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Optimization of the Nearest Neighbor Method for the TSP Problem

Abstrakt / Abstract:

SK: Tato publikacia sa venuje optimalizacii metddy najblizSieho suseda tak, aby boli
dosiahnuté lepSie vysledky celkovej trasy TSP (traveling salesman problem) problému. Tato
optimalizacia bola navrhnutéa tak, aby sa sa vyznamne nepredizil &as tejto efektivnej metddy
(metddy najblizSieho suseda) a zaroven sa dosiahlo vyrazného zlepsenia. V tejto publikacii
je odkaz na algoritmus tohto zlepSenia v programovacom jazyku Python. V publikacii budu
predostreté vSetky aspekty tohto algoritmu.

Eng: This publication is dedicated to optimizing the nearest neighbor method to achieve
better results for the overall TSP (traveling salesman problem) route. This optimization was
designed not to significantly extend the time of this efficient method while achieving a
significant improvement. The publication includes a reference to the algorithm of this
improvement in the Python programming language. All aspects of this algorithm will be
presented in the publication.
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Uvod / Introduction

Metdda najblizSieho suseda sa povazuje za jednu z najjednoduchsich metdd na rieSenie
problému obchodného cestujuceho. Dnes existuje mnoho inych metdd, algoritmov na
rieSenie TSP problému. Tato publikacia nebude o hodnoteni inych metdd, ale o zlep$eni

sy v

vvvvvvvv

Algoritmus prejde vSetky body zo zoznamu a kazdy bod obsahovat iba dve spojnice.
Najdena trasa nie je idealna, avSak Castokrat lepSia ako metdéda simulovaného zihania a
inych metdd (ak zohfadnime Cas vypodtu na najdenie trasy). Metdéda najblizSieho suseda je
proste velmi rychla a najde trasu, ktora sa liSi od idedlnej trasy zhruba 20-30% navySe z
celkovej dizky idealnej trasy. To v8etko zaleZi aj od toho ako su rozmiestnené body. Tento
odhad sa tyka nahodne generovanych bodov, bez nejakej symetrie.

Eng: The nearest neighbor method is considered one of the simplest methods for solving the
traveling salesman problem. Today, there are many other methods and algorithms for solving
the TSP problem. This publication will not evaluate other methods, but rather focuses on
improving this specific method (the nearest neighbor method). The basic algorithm can be
described very simply. One point is selected from the list of points (the starting point). The
next point to be connected is the one closest to it. This process continues, selecting the
closest points each time. The algorithm passes through all the points in the list, with each
point having only two connections. The resulting route is not ideal, but often better than
simulated annealing and other methods (if we consider the computation time to find the
route). The nearest neighbor method is simply very fast and finds a route that differs from
the ideal route by approximately 20-30% more than the total length of the ideal route. This all
depends on how the points are distributed. This estimate applies to randomly generated
points, without any symmetry.




Optimization of the Nearest Neighbor Method for the TSP Problem

Zdrojovy kod v Pythone: /Source code in Python

LINK GITHUB:
https://github.com/robopol/Travelling-salesman-problem/blob/main/traveling _salesman_probl

em_3.py

SK: Program v Pythone je konzolova aplikacia, kde na vstupe zadavame pocet nahodne
generovanych bodov na intervale (0,1000) pre kazdu os X, y. Nasledne program vypodita
optimalizovanou metdédou najblizSieho suseda trasu s tym, Ze vykresli graf trasy a vypiSe
body v postupnosti, vypise aj celkovu dizku trasy. Program ukon&ime zadanim 0 a entrom,
¢im sa program ukonci.

ENG: The Python program is a console application where we enter the number of randomly
generated points on the interval (0,1000) for each x,y axis. Subsequently, the program
calculates the optimized route using the nearest neighbor method, draws a graph of the
route, and prints the sequence of points, as well as the total length of the route. We end the
program by entering 0 and pressing enter, which terminates the program.

Optimalizacné kroky algoritmu/ Optimization steps
of the algorithm.

SK:
Optimalizacné kroky metody najblizSieho suseda pozostavaju z tychto krokov:

1. PouZitie metddy najblizSieho suseda pre kazdy pociato¢ny bod zo zoznamu
generovanych bodov. Vybratie najkratdej trasy zo vSetkych n- tras.

2. Pouzitie kniznice intertools pre permutacie, ktoré trasu optimalizuju v nejakom
zadanom intervale permutacii, postupne algoritmus prechadza kazdy bod a v Useku
napr. 7 bodov dopredu trasu opravi na kratSie rieSenie. Ide teda o optimalizaciu
subtury (Casti trasy).

3. V pripade, zZe existuju krizenia trasy pouzije sa kniznica shapely, konkrétne:
shapely.geometry import LineString. Pomocou funkcii # function intersection
a # function Exchange of intersecting lines najde algoritmus krizenie trasy a nasledne
krizenie odstranenim pre usporiadanim bodov trasy. Jedna sa o pomerne
jednoduché funkcie.

4. Pouzitie bodu 2. pre kone¢nu optimalizaciu.

ENG:
The optimization steps of the nearest neighbor method consist of the following:
1. Applying the nearest neighbor method to each starting point from the list of
generated points. Selecting the shortest path from all n paths.
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2. Using the intertools library for permutations, which optimize the route in a given
interval of permutations. The algorithm iterates through each point and, for example,
corrects the route for a shorter solution within a segment of 7 points. This is the
optimization of a sub-tour (a part of the route).

3. In case there are crossings in the route, the shapely library is used, specifically the
LineString function. The algorithm finds the crossing of the route using the
intersection and Exchange functions of intersecting lines, and subsequently removes
the crossing by rearranging the points of the route. These are relatively simple
functions.

4. Using step 2 for final optimization with point 2.

Hlavny program /Main program

SK: V zmysle metddy najblizSieho suseda a optimalizacnych krokov hlavna €ast programu je
volana nasledovne:

ENG: In accordance with the nearest neighbor method and optimization steps, the main part
of the program is called as follows:

import math

import sys

import matplotlib.pyplot as plt
import random

from itertools import permutations

from shapely.geometry import LineString

# Infinite while loop console. Main program
while True:
# input numbers of points
num=get input ()
# end of program
if num==0:
break
# call function for random points
points=get random points (num)
print ("Random points:")
print (points)
# call function for optimal nearest neighbor
optimal path=get optimal nearest neighbor (points)
print ("Best path - best nearest neighbor:")
print (optimal path[0])
print (f'Best distance -best nearest neighbor: {optimal path[1]}"')
# plot best path for optimal nearest neighbor
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plt.title("Plot of best path : best nearest neighbor")

plt.grid(True)

plt.plot([x for (x,y) in optimal path[0]], [y for (x,y) in
optimal path[O0]], 'ko-")

plt.show ()

# call function for permutation

best path permutation=get optimize path(optimal path[0])

# delete double points

best path correction=check double points (best path permutation[0])

best path permutation=[best path correction,best path permutation[1]]
# call intercection function
intersection=check intersection(best path permutation([0])
if intersection[1l]!=0 and intersection[2]!=0:
field points=exchange intersecting lines (intersection[0],
intersection[1l], intersection[[2])
else:
field points=best path permutation
# cykle for intercection function
while intersection[1l]!=0 and intersection[2]!=0:
intersection=check intersection(field points[0])
if intersection[1]!=0 and intersection[2]!=0:
field points=exchange intersecting lines (intersection[0],
intersection[1l], intersection[2])
# delete double points
best path correction=check double points(field points[0])
field points=[best path correction,field points[1]]
else:
break
# call function for permutation
best path permutation=get optimize path(field points[0])
# delete double points
best path correction=check double points(field points[0])
field points=[best path correction, field points[1]]
print ("Best path -optimize best NN:")
print (field points[0])
print (f'Best distance -optimize best NN:
{best path permutation[1]}"')
# plot best path
plt.title("Plot of best path : optimize best NN")
plt.grid(True)
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plt.plot ([x for (x,y) in field points[0]], [y for (x,y) in
field points[0]], "ko-")
plt.show ()

SK: Potrebné kniznice, ktoré program vyzaduje:
V prikazovom riadku nainstalovat’ tieto kniznice:
- pip install matplotlib
- pip install shapely

ENG: Required libraries for the program:
Install these libraries in the command line:
- pip install matplotlib
- pip install shapely

Program bezi korektne aj pre najnovsiu verziu Pythonu 3.11.1. //The program runs correctly
even for the latest version of Python 3.11.1.

Konkrétne pouzitie optimalizacnych funkcii si Citatel najde v celom zverejnenom kéde na
GITHUB. / Specific use of optimization functions can be found in the entire published code
on GITHUB.

Testovanie algoritmu / Testing algorithm

sy v

200-300 bodov. Od tej najkratSej trasy sa to liSi zhruba do 5%. Pre vySsi pocet bodov
>200,300 by bolo pre dosiahnutie lepSieho vysledku naprogramovat este jednu
optimaliza¢nu funkciu. Tato funkcia bude vysvetlena nizSie (v priklade).

ENG: The optimization steps significantly improved the nearest neighbor method by
approximately 200-300 points. It deviates from the shortest route by approximately 5%. For a
higher number of points (>200, 300), it would be necessary to program another optimization
function to achieve better results. This function will be explained below (in the example).

Priklad 1: / Example 1:

n= 27

Random points:

[(420, 588), (142, 614), (239, 288), (710, 538), (826, 272), (819, 598), (492, 373), (842, 309),
(232, 730), (444, 337), (182, 342), (551, 70), (80, 924), (362, 230), (303, 968), (643, 368),
(742, 688), (34, 25), (197, 920), (792, 98), (245, 444), (841, 933), (668, 485), (895, 249),
(767, 391), (592, 322), (649, 259)]

Best path - best nearest neighbor:

[(668, 485), (710, 538), (819, 598), (742, 688), (841, 933), (303, 968), (197, 920), (80, 924),
(232, 730), (142, 614), (245, 444), (182, 342), (239, 288), (362, 230), (444, 337), (492, 373),
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(592, 322), (643, 368), (649, 259), (767, 391), (842, 309), (826, 272), (895, 249), (792, 98),
(551, 70), (34, 25), (420, 588), (668, 485)]

Best distance -best nearest neighbor: 5055.386109647314

Best path -optimize best NN:

[(668, 485), (710, 538), (819, 598), (742, 688), (841, 933), (303, 968), (197, 920), (80, 924),
(232, 730), (142, 614), (245, 444), (182, 342), (34, 25), (551, 70), (792, 98), (895, 249), (826,
272), (842, 309), (767, 391), (643, 368), (649, 259), (592, 322), (492, 373), (444, 337), (362,
230), (239, 288), (420, 588), (668, 485)]

Best distance -optimize best NN: 4959.811830328142

Plot of best path : best nearest neighbor
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figure No.1 Plot best nearest neighbor

Plot of best path : optimize best NN
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figure No.2 Plot optimize best nearest neighbor
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Priklad 2: / Example 2:

n=145

Best distance -best nearest neighbor: 10856.431529849422
Best distance -optimize best NN: 9912.874411452593

Plot of best path : best nearest neighbor

1000 ~

800 1

600 1

400

200 ~

0 200 400 600 800 1000
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Plot of best path : optimize best NN
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figure. No.4 Plot optimize best nearest neighbor
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SK: Optimalizaény krok pre vacési pocet bodov spodiva v principe ako je uvedené na obrazku
¢.5, opravené Cervenou farbou. Pri vaéSom pocte bodov sa stava, Ze pri spojnici (nejakej
dlhsej) sa v blizkosti nachadza nejaky bod, spojnica ho tesne minie. V takom pripade by
bolo Ziaduce presunut tento bod do inej Easti cesty, teda to Casti kde je ta dIhSia spojnica.
Princip je jasny z obrazku &.5.

ENG: The optimization step for a larger number of points is based on the principle as shown
in the Figure 5, highlighted in red. With a larger number of points, it may happen that a point
is located near a longer connection and the connection passes very close to it. In such a
case, it would be desirable to move this point to another part of the path, namely the part
where the longer connection is. The principle is clear from Figure 5.

Plot of best path : optimize best NN
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figure. No.5 Plot optimize best nearest neighbor

Zaver /| Conclusion

SK: Na zaver sa da povedat, ze tato metdéda ma svoje vyhody, ale aj nevyhody. Vyhoda je,
Ze poskytuje vysledky blizke optimalnej trasy za pomerne kratky ¢as. Medzi nevyhody patri
hlavne to, Ze potrebuje dalSie optimalizacné kroky pri va¢Som pocte bodov a vysledok nie je
nikdy dokonalé rieSenie.
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ENG: In conclusion, it can be said that this method has its advantages and disadvantages.
The advantage is that it provides results close to the optimal route in a relatively short time.
The disadvantages include the need for additional optimization steps with a larger number of
points, and the result is never a perfect solution.
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