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A Note on Adaptive Crop Rotation using Dynamic Programming
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1) School of Regional Innovation and Social Design Engineering, Kitami Institute of Technology

Abstract: Increasing profit is desired in Japanese agriculture. There is many previous research on profit maxi-
mization in agriculture. In previous research the profit of crop rotation is maximized. But the previous research
is studied under the condition thai the price of crop is constant. In General price of crop changes. In this research
the profit of crop rotation is maximized under the condition that the price of crop changes depending on Markov
chain. The profit is maximized by dynamic programming. The effectiveness of the proposed method is shown by
some simulation examples. The profit of the proposed method is greater than that of the comparison target. In
the results of the proposed method the adaptive crop selection according to the fluctuating crop price was con-
firmed. The optimal solution of the proposed method is also a theoretical limit. The theoretical limit can be used
to evaluate other crop rotation methods. The proposed method is expected to contribute to the automation of

decision making in smart agriculture.
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RE—= T BIOVRE— 2D a2 b—3 g AT
Python TYER L7=7'2 /' A, Windowsl0 Pro 64 v
b 0S, CPU2.70GHz, A€ 12.06B OFFEMEZFEHL,
U2 l— g BT 16 EELE. B2ERE L
T, 73— 1 OPr(silsy) = 01DFEEDY I 2 b—
g O LY — X a— REITRT.

import numpy as np

num A = 6 # 7EER

num C = 3 # BlDEL

n=np.array([1,2,1,2,1,2]) # SIEHOIHIEEREN

¢ = mp.array({1,1,2 2,3, 3]) #&4E0%e

b = np. array (1500, 400, 450, 350, 480, 3801) # BAEMIDR kb
e = np. array ([100, 100, 100, 100, 100, 100]) # EAEDIGESe
num S = 2 # ESREESum_S

i SIS kDE & ORI DIfikE k] [i]

fm = np. array ([[12, 13,13, 15,11,13],18,9,9,11,7,9]1)

It RSIRAEEIER (R _i A DIREEs | ~DEEREEp (i1 [J])
pp = np. array (£[0.1,0.9], 0.9,0.111)

# ZIRGOERIBETOE (210 7 EEOEEER CHIHE)
f = np. zeros (um A

teijou = np. zeros (num_S)
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tei jou[0] = pp[11[01/ (1+pp[1][0]-pp[01[0])
teijoul1] = (1-pp[0][01)/ (1+pp[1][0]-pp[0] [0D)
orint ("FEEERESEsT 7, teijoul0], " FEERERs2 ”, tei jou[1])
for i in range(numnd) :
f[il = tei jou[O]fm[0] [i]+tei joul1]xfm[1][i]
print ("EEfIET Ve, i+1,7)7, T
T =5 # SHESET
# {EEER
v_pre = np. zeros ((um A, num A T))
d_pre = np. zeros {{num A, num A T))
check_pre = np. zeros ((hum_A, num A, T))
# &R
vm_pre =
np. zeros ({num_A, num_A, num_S, num_S, num_S, mum_S, num_S, num S, T))
dm pre =
np. zeros ({num_A, num_A, num_S, num_S, num_S, num_S, num_S, num S, T))
checkm_pre = ‘
np. zeros ({(num_A, num_A, num_S, num_S, num_S, num_S, num S, num S, 1))

# EEEEROEETEE
def v{cl, c2 1) :
iT check_prelcl-11[c2-1] [t-1]=1:
return  np. array ([v_pre[c1-1]1 [c2-1] [t-1], d_prelcl-1] [c2~
111D
else:
if t=T:
v_tem = np. zeros {num_A)
for i in range(num A) :
t VFRIOE S DEIEET = vy
if cl[i]=clc2-1] and n[c2-11>=1:
v_temp[i] = 1000 # BIEEBRLGULERRE
i 2EHIOIEE DEIFEEF = vy
elif ¢[il=clc1-1] and nlc1-11>=2:
v_templi] = -1000 # BEEER UIGUEEE
else:
v_temp[i] = e[il*f[i]-b[i]
sol_v = np. amax (v_temp)
sol_d = np. argmax (v_temp) +1
else:
v_temp = np. zeros (num A
for i in range(num A):
i VRO E DEREETF = vy
it clil=cle2-1] and nlc2-11>=1:
v_temp[i] = 1000 # BEFBRUGUERE
i 2ERIOIEE DEIESTF T v
elif clil=clc1-1] and nlcl~1]>=2:
v_temp[i] = 1000 # BEEFRLUGLERE
else:
v_temp[i] = elil=F[i1-blil+v (@2, i+1, t+1) [0]
sol_v = np. amax (v_temp)
sol_d = np. argmax (v_temp)+1
check_prefcl-1][c2-1][t-11 = 1
v_pref{ct-11[c2-1][t-1] = sol v
d_prelct-11[c2-1]1{t-1] = sol _d
return np. array ([sol_v, sol_d])
print ("HEEIEDSEOSWERRREI DT
for i in range(nun A :
for j in range(num A):
if clill=c[j]: # ;BEEELSOVHBARE I
print (v, i+, 77 L0 T ov(E, L))
Y1 = int(v(i+1, j+1, D [1D)
printCv(, j+1, 7,7 YL 72 T ov(HL YL 2)
Y2 = int(v(j+1, Y1, 2 [1D
print (v, Y17, 7, ¥2,7,3) Y v(Y1,Y2,3)
Y3 = int(v(Y1,Y2,3) [11)
print("v(",Y2,”, " Y37, &) " v(Y2,Y3 4))
Y4 = int(v(Y2, Y3, H [1D
print("v(",Y3,”,” Y4, ", 5 " v(Y3 Y4, 5))
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print (")
print{")

I SEEIROBRETEE
def vm(cl, c2, s1, 52, 53, 84, s5, 6, 1)
if checkm pre[c1-11 [c2-1]Lint (s1)-11[int (s2)-1] [int (s3)-
11 Lint (s -1][int (s5)-1] [int (s6)-1] [t-11==1:
return  np. array{[vim_pre[c1-1] [c2-1] [int (s1) 1] [int (s?)—
11 lint (s3)-11Lint (s4) 1] [int (s5)~11 [int (s6)-1] [t-1], dm_pre[ci-
1 e2-11Lint sH~11[int (s2)-1] [int (s3)-1] [int (s4)~11[int (s5) -
11 int (s6)-11 [t-11])
else:
Wore = np. zeros (um_A) # FIEDEVEMOIBISIREE
Wore[0] = int(sl)
Wore[1] = int(s2)
Wore[2] = int(s3)
Wipre[3] = int(s4)
Wore[4] = int(sh)
Wore[5] = int(s6)
if t=T:
v_temp = np. zeros (hum_A)
for i in range(umA):
i VERIOE L OBIREEF T v Y
if clil=clc2-1] and nlc2-11>=1:
v_temp[i] = -1000 # B{EEERLGLERE
1 25RIOEDE DBIFEETF z vy
elif clil==clc1-1] and nlc1-11>=2:
v_temp[i] = -1000 # B{EEERLGUERE
else:
for j in range(num.S) :
v_temp[i] +=
pplint Wpre[i1)-1][j1*(eliT+m[j1[i1-bi])
so0l_v = np. amax (v_temp)
sol_d = np. argmax (v_temp) +1
else:
v_temp = np. zeros (num_A)
for i in range(num_A) :
1 1 EHIOENEDEEEFZ v Y
if clil=c[c2-1] and n[c2-1]>=1:
v_templi] = -1000 # B{EEERUGUVERE
i 2RI E DERESF T vy
elif ¢lil=clc1-11 and n{ci-1]>=2:
v_templi] = -1000 # BEZBIR LG EE
else:
Wt = np. zeros (num_A) # R (B DEIENRE
for j1 in range(num.S):
for j2 in range(um.S) :
for j3 in range(um.S):
for j4 in range(num S):
for j5 in range(um.S) :
for j6 in range(num_S):
Welo] = ji
Welt] = j2
We2] = j3
W3] = j4
Weldl = j5
We[s] = j6
pt =10
for j7 in
range (num_A) |
pl *=
pplint Wore[J7D)-11[int WE[j71)]
v_temp[i] +=
plx(elil=mmlint WELiDILil-
blil+m(c2, i+1, We[0T+1, WeT11+1, W [2]+1,
WEL3]+1, We[41+1, We[51+1, £+1) [O1)
sol_v = np. amax (v_temp)
sol_d = np. argmax (v_temp) +1
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checkm _prelci-1] [c2-1]1[int (s1)—1] [int(s2) ~11[int (s3)-1]
lint(sd)-11[int (s5)-11[int (s6)-11[t-1] =1
vm_prelcl-11[c2-11[int (sD)-1][int (s2)-11Lint (s3)-1]
Lint (sd)-11[int (s5)-1] [int (s6)-11[t-1] = sol_v
dn_prelct-111e2-11 [int (s1)-11[int (sD~11[int (s3)-1]
[int (sd)-11[int(sB)-1] [int (s6)-1][t-1] = sol_d
return np. array ([sol_v, sol_d])
print (BT EHEOEEOEREIZDLVT)
for i1 in range(T):
for i2 in range (um A)
for i3 in range (num A) :
it cli2]!=c[i3]: # EVHEZSRMOMEIRRE TR
for i4 in range (un S) :
for i5 in range(num.S):
for 16 in range(num S):
for i7 in range (hun_S) :
for i8 in range(um.S):
for i9 in range (num_S) .
printCvm(”, 1241, 7,7 131,77 144,77 15+, 7L
(661,77 147 8477 19417 147
vm(i2+1, i3+, 141, 05+, 16+, 1T+, 18+, 19+, i1+1))
print (")

i TS T CORBY I L—ay
# L EVm & IEEEREY S 1TEREIRI - & HUNES DS
num_Simu=100000 # &R LEEL
total_income_simu = 0
total_income_m simu = 0
for i2 in range (num Sim) :
# [EEEREY COTEERN T 2 2
X = np. zeros (2+num_A)
X_next = np. zeros (2+num_A)
checki=0
while checkl=0:
X[0] = int(np. random. choice (np. arange (um A, 1,
p=[1/num A, 1/num A, 1/num A 1/num A, 1/num A, 1/num_AT)) +1
X[11 = int (hp. random. choice (np. arange (um_A), 1,
p=[1/num A, 1/num A, 1/mm_A, 1/rum A, 1/num_A, 1/num_AD) ) +1
it clint X[OD-111=c[int X[11)-1]:
checkl=1
for i3 in range (wum A):
X[i3+2] = int (np. random. choice (np. arange (num S), 1,
p=[tei joul0], 1-tei jou[0]]))+1
for i3 in range():
Y = int(v{intXIOD), int X[1D), i3+) (1D
for i4 in range (num A)
X_next[i4+2] = int(np. random. choice (np. arange (hum_S),
1, p=ppLint X[i4+2])-11))+
total_income_simu +=
e[Y=11*fm[int (X_next [Y-1+21)-17 [Y-11-b[Y-1]
X[0] = X[1]
X[ =Y
for i4 in range (num A)
X[i4+2] = X next[i4+2]
# EEEEWm COTERERM 3 o
¥m = np. zeros (2+num_A)
Xm_next = np. zeros (2+num A)
checkl=0
while check1=0:
Xm[0] = int (np. random. choice (np. arange (num A), 1,
p=[1/num_A, 1/num A, 1/num_A, 1/num_A, 1/num_A, 1/num_Al))+l
Xm[1] = int (np. random. choice (np. arange (num A), 1,
p=[1/num_A, 1/oum A, 1/num A, 1/num A 1/num_A, 1/num_A1))+1
it clint Om[0])-1]1=c[int Gm[11)~1]:
checkl=1
for i3 in range (um A) :
Xm[i3+2] = int(np. random. choice (np. arange (um S) , 1,
p=[tei joul0], 1-tei jou[0]1))+1
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for i3 in range(T):
Y = int(m(int Om[0]), int Om[11), int Om[2]), int Om{3]).
int Om{4l), int Om[51), int (m[6]), int Gm[71), i3+1) [11)
for i4 in range(um_A) :
Xm_next[i4+2] = int(np. random choice (np. arange (num_S)
1, poplint (m[i4+2)) 111+
total _income_m simu +=
e[Y=11xfm{int Om_next [Y-1+21) 11 -11-b[Y-1]
Ym[0] = dm{1]
Ya[1] =Y
for i4 in range(um A) :
Xm[i4+2] = Xm_next[i4+2]
print ("2 al— g AR
print (num_Simu, "84T COMMEEEVmMO THHAINE ~,
total_income_m_simu/num_Simu)
print (num_Simu, “SHT COMEERVOEIGHIGEE
total_income_s imu/num_Sim)

AR (EX7209720)

SRR TR - BT AR, SRR 9 FERE
BEE TR SRE T. AAEE
e (M , HHEAEEES B , 1t
RTRBhF, B, HeBdga iR TRk 28
FERJCFEIS, BECES. B (15 .
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DIl BTEREETR%E
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