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M5 SANEREE

HE LA, E6GRENBE T, I FHBREDS 18
AR (A 1 ~8) , A& SCH B ACO M1 HACO B Rh BB
BHBATRRE. HKRGAMDP AR, HHBHT 7
WA 6 KB, SA BEHA,NBE 2 REKE; T
BX¥h 10 19 8 3048 (%38 9 ~ 16) , ACO #1 HACO i i B
BHAWBBRMME, KR DP B, B8 6 KEK®,
SAWHRWA BARMM. B, X FH 1 d@E,ACO F
HACO EF A BB .

BF 2,15 GRENBES W FOBERI S B
8 MR ($3E 17 ~24) ,HACO B /88| T 4 KB, T
ACO B (U8 %) 2 RE R, /B 5 (SA.GA 1 DP) 38t
BB ;0 T B EHH 10 8 8 B8 (3B 25 ~
32) ,HACO B kB8] T 5 KEMM, T ACO BHENABE 1 K
Bt HASHEERESIRMNM. AETR,E158
WA RBIE T HACO Bkl B R F HAME %,

mEITUES, 30 GRENBED, X THEKN
5 698 NI ($03E 33 ~40) ,HACO k783 T 6 WEiE
f,HLUCR ACO # GA BiRh B B: , B8 81 T | B, T
i3 2 75 15 B B AR A s X T B BE 3K 10 89 8 B (iR
41 ~48) ,HACO B85 T 4 IR, ACO fl CA HH:&
BRA2 KBRS MABEEYERER. AETR, %
0 KR AMBPFES HACO BENARBRAE, HKE
ACO 1 GA FFHE 3 .

Bt LA b 467 T LB Y, 7E 3K 48 % b R BOHE
SA.GA.DP fl ACO F 4 BB 8 T 2 K. 13 K.12 K H
22 WEBAAE, T HACO F MBI T 36 KBEM, KRR
HRBREEETHMTE. AR1EER3 FHEBRNT
DA, A SCHF4R 9 HACO J7 35 030 2 i e /N SR ¥ i 0
115 R R KPR, 3 B R B L R B T LR Y

x1 6AEENEHAYEABENITHER

iR M B3 B SA GA DP ACO HACO
1 5 106,419 107,249 106,419 106,419 106,419 106,419
2 104,834 105,710 104,834 104,834 104,834 104,834
3 104,320 104,800 104,320 104,320 104,320 104,320
4 106,339 106,515 106,515 106,509 106,399 106,339
5 105,628 106,282 105,628 105,628 105,628 105,628
6 103,985 103,985 103,985 103,985 103,985 103,985
7 106,439 106,447 106,439 106,447 106,439 106,439
8 103,771 103,771 103,771 103,771 103,771 103,771
9 10 214,313 215,200 214,313 214,313 214,313 214,313
10 212,134 214,713 212,134 212,134 212,134 212,134
11 207,987 208,351 207,987 207,987 207,987 207,987
12 212,530 213,331 212,741 212,741 212,530 212,530
13 210,906 213,812 210,944 211,022 210,906 210,906
14 209,932 211,213 210,000 209,932 209,932 209,932
15 214,252 215,630 215,452 214,252 214,252 214,252
16 212,588 214,513 212,588 212,588 212,588 212,588
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ATRANBEENHERAEAR REHR

B2 15/ &MAEAYNEENITNER

B B B 3 B SA GA DP ACO HACO
17 5 480,453 501,447 484,090 482,123 481,395 480,453
18 484 761 506,236 485,352 485,707 484,761 484 879
19 488,748 512,886 489,898 491,310 490. 899 490,398
20 484 446 504,956 484,625 486,851 485,561 484 446
21 487,722 509,636 489,885 491,178 489,012 489,206
22 486,685 508,215 488,640 489,847 487,417 486,965
23 486,853 508,848 489,378 489,155 486,853 486,853
24 491,016 512,320 500,779 493 577 493,963 491,016
25 10 980,351 1,017,741 987,887 983,070 982,208 980,351
26 978,271 1,016,567 980,638 983,826 981,802 980,197
27 978,027 1,021,075 985,886 988,635 978,027 984,065
28 974,694 1,007,713 976,025 976,456 978,987 975,854
29 979,196 1,010,822 982,778 982,893 980,611 979,196
30 971,548 1,007,210 973,912 974,436 973,508 971,548
31 980,752 1,013,315 982,872 982,790 985,659 980,752
32 985,707 1,019,092 987,789 988 584 987,986 985,707

®3 30 REENBEAY @K MG R

€] o Br g 37 SA CA DP ACO HACO
33 5 576,886 604,408 578,689 579,741 578,854 580,240
34 570,349 604,370 572,232 570,906 570,349 570,349
35 576,053 603,867 578,527 577,402 578,152 578,176
36 566,777 596,901 572,057 569,596 569,694 566,777
37 558,353 591,988 559,777 561,078 560,433 558,353
38 566,792 599,862 566,792 567,154 569,725 566,792
39 567,131 600,670 567,873 568,196 570,899 567,131
40 575,280 610,474 575,720 575,273 576,980 575,280
41 10 1,166,164 1,223,124 1,169,474 1,171,178 1,166,164 1,166,164
42 1,168,878 1,231,151 1,168,878 1,169,138 1,169,407 1,168,878
43 1,166,366 1,230,520 1,166,366 1,165,525 1,166,916 1,166,720
44 1,148,202 1,200,613 1,154,192 1,152,684 1,190,140 1,148,202
45 1,128,855 1,210,892 1,133,561 1,128,136 1,128,855 1,133,664
46 1,141,344 1,221,356 1,145,000 1,143,824 1,153,982 1,149,040
47 1,140,773 1,212,273 1,145,927 1,142,494 1,152,805 1,140,773
48 1,166,157 1,231,408 1,168,657 1,167,163 1,172,787 1,166,157
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Dynamic Facility Layout Problem Systems Based on Hybrid Ant
Colony Optimization Algorithm

LI Hui', HUANG Guo-wen®, QI Er-shi’
(1. The college of management and economics, Tianjin University, Tianjin, 300072 ;
2. The college of management and economics, Tianjin University, Tianjin, 300072;

3. The college of management and economics, Tianjin University, Tianjin, 300072)

Abstract; Facility layout studies mainly address problems related to manufacturing facility layout in order to reduce the material
handling costs in the plant. An effective facility layout method can improve the overall operational efficiency during the manufacturing
process. With the increasingly fierce competition in the market, manufacturing enterprises must continuously redesign their facility
layout in order to adapt to the changing production demand and reduce the cost. The Dynamic facility layout problem (DFLP) could be
an effective solution to solve these layout problems.

The total cost of DFLP is comprised of the total material handling cost between facilities and the redesign cost of manufacturing
systems during each time. Therefore, the objective function of DFLP is usually defined as the minimization of the sum of the total
material handling cost between facilities and the redesign cost of manufacturing system during each time. This paper considers the
impact of financial budget on DFLP. In some stages, due to the constraints of financial budget redesigning cannot be actually
implemented even if it is beneficial to the manufacturing system.

This paper proposes an improved hybrid ant colony optimization ( HACO) model to solve DFLP with budget constraints. Ant
colony optimization algorithm (ACO) is a new kind of heuristic algorithms developed in the past few years. In recent years, ACO is
used to solve a series of NP-hard problems such as processing plant schedule problem, graph coloring problem, quadratic assignment
problem, and vehicle routing problem. The fundamental idea of ACO is based on the behavior of natural ants that succeed in finding the
shortest path from their nest to food sources via pheromone trails. The core content of ACO consists of the following three parts:
selection, update and coordination mechanisms. Selection mechanism is that the more the pheromone on one path, the more probable
the path will be selected. Update mechanism is that the pheromone concentration on one path will increase along with the increasing
number of the ants passing through. The pheromone may also evaporate gradually at the same time. Coordination mechanism is that the
ants exchange information by means of pheromone and influence each other.

On the basis of ACO, this paper used the simulated annealing ( AS) to generate the Hybrid Ant Colony Optimization Algorithm
(HACO), and improve the performance of the original ACO. We used 48 problems obtained from Balakrishnan and Cheng to test the
efficiency of ACO and HACO proposed. The two algorithms were compared with other typical heuristic algorithms including simulated
annealing (SA) proposed by Baykosaglu and Gindy, genetic algorithm ( GA) by Balakrishnan, and dynamic programming ( DP) by
Erel.

SA, GA, DP and ACO algorithms helped locate 2, 12, 13 and 22 optimal solutions respectively based on 48 sets of facility
layout. In contrast, HACO obtained 36 optimal solutions. The HACO algorithm proposed by this paper can show good performance for
both small and large-scale facility layout problems. There exists a great gap between HACO and the other algorithms in solving large
scale facility layout problems. Therefore, HACQO is an effective method to solve dynamic facility layout problems with budget
constraints.

Key words: dynamic facility layout problem; Hybrid ant colony algorithm; budget constraint
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