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Annotation: the Commivoyager issue (TSP) is one of the most common and studied issues
in mathematical optimization and computer science. The goal of the matter is to find the
shortest route by which one kom-mivoyajor goes to the designated cities, visiting each city
only once, and eventually returning to his starting point. TSP is known for its complete
combinatorial properties and high level of complexity. This issue is considered an NP-
complete issue, meaning that finding an exact solution is greatly complicated as the number
of issues increases. A variety of algorithms have been developed to find solutions through
computers, including network search algorithms, genetic algorithms, and simulated annealing
techniques.The kommivoyajor issue is used in practice in many areas, such as logistics,
transport, robotics and various resource management systems. He also optimizes issues and
increases efficiency

Annotation: The Traveling Salesman Problem (TSP) is one of the most well-known and
studied problems in mathematical optimization and computer science. The objective of the
problem is to find the shortest possible route that allows a traveling salesman to visit a set of
specified cities, visiting each city only once, and ultimately returning to the starting point.
TSP is famous for its fully combinatorial nature and high complexity. It is classified as an
NP-complete problem, meaning that finding an exact solution becomes increasingly difficult
as the number of cities grows. Various algorithms have been developed to find solutions
using computers, including network search algorithms, genetic algorithms, and simulated
annealing methods. The Traveling Salesman Problem is applied in many practical fields, such
as logistics, transportation, robotics, and various resource management systems. It is also of
great theoretical importance as a tool used for optimization and improving efficiency.

AnHotanus: 3agaya kommuBosikepa (TSP) — onHa u3 caMbIX HM3BECTHBIX M H3yYEHHBIX
3aJad B MaTeMaTH4ecKod onTuMmm3aumu W wuHpopmatmke. Llenp 3amaum — Haiitu
KpaTyaiuii MapuIpyT, MO3BOJISIOIINI KOMMUBOSKEPY IMOCETUTh 3a/IaHHbIE TOPOAA, IOCETUB
KXl TOPOJ TOJBKO OJIMH Pa3, U B KOHIIE KOHIIOB BEPHYTHCS B MCXOJHYIO TOUKy. TSP
M3BECTHA CBOMMH IMOJTHOCTHIO KOMOMHATOPHBIMU CBOMCTBAMH W BBICOKOM CJIOKHOCTBIO. DTa
3agayva sBisieTcss NP-1ogHOM, YTO 03HAYAET, UTO HAXOKICHUE TOYHOTO PEIEHUS] CTAHOBUTCS
BCE CJIOKHEE IO MEpe YBEJIMUYEHUs YKClia TOPo1oB. [ HaXOKAEHUs PEIIEHUH C MOMOUIbIO
KOMITBIOTEPOB pa3pabOTaHbl Pa3IudHbIC AITOPUTMBI, BKJIIOYAs aJITOPUTMBI TIOMCKA B CETH,
TEHETUYECKUE AJITOPUTMBl U METOJbl CHUMYJIMPOBAHHOIO OTXKWra. 3ajgaya KOMMUBOSIKEpa
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NPUMEHSIETCS B PA3IMYHBIX 00JACTAX, TAKUX KaK JIOTUCTHKA, TPAHCIOPT, POOOTOTEXHHUKA U
CHCTeMBI yrpaBieHus pecypcamu. OHa Takke UMeeT 0OJIbIIOe TEOPETHUECKOE 3HAUCHHE KaK
UHCTPYMEHT IS ONITUMH3AIMH U TIOBBIIICHUS Y(PPEKTHBHOCTH.

Keywords: Commivoyajor issue (TSP), optimization, combinatorics, NP-complete issue,
shortest path, algorithms, logistics, transport, robotics, resource management, simulated
annealing, genetic algorithms, network search algorithms, solution topping.

Keywords: Traveling Salesman Problem (TSP), optimization, combinatorics, NP-complete
problem, shortest path, algorithms, logistics, transportation, robotics, resource management,
simulated annealing, genetic algorithms, network search algorithms, solution finding.

KaroueBbie caoBa: 3amaga xommuBospkepa (TSP), ontumuszanus, komOmHatopuka, NP-
NOJTHAs 3ajJa4a, KpaT4alliuid MyTh, aJrOPUTMBI, JIOTUCTHUKA, TPAHCIIOPT, POOOTOTEXHHKA,
YIIPABJICHUE pECypcaMH, CUMYJIHMPOBAHHBIA OT)KHUI, T€HETUYECKUE AJITOPUTMBI, AJTOPUTMBI
MIOKMCKA B CETH, HAXOXKJICHUE PEIICHHMS.

Introduction. The kommivoyajor issue is one of the most important issues in the field
of combinatorial optimization, the purpose of which is to visit several cities and find the
shortest route back to the starting point with a minimum path length. This issue is used in
areas such as transport logistics, optimization of production processes and the design of
electronic circuits

Solving methods: Bruteforce (full review),Dynamic Programming (Held-Karp
algorithm),greedy algorithm (Greedy Algorithm),genetic algorithm, simulated annealing
(Simulated Annealing), linear programming, and chess be (Branch and Bound

Purpose: the purpose of the Kommivoyajor issue is to find the shortest and most
effective way of Kom — mivoyajor to visit the given cities. In this case, each city should be
visited only once, and in the end the kom-mivoyajyor should return to the starting city. The
main goal of the issue is to keep the distance from visiting cities to a minimum and thus
reduce time and costs. In solving tsp, by optimizing the goal, it is to increase efficiency in
real-world areas such as transport, logistics and resource management. Also, algorithms and
methods developed to solve TSP can be extended to many other optimization issues.

With only one visit to each of the n cities given, a tour for the shortest time(road, cost)
can be found in sik li. Where the number of cycles is at most ta. This issue has been linked to
the question of finding the minimum length Hamilton cycle. The "networks and
boundaries"method can be used to solve the commivoyajor issue. This method is performed
using a cycle-free and surface graph to which you are connected, as well as drawing up tables.

Sample option. We introduce the concept of quoting a table. To do this, the table
rows are first quoted, that is, the smaller of that row is subtracted from each row element of
the table accordingly. After that, the same action is performed with respect to the table
columns and the table columns are brought. A table in which all lines and columns are listed
is called quoted. The sum of the smallest elements of the rows and columns of the table is
determined by h, which is called the quotient of the table. As an example, let's see the
following train travel schedule throughout Uzbekistan:
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We enter the marks.

1.Paris-Berlin — 1050
Paris -Rome — 1420

Paris - Madrid — 1260
Paris -Amsterdam — 510
Paris -Vienna — 1230
Paris -Prague — 1030
Paris -Zurich — 615
2.Berlin-Paris — 1050
Berlin -Rome — 1180
Berlin - Madrid — 1860
Berlin - Amsterdam — 650
Berlin - Vienna — 680
Berlin - Prague — 350
Berlin - Zurich — 820
3.Rome-Paris — 1420
Rome - Berlin — 1180
Rome - Madrid — 1360
Rome - Amsterdam — 1530
Rome - Vienna — 760
Rome - Prague — 850
Rome - Zurich — 550

4. Madrid - Paris — 1260
Madrid - Berlin — 1860
Madrid - Rome — 1360
Madrid - Amsterdam — 1480
Madrid - Vienna — 1730
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Madrid - Prague —1820
Madrid - Zurich - 1320

5. Amsterdam - Paris — 510
Amsterdam - Berlin — 650

Amsterdam - Rome — 1530

Amsterdam - Madrid — 1480

Amsterdam - Vienna — 1150

Amsterdam - Prague — 780
Amsterdam - Zurich — 760
6. Vienna - Paris — 1230
Vienna - Berlin — 680
Vienna - Rome — 760

Vienna - Madrid — 1730

Vienna - Amsterdam — 1150

Vienna - Zurich — 590
Vienna - Prague — 330
7. Prague - Paris — 1030
Prague - Berlin — 350
Prague - Rome — 920
Prague - Madrid — 1820
Prague - Amsterdam — 780
Prague - Vienna — 330
Prague - Zurich — 590
8. Zurich - Paris — 615
Zurich - Berlin — 820
Zurich - Rome — 850

Zurich - Madrid — 1320
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Zurich - Amsterdam — 760

Zurich - Vienna — 670

Zurich - Prague — 590

Table 1

To cite the lines of Table 1, let's write down the smallest element of the line corresponding to

its right, and subtract it from the elements of the line to get to Table 2 below.
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Table 2

In order to cite the columns of the resulting Table 2, the smallest element of the
corresponding column is written under the table and subtracted from the column elements,
resulting in the following table 3.

520 905 740 07 720 520 105
700 825 1500 300 330 0G0 470
870 610 800 980 210 300 0%
0 680 0> 220 470 560 60
0120 120 1015 960 640 270 250
900 330 425 1390 820 0% 260
700 0 585 1480 450 0B®” 260
25 210 255 0740 170 80 0
Table 3
Barcha
sikllar
1-rasm.

Table 3 is listed, with at least one zero element in each row and column. The quotient of the
table under consideration H is equal to the following number

h =510+350+550+1260+510+330+330+590+0+20+5+10+0+0+0+ 0=4465

h = h + 740 = 5205

In general, the method of networks and boundaries consists of two important stages:
1) branching;
2) determination of lower boundaries.

During the solution of the issue, both stages are carried out in parallel. To carry out
these stages, it is necessary to carry out the following work in a row. A) to cite the starting
Table; B) to determine the quotient h; C) to determine the degree of zero elements of the
cited Table; D) to carry out the branching based on these levels; E) to determine the lower
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limits of the cycles that make up the branching results; F) to reduce the size of the table by
one; G) to avoid continue networking.

During the use of this method, all calculations are carried out using a given table, the
results of which are shown in a separately compiled graph. At the end of this process, a
perfect(minimum cost) cycle is determined.

A graph consists of a set of interconnected circles, each of which determines a set of
cycles with a certain property. The limit-numbers written next to these circles denote the
lower limit of the costs corresponding to the cycles belonging to that circle. The initial part of
the graph will be in the form of Figure 1. In this, the first initial circle defines a set containing
all the cycles and states that the cost per arbitrary cycle will not be less than the number H. In
the example seen above, h=4465, which means that there is no cycle with a cost less than
4465.

The rows and columns in which the Zero is located, the level of which is the largest, are
found and branched on. Location, when there are several large-level zeros, an optional one is
selected. In this case, the right-hand circle denotes and is marked by the set of all cycles that
involve the transition from city I to city j, while the left-hand circle, on the contrary, denotes
and is marked by the set of routes that do not involve the transition from city I to city J.

The degree is the zero element of which the most kata is 740, which means that the
branching graph is in Figure 1.The minimum cost factor for the chapdoirachayoni is written
to h=4465, the number 5205, which is formed by adding the largest level of zero 740. To
determine the lower limit of costs corresponding to the right-hand Circle, Line 8 and Column
4 of Table 3 are discarded(deleted) (which means that the size of the table is reduced by one).
In this case, it should be noted that the ordinal numbers of the cities will definitely
remain(written), while other, will turn out to be. After that,the formation of all incomplete
cycles is prohibited, the issue is lost) denotes the transition from belgii-city to City-City, for
which the element is replaced and written on the sign,c,, = ).

We will continue our work by making tables again.

520 720
700 330
870 610 210

06 680 470
0129 120 640
900 330
700 0340 010

Table 4

h,= 4465+0=4465 h, =h, +425=4885
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_ n(425)
c;;=0

Cyy =

520

AL

300

270
020

Table 5

hy=4465 ) =4465+700=5165

— (700
¢, =0

0150
470
520
150

Table 7

h, =4465+210+300=4975 h, =5650

_ (675
¢ =0

05

520
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0330 150

Table 8

h,=4975 ) =4975+330=5305

_ n(330)
ce; =0

0450

0

150

Table 9.

hy = 4975 hy =4975+730=5705

_ (730)
G =0

N

8.4 5205 8.4)
/ 4465 \

(4.3)

1885 /
(5.1)
5165

(43)
4465 \

/

(1.8)
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5305

4975

(6.7)

(3.6)

5705

4975
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5705 4975
Shortest route (optimal route):

5525156582354 ->1-55
Minimum distance: 4975 units.

Conclusion. The commivoyager problem is a classical mathematical problem used to model
and optimize many real-life problems. Due to the computational complexity of finding an
Optimal solution, approximation algorithms or heuristic approaches are used in most cases.
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