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Algorithm for the ATM Switching Node Location Problem*®
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—& Abstract ®

We consider the development of an integer programming model and algorithm for the ATM switching node
location problem. There are two kinds of facilities, hub facilities and remote facilities, with different capacities
and installation costs. Each customer needs to be connected to one or more hub facilities via remote facilities,
where the hub(remote) facilities need to be installed at the same candidate installation site of hub(remote)
facility. We are given a set of customers with each demand requirements, a set of candidate instaliation sites of
facilities, and connection costs between facilities. We need to determine the locations to place facilities, the
number of facilities for each selected location, the set of customers who are connected to each installed hub
facilities via installed remote facilities with minimum costs, while satisfying demand requirements of each
customer.

We formulate this problem as a general Integer programming problem and solve it to optimality. In this
paper, we develop a branch-and-cut algorithm with path variables. In the algorithm, we consider the integer
knapsack polytope and derive valid inegualities.

Computational experiments show that the algorithm works well in the real world situation. The results of this
research can be used to develop optimization algorithms to solve capacitated facility location problems.
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Gap3 52 o HollA Ayd 45 7EEeH, node 78 YERNY, Time €& 258 58
#Node €2 enumeration treedllr AAE i b b 4 3 AA7e FEA(2)E Vel
(E 2> Computational Results of Branch-and-Cut Algorithm

Data scur| sp | G0 | Gapl | Gap | Gap3 #Node Time(sec)
Set (%) | (%) | (%) | (%) | CPLEXO | CPLEX1| B&C | CPLEXO| CPLEXI | B&C
Avg | 197 113] 082] 041 026| 006| 4827 | 1814 36 2.03 1.04 242
0 | Max | 380| 280| 178| 099 09| 063| 30030 | 13810 100 984 566 500
Min | 100 40| 036] 000| 000| 000 170 220 00 0.4 0.44 110
Avg | 333} 1921 052 020] 015| 005] 107605 | 2116 49 5204 137] 143
21 | Max | 670| 680| 079| 051| 049! 0411438740 | 7150 320 69859 3511 368l
Min | 180| 100 021| 000| 000| 000 450 &30 00 055 077| 648
Avg | 643] 572] 032] 010] 008] 036] 59139 | 18575 23 3305 1148 7983
[3] | Max | 3690|4910 047| 029| 028| 425| 57,8570 | 244580 | 2320 31906| 14650 | 66021
Min | 160 70| 018 000| 000| 000| 1200 | 1140 00 099 110] 1000
Avg | 29| 135] 126| 076 04| 066| 3478 | 1990 52 194 147 1%
[4] | Max | 470| 220| 284 193] 122| 333! L1210 | 5270 100 554 324 286
Min | 160 60| 067 000] 000| 0.00 370 700 20 055 0582 1.09
Avg | 502| 367| 078 038] 026] 148] 32004 | 3655 156 2356 298| 1361
(5] | Max | 1740|2310[ 140| 109| 079| 1178| 131500 | 7590 | 1220 8959 55| 7377
Min | 190| 90| 037{ 003| 000| 000! 1370 680 00 171 099 297
Avg | 85| W1 059] 031| 023| 08| 61097 | 6322 60.9 6300 650| 10520
[6] | Max | 5460|7630 088| 053] 041| 994| 478010 | 34210 | 6060 | @ 62736, D 3076| 941.26
Min | 210| 120| 040| 000| 000| 000] 3040 %00 20 202 131 1006
Avg | 886! 68| 059| 033] 02| 035] 13829 | 41678 29.1 15063 4R97| 10282
[7) | Max | 18101980 | 1.16| LI10| 043| 252| 891380 | 303040 | 1000 | 100349| 36160 | D27176
Min | 200| 110] 033| 000| 000 000] 2230 91.0 00 2.6 170 1730
Avg | 97| 247| 3621 294| 225] 030| 27498 | 11346 155 2523 1290 38
[8] | Max | 460| 740| 689 58| 443| 362| 76690 | 51190 62.0 6844 5465 1084
Min | 190| 110| 225| 140] 09| 000 3120 | 1280 60 3.30 193 174
Avg | 468| 409| 19| 146] 112| 016| 87513 | 2682 27 12457 267 1042
[9] | Max | 950|1490| 260 206| 176] 071| 386000 | 64960 | 1000 | D 54541 %®52| 319
Min | 200| 140| 120| 074] 048] 000 8650 | 2340 80 11.97 445|337
Avg | #83| 508| 130 094! 069] 0%M] 233233 | 98032 786 99| 47182 7516
(0] | Max |541.0[2120| 191| 153] 129] 901| 759130 | 391540 | 7840 5354434 | @3503.56 | 1724.97
Min | 300| 200| 101| 054| 042 000| 21610 | 5640 80 36.42 1274, 1004
Avg | 1213]1346| 091| 066| 044| 065 208728 | 93416 848 8I387|  59740| 13529
(1] | Max |547.0 1 7110| 124] 099| 071| 277| 478600 | 363010 | 4960 |@353250 | G078275 | 92186
Min | 330| 150] 054| 012| 002 000| 41550 | 4130 6.0 %% 1041 1305
[12] 600]. 200| 564| 488( 057| 1218] 20400 | 18RO 80 1148 10.11 654
[13] 102012570| 940| 88| 281| 1407| 16150 | 14190 | 1820 972 945| 3800
(circle : the number of unsolved problems within 3 hours)
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