AR R e R ARG TR E N
HEEXZ BRTEE, LU PR, JEn B R 0 oy TR, i ing2
Ak SeRENE SRR PIESRRE:, AR BN RGP R 5 IE
T o Y21 =

B5G, iR IE R Fitness(Nq) . Fitness(N3). Fitness(N)
+ w+ Fitness(N,.), JCI, W& RERERT B EPiBEE, Bkt
20N

PN, = _fimess(h",-] y
Z o Fimess(ﬂj) e
i=
SRE, rEEST RS RREE, REdRA A
=) POV @)

J=1

e, E0LXKERFE—1HEVE . #Fr<q(1]. M1, Thk
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Tk, H gk — 1) < r < q[k]or. B F PR S EH.

Step 7 FFHFEHESH A

At 2 ZARAE IS A AR BE P B R E R HE R, SRR EATR/2 R Sk
B R E N2 PR EE P R, LSRR RN
L F R AR AR S R IE M AR T . BE T L Sk i ek
&R iR E P 8 Bras:

| mane |

LR

¥
TR
L 4 ¥
EREE 2 —» EESE
L 4 ¥

ST TR —» Wi %—
e ETEpELEEmeGEREEn LSRR
4.6 FiEmALHREDHEERECRREAKR

AT R SRR 2023 S RARPIEA RIS R i, (AR ACK T
W, R HACABAL, ERIET 20 RN EoL IR {E 52, i Python
SRAF A £ AL B A AR b e IR ALY, 9 2024-2030 SEFTHT R 50%E
Wi MR IR T 52, RO B E MRS 2024 SERFE TR, BHIS,
2o ] S TR Al £, 3 — B B AE T 5 S0%E BT T B R R K A
it

4.6.1 EMRIEMARAMAERNER

AR B 2 S iY 2023 R EDREER, 0 & R EY TS
IR Ao O A A R e N e e R R, B 2023 ER R {EMES
FEUsiE . P R S R AR A FOA A . R R A, A
B i R e 2023 SERFFATE. Hit, ERE—d, 2024 5 2030 4= 1505 i
2 A 4 T A 6 B 2 R) F 2023 sE .

B, #21JEE T 2023 45850 fETE A AR b 22 00 o it 4 s b= fik
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it T AEEL 3R
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1 S = {52 Fr i &= i T
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el it S, ST Python 3% )8 8 0K B 42 1R B R i S s (L AL B RO AT SR AR .
FELIG % S H 2024-2030 SEFEFHIHD S0%BE 14 51T A AR F0 47 5 4 BN
resultl_1.xlsx F1 resultl 2.xlsx 3. BlifG. FAMNER 2024 FFHAHHET
FIf AR Sl Tl e b, BEREARPEIR AR,

BY, ADPES T 2024 EFHERTHRARPEAER, ME KR E
thar BRGR T 2 B R PR T AR Ao T, TR B T 3
TEf AR R, B RO E A G, TRERM T RS EERESEFER
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izt 3 DEGA HIERIIERF
import numpy as np
import random

import pandas as pd

# iR

land data = pd.read excel(r"D:\BLHFFF1(1).xlsx") # Hush{5 &

crop_data = pd.oread excel(r"D:\ S E2(1).xlsx™y  # fE$r™ B/nk A4/ A fé

demand data = pd.read excel(r"D:\ SLENE R0 F TR E AW EDHRS(1).x1sx")
# TR

# RERTR T RE—

land types = land data] 5 2555 stestripO).unique( ). tolist))
crop_data['#fl &4 5] = crop_data[ {E4 8% 5 ).astype(str) + ' + crop_data['Hiih
#= A

crop types = crop data['#H & 88 5. unique().tolist()

years = range(2024, 2031)

seasons = range(l, 3)

# BN

POPULATION SIZE = 100 # FhBEAN#A

NUM GENERATIONS = 500 # i&f0iKak
MUTATION FACTOR = 0.8 # TFRHET
CROSSOVER _RATE = 0.8 # ¥

EARLY STOPPING THRESHOLD = 0.01 # {#1k#{E

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

}
# WiniehE, MBHEER 50% BE 100%

for 1, land in enumerate{land tvpes):
land area = land data.loc[land data['HiEh £ &) == land, 'HhZr(H
B1'.values[0]
for k in range(len{crop types)):
for j in range(len(seasons)):
for t in range(len(vears)):
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# BEVLEH: 50% BE 100% MIEER
individual['x"|[i, k, j. t] = random.choice([0.5, 1.0])
* land area

population.append{individual )

retumn population

# AR 2T BRSSO e R RE R
def calculate fitness(individual):
fitness = 0
penalty = 0
for 1, land in enumerate{land types):
for k., crop in enumerate(crop tyvpes):
for j n seasons:
for t in vears:
area = individual['x'][i, k, j - 1, t - 2024]
z val = individual['z'][i, k, j - 1. t - 2024]

crop info = crop datajcrop data['*Hl 585 == crop]
if not crop info.empty:
price = crop info[ "5 1% 51 {/1"].values[0]
cost = crop info[ FH{ 4] values[0]
vield per acre = crop_info[ 8 7= &/ fT'].values[0]

demand = demand datajdemand data['{E¥&8e 5] ==
int(crop.split{’_")[OP]['# =k '] values[0]

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

fitness += profit

# MRFEMN 1 MbE RS
if npsum(individual['x'|[i, :, j - 1, t = 2024]) =\
land data.loc[land data[' i3 &%) == land,
" fil 2 1 B values [ 0]
penalty += 1000 # i3 K2 B IR 61 fr 35 W

# PIRGRE 2. WbubcRe R o T ER
if area <= 0.5 * land data.loc[land data]' i 5k 45 85
== land, "5 H#"].values[0] and z val == I:
penalty += 500 # FpRi@ #2850

# SRR 3. {EF RS ZouE ROGER
if area = land data.loc[land data['ihzh 35 %] == lan
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d, "t @] values[0] * z val:
penalty += 1000 # iBfFHIY — o ik oc B

return fitness - penalty

# i R IRAE
def’ differential mutation({population):
new_population = []
for 1, target in enumerate(population):
indices = list{range(len{population)))
indices.remove(1)
rl, r2, r3 = random.sample(indices, 3)
donor = {'x': np.copv(population[rl]['x']}). 'z': np.copv{population|rl]['z

i

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

# BRAERPIARESEGEA, mERAMER 50% 5 100%
for 1 in range(len(land tvpes)):
land area = land data.loc[land data['Hiih £ #] == land tvpes|i],
Hi 2R i #') values[0]

donor['x'|[i] = np.clip(donor['x'][i], 0.5 * land area, 1.0 * land are

a)
new population append{donor)
retumm new population
# 22 iRtk

def’ crossover(target, donor):
trial = {'x': np.copy(target['x’]). '2": np.copy(target|'z'])}
for 1 in range(len({land types)):
if random.random() > CROSSOVER RATE:
trial['x'][i] = donor['x'][i] # % X ik

return trial

#OEFRERE. EFRER ARk
def selection({target, trial):
target fitness = calculate fitness(target)
trial fitness = calculate fitness(trial)
return irial if trial fiiness > target fitness else target
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# RN

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] # £ 71~k
trial = crossover(population[i]. donor) # %€ 3 4 pliHE A9~
selected individual = selection(population[i], trial) # ¥R
new population.append(selected individual)

4 B

population = new population

# vHBE O IR IE R

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

best fitness historv.append(best fitness)

# FLIAME RS
if generation > 0 and abs(best fitness history[-1] - best fiiness history
[-2]) < EARLY STOPPING THRESHOLD:
print(f"Early stopping alt generation {generation}.")
break

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

#IEITHE

best solution = differential evolution()

# iR ES

output_data = []

for 1, land in enumerate(land tvpes):

for k, crop in enumerate{crop tvpes):
for jJ in seasons:
for t in vears:

area = best solution|'x'|[1, k, j - 1, t - 2024]
if area > 0:

output_data.append([land. crop, j. t. area])
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# [RITeE R EExcel
print{output_data)

FiFt 4 3IA CVaR 49 DEGA HER EHIZFF
#OIEREEER S MACVaRTE Tl I
def calculate fitness with cvar(individual, alpha=0.95):

fitness = 0
penalty = 0
losses = []

for i, land in enumerate(land types):
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 datajerop data['*H S8 5"] == crop]
if not crop info.empty:
# ik 0 AR AR R Eh
base price = crop info["§ f# HL{1'].values[0]
base cost = crop info[ ] Rk 4] values[0]
base vield per acre = crop_info[ & /™ &t/ fr'].values

[0]

# PEEERRHEEE

if "R in crop: # BEEEDIHERE
price = base price

elif "B in crop: # B MAEEMEFE i LFK5%
price = base price * (1.05 ** (1 - 2023))

elif "MME" in crop: # fr AU fs 8T 4 1%-

LA
=]
-

price_decline = random.uniform{0.01. 0.05)
price = base price * (1 - price decline) ** (i
- 2023)
else:
price = base price

# R R AR AR 5%
cost = base cost * (1.05 ** (1 - 2023))

# HErRNESEERAL10%

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

# TR EAIZE{E T E N L 5%
demand = demand datajdemand data['{E¥Ee 5] =—
int{crop.sphit(’_")[0])][' 7 2K &' values[0]
demand = demand * {1 + random.umitorm(-0.05, 0.
015%)

# v

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

fitness += profit

# oAk (i)
if profit < O:
losses append{abs(profit))

# M REN 1. MBS TR R S
if npsum{individual['x'|[1, =, j - 1, t - 2024]) =
land data.loc[land data['Huiil £#5] == land,
"l S [ 1) values[ 0]
penalty += 1000 # 3% ke T8 FR 5] 9 14

# 2 FEN 2. PHMLREEER TR
if area <= 0.5 * land data.loc[land data['Hbzk 45 5
= land, "HeS @ #2"].values[0] and z val = 1:
penalty += 500 # Ffi o84 2 i 1

# HHEFN 3 PP ES oA R B
if area > land data.loc[land data['HiZh £ %] == lan
d, s @A values[0] * z val:
penalty += 1000 # HERMH5 —mTE XK

# CVaR & Tt 51

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

return fitness - penalty



fiig s SIAEXEEL DEGA NEEHERF
# IR A AR
def’ create correlation_matrix():
# HRAETEMa) S B ahE U R
# B EMEMERS len(crop types) BIAFF A
correlation_matrix = np.identity(len(crop types)) # Wk lrEE, &
AEEEMER

# FahidBEDoEmfxE (o] & ) . Flu:
# correlation_matrix[i, j] = 0.5 FAE® 1 i j F 05 RMERE
# fEtimsS 1 1§ ZEpHxRME
for i in range(len{crop types)):
for j in range(i + 1, len{crop tvpes)):
# BRI e B A B B et Bling ek g R
e A A
if "B in crop tvpes[i] and "EESE in crop types[j]:
correlation matrix[i, j] = 0.7 # XA EDESA T EMRHE
correlation.matrix[j, i] = 0.7 # ELEEE
elif "#1€L' in crop types[i] and "FLfI' in crop types[j]:
correlation matrix[i, j] = 0.5 # BEAXFEWHPEFEHME
correlation_matrix[j, i] = 0.5

else:

correlation matrix[i, j]
correlation._matrix[j, i]

0.2 # HihfEPR L
0.2

retumn correlation matrix

# AR MACVaRFIH 4
def’ calculate fitness with cvar and correlation{individual, correlation matnx, alp

ha=0.95);

fitness = 0
penalty = 0O
losses = []

for 1, land in enumerate{land types):
for k. crop in enumerate{crop tvpes):
for j In seasons:
for 1 in vears:
area = individual['<'|[1, k, j - 1, t - 2024]
z val = individual['z'|[1, k, j - 1, t - 2024]

crop info = crop datajerop data['*H S#5"] == crop]
if not crop info.empty:

# A A R AR 1 3

base price = crop info["#i 4L {1"].values[0]

h 1)



base cost = crop info[ TR Al 4] values[0]
base vield per acre = crop info[ &/ it/ F'].values
[0]

# R R . FORIRAR R R St R

price_correlation_factor = 1 + correlation_matrix|[k].
mean() # HFHEM M

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

ean() # HH IR BLAR AR A E

# A ERAEBr b ES
if R in crop: # MEEFEPHERE
price = base price * price correlation factor
elif "B in crop: # ERMEBIEWEEHH LK%
price = base price * (1.05 ** (1 - 2023)) * pr
ice correlation factor
elif "SAE" in crop: # & ABEITREET F1%-
5%
price decline = random.uniform{0.01, 0.05)
price = base price * (1 - price decline) ** (t
- 2023) * price comrelation factor
else:

price = base price * price comrelation factor

# 2 EE A A AR AR 1 4 B R 5o 3 H SR M G MR e
cost = base cost * (1.05 *#* (1 - 2023)) * cost comr
elation_factor

# A5 R B Ehia i O £ 10%3 B A R PERE
yield_per acre = base vield per_acre ¥ (1 + rando
m.unmform(-0.1, 0.1))

# TeREMEILTEEN L%

demand = demand data[demand data['{E¥I#H 5] ==
int(crop.split¢’ "OPI 7 2K &' values[0]

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

# it ol

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

fitness += profit

# e (D
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if profit < 0:
losses.append(abs(profit))

# PIREM 1. s TR R
if npsum(individual['x[i, :, j - 1, t - 2024]) >\
land data.loc[land data['tiil £5%5] == land,
" Hl 2 [ #1" values| 0]
penalty += 1000 # if 5 H# 6] 5w

# PRFEM 2. MM E TR
if area <= 0.5 * land data.loc[land data[ iz 4 5]
== land, "HEZHE").values[0] and z_val = 1:
penalty += 500 # Faiin 4~ 2 05 0

# SR FEN 3 (P YS TR OGEL
if area > land data.loc[land data['iizh 35 %] == lan
d, "Bk values[0] * z val:
penalty += 1000 # i R fhi 5 — 048 3G EX

# CVaR fE Tt 5

if losses:
sorfed losses = sorted(losses)
index = int(np.ceil((l - alpha) * len(sorted losses)))
cvar = np.mean(sorted losses[:index]) # ¥ CVaR
penalty += cvar # JCVaR{E ik Hij 1

return fitness - penalty

# ERIENH
def differential evolution():
population = initialize population()
best fitness history = []
correlation matrix = create correlation matrix() # )3 It E

for generation in range(NUM GENERATIONS):
new population = []
for 1 in range(POPULATION SIZE):
donor = differential mutation(population)[i] # T 7%
trial = crossover(population[i]. donor) # % %4 REE B9~
selected individual = selection(population[i]. trial) # EFEHLIE
new population.append(selected individual)

# B

population = new population
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# S U R R R

fitness values = [calculate fitness with cvar and correlation{ind. correl
ation matnix) for ind in population]

best fitness = max(fitness values)

best fitness historv.append(best_fitness)

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

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

return maxipopulation, key=lambda ind: calculate fitness with cvar and cor
relation{ind, correlation matrix))



