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A Minimum Expected Length Insertion Algorithm and
Grouping Local Search for the Heterogeneous Probabilistic
Traveling Salesman Problem

Seung Mo Kim - Ki-Seok Choi'

Department of Industrial and Management Engineering, Hankuk University of Foreign Studies

The Probabilistic Traveling Salesman Problem (PTSP) is an important topic in the study of traveling salesman problem and
stochastic routing problem. The goal of PTSP is to find a priori tour visiting all customers with a minimum expected length,
which simply skips customers not requiring a visit in the tour. There arc many existing researches for the homogeneous version
of the problem, where all customers have an identical visiting probability. Otherwise, the researches for the heterogeneous version
of the problem arc insufficient and most of them have focused on search base algorithms. In this paper, we propose a simple
construction algorithm to solve the heterogeneous PTSP. The Minimum Expected Length Insertion (MELI} algorithm is a con-
struction algorithm and consists of processes to decide a sequence of visiting customers by inserting the one, with the minimum
expected length between two customers already in the sequence. Compared with optimal solutions, the MELI algorithm generates
better solutions when the average probability is low and the customers have different visiting probabilities. We also suggest

a local search method which improves the initial solution generated by the MELI algorithm.

Keywords : Probabilistic Traveling Salesman Problem, Priori Tour, 2-p-opt, Local Search
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Type Probability
MELI MST Savings
02 2.90% 247% 3.54%
05 9.63% 9.07% | 17.75%
HOMO
0.8 1835% | 12.82% | 3631%
Avg. 10.29% 8.12% | 19.20%
1.50% 2.11% 2.44%
L[0, 02] 3.54% 5.31% 5.24%
4.48% 4.99% 7.14%
Avg.(M) 3.17% 4.14% 4.94%
625% | 1025% | 18.11%
M[0.3, 0.5] 9.66% | 13.12% 17%
HETERO S46% | 927% | 16.05%
Avg.(M) 702% | 10.88% | 17.05%
1180% | 13.16% | 2451%
H[0.6, 0.9] 1558% | 17.56% | 26.99%
15.15% | 1663% | 27.70%
Avg.(H) 14.18% | 1578% | 2640%
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A1} (n = 22, 48)

Data | Type | Probability MELI | Savings MST
0.2 338973 | 339363 | 33.5146
HOMO 0.5 63.8349 | 61.3922 59.171
0.8 93.079 | 84.3059 | 78.3047
Avg. | 19.5263 | 21.8403 | 223088
[0, 0.2} Worst| 21.7934 | 27.4169 | 26.5513
V=2 Best | 13.2101 17.81 17.5448
Avg. | 37.6761 | 400122 | 40.3353
HETERO|[0, 0.5]| Worst| 41.2371 | 439104 | 47.0593
Best 32.6‘191 369786 | 36.8442
Avg. | 59.5027 | 63.0501 62.4673
[0, 0.9] | Worst| 663606 | 83.7027 | 72.2417
Best | 44.8868 | 548067 | 55.3347
0.2 26261.52 | 237309 | 26838.13
HOMO 0.5 45662.01 | 41695.16 | 46929.1
0.8 61365.54 | 59086.19 | 48384.3
Avg. 1 15553.6 | 16061.92 | 16976.54
[0, 0.2} Worst| 16829.6 | 16841.88 | 19638.29
o= 48 Best | 131524 14134 | 14415.44
Avg. | 293119 | 29618.37 | 30646.79
HETERO|[0, 0.5]|Worst| 30277.8 | 30388.84 | 32594.44
Best | 27189.1 | 28177.65 | 29925.54
Avg. | 38295.8 | 40713.17 | 40019.95
[0, 097 Worst! 44712.8 | 45084.29 | 4245532
Best | 35748.4 | 37847.29 | 38894.14
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Type Probability VELI Improve
02 2.90% 2.91%
05 9.63% 9.72%

HOMO

038 1835% 3.84%
Avg. 10.29% 5.49%
1.50% 0.80%

L{0, 02] 3.54% 321%
4.48% 2.12%

Avg(L) 317% 2.04%
6.25% 3.93%

M[03, 6.5] 9.66% 4.47%
HETERO 5.46% 5.39%
Avg.M) 7.12% 4.60%
11.80% 6.91%

H[0.6, 0.9] 15.58% 3.25%
. 15.15% 461%
Avg.(H) 14.18% 4.92%
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MELI solution
Switch Several Node()
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procedure Switch Grouping Nodes()
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Compute AE,,,, according to cost function for grouping nodes

=123,...
i (Appn <0)

for(g

1

= switching nodes (g) with nodes {g+1)

$7

Sloor(ni2)
Switch Several Node()

end if

end for

G=

3-1

G=

if(5==0)

end-if

end-while

Switch Several Node()

end-procedure

i
r
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starting solution

procedure Switch Several Node()
X

)]

1.2
Compute AE, .,

If(AE,

sdyen ol

for (i

of
rvzel

X

w
g
=
B
Gl
BN
A

TR

w1 <0)

7= the tour obtained from T by switching node 1 (i) with node T(i+1)

end if
end for

end procedure
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<E 6> X¥EM7IY Y HZ(n = 10)
n=10
Type Probability MEL} MST Savings
9 ENS-GRASP
GLS 2-p~opt GLS 2-p-opt GLS 2-p-opt
0.2 0.23% 0.55% 1.36% 0.94% 1.21% 0.56% 0.18%
0.5 0.54% 0.98% 1.17% 1.11% 0.85% 0.97% 0.46%
HOMO
08 1.26% 0.82% 1.62% 147% 133% 1.02% 0.93%
Avg. 0.68% 0.78% 1.38% L17% 1.13% 0.85% 0.52%
L[o, 0.2] 0% 0.76% 0.85% 0.38% 0.97% 0.33% -
M[0, 0.5] 0.98% 2.11% 5.56% 5.39% 5.94% 436% -
HETERO
H6, 0.9] 0.46% 2.84% 9.34% 7.94% 7.01% 5.23% -
Avg. 0.48% 1.90% 5.25% 4.57% 4.64% 331% .
A FAVYPoRE B =59 A 32-dA A GLS o7 dHEgtEe] $Y& A9 ENS-GRASP ¢udgE

duelEH n4 PEEE] %?4_?’& PTSPl| A& AW
ENS-GRASP$} 2-p-opt KT Fei g5
<E 6> 1A 5 10Y a%i 1713112 MELI, MST, Sav-
ings Heuristic©2 E&% AHE B =FoA A3 GLS
G713 PTSPel ALHUY 2-p-opt AHE3e] 74A
3 AAE Yz vk 28 593 a4 HEgss
Zt= PTSPel A& ENS-GRASPSH: ZAS wli
Stk <X 6> YER $AE AR g dlolel 574
et A3ste HHsele] BE oA&S v|g)

o] -’475? sfetel A

A-&o] 71 ¥gkoyt MELI ¢
GLS H471H< 4

295 g3f0] ANF AR} Wi
H9E W 1 Aole DA < 0o 2HE v
MELI ¢t2)5el LS W471M S 488 497 2p-opt

SA7IHE AL AEY A HaeAsol F
%, ©E A5l MST, Savings Heuristicol = 2-p-
opt BA7HE HEE Aol B =HAM AUd GLS
FA7IEE 48 Avun HAseke] AT 234&o0]
Aty dE2xor a7 WESEC] F9¢ 4-F MELI

<E 7> NHEM7IE Zat Hl(n = 22, 48)

Data Probability MELI + GLS MELI + 20PT Savings + 20PT MST + 20PT
Avg. 16.6499 17.5056 17.1082 17.3137
{0, 0.2] Worst 18.5044 19.4237 19.4132 18.0375
Best 14.8788 15.1021 15.6001 16.1679
Avg. 311729 33.1762 324627 33.4611
n=22 [0, 0.05] Worst 33.6651 33.7914 34.7683 35.0769
Best 30.2231 32.5913 29.9059 31.2198
Avg. 39.8127 445595 42.2344 41.3022
[0, 8.9] Worst 41.0029 46.3422 43.6008 46.1271
Best 35.0924 40.3699 39.5775 35.7608
Avg, 13298.74 13909.27 13894.23 14236.43
[0, 6.2] Worst 13305.09 14122.25 14281.61 14766.23
Best 1314549 13389.06 13494.76 13560.59
Avg. 21582.91 23043.14 22931.03 23014.11
n =48 [0, 0.05] Worst 23206.45 24821.23 244722 23564.95
Best 20982.91 22472.85 21914.89 22690.28
Avg. 30642.04 31438.27 31945.78 32012.16
[0, 6.9 Worst 33038.88 34248.41 34499.29 36523.59
Best 29106.42 29806.27 30833.21 30034.81
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