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Abstract

In this paper we consider the problem of finding the triplet (S,T(',f), where SC€ V, w is a

sequence of nodes in .S and f: I\ .S— .9 for a given complete graph G =

there exist two costs, sz/;' and CUU for (u,v)e
15| »
ZC Y (i+1) +2 E Cuf(u)'

i=1 ue VNS

(V,E). In particular,

FE, and the cost of triplet (S,ﬂ',f) is defined as

This problem is motivated by the integrated routing of the vehicle

and drone for urban delivery services. Since a well-known NP-complete TSP (Traveling Salesman

Problem) is a special case of our problem, we cannot expect to have any polynomial-time algorithm

unless P=NP. Furthermore, for practical purposes, we may not rely on time-exhaustive enumeration

method such as branch-and-bound and branch-and-cut. This paper suggests the simple heuristic

which is motivated by the

neighborhood search heuristic for TSP.

MST (minimum spanning tree)-based approximation algorithm and

» Keyword : Vehicle and Drone, Heuristic, Traveling Salesman Problem, Minimum Spanning Tree,

Neighborhood Search
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[1l. The Proposed Heuristic
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Fig. 1. Flow chart for the proposed heuristic
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Table 1. A toy example
(5,2) | (6,3) | (6,-) | (7,4) (4,-)
(5,2) (4-) | 6,2 | (7,2) (8,2)
(6,3) | (4,-) 9.-) | (5,2) (7,4)
6,-) | (6,2 | (9,7) (8,1) (9,2)
(7.4) | (7,2) | (5,2) | (8,1) (6,-)
(4-) | 8,2 | (7.4) | (9,2) | (6,7)
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Table 2. lterations for the toy example in Table 1.
iteration 1 iteration 2
1 —5-4+8+2+2=3 —-5-4+8+2+2=3
2 —4-5+6+2+2=1 —4-5+6+2+2=1
3 —5-4+7+2+2=2 —5-4+7+2+2=2
4 —9-8+6+1+1=— -
5 —5-8+9+1+1=- —-5-6+7+1+1=-2
6 —4-9+6+2+2=-3 —4—B+T7+2+2=1
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V. Evaluations
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Table 3. Simulation Result
o Relative Error
2-0PT TSP Heuristic )
Reduction

#1 509.17 404.09 20.63
#2 509.97 411.29 19.35
#3 521.62 440.75 15.50
#4 519.57 406.86 21.69
#5 498.75 400.84 19.63
#6 548.46 468.27 14.62
#7 601.79 483.59 10.64
#8 522.88 417.91 20.07
#9 516.92 436.96 15.46
#10 571.05 493.55 13.57
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Table 4. Comparisons with lower bound
o Approximation
Lower Bound Heuristic .
Ratio
#1 212.18 404.09 1.90
#2 215.91 411.29 1.90
#3 223.63 440.75 1.97
#4 191.99 406.86 2.1
#5 227.7 400.84 1.76
#6 236.14 468.27 1.98
#7 245.92 483.59 1.96
#8 193.79 417.91 2.15
#9 227.34 436.96 1.92
#10 241.25 493.55 2.04
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