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Algorithm for Grade Adjust of Mixture Optimization Problem
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Abstract Generally, the linear programming (LP) with O(n') time complexity is applied to mixture
optimization problem that can be produce the given ingredients grade product with minimum cost from
mixture of various raw materials. This paper suggests heuristic algorithm with O(nlogn)time complexity
to obtain the solution of this problem. The proposed algorithm meets the content range of the
components required by the alloy steel plate while obtaining the minimum raw material cost, decides
the quantity of raw material that is satisfied with ingredients grade for ascending order of unit cost.
Although the proposed algorithm applies simple decision technique with O(nlogn)time complexity, it

can be obtains same solution as or more than optimization technique of linear programing.
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Table 1. Characteristics of steel ordered of 7, problem
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Table 2. Raw material grades, availabilities, and prices

Raw material C Cu Mn |Availability| Unit cost
%) %) (%) (ton) (€/ton)

Iron alloy #1 2.5 00 | 13 400 200
Iron alloy #2 3.0 0.0 0.8 300 250
Iron alloy #3 0.0 0.3 | 0.0 600 150
Copper alloy #1 0.0 90.0 | 0.0 500 220
Copper alloy #2 0.0 96.0 | 4.0 200 240
Aluminum alloy #1| 0.0 0.4 1.2 300 200
Aluminum alloy #2| 0.0 0.6 | 0.0 250 165

o BAlE 19 13} 2ol Tue 4 glow, gagu

AAE BA] (alloyed steel plate production problem,

ASPPP)E} ot &3 A5} £A4 (MOP)2 ¥&oltt.
Guéret et al.P'e I 13} 29] glojglo] s AHA 3]
W 7|2 E &8st & 33 Zo] €98,121.5900,
Bdvall[4]-2 CPLEXE MATLAB T2 0 & 2FA35}o]
€98,121.63709] ZIE AYch

Aluminum alloy Copperalloy

Aluminum alloy #1 Copper alloy #1
*300ton

Tron alloy

Ironalloy#1 Iron alloy#3
«400ton *600ton

+ €200/ton
*C(0.0%) *C(0.0%)

* Cu(0.4%) « Cu(90.0%)

* Mn(1.2%) « Mn(0.0%)
Aluminum alloy #2 Copper alloy #2
*250ton
«€165/ton
*C(0.0%)

* Cu(0.6%)
* Mn(0.0%)

+€220/t0n +€250/t0n
+C(2.5%)
*Cu(0.0%)
* Mn(1.3%)
Tron alloy #2
+300ton
+€250/ton
*C(3.0%)
*Cu(0.0%)

* Mn(0.8%)

«€150/ton
*C(0.0%)

*Cu(0.3%)
* Mn(0.0%)

«€240/ton
+C(0.0%)

* Cu(96.0%)
« Mn(4.0%)

Chemical element Minimum grade Maximum grade c2o%scs30% g = so0t0n i —
Carbon () 2.00 % 3.00 % St a ’ @
Copper (Cu) 0.40 % 0.60 % steel
Manganese (Mn) 1.20 % 1.65 %
7 500 ton 28 1. 83 3m 4y 3
Fig. 1. Production process of alloyed steel plate
B 3. P, EH0fl thgt LPL CPLEXS| ZAxt
Table 3. Results of LP and CPLEX for 7 problem
LP
Raw material C Cu Mn Actual | Unit cost Total C Cu Mn
% % % (ton) (€/ton) cost % % %
Iron alloy #1 2.5 0.0 1.3 400.000 200 80,000.0000 2.0000 0.0000 1.0400
Iron alloy #2 3.0 0.0 0.8 0.000 250 0.0000 0.0000 0.0000 0.0000
Iron alloy #3 0.0 0.3 0.0 39.777 150 5,966.5500 0.0000 0.0239 0.0000
Copper alloy #1 0.0 90.0 0.0 0.000 220 0.0000 0.0000 0.0000 0.0000
Copper alloy #2 0.0 96.0 4.0 2.761 240 662.6400 0.0000 0.5301 0.0221
Aluminum alloy #1 0.0 0.4 1.2 57.462 200 11,492.4000 0.0000 0.0460 0.1379
Aluminum alloy #2 0.0 0.6 0.0 0.000 165 0.0000 0.0000 0.0000 0.0000
Requirement 2,31 |[0.4,0.6]] [1.2,1.65] 500.000 98,121.5900 2.0000 0.5999 1.2000
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Table 4. Results of GAA for 7, problem
Raw material C Cu Mn Available | Actual | Unit cost Total C Cu Mn
%) %) %) (ton) (ton) (€ /ton) cost ) %) %)
Iron alloy #3 0.0 0.3 0.0 600 0 150 0 0.0000 0.0000 0.0000
Aluminum alloy #2 0.0 0.6 0.0 250 0 165 0 0.0000 0.0000 0.0000
Iron alloy #1 2.5 0.0 13 400 400.0000 200 80,000.0000] 200000 0.0000 1.0400
Aluminum alloy #1 0.0 0.4 1.2 300 0 200 0 0.0000 0.0000 0.0000
Copper alloy #1 0.0 90.0 0.0 500 0 220 0 0.0000 0.0000 0.0000
Copper alloy #2 0.0 96.0 4.0 200 0 240 0 0.0000 0.0000 0.0000
Iron alloy #2 3.0 0.0 0.8 300 0 250 0 0.0000 0.0000 0.0000
A 400.0000 80,000.0000] 2.0000 0.0000 1.0400
Requirement 500.0000 2.0<C<3.0| 0.4<Cu<0.6 | 1.2<Mn<1.65
Raw material C Cu Mn Available | Actual | Unit cost Total C Cu Mn
%) (%) (%) (ton) (ton) | (€/ton) cost (%) ) %)
Iron alloy#3 0.0 0.3 0.0 600 38.0000 150 5.700.0000 | 0.0000 0.0228 0.0000
Aluminum alloy #2 0.0 0.6 0.0 250 0 165 0.0000 0.0000 0.0000 0.0000
Iron alloy#1 2.5 0.0 13 400 400.0000 200 80,000.0000] 2.0000 0.0000 1.0400
Aluminum alloy #1 0.0 0.4 1.2 300 60.0000 200 12,000.0000] 0.0000 0.0480 0.1440
Copper alloy #1 0.0 90.0 0.0 500 0 220 0.0000 0.0000 0.0000 0.0000
Copper alloy #2 0.0 96.0 4.0 200 2.0000 240 480.0000 | 0.0000 0.3840 0.0160
Iron alloy #2 3.0 0.0 0.8 300 0 250 0.0000 0.0000 0.0000 0.0000
A 500.0000 8,180.0000, 2.0000 0.4548 1.2000
Requirement 500.0000 2.0<C<3.0| 0.4<Cu<0.6 | 1.2<Mn<1.65
Raw material C Cu Mn Available | Actual Unit cost Total C Cu Mn
! (%) (%) (%) (ton) (ton) (€ /ton) cost (%) (%) (%)
Iron alloy #3 0.0 0.3 0.0 600 39.7910 150 5,968.6500 | 0.0000 0.0239 0.0000
Aluminum alloy #2 0.0 0.6 0.0 250 0 165 0.0000 0.0000 0.0000 0.0000
Iron alloy #1 2.5 0.0 1.3 400 400.0000 200 80,000.0000[ 2.0000 0.0000 1.0400
Aluminum alloy #1 0.0 0.4 1.2 300 57.4500 200 11,490.0000] 0.0000 0.0460 0.1379
Copper alloy #1 0.0 90.0 0.0 500 0 220 0.0000 0.0000 0.0000 0.0000
Copper alloy #2 0.0 96.0 4.0 200 2.7590 240 662.1600 | 0.0000 0.5297 0.0221
Iron alloy #2 3.0 0.0 0.8 300 0 250 0.0000 0.0000 0.0000 0.0000
Al 500.0000 98,120.8100, 2.0000 0.5996 1.2000
Requirement 500.0000 2.0<C<3.0] 0.4<Cu<0.6 | 1.2<Mn<1.65
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Table 5. Characteristics of steel for 7, problem
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Raw metal Density Carbon (C %) Phosphor (P %) Price ($/kg)
A 6500 0.200 0.050 2.000
B 5800 0.350 0.015 2.500
C 6200 0.150 0.065 1.500
D 5900 0.110 0.100 2.000
Requirement [5950,6050] [0.1, 0.3] [0.045, 0.055]
H 6. 2, EHO| gt LP2| At
Table 6. Results of LP for 7, problem
. Carbon Phosphor . . Carbon Phosphor Price
Raw metal Density C % ® % Price ($/kg)| Actual Density ©C % ® % ($/ke)
A 6500 0.200 0.050 2.000 0.000 0 0 0 0.000
B 5800 0.350 0.015 2.500 0.285 1653 0.09975 0.004275 0.713
C 6200 0.150 0.065 1.500 0.595 3689 0.08925 0.038675 0.893
D 5900 0.110 0.100 2.000 0.120 708 0.0132 0.012 0.240
1.000 6050.0000 0.2022 0.0550 1.84500
Requirement] [5950,6050]] [0.1, 0.3] [10.045, 0.055]] [5950,6050] | 0.1, 0.3] [[0.045, 0.055]
B 7. P, M0 igt GAAS| Zut
Table 7. Results of GAA for 7, problem
Raw metal Density [Carbon (C %) Phos;g/l;or ® Price ($/kg) Actual Density [Carbon (C % Phos;z/l;or ® Price ($/kg)
C 6200 0.150 0.065 1.500 0.600 3720 0.09 0.039 0.900
A 6500 0.200 0.050 2.000 0.000 0 0 0 0.000
D 5900 0.110 0.100 2.000 0.100 590 0.011 0.01 0.200
B 5800 0.350 0.015 2.500 0.300 1740 0.105 0.0045 0.750
Al 1.000 6050.0000 0.2060 0.0535 1.8500
) [0.045, - [0.045,
Requirement| [5950,6050] | [0.1, 0.3] 0.055) [5950,60501 | [0.1, 0.3] 0.055]
Raw metal Density  (Carbon (C %) Phos;g/l;or P Price ($/kg)| Actual Density  [Carbon (C % Phos;z/l;or ® Price ($/kg)
C 6200 0.150 0.065 1.500 0.590 3658 0.0885 0.03835 0.885
A 6500 0.200 0.050 2.000 0.000 0 0 0 0.000
D 5900 0.110 0.100 2.000 0.120 708 0.0132 0.012 0.240
B 5800 0.350 0.015 2.500 0.290 1682 0.1015 0.00435 0.725
A 1.000 6048.0000 0.2032 0.0547 1.85000
. - [0.045, c [0.045,
Requirement| [5950,6050] | [0.1, 0.3] 0.055] [5950,6050] | [0.1, 0.3] 0.055]
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Table 8. Characteristics of animal feed 7, problem
Ingredient Calcium Protein Fiber Unit cost H 10. €125 d5 H
(ke/ke) (ke/ke) | (kg/ke) (e/ke) Table 10. Compare with algorithm performance
Limestone 0.380 0.000 0.000 10.0
Corn 0.001 0.090 0.020 30.5 o gueE
Soybean meal 0.002 0.500 0.080 90.0 = LP CPLEX GAA
Requirement |[0.008, 0.012]] =0.22 | =0.05 Py | €98121.5900 | €98,121.6370 | €98,120.8100
P, $1.84500 - $1.84500
P, - - .
o] BAlE 37HK £R9] YA ERARES Aitet : 992000
= %olth qek, 1 kg 71508 A9 HEOE &
H 9. P, EH0| CHEt GAAQ| Z1}
Table 9. Results of GAA for 7, problem
. Calcium Protein Fiber Unitcost Calcium Protein Fiber
Ingredient | Geo/ke) | (ke | Gk | Ccentke | AU | oo | ek | (eske |00 7RO
Limestone 0.380 0.000 0.000 10.0 0.028 0.0106 0.0000 0.0000 0.2800
Corn 0.001 0.090 0.020 30.5 0.592 0.0006 0.0533 0.0118 18.0560
Soybean meal 0.002 0.500 0.080 90.0 0.380 0.0008 0.1900 0.0304 34.2000
Total 1.000 0.0120 0.2433 0.0422 52.5360
Requirement [0.008, 0.012]] =0.22 <0.05
. Calcium Protein Fiber Unitcost Calcium Protein Fiber
Ingredient | Geo/ke) | (ko) | Gk | Ccentke | AU | oo | ek | ek [0 7RO
Limestone 0.380 0.000 0.000 10.0 0.028 0.0106 0.0000 0.0000 0.2800
Corn 0.001 0.090 0.020 30.5 0.648 0.0006 0.0583 0.0130 19.7640
Soybean meal 0.002 0.500 0.080 90.0 0.324 0.0006 0.1620 0.0259 29.1600
Total 1.000 0.0119 0.2203 0.0389 49.2040
Requirement [0.008, 0.012]] =0.22 <0.05
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