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Economic Ordering Quantity models with Genetic clustering-
Multi-item and Multi-branch Inventory Management

Student: Tony Shyu Advisors: Dr. Lawrence W. Lan
Dr. Yu-Chiun Chiou

Institute of Traffic and Transportation
National Chiao Tung University

Abstract

In solving the single material and single firm inventory problem, many researches often
use the traditional economic ordering quantity (EOQ) models to compute the optimal solution.
In practice, however, many firms or industrials have its own branches, and also order many
materials. We can compute the ordering quantity and ordering rate of each branch for each
material individually by EOQ models. However, if we take jointly ordering for single material,
we can have the benefit of quality discounts. And that, if we store many materials at the same
time, we can develop the economies of scale 'of warehousing and distributing, so that we can
effectively decrease the inventory cost. In this paper, we propose multi-item and multi-branch
inventory models. The objective ‘of the model-isito find out the optimal ordering rate with the
minimum inventory cost and individual inventory alternative of each material.

Base on two aspects of ordering and warchousing, we propose four alternatives. They are
separated ordering and decentralized warehousing, separated ordering and centralized
warehousing, joint ordering and decentralized warehousing, joint ordering and centralized
warehousing alternative, and we use them to compute the ordering rate of materials and the
inventory cost. The result of tested example indicates that it is better adopting joint ordering
than separated ordering. And we also find out that centralized warehousing is better than
decentralized warehousing when the warehousing coefficient is less than 0.83.

Due to different price, volume, and total demand of materials, it doesn’t necessary to
unite the inventory alternative to any material or branch. Therefore, we integrate genetic
clustering algorithm and EOQ models. We use genetic clustering algorithm to cluster all the
materials, and find the best inventory alternative to each group. The result of case study (50
materials, 4 branches) indicates that adopting genetic clustering algorithm is better than

traditional clustering method or non-clustering.

Key words: EOQ models; joint ordering; centralized warehousing; genetic algorithm
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PRI

1 108 103 110 125
2 38 47 33 55
3 79 86 81 76
4 66 60 70 83
5 25 34 22 43
6 123 130 128 116
7 88 84 92 106
8 47 58 42 68
9 105 113 108 105
10 74 70 78 86
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PRI HIOE s ($) Frab s ()
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3 35,000 2.0
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5 400 98.0

6 1,200 120.0

7 2,500 1.2

8 900 1.5

9 48,000 12.0
10 600 2.8
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(1) B FEsifie F’j?g (HS IR

#3110 BT }‘%’“V%iﬁ‘:?ﬁéﬁi G a0

7 A B C D
Pl
1 5321 (0.26607) | 4,105 (0.25654) | 5,203 (0.26683) | 6,334 (0.28149)
2 189 (0.31496) 99 (0.39753) 122 (0.35796) 246 (0.30790)
3 11,770 (0.66123) | 8,780 (0.64559) | 10,122 (0.65304) | 13,218 (0.65304)
4 1,067 (0.53334) 788 (0.53334) 954 (0.52998) | 1,416 (0.52998)
5 1,150 (0.09582) 941 (0.11757) 962 (0.10341) | 1,619 (0.09814)
6 25,808 (0.56602) | 17,999 (0.64605) | 24,299 (0.59519) | 28,188 (0.52942)
7 10026 (0.61448) | 8405 (0.61311) | 9349 (0.61517) | 10999 (0.61951)
8 3,234 (0.89838) | 2,400 (1.00000) | 2,765 (0.98742) | 3,430 (0.87951)
9 20,758 (0.63872) | 17,999 (0.63156) | 19,023 (0.63411) | 23,578 (0.64596)
10 3,497 (0.63590) | 2,869 (0.71733) | 3,224 (0.67170) | 3,996 (0.59649)
# 3-12 PRl [ R R
RS A R f»%ﬁ($) : Ay A oy b

il 1,091,339 0.08%

A+ 9,319,119 0.69%

Fiel32 s A+ 4530,405,222 2.25%

[EE Y 1,312,886,800 96.98%

SRS 1,353,702,480 100.00%
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<2> T F r[ EQ%HI

F’j v (PRl s

£ 313 W TR AR ERTRE GERTRE)
1l A B C D
PRI
1 5,037 (0.25183) | 4,172 (0.26075) | 4,920 (0.25233) | 5,700 (0.25332)
2 151 (0.25183) 65 (0.26075) 86(0.25233) | 203 (0.25332)
3 4,483 (0.25183) | 3,546 (0.26075) | 3,911 (0.25233) | 5,016 (0.25332)
4 504 (0.25183) | 391(0.26075) |  454(0.25233) | 659 (0.25332)
5 3,022 (0.25183) | 2,086 (0.26075) | 2,347 (0.25233) | 4,180 (0.25332)
6 48 (0.25183) 37 (0.26075) 43 (0.25233) 56 (0.25332)
7 10,577 (0.25183) | 9,387 (0.26075) | 9,967 (0.25233) | 11,526 (0.25332)
8 907 (0.25183) | 626 (0.26075) | 707 (0.25233) | 988 (0.25332)
9 8,184 (0.25183) | 7,431 (0.26075) | 7,570 (0.25233) | 9,246 (0.25332)
10 1,385 (0.25183) | 1,043 (0.26075) | 1,211 (0.25233) | 1,697 (0.25332)

#3-14 BAGEEE LA R FHT

SE e EHE ($) Fﬁﬁﬁiﬁ‘?iflﬁ??—
?Eéﬁ*ii 1,571,678 0.11%
5 Ein 8,737,280 0.60%
ficly 255 % 31,555,875 2.16%
FE RS % 1,418,570,800 97.13%
RS A 1,460,435,633 100.00%
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(3) %’éﬁ??ﬁﬁﬁ@ﬁ fiH (%5‘/@}%@?'6)
*3-15 FaFEo e YA aE GEprgElopl)
53 2l
o A B C D
PORIEE
1 6,218 (0.31091) 4,975 (0.31091) 6,063 (0.31091) 6,995 (0.31091)
2 171 (0.28493) 71 (0.28493) 97 (0.28493) 228 (0.28493)
3 13,213 (0.74233) | 10,096 (0.74233) | 11,506 (0.74233) | 14,698 (0.74233)
4 1,220 (0.60999) 915 (0.60999) 1,098 (0.60999) 1,586 (0.60999)
5 810 (0.06751) 540 (0.06751) 628 (0.06751) 1,114 (0.06751)
6 64 (0.33892) 47 (0.33892) 58 (0.33892) 75 (0.33892)
7 27,416 (0.65275) | 23,499 (0.65275) | 25,784 (0.65275) | 29,700 (0.65275)
8 2,145 (0.59592) 1,430 (0.59592) 1,669 (0.59592) 2,324 (0.59592)
9 23,433 (0.72103) | 20,549 (0.72103) | 21,631 (0.72103) | 26,318 (0.72103)
10 2,250 (0.40902) 1,636 (0.40902) 1,963 (0.40902) 2,740 (0.40902)
# 3-16 T O] R 5 TR
Ry EFE(8) Ay A oy b

i S 345,166 0.03%

|T1 o 5 . 0

R 8,797,893 0.67%

[y 555 4 30,136,324 2.28%

FE RS % 1,281,866,200 97.03%

SRS A 1,321,145,583 100.00%
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(4) Tl

R GBI T2)

£ 317 T AT Y AT RE GERTIRE)
5 2l
) A B C D
PRI
1 5,885 (0.29423) | 4,708 (0.29423) |  5,737(0.29423) | 6,620 (0.29423)
2 177 (0.29423) 74 (0.29423) 100 (0.29423) 235 (0.29423)
3 5,237(0.29423) | 4,002 (0.29423) | 4,561 (0.29423) | 5,826 (0.29423)
4 588 (0.29423) 441 (0.29423) 530 (0.29423) 765 (0.29423)
5 3,531 (0.29423) | 2,354 (0.29423) | 2,736 (0.29423) | 4,855 (0.29423)
6 56 (0.29423) 41 (0.29423) 50 (0.29423) 65 (0.29423)
7 12,358 (0.29423) | 10,592 (0.29423) | 11,622 (0.29423) | 13,387 (0.29423)
8 1,059 (0.29423) 706 (0.29423) 824 (0.29423) | 1,147 (0.29423)
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10 1,618 (0.29423) | 1,177(0.29423) | 1,412 (0.29423) | 1,971 (0.29423)
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bﬁ»m' CPIRIFRIBE) . o)
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8000 0.31065 0.27595
9000 0.31078 0.28051
10000 0.31091 0.28493
11000 0.31104 0.28925
12000 0.31117 0.29345
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8000 289,411 8,756,516 | 30,157,158 | 1,281,874,300 1,321,077,385 -0.00516%
9000 317,714 8,777,599 30,146,384".| 1,281,870,200 1,321,111,897 -0.00255%
10000 345,166 8,797,893 30,136,324 | 1,281,866,200 1,321,145,583 0.00000%
11000 371,867 8,817,488 30,126,870 | 15281,862,500 1,321,178,725 0.00251%
12000 397,898 8,836,4641:730,117,946.1.71,281,858,600 1,321,210,908 0.00494%
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11 0.28908 |  0.27043
12| 026993 | 0.25737
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%gﬁ%ﬁﬁwl FESE | RSt | EeE | mpsE | s ;;iiﬁ
8 304,206 7,942,046 | 29,692,320 | 1,281,283,200 1,319,221,772 -0.1456%

9 324,972 8,391,055 | 29,921,480 | 1,281,575,200 1,320,212,707 -0.0706%

10 345,166 8,797,893 | 30,136,324 | 1,281,866,200 1,321,145,583 0.0000%

11 364,852 9,169,907 | 30,338,676 | 1,282,154,100 1,322,027,535 0.0668%

12 384,081 9,512,768 | 30,530,020 | 1,282,437,900 1,322,864,769 0.1301%
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PR
80 0.29347 0.27947
90 0.30221 0.28220
100 0.31091 0.28493
110 0.31957 0.28767
120 0.32820 0.29040
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?ﬁgiﬁvﬁ§. e P
80 363,280 | 8,432,495 | 24,241,110 | 1,282,084,000 | 1,315,120,894 -0.45602%
90 353,971 | 8,615,643 | 27,195,690 | 1,281,972,500 | 1,318,137,804 -0.22766%
100 345,166 | 8,797,893 | 30,136,324 | 1,281,866,200 | 1,321,145,583 0.00000%
110 336,842 | 8,979,291 | 33,063,648 | 1,281,765,100 | 1,324,144,881 0.22702%
120 328,967 | 9,159,870 | 35,978,284 | 1,281,668,600 | 1,327,135,721 0.45340%
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40 0.29373 0.29373
45 0.29398 0.29398
50 0.29423 0.29423
55 0.29448 0.29448
60 0.29473 0.29473

#3-28 T CIy VARSI ([T R4 )

PRCRIE | N Tet L o TN AR
S i 7 RS ﬁaﬁ‘ﬂt feb=y A FEEIY % & ETRY A 157

40 3,404,517 8,673,794 26,937,810 |/ 1,287,295,700 1,326,311,821 -0.03306%

45 3,401,609 8,680,467 27,164,400 1 1,287,284,600 1,326,531,076 -0.01653%

50 3,398,706 8,687,139 27,390,954 | 1,287,273,600 1,326,750,399 0.00000%

55 3,395,808 8,693,811 27,617,474 | 1,287,262,500 1,326,969,593 0.01652%

60 3,392,917 8,700,479 27,843,956 | 1,287,251,600 1,327,188,952 0.03305%
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i Rl S AT Rl ARl

PCEE! (CPoRIRSE) . o)
PR

2400 0.33013 0.29101

2700 0.31953 0.28765

3000 0.31091 0.28493

3300 0.30376 0.28269

3600 0.29773 0.28080
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2400 327,261 9,200,241 36,629,936 | 1,281,647,600 1,327,805,038 0.50407%
2700 336,885 8,978,324 | 33,048,044 | 1,281,765,600 1,324,128,853 0.22581%
3000 345,166 8,797,893 30,136,324 | 1,281,866,200 1,321,145,583 0.00000%
3300 352,367 8,648,141 2757205030 4+ 1,281,953,200 1,318,673,738 -0.18710%
3600 358,688 8,521,739 | 25,680,776+| 1,282,028,900 1,316,590,103 -0.34481%
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0.03 0.35937 0.34972
0.04 0.33329 0.31356
0.05 0.31091 0.28493
0.06 0.29149 0.26169
0.07 0.27449 0.24242
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£330 VR (5 A

%gﬁ%ﬁﬁwl FESE | RSt | EeE | mpsE | s ;;iiﬁ
0.03 311,601 | 10,332,475 | 29,689,910 | 1,259,703,700 1,300,037,686 -1.59770%

0.04 326,607 9,577,279 | 29,909,626 | 1,271,151,500 1,310,965,012 -0.77059%

0.05 345,166 8,797,893 | 30,136,324 | 1,281,866,200 1,321,145,583 0.00000%

0.06 363,603 8,178,248 | 30,343,264 | 1,291,832,100 1,330,717,215 0.72449%

0.07 381,906 7,667,052 | 30,534,172 | 1,301,271,800 1,339,854,930 1.41615%
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#3-33 FREERIL AR SHT (fRPILTED
FRCHEL (P ) (0 (2)
kaiten

08| 075052 |  0.46909
0.85 | 0.53436 |  0.38246
09| 031091 | 028493
0.95| 0.15752 |  0.19832

1| 007685 | 0.13473

A 334 T EOH VR T (A RRLETED)

P . e o o 5 (T 4 A
e FESE | ARESE | RSt | EESE f ET I
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0.8 172,143 3,658,569 | 27,737,462 | 1,279,851,500 1,311,419,674 -0.73617%

0.85 237,817 6,128,019 | 28,680,728 | 1,280,252,400 1,315,298,964 -0.44254%

0.9 345,166 8,797,893 | 30,136,324 | 1,281,866,200 1,321,145,583 0.00000%

0.95 513,802 | 11,149,035 | 32,028,296 | 1,284,972,500 1,328,663,633 0.56906%

1 772,364 | 13,276,904 | 34,162,504 | 1,289,217,400 1,337,429,172 1.23254%
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#3-35  FRAFIY SR AT (FEEPRLER)
l——gr\r, F (?Jﬂifﬁi%) (0 2)
0.8 0.27496 0.29434
0.85 0.29450 0.28626
0.9 0.31091 0.28493
0.95 0.30442 0.27713
1 0.22177 0.25771
#3-36 T CiSA VRV AT (PRl I )
%gﬂ%;ﬁﬁﬁ FEE | A RS | st i ';;iifﬁ
0.8 356,222 8,107,237 11,082,474 |/ 1,282,327,800 1,301,873,733 -1.45872%
0.85 346,083 8,494,124 18,155,488 1 1,282,064,500 1,309,060,195 -0.91477%
0.9 345,166 8,797,893 30,136,324 | 1,281,866,200 1,321,145,583 0.00000%
0.95 367,393 8,024,632 50,679,540 | 1,281,950,700 1,341,622,265 1.54992%
1 460,596 6,927,645 85,397,248 | 1,283,226,600 1,376,012,089 4.15295%
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i Rl S ST (RE SRR

BT i) | N
FpHTE

0.08 0.22591 0.21468

0.09 0.26671 0.24617

0.1 0.31091 0.28493

0.11 0.35673 0.33122

0.12 0.40228 0.38470
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0.08 409,330 6,591,632 31,062,858 | 1,328,154,800 1,366,218,620 3.41166%
0.09| 373400 | 7,661,925 | 30,575,370 | 1,306,380,500 | 1,344,991,195 1.80492%
0.1 345,166 8,797,893 30,136,324 | 1,281,866,200 1,321,145,583 0.00000%
0.11 322,728 9,954,418 2957505554 |+ 1,255,065,900 1,295,093,600 -1.97192%
0.12 305,109 11,079,670 | 29,419,418+ 1,226,542,200 1,267,346,397 -4.07216%
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