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A Branch-and-price Algorithm for the Minimum ADM Problem
on WDM Ring Networks

Jibok Chung*

| Abstract m——

In this study, we consider the minimum ADM problem which is the fundamental problem for the cost-effective design
of SONET ADM embedded in WOM ring networks. To minimize the number of SONET ADMs, efficient algorithms for
the routing and wavelength assignment are needed. We propose a mathematical model based on the graph theory
for the problem and propose a branch-and-price approach to solve the suggested model effectively within reasonable
time. By exploiting the mathematical structure of ring networks, we developed polynomial time algorithms for column
generation subroutine at branch-and-bound tree. In a computer simulation study, the suggested approach can find
the optimal solution for sufficient size networks and shows better performance than the greedy heuristic method.

Keyword : Integer Programming, Routing and Wavelength Assignment, Minimum ADM Problem
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(& 2) MEZINR=10)

NR ND AD LP OPT | # of col |# of B&P| Heuri | Time GAP1 GAP2
10 15 273 19.00 20 21 19 20 0 526% 0.00%
10 15 307 1850 19 5 1 21 0 2.70% 1053%
10 15 2.817 19.00 19 19 0 20 0 0.00% 5.26%
10 15 2.80 18.00 19 17 3 24 0 5.56% 26.32%
10 15 267 1820 19 24 1 23 0 440% 21.05%
10 15 3.07 19.00 19 21 1 24 0 0.00% 26.32%
10 15 293 18.00 18 22 1 22 0 0.00% 22.22%
10 15 2.67 1767 18 22 1 20 0 1.89% 11.11%
10 15 313 1860 19 24 7 22 0 215% 15779%
10 15 253 17.43 19 30 17 20 0 9.02% 5.26%
10 20 245 21.57 23 67 31 21 1 6.62% 17.39%
10 20 310 2600 26 53 26 30 1 0.00% 15.38%
10 20 255 2225 23 40 4 28 0 3.37% 21.74%
10 20 290 22'15 24 30 15 30 0 549% 25.00%
10 20 270 22.00 23 76 3H 27 0 4.55% 17.39%
10 20 2.8 21.50 22 63 37 30 0 2.33% 36.36%
10 20 2.8 23.00 24 48 15 28 1 4.35% 16.67%
10 20 2.8 2213 23 37 3 28 0 3.95% 21.74%
10 20 300 2250 23 4 10 26 0 2.22% 13.04%
10 20 2.60 22.00 23 41 19 28 0 455% 21.74%
10 30 2.73 30.00 32 117 45 40 3 6.67% 25.00%
10 30 277 30.75 33 670 2991 41 147 71.32% 24.24%
10 30 2.87 30.00 31 117 37 42 0 3.33% 3548%
10 30 293 3250 33 64 4 39 0 1.54% 18.18%
10 30 273 30.00 31 150 149 39 1 3.33% 25.81%
10 30 280 30.10 32 324 325 43 3 6.31% 34.38%
10 30 290 30.50 32 77 29 43 3 492% 34.38%
10 30 2.67 30.00 32 249 285 40 2 6.67% 25.00%
10 30 287 3050 32 146 141 39 1 492% 21.88%
10 30 2.7 30.50 32 200 165 36 3 492% 1250%
B 946 1475 3.9% 20.2%
#)NR: 9 *E & ND: 948 A%, AD: 2 Fage B Ao, LP: A52de 43s RMP)S) H43),
OPT: EAH/IMes 13 445, Heuri: greedy TrE]*E‘Oi e gk, # of col: BEAF}HA A4
9 AY £ # of B&P: BAHAA AHE FARE F Time: AA AT L8, GAPL=

(OPT-LP)/LP+100, GAP2 = (Heuri-OPT)/OPT*100.
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(E 3y MEZENR=15)

e | x| ap | e {oer | F C‘c’j P | Hem | Time | GAPL | GAP2
15 30 | 370 | 3250 34 111 11 39 1 462% 1471%
15 0 | 450 | 348 % 51 1 ) 0 052% 20.00%
15 30 | 477 | 3650 37 61 1 4 0 1.37% 1892%
15 0 | 407 | 347 36 110 51 40 0 360% 11.11%
15 0 | 397 | 3443 % 1 57 4 0 456% 22.22%
15 0 | 447 | 300 3 5 0 85 0 0.00% 21.62%
15 0 | 387 | UB 36 168 199 42 10 3.60% 1667%
15 30 | 310 | 3440 3% 149 % ! 0 1.74% 25.71%
15 PH | 33 | U % % 5 g3 0 145% 11.43%
15 0 | 343 | 37 34 101 9 4 0 0.85% 2059%
15 5 | 37 | 5289 53 1% 4 63 2 0.21% 28.30%
15 5 | 38 | 5L00 52 31 57 69 15 196% 3269%
15 5 | 478 | 5250 54 231 125 72 2 2.86% 33.33%
15 50 | 378 | 5.2 53 2119 | 5000° 67 127 3.37% 26.42%
15 5 | 420 | 533 54 B4 | o9m 7 g4 1.25% 33.33%
15 50 | 454 | 5167 54 189 127 72 2 452% 33.33%
15 50 | 394 | 5L62 54 1679 | 5000° 71 138 461% 31.48%
15 5 | 368 | 523 53 136 3 63 0 1.27% 28.30%
15 5 | 37 | 509 54 %06 | 5000° 67 177 5.91% 24.07%
15 50 | 360 | 5.2 53 5% | 5000 68 148 352% 28.30%
15 0 | 3% | 7000 73 2320 | 5000° ) 335 429% 26.03%
15 70 | 38 | 7000 5 3787 | 50007 Y| 140 | 714% 25.33%
15 0 | 42 | 7000 74 1988 | 5000° 97 163 5.71% 31.08%
15 0 | 3% | 7000 5 U445 | 50007 92 177 7.14% 22.67%
15 70 | 413 | 7013 73 250 | 5000° 97 184 410% 32.88%
15 0 | 417 | 7000 73 1723 | 5000° 9% 160 429% 34.25%
15 0 | 400 | 7000 72 2413 | 5000 101 689 2.86% 40.28%
15 70 | 374 | 7000 5 %04 | 5000° %3 20 7.14% 24.00%
15 0 | 3% | 7000 74 2143 5000" 9% 253 5.71% 32.43%
15 0 | 3% | 7000 73 2511 | 50007 92 195 4.29% 26,03%
B3 1237 2422 1492 | 35% %5.9%

#)NR:9 =5 %, ND:g%8 A%, AD: % Fe4e B2 Jor2, LP: A520¢ 4348 RMP)9 HA 4,
OPT: BXW7E o T8 453, Heuri:greedy FHLELE T g, # of col: £XB73H) B4
gAY 5 # of B&P: BAR A HAY EAxE F, Time: 44 duelE 28413, GAP1=(OPT-LP)
/LP'100, GAP2 = (Heuri-OPT)/OPT 100, 5000° : ¥4 %7} mE=4E 500042 Add 27
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(E 4 MEZIHNR=20)

NR ND AD LP OPT | #of col {# of B&P| Heuri | Time | GAPl GAP2
20 60 452 | 6380 67 2162 5000" 82 470 5.02% 22.39%
2 60 533 | 6467 65 987 1846 84 225 0.52% 29.23%
2 60 58 | 6850 70 1721 5000° & 101 2.19% 21.43%
20 60 547 | 6607 67 779 1907 84 36 1.41% 25.37%
20 60 532 65.28 66 379 124 80 5 1.10% 21.21%
20 60 53 | 6636 67 303 yis 93 0.96% 3881%
20 60 560 | 6550 66 144 2 8 5 0.76% 28.79%
20 60 520 | 6728 69 1826 5000" 79 131 2.56% 14.49%
20 60 517 | 64R 66 2530 5000° 85 17 167% 28.79%
2 60 528 | 6650 70 15% 5000" %6 136 5.26% 22.86%
20 100 526 | 10000 106 2566 5000° 140 669 5.00% 33.33%
20 100 513 | 10000 | 106 3369 5000° 141 575 6.00% 33.02%
20 100 559 | 100.00 106 2793 5000" 144 320 6.00% 35.85%
2 100 551 | 10069 | 105 2823 5000" 137 Bl 428% 30.48%
20 100 544 | 10000 106 3079 5000° 133 B0 6.00% 30.19%
20 100 560 | 10050 106 3258 5000° 1% 349 547% 27.36%
20 100 524 | 10000 | 106 2637 5000" 138 644 6.00% 3019%
20 100 514 | 10000 106 3584 5000° 133 429 6.00% 30.19%
20 100 536 | 10078 106 3005 5000" 141 419 419% 34.29%
20 100 546 | 10000 | 106 3228 5000" 146 401 6.00% 37.74%
20 120 530 | 12000 | 129 347 5000° 170 1256 750% 31.78%
20 120 514 | 12000 125 4500 5000 161 640 417% 28.80%
20 120 568 | 12000 | 128 3677 5000" 165 456 6.67% 28.91%
20 120 545 | 12000 | 1% 3540 5000" 167 550 5.00% 30.54%
20 120 538 | 12000 | 127 3842 5000" 161 576 5.83% 26.77%
20 120 53 | 12000 | 124 4353 5000" 170 625 3.33% 37.10%
20 120 547 | 12000 | 125 3045 5000" 163 597 417% 34.40%
20 120 510 | 12000 | 125 4052 5000" 165 683 417% 32.00%
20 120 536 | 12000 | 123 3967 5000° 162 622 2.50% 31.71%
20 120 543 | 12000 136 3357 5000° 168 412 13.33% 23.53%
gt 2719 4298 4065 44% 295%
)NR:® = & ND: 358 /1%, AD: 2t 049 3T HuAT, LP: AF21E 483 RMP)9) 44,
OPT: wAg/Hgoz L HAASH, Heuri:greedy F2EoZ T8 g, # of col: BARHAS B4

g 38 5

# of B&P.—‘EX]JW}J}%oﬂ ARE
/LP*100, GAP2 = (Heuri~OPT)/OPT"100, 5000" :

BALE F, Tlme A IS
—,—X]Ji7]- g

E_m 7y, GAPI = (OPT-LP)
2 5000702 A e AFH.
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5. 4% 9 7lday}

SONET #H|9t WDM Anrj7} E4d F& b
S-aNH o FE37] $8iE SONET ADM
NFE A28 e ZA(YY ADM FHA3) #4))
g §248 gasd

B =RiME ADM H43 FAld g 52
A 283 Ay AAEH Adsts A B
Fe g A ¥ 7128 T2 glen B =%
dMe thEazke 4 A4 el ERHQ
BAR/PES AN Bagd 2719 310,
15, 2002 ooz g MY A Agste B
g3} ggo] Hu) 4% ool HAHE & + 3
Aon greedy Fel28d vud v i 20%~
9%AE 3o Fho] $458 AT & U
B =RdAs ADMY A2 E%E 133 gl
gt} % o) W Y9 AW duIF
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