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Cost Relaxation Using an Arc Set Likely to Construct an Optimal
Solution for the Asymmetric Traveling Salesman Problem

Sangho Kwon* - Seonhwa Sagong - Maingkyu Kang**

®m Abstract m

The traveling salesman problem is to find tours through all cities at minimum cost : Simply visiting the cities only
once that a salesman wants to visit. As such, the traveling salesman problem is a NP-complete problem : an heuristic
algorithm is preferred to an exact algorithm. In this paper, we suggest an effective cost relaxation using a candidate
arc set which is obtained from a regression function for the traveling salesman probiem. The proposed method suffi-
ciently consider the characteristics of cost of arcs compared to existing methods that randomly choose the arcs for
relaxation. For test beds, we used 31 instances over 100 cities existing from TSPLIB and randomly generated 100 in-
stances from well-known instance generators. For almost every instances, the proposed method has found efficiently
better solutions than the existing method.
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B UEA (TSP : traveling salesman problem)
= A HAsE FAZA A0 U= nild
BE AHE 9ol oA g HATE WES o
2 ¥lE-E HAse Aoty &, 1ol =
PR, v=A12,-,n}, THH, E=1{( )
i#j, Vi, €V}, & (4,4)9 HE0] ¢, HE
A3 G(V, E) oA AZnAHS &8st nlle] &
E ZEE WMEA o ik WESIa A ZJuHe R
Eolo: #Ye4+3E (Hamiltonian cycle) 9
A HA v 89 qEY o2 E e TAOITHL
ABAYEAZ ZE 24 s jol HA ;= c¢;°l
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T8 thdl(polynomial) 3ol TAHA &%
ot mEkA FAs O ZI7HHA R wE Al Y9
AE Tote LHA A (heuristics)d 7 B
A7t o) FolH sttt

UuLFA 9 BHA Y-S ZA F =7/ (tour
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Step 1. Find an local solution, 7" by applying the
Kwon’s method to
ST
Step 2. Find an arc candidate set, £,
Step 3. Do the following until stopping condition 1s met
Step 3-1. Select randomly a% arcs from £,
Step 3-2. Reduce the cost of the selected arcs to 0
(C—C")
Step 3-3. Find a local solution, 7" by applying the
Kwon’s method to C"
Step 3-4. Find a local solution 7" by applying the
Kwon’s method to '
Step 3-5if 777" < .S then, S« T"
Step 4. End
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Excess={ (7 g3} -2 A &l))/ 2 2 3} x100(%)  (2)

TYA RS 36002 Agtete] Fo)X A7l 7|
A s 289 Y HrplgeEe 3§
o] A% ExcessE 7|F2o2 Y.

<E 1> AT (TSPLIB16]Y HjdlA )%
AEAD e e AAFo|tHEAMTA A= =
Ae A9 271] 22T ng Yuigd). olE
< ojn] HAH&7t dHA U= FAER 4 (2)
£ o83l ExcessE UEWTh A¥ZAsd A 9
[3]19] a2 0.324%%1 HHd A etsh= &Y #H

R SR EA NN FH Ao £ AFeAlel
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e sy 23

T Excess¥ 0.300%2 ERY, AStsls ol
NE el va) B AT PR ASS L 4
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SETE 24 JjAo} o] FAR X g, ol
AgA s ez o83 Kwon et alf12]9] #7]
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RS A& 4 JvH6, 9. 53] < 1>A] des4y,
dc8B AT o ZEER FEFRL AsAT
PR R 33 Rct wErse| LAY 7S wtEg
S AFSHH 7t FAHERE Ajbee SRS 2
A FP 4 o FL 8HE 22 7 Utk

<E 2>% <% 3> 474 FAT 29 A(TAA
271113DoA Aol et AFAHREA w5
H 10719 EAel HE ExcessE Ueldl Aol
oh AT 29 32 71EY AR 71 A] A A]

(B 1) ZHZ 10Mef d8izz

Excess over optimum(%)

TYAZHZ)

24
Kwon et al.[12] H 93] A Hsl Kwon et al.[12] H 93] A eks g
dcl12 0.036 0.009 0.009 1.18 12.40 10.68
dcl?26 0.050 0.028 0.004 .30 57.00 4531
dcl34 0.035 0.017 0.000 2.00 957 992
dcl76 0.068 0.023 0.023 2.64 46.04 21.76
del& 0.088 0.009 0.000 22508 234 81 268.12
dcH63 0.080 0.065 0.042 24.46 749.01 450 98
de849 0.016 0.002 0.002 24.13 3600.00 373.62
dc895 0.116 0.116 0.088 286.15 3600.00 3600.00
big702 0.000 0.000 0.000 3.34 297.61 90.79
atex600 3371 2.968 2.841 11861 151753 1402.86
Avg 0.380 0324 030 43.36 1012.40 62891
(B 2) =M 22 Aednt
Excess over AP bound(%) TAZHZE)
n .
Kwon et al[12] @ $)[3] Aotdiyl  Kwonet al[12] 3 (3] A ke
100 3.335 2.363 2.008 0.06 1.36 0.79
200 1.135 0611 0.453 0.19 8.68 512
300 1.318 0715 0.747 062 26.46 1695
400 0.896 0.615 0.564 1.20 64.27 38.00
500 0.837 0.459 0.410 2.01 123.69 66.93

Avg 1.504 0.553 0.852 0.81 4489 25.56
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0 TAZ ARt dHA JAA Lrh mEla A 9] Excesst 0.852%, AT 3ol4 & 9314 3
oAM= do HEEE Blwdlr] HstH, HlA ol Excesst 0.738%, A<t sl el Excess
AU FA e AR MATAY HAHNE s} = 0671% 2 AeksHe] o £L FE F3l= A
slo 2 3o F e ExcessE vlwdtgch (9) = ¢ F Utk
AEAe) AHHe VA BUEAL TL HF  <F 4>= EAZ ATSPLIBUGIY B3 2w
o] FALHI2D. <E 2>9 <FE 3> A Excess over AEADA gk dg Aol AdA7 RE F
AP bounde 3|7} v A EA o HAs AN E Ao A ALst= ol ZAY o 2 IE
AR HEE Vet A8 43 AT 204 A T} 53| 572 EANA HAHIPE =3
9[3]9] e Excess= 0.953%, A|¢rst= i W oh.
(B 3) SHIZ 32 edd@n
Excess over AP bound(%) A THFE)
n
Kwon et al.l12] & 9[3] Akl Kwon et al.[12] H 93] A Hs Y
100 2972 0.984 0.966 0.05 1.72 1.01
200 1.568 1.030 0.962 0.38 1357 8.89
300 1.322 0.828 0.661 1.14 44.34 30.76
400 0.731 0.414 0.349 2.13 111.14 66.32
500 0.584 0.436 0.416 3.30 213.65 119.81
Avg 1.435 0.738 0.671 1.40 76.88 45.36
(H 4) BH 4o AgEn}
2 Excess over optimum(%) T YA TH =)
- Kwon et al.[12] A 93] Ajetai Kwon et al.[12] A #[3] A Qtal
ch130 1.243 0.981 0.851 0.36 6.48 4.71
ch150 2.129 0.474 0.428 0.40 7.50 4.65
d198 1.248 0.564 0.437 14.76 169.46 186.12
d493 3.582 1.845 1.654 28.70 302.01 322.57
d6s57 2.541 2.289 2.163 51.78 800.20 563.03
eil]10] 0.635 0.158 0.000 0.06 1.37 0.812
gil262 2.018 1.640 0.798 1.87 32.6 241
linl05 (0.299 0.299 0.000 0.26 4.59 3.82
Iin318 3.200 2.472 1.708 7.26 113.01 110.67
pri07 0.729 0.198 0.189 1.25 8.50 9.28
pri24 1.057 (0.548 0.000 0.90 6.95 6.17
pri36 1.094 0.802 0.579 0.57 7.21 5.20
prid4 0.075 0.075 0.000 1.26 15.79 15.31
pr152 1.844 0.723 0.556 2.51 30.01 28.62
pr226 (0.800 0.452 0.452 5.90 65.65 57.09
pr264 2.039 1.009 0.444 36.48 280.2 324.01
pr299 3.158 1.384 0.865 3.56 67.54 47.04
pr439 . 5.586 2.519 1.011 25.09 643 85 751.14
uls9 1.269 0.000 0.000 (.48 9.17 6.00
us74 2.219 2.219 2.113 39.29 576.95 476.93
u724 2.548 2.548 2111 38.43 944 .32 641.59

Avg 1.872 1.105 0.779 12.44 194.93 170.90
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