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T ARG, FrAER A AR R, I A B A, MR B A b
HE, AT (8 (R LS R
3 BRI SRR
3.1 WMRI=MET

o ] PUYE S5 M A By

[ |

o
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L. Pt

A R T L. R E RSN, SAAEEEE, FEEX RS &R
fE¥ R4y, BEMER SRR, 2001 fEd0 2012 SEridh bR M R BB, 2011 4
P 2012 SEE A ERIEWOETT, HHMEER- N EED 500-600 75/ (RERE, 2012), FElE
R, KRAEE e a RN, SR, SeEE b R B A 2 5
iRF] 50%. Al a T P fE ) — 5 ol AEAETE TR Rk :

# 7 IEAES

et ety PR R HE WIS

A BE FRH. BE. DR 2070 TG ASE
o Wfr  FRUE. BE. WEK 2070 e ot
P o ke, Ko 13750 BEAcETAE. MR
i HE g, 13300  BlEfretsE. W

AT ERfER AR, MR IE I R et R A s S M R TR, AR E AR &,
L —Fp i LS — R E , RSB ER AT  B S s e R Y, W AR Kol Ky
Z e TR, Ez Ee e U R et kb, Wi bR, Mk e

A BANEF o« BT 0,1],

Requestyr, += o x Requestys, , Requestyy, = Requesty,, = (1 —a) .

R AT A T e
% 8 MRRUHH

BRIR raivet] fr e

MBS T 402447001903 30210510.8053
TrE R EE 402447001093 402033708178

L1 0 125 5] T R i S e PR V¢ 3 B S 2 B S g S U (]
Bk, SRSFIRETR L PHGRREEY tRhE, BR R

FE R AAR, E. FRMOTMS S RESERE TN, BEEEDIHE0 kS
fREFEUENR . Ht, MR RAEENT S, X=MIEEarhr s WmEEf AR, ST
SRR A, TR RS LT R T oY .

2. 4t

B R TR R A PR ) B e e

o FEFECEN AR R SRR R e R DU R R R R A R, RlEd
AN ERRNESErN. X8, HSERHED SETREDIEFENTRERERR
4 1%:

B = R« 1.01 (42)

« KmEb A, B, C 3EbFE, mispba (s TREFEE, o250 7 2 R amiiaon,
5 WL AT ] A T O e, R AR, TR R AR R G 1%

BB = LA « 0.99 (43)
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o HixEtEa
1. I it D s

Price = Hy{ Request) (4]

R, PN, AT RO AR A AR Pty H bR, RN SR,
iR Ay T S R O (R sRIE AT G . R, YEmMAR RIS R T, d S T A ea i i

PR T (B, e fhe e 0000 G 40 22 (o 15 2 R R T e b .

2. VT bk S B A

Cost = Ha Request) (45])

TN b IR o [ R R A P AT R S R, WU R R B RO
SRS R A R TG . AT B 2 TTIA e 0 IR Tk 55 AR AR O A 700 (e R B
.

2. WO s R RO A

R T U O O R A O BRI TE R 6, AT B, A I i iR S R
HORR A i b ]

i
s

BT AR

o i kBN

TS, . RPHIAS. WPOHET M-Sk e, B R e REh, HikR T
A AR AT (AR it B S WO N e (ISR, L WO T R R

o Priceg: (E55 ¢ 55 ¢ FHE & fEAE 00T
Pricea : HFE s W80T 28004}
o Costyge: FE35 ¢ 4% ¢ FHEFESS 7 BB ERRHSS & fEAmanaT s
Cost,pizn: FHRE s HEEF bR A4
o Request,,,: (035 ¢ SR8 ¢ SRHEas & fethnab ok it
Request ., : FIY s BFSVFAM RS I00R. B AL #UET « WT (0.1,

Requestyy, 4= a * Hr:qrmﬂ.fhh , Regueslyy, = Requestyy, % (1 —o) .
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FEefE i RS
« HA A, iCIEhH T T e
» B S CFETREENEER, KBS P, RReHRIERAE S YR AT
o SRLFE =1 .01
« AR ={RALA70.09
® Hibnifl
IRSTREE, BOME, oo R AR S iR A P S

Max E (income{A,),) (46)
o HHiRiE
1. WIS E (income( A, ),) WL IF:
Eﬁmwmmdﬂ=(gymmmmﬁra] (47T)
income(A,), = 3 (Frine,,ﬁ., “Zoik — > Costygn L.-j,.:) (45)
ik i

hF kR R AT, MNETRESHME, MR REFE,
P i b, R R T R

Max (z fneamel{ A, ), - P,) (49}
oo A A

5.3.2 HEIZPUKR

M AR BRBAERE L, B TE e R M e e . X R B e R e
HLRIEE, G CRARRETTOR AR, FFFREYLAERY 100 TREVIERAFD), FFEIEG TR, #ERR
A4 20 PRPPHLNERS, M PR T FEIRER BAE 100 TREUUER x F3 T ECAIS (.
FEAFIE] Y 100 A~PCALIE AU 1 0 2200 M N B S sh B s ) B bR MR . T EE PR
BRI ARGy 53078380.86. T I MERTE T REHLAE ke 3 o AL IR PP SR B A 26 BE



9 AERLFY # BICRE R
IFs  AERLER WAL

1 MERES] 1 534655428490
2 AREET] 2 542262612048
3 TRHE] 3 54300097.6131
4 AWEER] 4 53238101.9011
5 WY 5 51162180.1083
i A EES] 6 527934447591
7 MRLER] T 53902897 3964
8 ERHEF] 8 51580210.0559
9 DHLER] 9 541404856243
10 DEREEFER] 10 S14T4677.1141
B AI0TRINGD. NG

4

8 R P T R

5.3.3 BRAMH

[ = AR BREE YL : 5307838056, EINE MRAELENL: 5166743202, MEHEGEERS: 4
MR fe i F

L Bk R R s, R T, B T IR R A S

2. MIE T R EANER], TR T L, SRS TR

3. G BRI AR 0, THCAR 2 A 0 & A SR L

G EaYEWENAER Ry, RabI TR E N, (R e

UTFE ctexart booktabs

26 10 (I8 FG = R
[i] A

fNE " 5166743202
HEE = 53078389.36
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ar

B 3%

|HE—: - OARELR
izport pandass as pd
izport gurobipy as gp
froz gurcbipy import GRB
izport openpyxl

& LExcal .

filel = *[ffEl.xlax"

datal = pd.read excel{filsl, sheet nace=' &S EHBL")
data? = pd.read_sxcel(filel, sheet name='5HE M AN HED

{f1le2 = ‘R {F2.xlsx’
| data3 = pd.read_excel(file2, sheet nase='20235 @ fifEBEREL")
datad = pd.read excel(fileZ, sheet_name='20234 i1 S HH)

[ ] ,

T=TG¢

T=28

J = B4

g = 41

P4

q=48

M= 100000

= datal["#BETH/E ). volist()

Tk = daea?[*Tk'].toliae()

Price = [[3.26,7.6,5.26,7,6.TE,
3.5,3,6.75.6,7.5.40,1.5,
3.26,6.5,3.5,7.8,6.75.6.5,
3.75,6.25,5.5,5.75,5.95,5.5,
£.5,5,5.75.7.5.95,7.25,4.5,
4.5,4,0,0,0,0,0,0,0],
[0,0,0,0,0.0,0.0,0,0,0,0,
0,9,0,0,9.6,8.1,7.5,4.5,7.5,
6.6,6.9,6.5,6.6,7.5,6.6.59,
8.4,6.2,8.7.6.4,6.4,4.8,2.5,
2.5,3.25,57.5,19,16,100]]

Request=[ [57000, 21850, 22400, 33040, 9875,
1T0B40, 132760, T1400, 20000, 12800,

1500, 35100, 36000 , 14000, 10000, 21000,
Z64B0, 26880, 6480 , 20000, 25400, 43200,

0, 1800, 3600, 4050 , 4500, 34400, 5000 , 1500,
1200, 23600, 1800,0,0,0,0,0,0,0,0].
[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,810,2160,500,510,0,0,

Ir
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L1

&3

G¥

]

fir

0.1080,4050,1350,0.0,0, 1800, 150000,
100000, 6000, 5000, T200, 12000, 4200]]

Ed.tl = pd.read_exeel('cost.xzlex’, sheet _nase='#l —5'})
df2 = pd.read_sxcel{'cost.xlsx', sheat_naze="l — %"}

|Coatl = df1.values.transpose{)

EGc-lt‘l‘ = df7, values. transpose{)

| Cost=[Costl,Coatl]

[dﬂ = pd.read_excel( 'Produce.zlsx' shest naze="il —% ')
df4 = pd.read_szeell 'Produce.xlss',shest_naze='{§ — %)
Producel = df2,.values,transpose()

,EPr-ndumif = df4 . valuas. traneposal)

Produse= [Producel Produce]

zodel = gp.Model{*Crop_Flanting®)

B
-]

I = model.addVarsa(T, I, J, K. vtype=GRE.CONTIKUOUS, name="1%)

¥ = zodel.addVars(T, I, J, K. vtype=GEB.BINARY, naze="Y")

|Z = nodel.addVars(T, I, K, vtype=GRE.CONTINUOUS, naze="Z")

|Z_rice = =odel.addVars(T, range(27, 36), viype=GRE.BINARY, naces™Z Rice")

i :

l godel. setObjectivel

gp.quicksun(Price[1] (k] + Z[t, 1, &) - gp.quicksum{Coat[1J[§10k] # X[t, 5, j. k] for j in ranga(J))

for t in range(T) for i in range(I) for k in range(X)),

GRB. MAXIKTZE

B

& # ¥ 5

zodel. addConstrs((Z[t, 1. k] <= gp.quicksun{Producel[il[j1[k] # X[t, 4, j. k] for j in range{J)}
for t in range(T) for 1 in range{I} for k in range(R}). name="Production_Li=mit™})

# & di

codel. addConstral{(Z[t, 1, k] <= Request[il[k] for t in range(T)} for i in range(I)} for k in range(K)), naze="
Denand_Lizit™}

L] o

zodel . addConatra{(X[t, 1, 3, k] <=M + ¥Y(c, 1, j, k]
for t in range(T} for i in range(I} for j in ramge{J} for k in range(Hl),
naze="{_UpperBound_Y*)

| nodel.addConstrs((X[t, 1, J. k] >= 0.01 # Y[t, 1, j, k]
for t in range(T) for 1 in range{I} for j in range(J) for k in range(K)}.

24




w0 naze="Y_LowverBound Y")

wu|s &R 4 A% A

g2 |for t in range(T):

ud for 1 in range(I}:

e for 1 in range(J):

o zodel.addConstr(gp. quicksuz(X[t, 1, §, k] for k in range(X)) <= S[j], naze=f"Area {t} {1} _{J}")

or

@ | A B -7 o L E i

v |zedel.addConstrs{(gp. quicksun(k[t, 4, j. k] = I_k[k] for t in range(2)} for 1 in range{I} for k in rangae(K))
»= 5[1]

109 for j in rangelJ}),

108 naze="Leguse_First_Two_Yeara®)

wy |foxr § in vange(J):

102 for t in range(T — 2): # UH3FSERATES

104 podel . addConatr(gp. quickaus(X[tt, 1, j, %) # I_k[k] for tt in range(t, t + 3) for 1 in range(I} for k

in ranga(K}) »>= 5[j], name=f"Legume_{j}_{t}")
108

e |8 e il i1 it .

17 | model.addConstra((X[t, 4. j. k]l * X[v, 1+1, j. &E] <= 5[j]

108 for t in range(T} for j in range(l]) for k in range(X) for i in range{I-1}),
100 nane="No_Consecutive Planting®}

110 | zodel.addConstrs{(X[x, t+1, j, k] & X[ve1, 1, 7, k] o= S[§]

11 for t in range(T-1} for j in range()) for k in range(K) for 1 in range(I-1)},
113 nane="No_Consecutive Planting®)

112

114 | BETHLT: 4 =1

1117 | godel, addConstrs{(gp quicksun(¥[t, 1, j. k] for k in range(X)) <= p

118 for t in range(T) for 1 in range(I} for j in range(J}),

11 naze=*Max_ Three Crops®)

118

19 |8 & M d i B ¥ -

120 | sodel. addConstrs{ (gp .quicksuz(¥[t, 1, j. k] for j in range(J)) <= q

13 for t in range(T) for 1 in range(I} for k in range(R}),

153 naze="Max Five _Plots_Per_Crop")

122

192 | B B BEE: MRS = i f G ek

10 |godel.addConstrs{(X[t, 0. §, k] + X[t+L, 0, §, k] <= 8[j]

154 for t in rangs{T-1} for j in range(J) for k in ramge(l. 16)).
137 naze="No_Consecutive_Years For_Grain®]

b b ]

e |8 & % 4 1 ~56 Ll £ 7 B o

12 | podel. addConstra{(X[x, 1. j. k] == 0

LT for t in ranga(T) for j in range(25) for k in ramge(K)},

15 naze="No_Planting Second_Season_For_Lands_1_26°)

138




124

124
1ar
155
13
140
144
18
142
144
148
188

141
158
14
188
5
1.7}
12
184
168
15
187
158
188
0
144

&2
148
164
158
164

1471
168
159
m
b |
LEF]
i
ifa
iTE
ime

R R 1-26 _ RRAFY 1-15

eodel. addConatra{(X[t. 1, j. k] == 0
for t in range(T} for 1 in range{I} for j in range(2€) for k in range(15, 41}},
nazme="Has_Planting Crops_16_41_On_Lands_1_26}

B 3 ; 1=15 i Fi N 1=28

oodel  addConstrs((X[t, 1, 1, k] == O
for t in range(T)} for 1 in range(I} for j in range(®5, J) for k in range(1B)},
naze="Fo_Planting Crops_l1_15 On_Lands 27 E4°)

oo 2734 # 4
godel, addConatra{ (gp quicksu=(X[t, 1, j. k] for 1 in rangs{I} for k in range(K) if k == 15) <= ¥ # Z_ricelt,
i1
for t in range(T) for j in rangs(27. 35)),
nase="Rice_Planting Only Once®)

¥ =8 :
zodel. addConstrsl (gp . quicksun(X[t, 1, j. 15] for i1 in range(I}} <= S[j]
for t in range(T) for j in range(27, 35)),
naze="3ingle Season_Rice")

RN e & =T

sedel. addConstrs! (gp. quicksuz(X[t, 1, j, k] for k in range(K)) <= ¥ & {1 - Z_ricelt, j]1}
for t in range(T} for j in range(2T, 35)),
naze="No_Second_Season_If_Rice™)

I - %% - i 17-34
model. addConatrad (gp . quicksu=n(X[t, ¢, j. k] for k in rangs(1€, 35)) == gp.quicksus(X([t, 0, j, k] for k in
range{16, 35)}
for t in ranga(T} for j in range{27. 35}},
name=*First_Season_Crops_17_34%)

# & i3 & e a5-37
godel.addConstrs (gp . quicksuz(X[t, 1, §. k] for kX in range(34, 3B)) == gp quicksus(X[t, 1, §,. k] for k in
range (24, 38))
for t in range(T) for j in range{27. 36},
naze="Second_Season_Crops_326_37")

BN B BT e A EERERS Y 2734

zadsl addConatra{(X[e, 1. j. k] == 0
for t in range(T) for i in range(I} for j in range(26) for k in range(34, 37+1)),
nazne=*lo_Planting Crops_35_37 On_Lands_1_26")

- i1 &% 3841 # 35-5 SRR e

zodel. addConatra{(X[t, 1. j, k] == 0
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irr
it
irm
186
EE-H
1852
183
184
182
184
187
188
182
Fi]
101

iR ]

for t in range(T} for j in range(35) for k in ramnge(37, 41)).
naze="¥o_Planting Crope_38_41 On_Lands_1_34")

8 Hlrmae GEY 3B-4 Sl RLEREW

model. addConstrs{(X[t, 0. j, k] == 0
for t in range(T) for j in range(35., 51) for k in range{37, 41}).
naze="No_Planting Crops_25 41 First_Season™)

# 3% WA Gap

zodel. setParaz(' MIPGap®, 0.01)

. i 4 |- I-
godel. optizizel)
B B L}

if model.statws == GHRB.OPTIMAL:
print{f"Optizal sclution found with objective value: {':mcinl.ul:j'u"al}'}
for t in range(T):
for 1 in range(I):
for § in range{J)}:
for k in range(f):
1 X, 1, 3, K.z > 0
print(f"Year {t+1}, Season {i+il. Land {j#1}. Crop {k+1}: {K[t, 1, j. kl.x} acres planted
P
print{f"Optizal solution found with objective value: {zcdel.objVall{T)™)

BR—: MA—-(RQARILN
izport pandas as pd
izport gurobipy as gp
froz gurobipy icport GEB
izport openpyxl

# BEExcel S RS TR EN
£ilsl = 'HifEL xlax’ B By o o o B

datal = pd.read_excel(filei, sheet name=" = b &3 H K"
data? = pd.read_excel(filel, shest nase=" %45 FM & fEdt)

Fila2 = RS xlax' 8 B ) 1 TR
datad = pd.read_excel(file2, sheet_naze='20234 W {E& B EA")
datas = pd.read_excel({file2, sheet_name='2023: 2 if g &%)

T=T
I=12




b1°]

&

&f

¥

B

B3

B3

BE

L

]

-1

&3

1

3 =54

K = 41
|

:I-P-4

|o8

| H=100000

|8 = datall' 45391/ '] tolist)

|1k = data2l*Ir'].tolist()

|Price = [[3.25,7.5,8.25,7,6.75,
26.3,6.75,6,7.5,40,1.5,
3.25,%.5,3.5,7,8,6.75,6.5,
3.76,6.25,5.5,6.76,6.95,6.5,
6.5,.6,6.78,7,56.26,7.26,4.5,
4.5.4,0,0,0,0,0,0,0,
[0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,9.6,8.1,7.8,4.5,7.5,
€.6.6.0.6.8.6.6,7.8,6,6.9,
9.4,6.3,8.7,5.4,5.4,4.5,2.5,
2.5,3.25.57.5,19,16,100]]

 Request=[ [57000,21850, 22400, 33040, 9875,
170840, 132750, 71400, 20000, 12500,
1600, 35100, 36000 , 14000, 10000, 21000,
36450, 26550, 6450 , 30000, 25400, 43200,
0,1800,2600, 4050 ,4500,34400,6000 , 1500,
1200,2600, 1800,0,0,0,0,0,0,0,0],
[0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,
0,0,0,0,0,810,2160,900,810,0,0,
0,1080,4080,1360,0,0,0, 1800, 150000,
100000, 36000, 8000, 7200, 18000, 4200] ]

{df1 = pd.read_sxeel{'cost.xlsx', shest_naze='{f —%°})
i,df'.i = pd.read_sxcel('cost.zlsx',sheet _naze='0 — %)
?Euutl = df1.values. transpose()

Cost2 = df2, values. transpose{)

[ Cost=[Costl, Coatl]

|4f3 = pd.read_exzcel{ 'Froduce.zlsz’ ,sheet_naze='H —F )
Ed.ﬁ = pd.read_excel('Produce.xlsx’ shest_nazes='il —%*)
ifP‘Iodum!. = dfZ. values. transposel(}

| Produce? = df4 values. transposs{}
Produce=[Producel ,Produce?]

|
Ii 1. = gp.Model{*Crop_Planting®)

ﬂl-:udel add¥ars(T, I, J, K. vtype=GRE.CONTINUDUS, naze="31")
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Y = model.addVars(T, I, J, K. wtype=GRE.BINARY, name="Y")
|Z_rice = sodel.addVars(T, range(27, 35), vtype=CRB.BINARY, naze="Z Rice®}
|z = model .addVars(T, I, K, vtype=GRE.CONTINUDUS, naze="Z_Sold"}
Z_excess = model addVara(T, I, K, wtype=GRE.CONTINUOUS, nama="Z Exceas®)
-} 1 R
zedel.setObjectival
gp.quicksux(
Price[i][k] = Z[t, 1, k] + 0.5 = Price[i] (k] » Z_excess(t, 1, k]
= gp-quicksun{Cost[1][j1[k] = X[t, 1, 3, k] for J in range(J))
for t in range(T) for i in ramnge(I) for k in range(X)
Y.
GRE, MAEIMIZE

2 Z_sold

zodel . addConatra{(Z[t, 1. X] <= Request[1][k] for t in range(T} for 1 in range{I) for k in range(K)). nase=*
Sold_Limit™)

model. addConatra((Z[t, 1. k] <= gp.quicksuz(Produce[i)[j)(k] * X[t, 1, j, k] for § in range{]))
for t in range(T)} for 1 in range(Il} for k in range(K)), nasme™"Prodiucticn_Lizit Sold")

| ¥ L_@Ycess
gedel.addConstrs((Z_excess(t, 1. k] == gp.quicksuz(Produceli][j)[k] = X[t. 1, j, k] for j in range{d}} - Z[t,
i. k]
for t in range(T) for 1 in range(l) for k in range(K)), nase="Excess_Calculation™)

-] -  ;
model. addConatra{(X[t, 1. j. &] <=M = Y[z, 1, j, k]
for t in range(T) for 1 in ranga{I} fer j in range{J) for k in range(K)}.
naze="Y_UpperBound_Y=)

zodel.addConstrs((X[t, 1. j, k] »= 0.01 * ¥Y[t, 1, j. k]
for t in range(T) for 1 in range(I} for § in range{J) for k in ranga(K)}.
naze="X LowverBound ¥")

8 5 T
for t in range(T):
for 1 in range(I}:
for § in range(J):
sodal.addConatr(gp. quicksus(X[t, 1, j. ¥] for k in rangs(¥}} <= 5[j]. name=fhrea_{t}_{1}_{j}°)

r b ) L
zodel, addConstral(gp. quicksus(X[t, 1, j. k] # I_k[k] for t im ramge(2) for 1 in range({l} for k in ranga(K))
»= B[4]

for j in range(J}),
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108
b L]
110

111

1132
113
114
11e
114
1ir
1%
119
%
133
[
108
134
12
124
i
128
L)
130
i
18
15%
134
13%

1%

158
k]
140
14
142
14
184
148
18t
147
14
140
180
188
i

naze="Leguce_First_Two_Yeara®)
fer j in range(l):
for t in range(T - 2}:
podel. addConatr(gp. quickaun(X[et, 1, j, &) » I_k[k] for tt in range(t, t + 3) for 1 in range(I} for k
in ranga(X)) >= 2[{], name=f"Legu=ze_{j}_{t}"}

B #AE . J + > 3

model  addConstrs((X[t, 4. j, k] » X[+, 1+1, j, &E] <= E[4]
for t in range(T} for j in range(]) for k in range(¥) for i in range(I-1)},
nazne="No_Consecutive Planting®}

podel addConstrad(X[t, 1+1, j, k] « X[eel, 1, 7, E] o= 3[j]
for t in range(T-1) for ] in zange(J) for k in range(K) for 1 in range(I-1)},

rame="lo_Consecutive_Planting®)
HERT: i &WipisiFib
zodel . addConatrs{(gp. quicksus(Y[t, 1, j. k] for k in rangs()) <= p

for t in range(T} for 1 in ranga(I} for j in ramge(J}),
nazme="Max_Thres Cropa™)

e e

godel. addConstrs( (gp. quicksuz(¥[t, 1, j, k] for j in range(J)) <= g
for t in range(T} for i in range{I} for k in range{K)],
nazes"M¥ax Five Plots_Per Crop")

(E] i b T E

godel.addConstrs{(X[t, O, j, k] + X[t+1, 0. §. k] <= s[4l

for t in range{T-1} for j in ranga(J) fer k in range(l, 16}},
naze="Ha_Consecutive Years For Grain®)

PO BN 128 LA R

zedel. addConstra{(K[t. 1, j, k] == 0

for t in range(T) for j in range(25) for k in ranga(K)},
naze="}o_Planting Second_Season_For_Lands_1_26")

& HA: e 1-26 b RERNSEY 1-18 ¢

oedel  addCenstra{(X[t, .t.. 1. &] == 0

for t in range(T) for 1 in range(l) for J in range(26) for k in range{1B, 41}},
naze="YNo_Planting Crops_l16_41 On_Lands_1_26")

i E B 1=18 ¥ % - 1=35 F 1

zadsl addConatra{(X[e, 1. j. k] == 0

for t in range(T} for i in range(I} for J in ramge(26, 1) for k in range(15)},
nazne=*lo_Planting Crops_1_15_On_Lands_27_BE4")

0] B - T
= J d | Tt

zodel. addConatra{ (gp. quicksu=(X[t, 1, j. k] for 1 in rangs(I) for k in range(K) 1f k == 158} <= M » Z_ricelt,

30




i1

188 for t in range(T) for j in range{27. 3B}),

184 naze="Rice_Planting_ Only_Once*)

18s

i L] - A ¥

127 | model. addConstra((gp.quicksu=s(X[t, 1. j. 15] for 1 in range(I)} <= 5[j]
1% for t in range(T)} for j in range(27, 3E)}),

159 naze="Single_Season_Rice®)

FL]

v | & i1 RN T AN - g, S8 B R

143 | podel. addConstrad(gp . quicksus(Xlt, 1. 3. k] for k in range(¥)) <= ¥ o {1 - Z_ricalt, 31}
144 for t in range(T)} for J in range(27, 38)),

184 nama="No Second Season_If Rice™)

145

166 | & & 17-34

197 | podel, addConstes{ (gp. quicksus(X[t, 0, j. k] for k in rangs(16, 35)) == gp. quicksus(X[t, 0, 7, k] for k in
range{l€, 35))

188 for t in range(T) for j in range(27, 35}),
169 naze="First_Ssason_Crops_17_34")
im

1T B e ¥ 2 1 = AT i

17 | model. addConstrs{(gp. quicksu=(X[t, 1, j. k] for k in range(34, 38)) == gp.quicksu=(X[t, 1, j. k] for & in

range (24, 38))
i for t in range(T} for j in rangel(27¥, 38}),
174 naze=*Sacond Jeason_Crops_26_37")
17E
|0 B REE 53T AfEN AEFNER TN 2734
1t | model, addConstrs{(X[t, &, j, k] == O
118 for t in range(T) for 1 in range(I} for j in range(26) for k in ranga{34. 3T+1)),
in name=*No_Planting_Crops_35_37_On_Lands_1_26")
180
i |e & 1 BEY 3041 HAd Al S 3550 SREAN-SE
1% | model.addConstrs((X[t, 1, §, k] == 0
183 for t in range(T) for j in range({35) for k in ranga(3T, £1)).
188 naze="No_Planting Crops_28 41 On_Lands 1_34")
188
e | B 5T 2 &E 5 3E=41 &
w7 |zodel.addConstrs{(X[t, 0, j, k] == O
155 for t in rangﬂl{'l"} for j in range(35, 61} for k in range(37, 41)).
159 naze=s™No_Planting Crops_38_41 First_Season™)
1%
wor |8 S WR Gap 0. 64 |
17 | model. setParas(' ¥IFGap®, 0.01)
FReE]
104 |8 4

10r | model.opticizel)

a
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213
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214
11
214
ar
218
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ax
a2
FE]
20%

e

288

8

if model.statws == GRB.OPTIMAL:

print{f"Opti=al sclution found with objective value: {:mdal.ubj'u"al]-"}
for t in range(T):
for 1 in range(I):
for j in range{J}:
for k in range{f):
if Xle. 1, 3, K.z 50
print{f"Year {t+1}, Season {i+i}, Land {j+1}, Crop {k+1}: {K[t, 1, §. kl.xl scres planted
%y

print(E"Optizal selution found with ocbjective value: {zodel.obiVall{ 7)™}

P Excel

file_path = *f 3/ resultl_1.xlsx"
wb = spenpyxl.load workbook(file_path)

§ S AgS

[

for t in range{T): & &

]

¥a = wb. workshests[t] = = ° 0 w+]

for 1 in range(I};
for § in range(J):
for k in range{k}:
if Kie. 1,3, Kl.x>0:
if Lw=();
row = j + 2
colusn = & + 3
wa.cell{row=row, coluzn=coluem, value=X[t, 1, j, k].x)
elaa:
if {>=26:
row = | + 30
colugn = k + 2
ws.cell{rov=row, coluzn=colu=n, value=X[t, 1, j. k].x}

wh.save(' B ¥ 3/ /resultl_1.xlax")

print("HMEERTHA T RAUESH Excel THI "}

print(*HrEE Sk H A Excal XH1 =)

ME=: ME—kSHERN

Ecodin gt f=E




I:.'1:.l|*.n~:|-1'1: pandas as pd
izport DNSPY a8 np

¥ Excal :
filepathl = " #F1.xlsx"
filepath2 = 'Ff 2. xlsx"

datal_land_info = pd.resd_excel{filepathl, sheet_name=" = 3 [ &4 Ha")

|datal_zv info = pd.read excel(filepathl, sheat nazes=":H +HE# & f fEaa)

data?_land_ 2023 info = pd.read ercel(filepath?, sheot nane="20234 &4 {4k & i E0)

datal zvw_2023_info = pd.read sxcel(filepath®, sheet nase==202350 3540 &0 2 G0

land_info = datai_land_info[["s g, 'ER 28, 'BRTW/5'1]

zv_info = datal_zw_indol[ " fFiiR-5'. "{Edfi, "HFwin 1]

land_2023_info = datal_land 2023 infol[' R, 'fFe @&, 'FH LR, "fFERg, "‘FATH/ v, "FRER
L SR

{zv_2023_info = data?_zv_2023_infoll' fhfr &', *fEdr &8, "Ahdnl, 'PHEX, "HAd/F. "B E/(A/E
PR R BB LG A R S b

w2023 _infol'#E4tHi"] = zv 2023 info[" WA RE/T'] + =v_ 2023 infol ' #H') - zv 2023 infel'BH &£/ 0/ 8]

planting history = {}

def initialize_planting history(land_2023_info):
for index, row in land_2023_info.iterrows():
land_naze = rou[' Bk ]
season = row[' FHF k']
crop_name = rowl[' fiih k]
avea = rouwl'JrM B H/E"]
if land nasms not in planting history:
planting history(land_nasze] = {}
if 2023 not in planting_history[land na=e]:
planting history[land nase] (2023] = {}
planting _history[land_naze] [2023] [season] = {'{¥ 4 £i:°: crop_name, *#H T /9" : area}

o &b o0onk g
print{initialize_plamting_history{land_2023_infa})

a
&

def record planting{year. land nase, seascn, crop_nace, allocated area):
if land naze not in planting history:
planting histery[land nase] = {}
if year not in planting history[land_name]:
planting history[land_na=a] [year] = {}
planting history[land nace][year][seasen] = {"{Fi5 E¥': crop nase, "HHTH/E': allocated areal

. ra . ¥

def fiﬂﬂ._j'llld.l:m}..'
zatch = zw_2023_infol[(zw_2023_infol' {E4 R §'] == row['fFHE %1 &

a3




4r

.11

B2

L2 ]

113

(zw_2023_infol' ¥t B '] == row[' HkAa"]) &
(zw_2022_infol' B FE'] == yov["HHEA"1N]
if nmot match.e=pty:
return satch Aloe[0] "W A B/ '] » rou"BH TR/ ']
alsa:
return Nome

data2 land 2023 infol' A= #/7'] = data2_land 2023 _info.apply(find_yield, axis=1)
crop_total yield = datal land 2023 info.proupby([' fFéhig &, “fsv iy, ‘RS D ARRE/ T ] ous).
reset_index()

b il : f 1 : ra
land_erop_efficiency rank = =y 2023 infe groupby([* s 87 BRFN D) apply
lazbda x: x.sort_wvalues('¢ 41", ascending=False)).reset_index{drop=Trua)

P £ 4 (%% 8 Excal

cutput_file = &4} (1% {7 8% . xlax"
land_crop_efficiency_rank.to_excell{output_file, index=False)
prant(f*# 4 HEERERA T {output_fi1le}™)

g ot d: 4 89024-2030 : i
def gresdy_crop_strategy ABC _DEF(land_info, crop efficiency rank, crop_total yield initial):
total_profit = 0
years = range(2024, 2031}
i r T
plant lan = []

last_year_crop = {land_naze: Neme for land_name in land_infol'# it £#:°17

for year in years:
year profit = 0 &
& Srdki i
land_info['®W&TH/ '] = land_infol' EEEH E "]
crop_total_yield = crop total vield initial, copy()

for idx, land in land_info. iterrovs():
land _ma=s = land[' &30 Fite]
land_typs = land['## 28]
rezaining_ares = land[*® & @ H/9% "]

5 ABC 3

if land_na=e[0] im [°4', *B*. *C']:




)
14
N

WE

or

o

b

195
104
108
108
ior
0
108
118
118
113
113
114
118
114
17
118
114
1%
121
1
128
154
138
15
137
128
159
1%
13
ix3

133
188
124
137

beans = [*#X', "ME', 4¥H'; 'RYE',; 'RAE']
if ¥ 2000 ol il . i

1f year »= 2025:

past_two_years bean_area = 0

for past_year in range{year - 2, year):
if land nace in planting history and past_year in planting history[land nace]:
for season in planting_history([land_naze] [past_year] .values{):
i1f season['{Fd %] in beans:
past_two_years_bean_area += season["FHHEHE"]

B

if past_two_years bean aves < land[* 85 E /7 ']:
required_bean_srea = land['# T H W] - past_tvo_years_besn_ares

) i

available_beans = crop_efficiency_rank[
{erop_efficiency_rank[' £ £§5 ') .1ain(beans)} k
{crop_sfficiency_rank(* 53 &£ 4] == land_type)
1

for _, bean_crop in available_beans.iterrows():
bean_crop_id = bean_crop[® {fibig 61
bean_crop_naze = bean_crepl' 18 £45']
bean_sfficiency = bean_crop['# itk ']

bean_dezand = crop_total _yield[
{erop_total_yield[' {f 45 % '] == bean_crop_id)
|
if not bean_demand.espty:
total_dezand = bean_dezand[* =~ &/ 7 ') .values[0]

if total demand > 0 and required bean_area > O:

allocated_area = zinf{required_bean_area, total_desand / bean_crepl'w = #/7"]1)
total dezand -« allocated_area * bean_ecrop[ &= # /5]

rezaining_area -= allocated_area

required baan area -= allocated area

year profit += allocated area » bean efficiency

crop_total_vield.locl
{crop_total yield[' ff4s i ¥ '] == bean_crep_id), "EF®/F'

a5




138 ] = total_de=mand

140

140 ] —§ £

141 planting plan.appendi{

18 TR ER land naze,

e ‘%% 9 bean_crop_id,

184 ‘il bean_crop_naze,

148 FHEER/ Y allocated_area,

) RN £ {yeax]} W 1 &,

147 vt bean_efficiency

15 i

149

12 53 K

i1 record_planting(year, land nase, £"# 1 %, bean_crop_nasze, allocated_area)

153

1% if rezaining ares == {:

184 break = ; j i 3

188

164 H 4 - i 4 .

187 Af rezaining area >

153 available_crops = crop_efficiency_rank[

158 {crop_sfficiency_rank[' #4555 '] == land_type)

16 ]

144

143 3 -

141 last_year_cxop_naze = None

184 if year > X0X3:

148 last_year_crop_nasze = planting history.get(land nase, {}}.get{year - 1, {}).gee("# —
| 5,

184 {1 gatl

181 "5 ER", None)

148

16% for _, crop in available_crops.iterrowvs():

1M crop_id = crop[' fE4 4 4]

i crop_nase = cropl’ ficdiy i)

1™ crop_efficiency = cropl' it {i']

ira

174 LB ¥ T b

1re if crop nase == last year crop _nase:

17 continus &

its

1 i i

19 crop_dezand = crop_total_yield([

180 {crop_total yield[' {f458& %] == crop_id)

184 ]

183 if not crop_desand.empty:
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185
184
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193

194
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1
1ar
168
1%
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=l H
atrd

i ]

20
Pl

2
atd
Eh L]
ail
213
alE
414
A1E
a14
1T
a1s
212

a1
EFE]
20k

228
aM

aar

total_desand = crop_dezand[* & &/ ') .values[0]
if total desand > O:
while remaining area > 0 and total dezand > O:
§ y =3
allocated area = cin{resaining area, total_desand / crepl'wF#/7°1)
total_dezand -= allocated area # crop[' W = #/fF']
rezaining area -= allocated_area

year_profit += allocated_area = crop_efficiency

:J 0
crop_total_yleld.lec[

{erop_total_yield[* 40§ 5] == cxop id), 'REH/ T
] = tetal_de=and

planting_plan.append({
"EAEER: land_nace,
‘fesk i H': crop_id,
‘s £ crop_naze,
"EHEH/E ' allocated area,
‘EMER: £ {year} W 1 F, 0
*EAiH: crop_efficiency

1)

]

racord_planting(year, land nace, £*# 1 $F*, crop_ . allocated_area)

if re=aining ares == §:

break

& B0
alaa:
8 [ :
available_crops = crop_efficiency_ramk[
(erop_afficiency_rank[' s 4 5 8 '] == land_type)

& =i fr d
last_vear crop nass = None
if year > 2023
last_year crop_name = planting history.get(land name, {}).get(year - 1. {}}.get{'# %',
{}).getl
"fEd BT, Noone)

aw




T
4]
an
aE3
238
284
=RF
asy
gar
4
ax
a8

241

2ax
Qa4
045
258
aar
263
a8
280
11
ar
1]
254
113
e
e1E
aes
1]
280

afl

0L
8T
bl
L]
an
ar

are
ard

for

. CEop in available_crope.iterrcws():
crop_id = cropl’ fidh i 5]

crop_name = crop[" (F4 H#']
erop_efficiency = erop(' % {}th]

a

if crop_nace == last year_crop_naze:
continues 2 ]

-

crop_dezand = erep_total_yield[
{exop_total yield[" {8 '] == crop id)
1
if not cxop_dezand.espty:
total_desand = crop_desand[' 2= &/ '] .values[0]
1f total_depand > O
vhile remaining area > O and total dezand > O:
allocated_area = zin{rezaining area, total decand / cropl"wF®/7'])
total_demand —= allocated_area » crop[' 07" #/7°]
rezaining area -= allocated_area

]

year_profit += allocated_area * crop_efficiency

- r
erep_total_yield. lec(

(crop_total yield[' fiib @G &1 == crop_id), ‘B &/ 5"
] = total _dea=mand

planting plan. append({
‘HE AR lad_nage,
"R crop_id,
"B R coop_nase,
'FHETR/E " allocated_area,
"R 2 {yeaxt W 1L FT, 0
tEh R crop_efficiency

3

record_planting(year, land name, £"# 1 %*, crop _naze, allocated area)

if resaining ares ==
break
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e
289
S
=1 H
{7 |
EicH]
204
e
e
aur
]
e
200
11} ]
i)

BOE

308

0¥
tie ]
e
1o
2
213
13
ai4
m1E
314
ar
218
ais

& DEF 3 qik by
#1if land na=a[0] in [*B*. *E'. "F*']):
& print(f* % {land naze} [ {land_typs} ¥ {yaar}
flag = O
for seascnm in [1.2]:
if land type == A M
if season == 1:

[ ] J

assigned_crops = sot(plan(" {Fi0 58] for plan in planting_plan if
plan[' %% £ '] == land naze and plan(
'EHEA] == fr{year} W (1} %F=)

i # ke

for _, highest_sfficiency_crop in crop_sfficiency_rank[

{crop_efficiency_rank[' 5 #5 8'] == land_type) k -crop_efficiency_rank(
"l R ) dsdin(["AEN. 'a¥ |, "EF 1)) iverrovs(l;

highest_sfficiency_crop_name = highest_sfficiency_cropl' fi 4 £35°]

highest_efficiency_crop_id = highest efficiency_crop["{Fib & 8]

ook BB ; ¥ i
if highest_efficiency_crop_naze in assigned_crops:
cont Lns

T i fi
total_desand = crop_total yield.lec(
erop_total_yield[' {F45 8 &) == highest_sfficiency_crop_id, ‘5= &//7"'].valuses
[a]

1f total demand > O:
if highest_efficlency_crop_naze == * & ff';
flag = 1
B ¢ R i !
allocated_area = cin{resaining area,
total_desand / highest_sfficiency_crop['&~#/5'1)
rezaining area -= allocated_area
yoar_profit += allocated area # highest_efficiency_ervop[* {0 1']

u ] 5" & Y ¥y
erop_total yield.loc[

crop_total_yield[' {Fi5& 5] == highest_sfficiency_crop_id, ' B~ #&/7'
1 -= allocated area « higheat_effictiency_crop[ 5 = #/7°]
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planting plan. append(q{
‘ESER: land_naze,
R CAH.
*EHENN Y allocated_area,
"BMER £ (yeax} M 1 F°,
"ffi it highest_efficiency_crop['#H4k ']

n f*Allocated {allocated areal scred of rice to {land hase} in {year}

break # B 2 W i
alea:

& W =S -

vhile remaining area > O and total desamd > O:
allocated_area = sin(rezaining ares * highest_efficiency_crop['® “#/7

i
total_dezand) / highest_sfficiency_crop['W ™ & /7 ']

rezaining area -= allocated area
total_dezand -= allocated_area * highest_sfficiency_crop["E/#/7']
year _profit += allocated_area *+ highest _sfficiency_cropl'{}ih*]

crop_total_vield, locl
{erop_total yield[' {Fi54 '] == highest_efficiency_crop_id} &
(erop_total yield[' Bk ] == *if—%F) '@Fg/ 5’
] = total_demand
planting plan.append({
"M £ land_naze,
"y £ highest_sfficiency_crop_naze,
BT E " allocated_area,
‘REER I {yeax} W 1 £,
‘EA s highest _efficiency_cropl k]

B priptd
] frAllocated {allocated_areal acres of {highepst afficiancy crop nane

P to {land nazal in qyeark & 1 ]

ii rezaining area > 0:
for _, mext_highest_crop in crop_efficiency_rank(
{crop_efficiency_rank['#:55 7'] == land_type) &

40
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{crop_efficiency_rank('# E$ "] == season) k
{erop_efficiency_rankl' {i47 £#'] 1= highest_efficiency_crop_nase)

l.iterrows(}:

next_highest_crop_id = next_highest_crop[" i 44§ §']
next_highest_crop_naze = next_highest_crepl' {45 £§5°]
noxt_total desand = crop_total_yield.locl

crop_total_yield[' {f4y#& #'] == next_highest_crop_id, "fA = #®/F'
1.values[0]

if next_total desand > O:
2 ] I
vhile rezaining sres > 0 and next_total dasand > O:
allocated_area_next = sin{resaining area,
next_total_dezand / next_highest_crop(
"HER/FD
rezaining_area -= allocated area next
next_total_desand -= allocated_area_next # next_highesat_erep(
YR/
year _profit += allocated_area_next * next_highest_crop[®i {0
J

i g g
crop_total_yield.loc[
crop_total yield[

" i F ] == pext_highest_crop_id, 'AFE/T
] = next_tetal_dezand

planting plan_append({

‘EiFi#': land_naze,

“Egh E# ' next_highest_crop_nazme,
‘EHEIE/w allocated_area_next,
"SR " (year} ¥ 1 ",

‘fE b pext_highest_crop( ¥ {kH."]

B
) -
it E*Allocated {allocated_area nextl acres of {
naxt hiiphsst crop nase} to {land nase} in {year} 1
& I i =75 1
if recaining area == Q:
brealk

break =

41
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[ ]

if not flag: @

rema area = land[' %= TH/w']

for _, second_highest_efficiency_crop in crop_efficiency_rank(
{crop_efficiency _rank["## ¥ % '] == land type) &
{crop_efficiency_rank[' fi 45 £75'] != highest_sfficiency_crop_naze) k
ferop_efficiency_rank(" b 8 Y. edn([" A EX", "A¥F b, ¥ D

l.iterrows():

second_highest_efficiency_crop_id = second_highest_efficiency_cropl' (Fan@ 9]
gecond_highest efficiency_crop_name = second_hiphest efficiency_crep[® {Fd4h i’
1
aecond_total desmand = :mp_tutul_giﬁld.lﬂcl:
erop total yield[
"4 &4 '] == second_highest_efficiency_crop_id, ‘5™ #&/ 7 "].values[0]

if second_total_dezand > O:
i : 2 4 ¥ :
vhile rezaining area »> { and second_total_demand > O
allocated_area_second_season = min{rezaining area, second_total_dezand /
second_highest efficiency_cropl
'WER/F)
rezaining area == allocated area second seazon
second_total_dezand -= allocated_area_second_seascn * %
second_highest_efficlency_creop[" # ™ &/ 7]
year profit += allocated area_second season = b
sacond _higheat _efficiency_crep[*d5410']

crop_total_yield, leoc(
{crop_total_yield[' ffis i %] == second_highest_efficiency_crop_id) &
(crop_total yield[' Sk '] == "@_%), 'EF£/7"

] = second_total dezand

™1

planting_plan.appendi{

Yiih Rt land nama,

"Mty second_highest_efficiency_crop_nasze,
ERE RS allseated_ares_sscond_semssn,
‘R 1%{yeax} H 2 %",

PEEME ' second_higheat_sfficiemcy_cropl' 41k

L1l
-+
1
=
b
-
- B

1 {allocated area_second season} acres aof A

i _highsst_sfficisncy_crop_naze} to {land nams} im {ysar




£1]

1.1 g {

. if remaining area == (:

452 braalk

1.1

AnE alie:

1.0 & 3

487 if flag:

L # Ir.-||.1'-:‘i'.';||.|_||.'_|',-~,-

a5 flag = Falss

6 cant inue

481

&80 L F 1 : 1

S5 if land_type == ‘K" :

&84 g 1 i i

245 if season == i:

&8s vega = erop_efficiency_rank[

anr {crop_efficiency rank['# & £ 4] == land_type) &

ass {~crop_efficiency_rank('fidh £ ) dain([" K& %", '4¥ L', 'S¥ 1D

4% ]

40 for _, veggle in vegs. iterrows():

ari veggie_id = veggie[* {46 & %]

ir veggle naze = veggie[' fFé£#']

4 veggie_afficiancy = Hﬂlﬂ[!t'ﬂrj‘:h']

and veggle_dezand = crop_total yieldl

£re (erop_total_yield[® (F45E § '] == veggie_id)

and ]

£17 if mot weggie demand.s=zpty:

a8 total desand = veggie desand[* 5§/ '].values(0]

ars if total_dezand > :

L8 allocated ares = sin{rezaining area, total desand / veggie[" = #/7°'1)

481 total_dezand -= allocated_area # veggie['w~#/7']

£B2 rezaining area -= allocated area

481

£B4 & i ;

T year profit += sllocated area » veggle afficiency

L5 print(

£57T f*Allocated {allocated areal acres of {veggie naze} to {land na=e} in {
year} M 1 %)

L1

L83 i ¥ i

400 crop_total_yield.lec[

403 (erop_total_yield[* {Fdf ik & '] == veggie ad), ‘B =&/ 7'

4w ] = total_demand

L1 ]
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40s
&95
A
07
A
AT
e
L}
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[ ]
Eba

Bl
LI

i)
Ei0
E11
L3
Eix
fig
F1E
g4
BT
E1X
L3 L]

LN

25 ]
B34
EZE
L.
Ear
L
Lr e
L35
1.1
B33
(3]
ERd
L1

Eid
Ear
52 |

planting plan. append({
*Hi IR land_naze,
‘fEs M veggie_td,
"frdh 15" veggle_naze,
"HHES/WC: allocated_area,
"EMEN T £ {year} ¥ 1 %",
EEY D veggie_sfficiency
B
if recaining area == {:
break
else;
print("BHE_%"')
resaining area = land[* ¥ @ 6000 ]
sushrooss = crop_efficiency rank[
{crop_efficiency_rank[' %% % % '] == land_type) &
(crop_efficiency_rank['fFif £t '] dadn(["HH&", S8, ‘SH&'. "FHE'ID
]

print (zushroozs)

for _, mushroom in mushroozs.iterrows():
pushreos_id = sushroos[' fFir g 4]
sushzoos_naze = zmushroem[' fidh£idk]

rushroos_afficiency = sushroo=[#{}1k*]

sushroos_desand = erop_total yield[
(erop_total_yield[® {Fi5i§ § '] == mushross_id)
]
print (sushrocs_dazand)
if not zushrooz_dezand.espty:
total dezand = cushroos_dezand[' 2~ #/7 ') . values[0]
if total_dezand > 0
allocated area = min{resaining_area, total_desand / sushrooz['W=8/7°])
total_dezand == allocated_area * sushroon[ WA #/F ']
rezaining area -= allocated_area

year profit += allocated area # zushroos efficiency
praint(
#*Allocated {allocated_area} acres of {zsushroo= naze} to {land naze} in
{year} # 2 &%)

=
=

crop_total _yield.lec[

Lkl




Ex
E&
B4l
Bl
L.z
Ead
LT
2]
nar
L2
E&d
1.7]
BN
L17]
1.4
BEd
1.1
4.
BET
L3
10
B0
]|
L]
{14 ]
L3-2]
.71

B&F

40°]
Em
LA}
ETa
ET2

B

ETE
B
ETT
EfE
BT
BED
B8
EB2
ESE

(crop_total_yield[*{E47if §'] == cushreon_id), "B &/T"
1 = total dezand

o B .
planting_plan.append{{
' E¥: land_naze,
"fidb g5 oushroom_id,
*feds E¥ ' oushroom_naze,
‘HMEE/E: allocated_area,
"HMSEET: £ {year} W 2 £,
‘b sushreos_sfficisncy
3]
if remaining srves == (:
break

elif land_type == " B AH":
beans = ['EHE', ‘TE', 'EE"]
8 &K 225=] e = '
if season == 1:
if year = 2025
past_tso_years_beans_area = 0
for past_year in [year - 2, year - 1]:
if land_nasze in planting history and past_year in planting histery[land _nasze]:
for season_data in planting history[land_name] (past_year].values():
if seasen _datal® {85 £#5'] in beans:
past_tvo_years_beans_area += seascn_datal® # 8 @ 9/7 ']
required_bean_area = land[*i5: @ B/ 15'] - past_tvo_years_beans_area
'l 3 T .3 } ! 3 | i :
if required_bean_area > O}
print{f*{land _paze} ¥ HFEHXHFHTE, LEHFHE {required boan_areal W E & i dh
L)
I -
beans_crops = crop_efficiency _rank[
(crop_sfficiency_rank[' 43 5 *] == land_type) &
{crop_afficiency_rank[' 545 7] .1sin(beans})
]

for _, bean_crop in Mm_crupa.ltarm'l;u{}:
bean_id = bean_cropl ' {f &4 ']
bean_name = bean_cropl’ i £ ]
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EEd

L3
E8T
;-]

EBR

Bl
L3
L3 ]
Kl
L1
EoE
Eod
EQr
L1

L1

Lot
&
LAt ]
L2 ]
&0E
LA
gor
e

L]
&1

LA
#13
1y
414
618
L3 L
g1r
UL

619
L]

L+
L2 ]
w24
L

bean_efficiency = bean_crop[ ' {1 ']
bean_dezand = erop_total yield[
mp_ttul_yluld[' i &) == bean_id
1" A&/ 7] valuealn]
if bean_dezand > 0
allocated_area = =in{required_bean_area, bean_dezand / bean_crop['# ™ &
frld
required bean_area -= allocated area
resaining area == allocated_area
bean_dezand -= allocated_area * bean_crop[' & = #/5 ']
year profit += allocated_area + bean_sfficiency
= . -
crop_tetal yield leel
crop_total yield[' {Fini§ 8'] == bean_id, 'BF&/F'
1 = bean_dezand
planting_plan.append({
"B AT land naze,
'S S bean_id,
"fidr £ bean_naze,
‘BT E " allocated area,
'FHEEK"; 1"{year} ¥ {seascn} £,
febdb bt bean_efficiency
4]
| { E
record_planting(year, land_nase, £"4 {seascn} $", bean_naze,
allocated _area)
print{
f*Allocated {allocated area} acres of {bean_nama} to {land na=e} in
{year} # {season} %F*)

1f required bean area <= 0:
brealk

if required_bean_area > O:
continue

last_year_second_seascn_crop = planting history.get{land_naze, {}).get(2023, {}).get(
"% D get(
{Fdg 48, None)

lapt_seascn_crep = Nons o

for season in [1, 2]:
rama area = land[‘ @ H/ 0]

vegs = crop_efficiency_rank[
(erop_efficiency_rank[’' 53 '] == land_type) &k
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L
T
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]
end
ULH
axa
LEL)
L]
11
L1
&ar
]
L]
L1
L2}
daa
G4y
444
€4
L]
dar
L)
L]
L1
L5
LLr]
L
ied
GEE
L1
65T
4Es

Ll

&80

Lt

L]

L

i

Lo

(-crop_efficiency _rank['{E8s £ ] tain([' A ¥, "a¥ b, "2¥ 1)) &k
{exop_sfficiency_rank[' k8 £ '] '= last_season_crop) & 0 i
(erop_efficiency _rank[" {f 45 £§5'] != last_year_second_season_crop)} &
]
for _, weggie in vegs.iterrowa():
voggie id = vegglel' firdhid 5]
veggzie_name = vaggie[' fidh i)
veggie efficiency = veggie[ {1 ']
veggie dezand = crop_total yield[

{crop_total yield[' fF5 @ §'] == veggie_id)

if not veggie dezand.espty:
total_dezand = veggie_demand[* 2 = &//7*).values[0]

if total_demand > 0:
allocated_area = =infrezaining area, total dezand / weggle' B #/5°'1)

total decand == allocated_area = veggis[ 5 =4 /7]

resaining area -= allocated area

year _profit += allocated area * veggile afficiency
print(

f*Allocated {allocated area} acres of {veggis name} to {land _naze}
in {year} ¥ {season} %=

erop_total_yield. leel
(crop_total yield[' fFi 6 '] == veggta_1d), 'H=&/F'

] = total_demand

n
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&1 planting_plan.appendi{
L]
6r ‘i E#E: land_naze,
ars
1 'HAy RS veggie_id,
are

o “idy £15: veggie_naze,

&8 'BUEF/E: allocated area,
T
& ‘RS 17{year} W {seascn) £,
£
€63 "EEARE: veggie_efficisncy
(1]
£84 3]
e
1] L
&8t
B record_planting(year, land naze, £*# {season} 5%, veggis_naze,
allocated_area)

L

W

L1
L1
L1 last_season_crop = veggle_naze
(1]
] if rezaining area == 0
e braak

L1 aloe:

8or Comt LRe

&0
6 print (F"{year} £ S8 E %: {year_profit} T"}
] total profit += year profit & - | 4, o

Toi
T2 # W= wDataFrams 22

ro3 planting plan_df = pd. DataFraze(planting plan)
T4
roe n & 4

i print (£ 202420004 RS &% {total_profitl i)
T return planting plan df, total profit

oW
fird
T | @

1y | @ i i I ARCHDEF & -

112 | planting plan ABC DEF, total profit = greedy_crop atrategy ABC_DEF(land info, land crop efficiency rank,
crop_total_yield)

T8




M4 |# 5 PR E R i [F B Excel
s | cutput_file_strategy = 'ABC_DEFE M 4Rt . xlax’
114 p]anting_plm_lm DEF. to n:cnl{nutput fila atratag. indez=Falasa)

117 | & print i C 7 {eutput fils stratagyl

rs | & priot(E°2024-20305 LAt & s {total paodith

b MER: RoEANERN
2 |izport pandas as pd

3 |izport purobipy as gp

4 |froz gurcbipy izport GREB
£ | import openpyxl

¢ |izport nuspy as np

g |8 EEEreal :

9 |filel = *BfHEL.xlax" &

w |datal = pd.read excel{filel, ah-ut_nua- SR EEY)
1 |data2 = pd.read_excel(filel, sheet_name="4% i EM i)

13 |£ile2 = 'FHE2.xlex" & ;
1+ (datad = pd.read_excel(fileZ, sheet_name="'2023F i fhoh i 805" )
10 |datad = pd read ercel(file?, sheet names*202350 48 4F 040 24 840D

w |TmT¥

9 |[I=8

® |J = b4

2 (K= 41

w | pe4

ax lg=8

24 | M=100000

a5 |5 = datal["ETH/E ] toliatl)
% | Ik = data2['Ik'].telist()

ar |Price = [[3,25,7.6,8.25,7,6.76,

n 3.5,3,6.75,6,7.5,40,1.5,

- 3.26,6.6.3.6,7,8,6.75,6.5,
® 3.76,6.25,5.5,6.75.5.25,5.5,
M 6.5,6.5.76.7,5.26.7.25,4.5,
¥ 4.6,4,0,0,0,0.0,0,0].

u [0.0,0.0.0.0,0.0.0,0.0,0,

4 0,0,0,0,9.6,8.1,7.8,4.5,7.5,
s £.6,6.9,6.8,6.6,7.5,6,6.9,
= 8.4,6.3,8.7.5.4.5.4,4.8,2.5,
2 253255?519151003]
ale s i 5% @ 1oM

% | grovth_rate_cin = 0,06

8




£ ';ravtl:_ra.u_m = Q.10

al

a | i i

a8 .Raquaat-[[ﬁ-'rml},2185'3_22-"-%_330&0,93?5_

& 170840, 132760, 71400, 30000, 12500,

a 1500 25100, 38000 , 14000, 10000, 21000,

& ZE4B0, 26580 6480 , 30000, 35400, 43200,

ar 0, 1800, 3600, 4050 4500, 34400, 9000 1500,
o 1200,3600,1800,0,0,0,0,0,0,0,0],

& [0.0.0,0,0,0,0,0,0,0,0,0,0,0,0,

] 0,0.0,0,0,810, 2160 ,500,810,0.0,

1] 0,1080,4080,1360,0,0,0, 1500, 160000,

£ 100000, 36000, 5000, T200, 15000, 42001 ]

-1

w |8

ur !l!c.r t in range(l, Th:

L2 growth_rate = np.randes.unifors{growth_rate_szin, growth_rate_sax)
Br for 1 in range(I}:

= for k in rangelR):

5 Request[1] [k} #= {1 + growth_rate) @
Lo

1 ;d.ﬂ = pd.read_excel{'cost.zlex', sheet_naze=" o—%)
e | df£2 = pd,read_excel('cost.xlsx', sheet_nazes' i — %)
6 :':Ditl = dfl, values,.transpose()

¢ | Costl = 42, values. transpose()

sx |Cost=[Cost1,Cost2]

g7 |df3 = pd.read_sxcell'Produce.zlsz’, shest_naze='#l—%')
gz | df4 = pd.read excel('Produce.xlax’, shest_name=*_5*})
" f?r-ndu.cal = df3 values. tranepose(}

m |Produce2 = di4.values.transpose()

ti | Produce=[Producal ,ProduceZ]

godel = gp.Model("Crop_Flanting®)

|
|
|

T l§1 = godel.addVars(T, I, J, K, vtype=GHE.CONTINUOUS, nace="X")

| ¥ = oodel addVars(T. I, J, K, vtype=GRE.BINARY. nace="Y")

T I!- = podsl.addVars(T, I, K, vtype=GRB.CONTINUDUS, naze="Z")

s |EZ_ries = model.addVars(T, rangs{2T, 35), wvtype=CRB.BINARY, nase="Z Rice*)
|

g | codel. zetObjectivel

B4 gp.quicksum(Price[i] [k] = Z[t, 1, k) - gp.quicksum{Cost[1][jI[k] = X[x, &, 1, k] for j in range(J)}
& for t in rangs(I) for 1 in rangs(I) for k in range(K)),

50




|

oy
ue

1]

ar

i 4]
108
b
0%
104
10
108
107
10E
100
110
111

13

113
114
118
116
iir

118
119
1
L L1
b=
138
134
b i
i
ar
13

GRE. MAXIMIZE

"] ir1: {58
zodel.addConstrs{(Z[t. 1, k] <= gp.quicksu=m{Produce[i][j)[k] = X[t, 4, j. k] for § in rangs(J)}
for t in range(T) for 1 in range(I} for k in range{H}). name="Production_Li=mit*®)

g i R i FEW A

zodel. addConstrs{(Z[t, 1. k] <= Request[i)[k] for t in range(T} for i in range(l) for k in range(K)), name=*
Demand_Lizit®})

[ -

zodel, addConstral{(Xlt, 1. j§. k] <=M # Y[t, 1, j, k]
for t in range(T) for 1 in range(I} for j in range(J) for k in ranga(K)},
naze="%_UpperBound_Y*)

model. addConstra{ (X[, 1. j. k] >= 0.01 » Y(t, 1, j. k]
for t in range(T} for 1 in range(I} for j in range(J) for k in range(K)}.
naze="X_LowerBound_Y")

B . x
for t in range(T):
for i in range(I}:
for j in range(J):
sodel. addConstrigp.quicksus(X[t, i, j. k] for k in range(¥}) <= 5[j], nasesf"hrea {t}_{i}_{j}")

zodel, addConstrs{ (gp. quicksun(X[t, 1, j. k] » I_k[k] for t in range(2) for 4 in range(I} for k in range(K})
#= 8[1]
for § in range(J}),
naze=*Leguce_First_Two_Years®)
for { in range(J):
for t in raoge(T - 2%: & PLoSE &b @ ik
eodel. addConstrigp. quickaun(X[tt, 4, j. k] » I_k[k] for tt im rangelt, t + 3) for 1 in range(I} for k
in range(K}) >= 3[j], naze=f"Leguze_{j}_{t}")

[} & = - T i : 4 ¥ =1

zodel.addConstrs{(X[t, 4. j, k] * X[+, i+i, j, k] <= &[]
for t in range(T} for j in range{]) for k in range(K) for i in ranga(I-1)},
nane="No_Congsecutive Planting®)

modal addConatral{(X[e, 1+1, 1, k] & X[e+1, 1, 7, k] <= 5[5
for t in range(T-1} for j in range(]) for k in range(K) for i in range(I-1}},
name="lo_Consecutive_Planting®)

il b 7 B R R
P

zodel. addConatra{ (gp. quicksu=(¥[t, 1, j. k] for k in rangs(K)} <=p




179 for t in range(T} for i in range({I} for j in range(J}),

1% naze="Max Thres Crops")

13

i |8 SRR SHETERSTEQREL

12 | model. addConstrs{(gp.quicksu=(¥[t, 1, j. k] for j in range(l)} <= gq

184 for t in range(T) for 1 in range(I} for k in ranga{K}),

135 naze="Max Five Plots_Per Crop®)

13

r |8 e R b it it

15 | zodel.addConstrs{(X[t, 0, . k] + X[e+1, 0, j. k] <= S[3]

FET for t in rangs(T-1) for j in range(]) for k& in range(l. 16)),

180 naze="No_Consecutive_Years For_Grain®)

141

3 |0 =N Wi 1-306 F 2 1 = ]

12 |model.addConstra{(X[t, 1, j, k] == 0

144 for t in range(T) for j in range(25) for k in rangs(K)},

145 naze=*Yo_Flanting Second_Seascn For_Lands_1_26")

148

14r | & i B 1-26 ] EAW &N 1-15

144 |oodel.addConstra((X[t, 1. j. k] == 0

15 for t in range(T)} for 1 in range(I} for i in range(26) for k in range(1b, 41}),

150 naze="Yo_Planting Crops_16 41 _On_Lands_i_26%)

am

L

182 |0 R =B 1=15 fEsSs HERMES] TN 1-26

15 |Eodel.addConstra((X[t, i, j, k] == O

188 for t in range(T) for 1 in range(I} for j in ramge{28, J)} for k in range(15)},

154 nases*le Planting Crops_1_15 On_Lands 37 84"}

157

= e R Ry Ar-as o HFEED

17 | model. addConstrs((gp.quicksuz(X[t, 1. j. k] for 1 in range(I) for k in range(K) if k == 16} <= ¥ » T _rice[t,
1]

160 for t in range(T)} for j in range(27. 25)),

181 naze="Rice_Planting Only_Once®)

163

148 g B O H ..'- 1 -

164 | godel. addConstrs{(gp . quicksu=(X[t, 1, j. 18] for i in range(I)) <= 5[§]

188 for t in rangel(T) for j in range(27, 3B)),

144 nase="Zingls Jeassn Rice®)

147

a8 |8 0l w1 = AR, i 1 T |

160 | nedel addConstra{(gp quicksus(X[t, 1, j, k] for k in range(¥)) <= ¥ o {1 - Z_rica[t, i1}

1m for t in rangs(T} for j in range{27. 35)}),

i naze=*¥s Second Sesason_If Rica™)

i

iy |8 &2 o E EElEM 1T-24
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ire
imd
irr
ims

i

ER.t)
18l
1%y
i
184
1RE
1B
18T
188
189
1=
1
1%
103
10
188
1
1%r
105

19

an
a2
208
20s
ane

anr

a2t
914
an
213

213

214

zedel. addConatrad (gp quicksu=(X[t, ¢, j. k] for % in range(1€, 35)) == gp.quicksus(X[t, 0, 7, k] for k in

[

]

&

]

zodel . addConstrs{(X[t, 0, j, k] == O

range(16, 38)}
for t in range(T} for j in range(27. 35},
naze="First_Season_Crops_17_34%)

43 M=% AfEER 2B-7

e’

godel.addConstrsl (gp quicksuz(X[t, 1, j, k] for k in range{34, 3B)) == gp quicksum(X(t, 1, j. k] for k in

rangs{34, 38)}
for t in range(T)} for j in range(2T, 3B)}),
naze="Second_Season_Crops_35_377)

2b=37 F T HER N Ar=34

zodel. addConatra{(X[t, 1, j, k] == 0

for t in range(T) for 1 in range(I} for 1 in range(26) for X in ranged(24. 27+1)),
nane="Ho_Flanting Crops_35_37 On_Lands_1_26 Yy

1 - i :J_::__;L 1. | _.-j'._E.. |- N L :-'I

godel . addCenstra((X[t, 1. j, k] == 0

for t in range(T) for j in range{35) for k in range(37, 41)),
naze=*lo_Planting Crops_36_41_On_Landa_1_34"}
o A

o g i i- ki
Ha=i % e BN

for t in range(T} for j in range(3&, 51} for k in range{37, 41)),
naze=*No_Planting Crops 28 4l _Firat_Ssason®™)

+ Ml 2 Gap

medsl. satParas{'¥IPGap*, 0.01)

model . optimize(}

& Gl

if zodel.status == GHRB.OPTIMAL;

print{f"Optizal sclution found with objective value: {zcdel.cbjVall")
for t in range(T)!
for 1 in rangell):
for 1 in range(J):
for k in range(H):
.S 4 R B A 1 [ 8- N H
print(f*Year {t+i}, Season {i+i}, Land {j*1}, Crep {k+1}: {X[t. 1, j. kl.x} acres planted
o

print{f“Optizal sclution found with objective value: {sodel. obiVall{m)*}

53




MAE: AE=ZRARERE
izport pandas as pd
izport gurobipy as gp
froz gurcbipy izport GRB
izport openpyxl

iEpOTT DOUSPY A8 OP

filal = ';H‘I“_H‘-l-.llﬂ"-
datal = pd.read_sxcel(filel, sheet_name=' & if s 8 Mg )
data? = pd.read excel(filel, sheet _name=' = ##H0 fEdh )

file2 = ' H2.xlsx’
datal = pd.read_sxcel(fileZ, sheet naze='20230 T ia )

[m-q. = pd.read_excel({filel, sheet_name="'2023SF i if & HE ")

T=T7

I=32

J = 54

K= 41

p=a

q=t

M=100000

8§ = datal [* MR @A 0 ') . toliat ()

Ik = data2['Tk"] . tolist{}

Price = [[3.25.,7.5,8.25,7.6.75,
2.6,3,6.75,6,7.56,40,1.5,
3.26,5.6.3.5,7.5.6.75,6.5,
3.76.6.26,5.56.5.76,6.256.5,
6.5,6.5.76,7,6.26,7.26,4.5,
4.5.4,0,0,0,0,0,0,0],
[0.0,0,0,0,0,0,0,0,0.0.0,
0.0,0,0,9.6,8.1,7.8,4.5,7.5,
€.6.6.9.6.8,6.6.7.8,6.6.9,
f.4.6.3,8.7,5.4,5.4,4.8,2.5,
2.5,3.25 57.5,10,16,1001]

B - el Bk B 10k

grovth_rate_sin = 0.05

growth_tate_zax = 0,10

Request=[ [57000,21850, 22400 , 33040, 9875,
170840, 132760, 71400 , 20000, 12500,
1600, 35100, 26000 , 14000, 10000, 21000,




4T

L=
B3

26480, 26850, 6480 , 20000, 35400, 23200,
0,2000,3600, 4060, 4500, 34400, 9000 , 1500,
0,3600,1500,0,0,0,0,0,0,0.0] .
[0.0,0,0,0,0.0,0,0,0,0,0,0,0.0,
Q,0.0,0,0,510,2160, 800 510,0,0,
{,1080, 2060, 1360 ,0,0,0, 1800, 155000,
100000, 36000, 9000, T200, 15000,4200] ]

for t in rangefi, T): & i | ;
growth_rate = np.randos unifors(grovth_rate_zin, growth rate sax)
for 1 in range{I}:
for k in range(f):
Request [1][k] #= (1 + growth_rate) @ il

{df1 = pd.read_sxeal{'cost.xlsx' shest_naze='{§ —%})
;d.f'.i = pd.read_sxeal('cost.xlsx’,shest_name="'§ — %)

: |Contl = df1.values.transpose{)

E-'Gﬁlt? = df2, values. transpose{)
| Cost=[Cost1,Cont2]

!dﬂ = pd.read_excel{ 'Produce.xlsx' sheat_naze="il —& "}
Eau = pd.read_szcel('Produce. xlex’ shest_pazes' il — ')
iﬁvdu“l = df2.values. transposel)

i.Fr-ndum‘l = di4 values, tranepose()

|Producel = Producel = 1,08

%P‘r-ndu.ﬁni‘ Froduca2 # 1.08

[Pmoduta = [Producel, ProduceZ]

=
||
|

inndnl = gp.Model{*Crop_Planting")
I = nodel.addVars(T, I. J, K. vtype=CGRE.CONTINUDUS, naze="%%)

¥ = zodel.addVars(T, I, J, K. vtype=GRE.BINARY. nace="Y")

Z = model.addVars(T, I, K, vtype=GRB.CONTINUDUS, naze="Z"}

|Z_rice = sodel.addVars(T. range(2T, 36), vtypeeGRE.BINARY, naces™Z Rice™)

n
codel . setObjectived
gp.quicksu=(Price[1] (k] = Z[t, 1, &) - gp.quicksum{Coat[13(§]10k] » X[, 1, j. k] for j in ranga(J)}
for ¢ in range(T) for i in range(l) for k in ran,e;u:‘,:{:l},
GRB. MAXIHIZE

SRR
St
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ar

100
L H
1
1m0x
104
108
10
iqr
108
e
11
i
113
113
114

s
118
ur
iz

119

120
1
1
122
134

12
par
i
1%
1%
13§
15
132

134

zedel. addConatra{(Z[t, 1. k] <= gp.quicksun(Produce[1)[§J (k] » X[t. 1, j. k] for § in rangs{J))
for t in range(T) for 1 in range{l} fexr k in cangs({H)), nane=*Production_Lizit™)

" o T g

zodel.addConstrs({Z[t. 1, k] <= Bequest[i][k] for t in range(T} for i in range(I} for k in range(k)). name="*
Dezmand_Limit®})

Bl g

godel . addConstra({(Rlt, 1. 5. k] <= M # Y[z, 1, §, k]
for ¢ in range(T} for 1 in range{I} for j in ramge(d) for k in rangelK)},

nazes"{_UpperBound ¥=)

zodel, addConstral{(Xlt. 1. j§. k] »= 0.00 # ¥[t, 1, j, kI
for t in range(T) for 1 in range(I)} for j in range(J) for k in ranga(K)},
naze="X_LoverBound_Y")
for t in range{T):
for 4 in range(I):
for 1 in range(J):
sodel. addConstr(gp.quicksu=(X[t, 1, j. k] for k in range(¥)) <= 3[§], nazesf "hrea {t} {1} {j}")

[} I h z 1 o) 1
sedel. addConstrs! (gp. quicksuz(X[t, 1, J, k] * I_klk] for t in range(2) for i in range{l} for k in range(K))
»= 5[q]
for j in rangelJ}),
naze=*Leguse_First_Tws_Yeara®)
for § in range(J):
for ¢ in ramgel(T — 2): & (13544 ¥ ir
podel. addConate(gp. quickaun(X[tt, 1, j. %) » I_k[k] for tt in range(t, t + 3) for 1 in range(I} for k
in rangea(K}) »= 5[j], naze=f"Leguze_{j}_{t}")

8 SRR - 4 e
model.addConatra((X[t. 1. j. k] = X[t, 1+1, j. k] <= S5[3]
for t in range(T)} for {1 in range(d) for k in range(X) for 1 in range(I-1)},
naze="No_Congecutive Planting")
godel. addConstrs{(X[t, 1+1, j, k] » X[te1, 1, 71, k] <= 2[§]
for t in range(T-1)} for j in range(J) for k in range(R) for 1 in range(I-1}),
name="No_Consecutive Planting®)
Wi T i
eodel. addConstra{(gp. quicksun{¥[t, 1, j, k] for k in range(¥)) <= p
for t in range(T) for i in range{I} for j in range(J}),
name=*Max_ Thres Crops®)

i




13%
15
1ar
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148
144
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14y
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HE
141
18
148
180
183
193
153
i
168
164
16T
1=
1%
160

183
143
184
188
166
187
168
188
im
i
13
173
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i

zedel. addConatrad{ (gp quicksu=(¥[t, 1, j. k] for J in rangs(J)) <= q
for t in range(T) for 1 in range{Il} for k in cange(K}),
naze="Max_Five_Flots_Per_Crop")

8 ¥ T ; e & i F
model. addConatra{ (X[, O, j. k] + X[t+1, €, 7. &] <= B[j]
for t in range{T=1) for j in range(J) for k in range(l. 16)).

naze="Yo_Consecutive_Years For_ Grain®)

E

et
1=ax

eodel sddCensers{(X[t. 1, j, k] == 0
for t in range(T)} foxr J in range(26) for k in range(Xl},
naze=*}o_Flanting Second_Seascn For_Landa_1_26")

1 § e L 3 J T -
- } P -1 E
] . | ¥ & 1=1E

eodel, addConstra{(X[t, 1. j. k] == 0
for t in range(T} for 1 in ranga(I} for j in ramge(2€) for k in range{i5. 41}},
nazme="Ho_Planting Crops_16_41_On_Lands_1_26%)

g e . | 1=18 Hahe BN i 1=~26
podel. addConstrs{(X[t, 1. j. k] == 0
for t in range(T) for 1 in range(l) for 7§ in ramge(2G, J) for k in range(l18)},
naze="Fo_Planting Crops_l_15 On_Lands 27 54"}

o OEN: BES aT-3 B4 RR
godel. addConatra{(gp quicksu=(X[t, 1, j. k] for 1 in rangs(I} for k in range(K) 1f k == 15) <= ¥ » Z_ricalt,
il
for t in range(T) for j in range(27. 35)),
naze=*Rice Planting Only_Once®)

8 . i :
zodel. addConstrs{(gp . quicksuz(X[t, 1, j, 18] for i in range(I})} <= S5[j]
for t in range(T) for j in range(27. 35},
naze="Zingle Season_Rice™)

i & it 1 iyl i el e LR

godel. addConstrs! (gp . quicksuz(X[t, 1. 1, k] for k in range(K)) <= M = (1 - Z _ricel[t, i1}
for t in range(T} for j in range{27, 3B}),
naze="No_Second_Season_If_Rice™)

- i H—%ANAeE 1724
zodel. addConatra{ (gp . quicksun(X[t, ¢, j. k] for k in rangs(1€, 36)) == gp.quicksum(X([t, 0, j. k] for k in
range(16, 35)})

for t in range(T) for j in range(27, 35}),
naze="First_Ssason_Crops_17_34")




19

w08 R W3 W = Rt 36-37 i

1m | model. addConstrs{(gp.quicksu=(X[t, 1, j. k] for k in range(34, 28)) == gp.quicksus(X[t, 1, j. k] for & in
range(34, 38))

1. for t in range(T} for j in range{27, 35},

183 nazme="Second_Seascn_Crops_35_37")

154

g |8 gk B 25-37 0 iFaD HIEHT i 2T=34

1% | zodel. addConstrs{(X[t, 1. j. k] == 0

187 for ¢ in range(T)} for i in range{I} for § in range(28) for k in range({34, 3T+1}),

18 nans="No_Planting Crops 26 _37 On_Lands 1 _26°)

.

g |8 ST v v 3B=41 iR it 35=-B0 & 53w E 0

1 | model.addConstrs{(X[t, 1. j, k] == 0O

11 for t in range(T} for j in rangs(35) for k in ranga(37, 41)).

108 nane="Yo_Planting Crops_35_41_(n_Lands_1_34")

104

e |8 % He B4R 38-L1 P Rt P W

19 | model.addConstrs{ (X[t. O, j. k] == O

107 for t in range(T) for j in range(3d5, 51) for k in range{3T, 41}),

108 naze="lNo_Planting Crops_38 41 First Season”)

1

o00 | & % WA Gap

201 | model.setParas("¥IPGap®, 0.01)

20

a0

e | B e L

201 |gedsl. optizizel)

04

sor | @ R M

28 | Af modal.status == GRB.OPTIMAL:

20 princ{f“Optizal sclution found with cbjective valus: {zodel.objVal}®)

219 for t in range(T)}:

a1 for 1 in range(I):

219 for j in range{J}:

213 for k in range(K):

214 i X%, 4, 3. Kl.x = 0:

218 print(f"Year {t+1}, Season {i+i}, Land {j+1}, Crop {k+i}: {X[t. 1, §, kl.xl acres planted

L)
a1 print{f"Optizal solution found with objective value: {zodel.objVall{ )™}




