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[Abstract]

The traveling salesman problem(TSP) is one of the well known combinatorial optimization problems.
Local search has been used as a method to solve TSP. Greedy Random Insertion(GRI) is known as an
effective neighbor generation method for local search. GRI selects some cities from the current solution
randomly and inserts them one by one into the best position of the current partial solution considering
only one city at a time. We first propose another greedy neighbor generation method which is named
Full Greedy Insertion(FGI). FGI determines insertion location one by one like GRI, but considers all
remaining cities at once. And then we propose a method to combine GRI with FGI, in which GRI or
FGI is randomly selected and executed at each iteration in simulated annealing. According to the
experimental results, FGI alone does not necessarily perform very well. However, we confirmed that the

combined method outperforms the existing local search methods including GRI.
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I. Introduction
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II. Related Works

1. Local Search and Simulated Annealing
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© Algorithm SimulatedAnnealing
: current <— Make an initial solution
© T < Tstart
© while stopping criterion is not satisfied do
next < Generate a neighbor solution
AEFE < ObjValue(next) - ObjValue(current)
if AE < 0 then

current < next
else

current < next only with probability e BT

—_ =
SO0 ®NO WA W e

T < Update temperature
12: if 7 < Tmin then 7 = Tmin
13 return current

Fig. 1. Basic Simulated Annealing Algorithm
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2. Greedy Neighbor Generation
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1: Algorithm GreedyRandomlInsertion(current)
2: next < current
3! s_indexes < Select k random positions
(1<k<total_city_count)
4: s_cities < Get cities in next[J] for I/ in s_indexes
5! g_cities <= Shuffle the cities in s_cities
6: next < Make subtour by removing cities in
s_cities from next
7: for city in s_cities
8: edge < Find an edge in next such that the
increased length by inserting city
between the edge's cities is minimal
9: next < Insert city to edge in next
10: return next

Fig. 2. Greedy Random Insertion (GRI) Algorithm
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III. Combined Greedy Neighbor
Generation Method
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1. Full Greedy Insertion(FGI)
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: Algorithm FullGreedylnsertion(current)

© next < current

: s_indexes < Select k random positions (1<k<m)
. s_cities < Get cities in next[/] for i in s_indexes

gl W N

© next < Make subtour by removing cities in
s_cities from next

[op]

: while s_cities is not empty

7: city, edge < Find a city in s_cities and an
edge in next such that the increased
length by inserting the city between the
edge's cities is minimal

8: next < Insert city to edge in next

9: remove city from s_cities

10: return next

Fig. 3. Full Greedy Insertion (FGI) Algorithm
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Fig. 4. An Example of GRI and FGI
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2. Combined Method(CombGRI&FGI)
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: Algorithm CombGRI&FGI(current)
: method = randint(0, 1)
: if method = 0
next < GreedyRandomlInsertion(current)
else
next < FullGreedylnsertion(current)
: return next

Fig. 5. CombGRI&FGI Algorithm
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IV. Experimental Results

1. Experimental Environment
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Table 1. Experimental Data

Data # of Cities Optimal
brazil58.tsp 58 25395
eil76.tsp 76 538
rat99.tsp 99 1211
pr136.tsp 136 96772
kroA150.tsp 150 26524
u159.tsp 159 42080
kroB200.tsp 200 29437
pr264.tsp 264 49135
pr299.tsp 299 48191
lin318.tsp 318 42029
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Table 2. Parameter Settings for SA

Neighboring Method Tstart a

Full Greedy Insertion(FGI) 1000 0.999999

Combined Method(CombGRI&FGI) 1000 0.99999
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3. Comparison with Other Methods

Table 32 £3l CombGRI&FGI7} FGIETH &43HS
SRISHAITE, CombGRI&FGIS] -4/d2 &Ish7] sl
A 71 G791 GRI ol 25 A WY 3t vlmstol 5
@x02 nof Bas} gk Table 4 2 A0 A
Algt FGI®} CombGRI&FCGIE GRI £ 7]&9] Ao &AR
719F A-+=21 [6], [8], [9]et vluwet Axfolot, 7F A4l A
EE 7Hg £2 Gll(Best)t Btak(Average)S 7]&s)
¥t &, FGI= Tstart’t 1000, o7F 0.999999, mo] 50
2 ©io AuE mASHY oW, CombGRI&FGI] 7
Tstart} 1000, o7} 0.99999, mo] 10¥ TjQ] ZAuts &
/\]6}0112} 712 9191 GRI, RNN-SA, HVNS9] A& A

LB Ao} SUT B BT J1E AT (612
AUBICE 7} ol 2 Beste} BRLS § Leidl &)
Aghe Tieh BEAR BAISI, olej] g S 2
%}\ ] E‘HOHHL mﬂ—7}AH ELI: o]EHEL]z]i _-H_-/\] }Oﬂq
Table 49] w740 215tH CombGRI&FGIQ] 7%
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Table 3. Experimental Results for FGI and CombGRI&FGI

FGI (Tstart=1000, o=0.999999) CombGRI&FGI (Tstart=1000, «v=0.99999)
Data m
. 3 10 30 n-1 3 10 30 50
Optimal
brazil58.tsp 25395 26445.0 25476.8 25395.0 25395.0, 25395.0 25395.0 25395.0 25395.0
eil76.tsp 538 560.8 540.2 538.0 546.0 538.0 538.0 538.0 540.6
rat99.tsp 1211 1318.4 1308.0 1215.0 1214.0 1211.0 1211.0 1211.0 12114
pri136.tsp 96772 114377.4| 108517.8] 101769.2 96803.2 96772.0 96772.0 96772.0 96772.0
kroA150.tsp 26524 30604.8 29104.6 27854.8 26678.4 26524.0 26524.2 26524.0 265240
u159.tsp 42080 51680.2 50227.8 447570 42080.0 42080.0 42080.0 42080.0 42080.0
kroB200.tsp 29437 35322.8 34201.2 322722 29914.2 29447 A 29441.8 29441.8 29489 .4
pr264.tsp 49135 82508.4 69702.6 64040.2 49196.0 49135.0 49135.0 49138.2 492720
pr299.tsp 48191 62763.4 60636.0 57369.4 48878.0 48366.8 48296.4 48420.0 48515.2
lin318.tsp 42029 57762.0 53771.8 50334.6 43502.8 42429 .2 42365.2 42587.0 42846.8
Average 36131.2 46334.3 43348.7 40554.5 36420.8 36189.8 36175.9, 36210.7 36264.6
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Table 4. Comparison of FGI and CombGRI&FGI with Other Algorithms

GRI(2022) RNN-SA(2021) HVNS(2018)
Data Optimal CombGRI&FGI FGI 6] (8] [9]

Best Average Best Average Best Average Best Average Best Average

brazil58.tsp 25395( 25395.0| 25395.0f 25395.0| 25395.0| 25395.0| 25395.0| 25395.0| 25440.4| 25425.0f 25592.7
eil76.tsp 538 538.0 538.0 544.0 546.0 538.0 538.0 544 .4 5492 545.4 552.6
rat99.tsp 1211 1211.00 1211.00 12120 12140, 1211.0f 1211.0] 12192 12293 12404 12413
pr136.tsp 96772|| 96772.0| 96772.0) 96772.0| 96803.2| 96772.0| 96772.0| 96922.4| 100335.2| 97979.1| 97985.8
kroA150.tsp 26524( 26524.0| 26524.2) 26600.0| 26678.4| 26524.0| 26524.4| 26821.8| 27008.2| 26943.3| 26947.2
ul159.tsp 42080 42080.0| 42080.0/ 42080.0f 42080.0/ 42080.0/ 42080.0| 42162.8| 42547.7| 42436.2| 42467.6
kroB200.tsp 29437|| 29439.0| 29441.8) 29732.0| 29914.2| 29438.0, 29451.2| 29825.2| 30033.0f 30447.3| 30453.2
pr264.tsp 49135 49135.0] 49135.0f 49155.0f 49196.0) 49135.0) 49144.0| 49197.3] 49375.8| 51155.4| 51197.1
pr299.tsp 48191| 48220.0, 48296.4) 48480.0) 48878.0| 48331.0| 48405.2| 48811.5| 49003.9| 50271.7| 50373.1
lin318.tsp 42029 42167.0) 42365.2) A3174.0) 43502.8| 42443.0| 42526.0| 42862.5| 43041.1| 43924.1| 43964.9
Average 36131.2|| 36148.1) 36175.9] 36314.4| 36420.8| 36186.7| 36204.7| 36376.2| 36856.4| 37036.8| 37077.6

M Holel F 67lolN iRl AEzEe £EE 4 AT ol%sl Y WEES N2 AUk were the rhrd
UHA] 4710 M= T 7IHE8 0 ot ZutE Bty & itk g9 948t o]kl AV Wi Zigat A olx
Best Z1}2 u]ws] ¥R CombCRI&FG: 77 EﬂOlEMl S AW WSS Agets Wl TN E 37t ArE
A IAZ] FAZEE AR 270 ElolEolA thE 718 o8 B ot Qlot ®et 2 =wollA AAlSE ol x5l A4

ot St AnE B0 ORE kroB200.tsp 511015101] EH
ATt GRIZ} CombGRI&FGIO] vls} LATH Alo]2 4~
3t Lo uislslolig], o] u|23t AZxog B 2 9]

o} AA| "o 9stH CombGRI&FGIZF 36175.92 o

Y 245ke shojsr 4 Qlrt

3&‘ able 40| FCGIE T2 7]Hat B]wsl| 2 Best
ZF 2o 9lojx] RNN-SAL} HUNSEC} 946}

7(]1:‘1_}‘ GRIED}L A—]‘—o] nﬂo.]xlo 01- _/'\_ o]q 131]_‘}
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V. Conclusions and Future Works
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ofo] ZIgiet A3S E3) GRIZ vlEa 71E0) Al gl
gsET 94e Ailg &
£ = Ro|A o 2f A

. O O O
Sk b2 ARSI, ofR3H 4

:l:‘
O:::
%
z
z

o
Yore 53] ol AT OME} oe 2% 5 2A
ofl teii e 585] aulAY 202 oAt weta ek
gt 2% &AEE EAlol tigh ejo olal A e A
g A kol iRt AI&AQl At s asi.

ACKNOWLEDGEMENT

This research was supported by Kumoh
National Institute of Technology(2022~2023).

REFERENCES

[1] D. S. Johnson, and L. A. McGeoch, "The Traveling Salesman
Problem: A Case Study in Local Optimization," Local Search in
Combinatorial Optimization, John Wiley & Sons, pp. 215-310,
1997.

[2] T. Stiitzle, "Local Search Algorithms for Combinatorial Problems,"
Darmstadt University of Technology Ph.D Thesis, 20, 1998.
[3] M. Baghel, S. Agrawal, and S. Silakari, "Survey of Metaheuristic
Algorithms for Combinatorial Optimization," International Journal
of Computer Applications, Vol. 58, No. 19, pp. 21-31, Nov. 2012.

DOI:10.5120/9391-3813

[4] J. Hwang, "Neighbor Generation Strategies of Local Search for
Permutation-based Combinatorial Optimization," Journal of the
Korea Society of Computer and Information, Vol. 26, No. 10, pp.
27-35, 2021. DOI:10.9708/JKSCI.2021.26.10.027

[5] R. Khairuddin, and Z. M. Zainuddin, "A Comparison of Simulated



8 Journal of The Korea Society of Computer and Information

Annealing Cooling Strategies for Redesigning a Warchouse
Network Problem," Journal of Physics: Conference Series, Vol.
1366. No. 1, p. 012078, 2019. DOI:10.1088/1742-6596/1366/1/
012078
[6] J. Hwang, and Y. Kim, "Greedy-based Neighbor Generation
Methods of Local Search for the Traveling Salesman Problem,"
Journal of the Korea Society of Computer and Information, Vol.
27, No. 9, pp. 69-76, Sep. 2022. DOI:10.9708/JKSCI.2022.27.
09.069
[7] F. Busetti, Simulated annealing overview, https://www.researchgate.
net/publication/238690391 Simulated annealing_overview, 2001.
[8] M. A. Rahman, and H. Parvez, "Repetitive Nearest Neighbor Based
Simulated Annealing Search Optimization Algorithm for Traveling
Salesman Problem," Open Access Library Journal, Vol. 8, No. 6,
€7520, June 2021. DOI:10.4236/0alib.1107520
[9] S. Hore, A. Chatterjee, and A. Dewanji, "Improving variable
neighborhood search to solve the traveling salesman problem,"
Applied Soft Computing, Vol. 68, pp. 83-91, July 2018. DOIL:
10.1016/j.as0c.2018.03.048
[10] J. Xu, and J. Zhang, "Exploration-Exploitation Tradeoffs in
Metaheuristics: Survey and Analysis," Proceedings of the 33rd
Chinese Control Conference, IEEE, pp. 8633-8638, July 2014.
DOI:10.1109/chicc.2014.6896450
[11] TSPLIB, http://comopt.ifi.uni-heidelberg.de/software/ TSPLIB95/

Authors

Yongho Kim received the B.S and M.S

degrees in Computer Engineering from

% a‘r"' Kumoh National Institute of Technology,
= Gumi, Korea in 2001, 2003, respectively.
)
i

in Computer Engineering from Kumoh National Institute of

Kim also received the Ph.D.Candidate degree

Technology in 2006 and is currently a lecturer in the
Department of Computer Engineering, Kumoh National
Institute of Technology. He is interested in AI, combinatorial

optimization.

Junha Hwang received the B.S., M.S. and

Ph.D. degrees in Computer Engineering from

Pusan National University, Korea, in 1995,

1997 and 2002, respectively. Dr. Hwang

“ joined the faculty of the Department of

Computer Engineering at Kumoh National Institute of
Technology, Gumi, Korea, in 2002. He is currently a
Professor in the Department of Computer Engineering,
Kumoh National Institute of Technology. He is interested in

Al, combinatorial optimization, and machine learning.



