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Abstract—As a result of separated lanning between rain-fed sugarcane growers and
sugar producers in Northeastern of Thailand, the supply of sugarcane to sugar plants
are fluctuated. This situation leads both sugarcane farmers and sugar plants to produce
below their profit maximization level. During harvest season, quantity of sugar being
harvested is not matched with capacity level of sugar processing plant. Hence, supply
of sugaris under capacity in early and late harvest season and 1s over capacity in the
middle of season. This problem portrays a loss to the plant when operate under
capacity and a loss to farmers when cut-to-crush time exceeds 15 hours as a result of
over supply of sugar on that particular day. This problem can be resolved through
supply chain management using database management, sugar phenology modelin
such ‘as CANEGRO and heuristic method. The database is used to record lan
information, climate zone, soil structure, size of land, and farm management. This
information, then, is fed into CANEGRO, which combined weather data, genetic
characters, management strategies, and soil data in order to simulate ex ected outputs.
The results of these simulations are used in heuristic programming to i ‘ent1f¥ variety,
time, and harvesting date for a particular sugar plot such that capacity of a sugar
processing plant is optimized as well as farmer’s revenue. The simulated maximum
quantities of sugar can be produced is 810 million kilograms which is obtained from
starting harvesting season on January 6 and ending on November 9. The simulated
result using purposed algorithm is greater than an average of simulated randomly
grown sugarcane by 243 millions kilograms. Moreover the simulated randomly grown
results depicts that supply of sugar exceeds capacity by 4 times and under capacity by
20 times on the average.

Keywords— Supply Chain Management, Heuristic, Sugar Industry, Quantitative Analysis, CANEGRO
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Algorithm fananadl Pseudo code form Farelul

Algorithm
SET each land = Maximum of land
SET capacity for each time period equal to its maximum capacity
FOR each starting harvesting season date
FOR each harvesting time
DO
FOR each region
FOR each variety
FOR each planting period
Obtain ‘Current_Solution’ from result of DSSAT
IF Current_Solution is an improvement over Best_Solution
check if solution is feasible (there is some land available
for growing sugarcane and there is some capacity left to
be filled up) THEN Best_Solution = Current_Solution
ENDIF
REPEAT
REPEAT
REPEAT
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Calculate sugar_produced which will be produced by land
available
IF sugar_produced is less than capacity THEN
UPDATE capacity that needed to be filled
SET land available to grow next t equal to 0
ELSEIF sugar_produced is greater than capacity THEN
calculate land available for next t and set capacity that needed to
be filled equal to 0
UNTIL land_available = 0 or capacity_be_filled = 0
RESET capacity and capacity_be_filled to initial value
UPDATE total_sugar_accumulate
REPEAT
RESET total_sugar_accumulate = 0 and land_available to its maximum initial value
REPEAT
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MARWINT 2 Seazidanuadlnadnlssdnanugnsss

*SUGARCANE GENOTYPE COEFFICIENTS - SCCAN980 MODEL

I All of these coefficients are cultivar-specific so no default

I values are named, but we are including the coefficients for the

I widely-used cultivar NCo376. Most of these values have been

I approximated until more validation can be done.

Cultivar Name = NCo376

Ecotype Number Corresponding to the SCCAN950.ECO file = SC0001

Degree-days from emergence to harvest maturity - P1 = 8500.0

Maximum # of ratoon crops before reseeding - RATPOT = 5

LFMAX (11.0) The maximum number of green leaf number observed on a
well watered crop that is old enough to have senesced several

leaves from the bottom.

G1 A stalk population/leaf width type index.

General Leaf shape to be used to calculate the maximum area,
leaf width, and total leaf populations. Users will need to

obtain stalk population at harvest and leaf width of fully
expanded leaves. The fully expanded width of leaves initially
increases with leaf number on the stalk counting from the
bottom, so you will have to measure width until it reaches

a maximum, somewhere around leaf no, 15.

Users can choose either 1.0, 2.0, or 3.0 depending on the

cultivar characteristics listed below:

G1=1.0 CORRESPONDS TO THE NCo376 AND N14 LEAF TYPE -
HIGH POPULATION (GREATER THAN 13 PLANTS/SQ.METER) AND
NARROW LEAF (LESS THAN 30 MM IN WIDTH)

G1=2.0 CORRESPONDS TO THE N12 LEAF TYPE -
MEDIUM POPULATION (10 TO 13 PLANTS/SQ.METER) AND
MEDIUM LEAF WIDTH (30 TO 50 MM IN WIDTH)

G1 = 3.0 CORRESPONDS TO THE R 570 LEAF TYPE -
LOW POPULATION (LESS THAN 10 PLANTS/SQ. METER) AND

31



@VAR# VAR-NAME........ ECO# P1 RATPT LFMAX G1 P P12

! 1 2 3 4 5 6 7
IBO001 NCo376 SC0001 8500. 5.0 11.0 1.0 109.0 169.0
IBO002 N14 SC0001 7000. 5.0 11.0 2.0 109.0 169.0
IBO003 GEOFF'S FAV ~ SC0001 5500. 5.0 11.0 1.0 71.0 133.0
1B0004 UT2&K200 SC0001 6500. 5.0 11.0 3.0 99.0 133.0

BROAD LEAF (GREATER THAN 50 MM IN WIDTH)

The first and second phyllochron intervals in degree days/leaf
structure. The first interval is used from 0 to DTTPI
accumulated heat units and the PI2 is used once the accumulated

heat units have exceeded DTTPI

PI1 (109), P12 (169)

The thermal time, base 10, between the emergence of successive
leaves. Record the date of appearance of new leaves and plot
that against thermal time, i.e. sum of positive values of
(Tmax+Tmin)/2-10. The plot should show two distinct linear
relationships. The inverse of the slope of each equals PI1 and
PI2. The thermal time breakpoint between the two relationships

is DTPI (1526)

Phyllochron interval #1 - P11 - Default = 109.0

Phyllochron interval #2 - P12 - Default = 169.0

Degree day threshold between Phyllochron interval 1 and 2 -

DTTPI - Default = 1526.0

DTPI

526.
526.
800.
626.
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MANUINT 4 Source code aaslilsunsa VBA Mldlunsasranaiia Heuristic
Sub heuristic()

Worksheets("heuris").Range("A1:EE5000").ClearContents
Worksheets("total").Range("A1:EE5000").ClearContents

Dim i As Integer, j As Integer, k As Integer, t As Integer

Dim best As Long, | As Byte, compare As Long

Dim land1 As Long, land2 As Long, land3 As Long

Dim land4 As Long, land5 As Long, land6 As Long

Dim maxcap As Long

Dim land_left1 As Long, land_left2 As Long, land_left3 As Long

Dim land_left4 As Long, land5_left5 As Long, land_lefté As Long

Dim cap_left As Long, grow As Long

'‘Assign value for variety, planting season, climate&soil structure, harvesting time*
Sheets("result").Select

n = Worksheets("result").Cells(1, 2).Value

m = Worksheets("result").Cells(2, 2).Value

o = Worksheets("result").Cells(3, 2).Value

p = Worksheets("result").Cells(4, 2).Value

'set value for record best chosen ijk for each t

Dim besti As Integer, bestj As Integer, bestk As Integer

'set initial value for incremental loop as well as land and capacity left for next plan

=0

'assign maximum land available for each climate&soil structure area
land1 = Worksheets("result").Cells(2, 6).Value

land2 = Worksheets("result").Cells(2, 7).Value

land3 = Worksheets("result").Cells(2, 8).Value

land4 = Worksheets("result").Cells(2, 9).Value

land5 = Worksheets("result").Cells(2, 10).Value

land6 = Worksheets("result").Cells(2, 11).Value

maxcap = Worksheets("result").Cells(3, 4).Value
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land_left1 = land1

land_left2 = land2

land_left3 = land3

land_left4 = land4

land_leftd = land5

land_left6 = land6

land_available = land_left1 + land_left2 + land_left3 + land_left4 + land_left5 +
land_left6

cap_left = maxcap

cap_left_1 = maxcap + 1

'this loop is for selecting maximum for each harvesting interval

Fors=0Top-1
Fort=sTop-1
Forh=0To5
Forj=0Tom-1
Fork=0Too-1
Fori=1Ton
'new value to compare with previous best value

compare = Worksheets("result").Cells(6 + t, 2 + I).Value

‘condition to compare new value and previous best value

If compare > best And k + 1 =1 And land_left1 > 0 And cap_left > 0 Then
'if new value is better than previous one then new one is set as best value
best = compare

Worksheets("heuris").Cells(6 + s *(p +2) +t,4+3*h) =]+ 1 &k + 1 &1

besti =i

bestj=j+ 1

bestk =k + 1
End If
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If compare > best And k + 1 = 2 And land_left2 > 0 And cap_left > 0 Then
'if new value is better than previous one then new one is set as best value
best = compare

Worksheets("heuris").Cells(6 +s* (p+2) + 1,4 +3*h) =j+ 1 &k + 1 &i

besti =i

bestj=j+ 1

bestk =k + 1
End If

If compare > best And k + 1 = 3 And land_left3 > 0 And cap_left > 0 Then
'if new value is better than previous one then new one is set as best value
best = compare

Worksheets("heuris").Cells(6 + s * (p +2) +t,4+3*h) =j+ 1 &k + 1 &i

besti =i

bestj=j+ 1

bestk =k + 1
End If

If compare > best And k + 1 =4 And land_left4 > 0 And cap_left > 0 Then
'if new value is better than previous one then new one is set as best value
best = compare

Worksheets("heuris").Cells(6 + s *(p+2) +t,4+3*h)=j+ 1 &k + 1 &i

besti =i

bestj=j+ 1

bestk = k + 1
End If

If compare > best And k + 1 =5 And land_left5 > 0 And cap_left > 0 Then
'if new value is better than previous one then new one is set as best value
best = compare

Worksheets("heuris").Cells(6 + s *(p +2) +t,4+3*h) =j+ 1 &k + 1 &1
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besti =i

bestj=j+ 1
bestk = k + 1
End If

If compare > best And k + 1 = 6 And land_left6 > 0 And cap_left > 0 Then
'if new value is better than previous one then new one is set as best value

best = compare

Worksheets("heuris").Cells(6 + s * (p+2) +t,4+3*h) =j+ 1 &k + 1 &i

besti =i

bestj=j+1

bestk =k + 1
End If

'Worksheets("heuris").Cells(6 + t, 3) = maxcap
Worksheets("heuris").Cells(6 + s * (p +2) + 1,2 + 3 * h) = best
[=1+1
Next i

Next k

Next |

‘calculate amount of land left for next plan

If bestk =1 Then

cap_left_1 = capleft

grow = best * land_left1
If grow <= cap_left Then
land_left1 =0
cap_left = cap_left - grow
sugar_accum = sugar_accum + grow
Elself grow > cap_left Then

land_left1 = (grow - cap_left) / best
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sugar_accum = sugar_accum + cap_left

cap_left=0

End If
Worksheets("heuris").Cells(6 + s * (p + 2) + t, 3 + 3 * h).Value = land_left1
End If

If bestk =2 Then
cap_left_1 = capleft
grow = best * land_left2
'"Worksheets("heuris").Cells(6 + t, 6).Value = grow
'Worksheets("heuris").Cells(6 + t, 4).Value = land_left2
If grow <= cap_left Then
land_left2 =0
cap_left = cap_left - grow
sugar_accum = sugar_accum + grow
Elself grow > cap_left Then
land_left2 = (grow - cap_left) / best
sugar_accum = sugar_accum + cap_left
cap_left=0
End If
Worksheets("heuris").Cells(6 + s * (p + 2) +t, 3 + 3 * h).Value = land_left2
End If

If bestk = 3 Then
cap_left_1 = capleft
grow = best * land_left3
'Worksheets("heuris").Cells(6 + t, 6).Value = grow
'Worksheets("heuris").Cells(6 + t, 4).Value = land_left3
If grow <= cap_left Then
land_left3 =0

cap_left = cap_left - grow
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sugar_accum = sugar_accum + grow

Elself grow > cap_left Then

land_left3 = (grow - cap_left) / best

sugar_accum = sugar_accum + cap_left

cap_left=20

End If
Worksheets("heuris").Cells(6 + s * (p + 2) + t, 3 + 3 * h).Value = land_left3
End If

If bestk =4 Then
cap_left_1 = capleft
grow = best * land_left4
'Worksheets("heuris").Cells(6 + t, 6).Value = grow
'Worksheets("heuris").Cells(6 + t, 4).Value = land_left4
If grow <= cap_left Then
land_left4 =0
cap_left = cap_left - grow
sugar_accum = sugar_accum + grow
Elself grow > cap_left Then
land_left4 = (grow - cap_left) / best
sugar_accum = sugar_accum + cap_left
cap_left=20
End If
Worksheets("heuris").Cells(6 + s * (p + 2) + t, 3 + 3 * h).Value = land_left4
End If

If bestk =5 Then

cap_left_1 = capleft

grow = best * land_left
'Worksheets("heuris").Cells(6 + t, 6).Value = grow

'Worksheets("heuris").Cells(6 + t, 4).Value = land_left5
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If grow <= cap_left Then
land_lefts = 0
cap_left = cap_left - grow
sugar_accum = sugar_accum + grow
Elself grow > cap_left Then
land_lefts = (grow - cap_left) / best
sugar_accum = sugar_accum + cap_left
cap_left=0
End If
Worksheets("heuris").Cells(6 + s * (p + 2) + t, 3 + 3 * h).Value = land_left5
End If

If bestk = 6 Then
cap_left_1 = capleft
grow = best * land_left6
'"Worksheets("heuris").Cells(6 + t, 6).Value = grow
'Worksheets("heuris").Cells(6 + t, 4).Value = land_left6
If grow <= cap_left Then
land_left6 = 0
cap_left = cap_left - grow
sugar_accum = sugar_accum + grow
Elself grow > cap_left Then
land_lefté = (grow - cap_left) / best
sugar_accum = sugar_accum + cap_left
cap_left=0
End If
Worksheets("heuris").Cells(6 + s * (p + 2) + t, 3 + 3 * h).Value = land_left6
End If

‘new harvesting interval begins here. we need to set | and best to initial =0

=0
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best =0

besti=0
bestj =0
bestk =0

land_available = land_left1 + land_left2 + land_left3 + land_left4 + land_left5 +

land_left6

Next h

cap_left_1 = maxcap + 1

cap_left = maxcap

Worksheets("heuris").Cells(6 + s * (p + 2) +t, 1).Value = "t=" & t + 1
Next t

Worksheets("total").Cells(1 + s, 3).Value = sugar_accum
Worksheets("total").Cells(1 + s, 2).Value = "s="& s + 1
Worksheets("heuris").Cells(5 + s * (p + 2), 1).Value = "s="& s + 1
sugar_accum =0

land_left1 = land1

land_left2 = land2

land_left3 = land3

land_left4 = land4

land_leftd = land5

land_left6 = land6

Next s

End Sub

47



