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 ÇÜöÜçÖÜïöá äëñÑäëó　öó　 ¡ çÖñÑëñÖó0 ó 
äëÜçñÑñÖó0 Öñó£ßñ¢Ö▲ê ó£½ñÖñÖóú ç ëí£¿óôÖ▲ê 
äëÜó£çÜÑïöçñÖÖ▲ê ó Üäëíç¿ñÖôñï¡óê äëÜîñïïíê, 
Öí¿óôóñ ¡ÜëäÜëíöóçÖ▲ê ïöíÖÑíëöÜç Üôñöí ó Üöôñ-
öÜç, âóÖíÖïÜçÜñ äÜ¿Ü¢ñÖóñ [5]. 

ゑ Üßàñ½ ï¿Üôíñ çÖñÑëñÖóñ とごで äÜ£çÜ¿óö 
Üßñïäñôóöá ßÜ¿ññ ç▲ïÜ¡Ü0 ïöñäñÖá ÖíÑñ¢ÖÜïöó 
âÜÖ¡îóÜÖóëÜçíÖó　 ~¡ÜÖÜ½óôñï¡Üú ïóïöñ½▲ äëñÑ-
äëó　öó　. ゑÖñÑëñÖóñ とごで 　ç¿　ñöï　 ½ÖÜÇÜ~öíäÖ▲½ 
äëÜîñïïÜ½. づí£Ññ¿ñÖóñ Öí ~öíä▲ ÜäëñÑñ¿　ñöï　 ë　-
ÑÜ½ ¡ëóöñëóñç. ゑ ÖíïöÜ　àññ çëñ½　 Öí äñëç▲ú ä¿íÖ 
ç▲êÜÑóö ¡ëóöñëóú ~¡ÜÖÜ½óôñï¡Üú ÜîñÖ¡ó ~ââñ¡-
öóçÖÜïöó Üö çÖñÑëñÖó　 とごで. で öÜô¡ó £ëñÖó　 íÖí-
¿ó£í ÖíÑñ¢ÖÜïöó ~¡ÜÖÜ½óôñï¡í　 ÜîñÖ¡í äÜ£çÜ¿　ñö 
ëí£Ññ¿óöá äëÜîñïï çÖñÑëñÖó　 Öí ~öíä▲ ïÜÜßëí£ÖÜ 
ÑÜïöó¢ñÖó0 ÖñÜßêÜÑó½Üú ïöñäñÖó ÖíÑñ¢ÖÜïöó 
çïñú äëÜó£çÜÑïöçñÖÖÜ-~¡ÜÖÜ½óôñï¡Üú ïóïöñ½▲. 

 
ゑ▲çÜÑ▲ 
ぢñëñÑ öñ½, ¡í¡ ÜïÜàñïöç¿　öá äëÜñ¡ö çÖñÑëñÖó　 

とごで ÖñÜßêÜÑó½Ü ½í¡ïó½í¿áÖÜ âÜë½í¿ó£Üçíöá ñÇÜ 
îñ¿ó, ïÜäÜïöíçóöá ó½ ïÜÜöçñöïöçÜ0àóñ ü¡í¿▲ Ñ¿　 
ó£½ñëñÖó　 ïöñäñÖó ÑÜïöó¢ñÖó　 ~öóê îñ¿ñú. 

ぞñ ï¿ñÑÜñö äëñÖñßëñÇíöá ïöíÑóñú äëñÑäëÜñ¡ö-
ÖÜÇÜ íÖí¿ó£í. ず0ßí　 ÖñöÜôÖÜïöá Öí ~öÜ½ ~öíäñ 
ÜßñëÖñöï　 Ññï　öó¡ëíöÖ▲½ó äÜöñë　½ó Öí äÜï¿ñÑÜ-
0àóê ~öíäíê. ずÜôüñ äëóç¿ñôá äëÜâñïïóÜÖí¿áÖ▲ê 

¡ÜÖïÜ¿áöíÖöÜç Ñ¿　 Üßï¿ñÑÜçíÖó　 äëñÑäëó　öó　 ó 
äÜïöíÖÜç¡ó £íÑíô ½ñÖñÑ¢½ñÖöí [6]. 
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Introduction 
Nowadays optimization problems arise as a re-

search field of high importance. As everything hap-
pens for a reason, the evidence is as follows: appear-
ance in many important real-world problems, such as 
train scheduling, time tabling, Quadrastic Assignment 
problems (QAP) and Job-shop scheduling problems 
(JSP). 

QAP is about assigning a set of n resources to a set 
of m locations while minimizing the cost of the pro-
cess. In this case, ant colony optimization algorithm 
does not give the best solution among all of the exist-
ing algorithms for QAP problem but it gives the same 
quality as the other approaches. 

JSP has a set of n machines and m jobs, which 
must be combined so that the jobs can be completed in 
a minimal amount of time. 

One should note here that when it comes to finding 
the shortest possible path, ant colony optimization 
algorithm is one of the most optimal solutions. 

Ant colony optimization algorithm or ACO is a 
technique for solving computational problems, based 
on estimation of how likely it is that something will 
happen. This optimization technique takes into con-
sideration the behavior of the real ants as one of the 
creatures which foraging behavior enables them to 

find the best shortest path between the nest and the 
food sources while being blind. 

The issue of this article is the ant colony optimiza-
tion algorithm, namely, the ACO algorithm, which is 
intended for solving hard combinatorial optimization 
problems. 

Despite the rapidly growing popularity of the algo-
rithm, little research on the strategy and on its parame-
ters is needed. 

Thus, the aim of the research is to systematize all 
presented information concerning ACO and deeply 
study the optimal configuration parameters. 

Precede from the aim of the research the following 
task are being given: 

1. The analyzing of the main characteristic of the 
ACO algorithm. 

2. Investigation of the principle of the algorithm 
and explanation of its core. 

 
Principle of the ACO algorithm 
Let us start by demonstrating the capability of the 

ant colonies to take the best route while being guided 
by the pheromone: the shorter the trail, the more ants 
use it, therefore, the trail has the higher pheromone 
concentration. 
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It all starts from the initial state when all the ants 
are in the nest and there are no pheromones in the en-
vironment (pic. 1). 

 
Pic. 1. Initial state 

 
Half of the ants takes the shortest path (symbolized 

with squares) and the other half takes the longest one 
(pic. 2). In this stage, the probabilities of taking the 
particular path are equal to 50%. In this case, it is ob-
vious that the ants, which have taken the short path, 
will be the first to arrive at the point of destination. 
Therefore, when the time to return comes, the proba-
bility to take again the short path will be higher 
(pic. 3) as the number of pheromones will increase. 

 
Pic. 2. The search process 

 

 
Pic. 3. The search process 

 
The value of pheromones on the shortest path will 

be higher than on the longer one, and due to the evap-
oration of the pheromone on the longer path, the 
whole colony will end up using the shortest path. 

 
Mathematical characterization of the algorithm 
The ant selects the path according to the value of 

the probability (1). The higher the value of the proba-
bility, the higher the chance that in the future ant will 
follow the path, which is indicated by that probability. 

From the mathematical point of view, it looks as 
follows (pic. 4): we calculate the probabilities , after 
that we calculate the intervals and at the end, we just 
generate the random number n and check which inter-
val it belongs to. According to the result, we choose 
the next path to go. 

 

 
Pic. 4. Choosing the probability 

 

 
where  is the probability to choose the path be-
tween i and j;  – the number of pheromones be-
tween i and j;  – parameter which is inverse to the 
length   between the links i and j;  – means 
that we take all values j which has not been used in the 
previous calculations (e.g. if the ant has already fol-
lowed the trail i - j then there is no need to follow this 
path once more). 

There is a way to check the calculations of the 
probabilities as . 

 
Once we have the ant returned, we need to recalcu-

late the pheromones (3). 

 
where  – updated value of the pheromone;  – 
value of the pheromone before update; p – constant, 
which controls pheromone evaporation speed;  – 
the value to increase the pheromone (4). 

 
where Q – constant;  – sum of the length of the 
passed paths. 

 
Optimal configuration of the parameters 
When it comes to building a real application, it is 

necessary to have the most optimal parameters as an 
input. From the described above formulas we can see 
that there are four types of constants in the ACO, 
ЧКЦОХв Q, g, く, Щ. 

The first parameter is p. If we try to take the anal-
ogy, then p is the memory of the ant colony, which 
gives the direction of where to go. Therefore, small p 
means slow adaptation of the colony to the environ-
ment, e.g. more time to find the optimal path is need-
ed. On the contrary, large p gives high evaporation 
and fast adaptation. 

σШЭО ЭСКЭ 0.1 ≤ Щ ≤ 0.λλ, 0 ≤ g ≤ 5 КЧН ЩКЫКЦОЭОЫ 
くμ 1 ≤ く  ≤ 5. 

Q represents the amount of artificial pheromone 
that is added. Its value depends on the lengths of the 
whole paths to the destination point. The shorter the 
path, the higher the amount of added pheromone 
ЬСШЮХН ЛО. Q СКЬ ЭСО ПШХХШаТЧР ХТЦТЭμ 10 ≤ Q ≤ 10000. 
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It is clear from the observations that the better the 
choice of the parameters, the higher the speed of the 
КХРШЫТЭСЦЬ’ ОбОМЮЭТШЧ. 

Inventor of the algorithm, Marco Dorigo, exam-
ines the problem of parameters in his article [6]. In the 
following table, the most common suitable parameters 
are presented (table 1). 

 
Table 1. g, く ЩКЫКЦОЭОЫ МШЦЛТЧКЭТШЧЬ 

g ЩКЫКЦОЭОЫ 〈 ЩКЫКЦОЭОЫ 
0.5 5.0 
1.0 1.0 
1.0 2.0 
1.0 5.0 

 
By now, unfortunately, there is no developed 

mathematical analysis of an optimal configuration 
method for the parameters. Large scale of experiments 
is needed in order to investigate the most optimal val-
ues. 

 
Conclusion 
Thanks to the research the presented information 

will move our understanding forward of what ACO is 
and what kind of aspects should be taken into the con-
sideration while developing the system, which is 
based on this algorithm, to solve hard combinatorial 
optimization problems. ACO algorithm stands out for 

being able to solve not only static, but also dynamic 
problems, such as the Travelling salesman problem, 
Graph coloring problem and so on. 

 
References 
1. ε. DШЫТРШ, V. εКЧТОггШ “AЧЭ CШХШЧв ШЩЭi-

ЦТгКЭТШЧ”. ДτЧХТЧО ЬОЫЯТМОЖ. AММОЬЬ ЦШНОμ 
http://informatics.indiana.edu/jbollen/I501F13/reading
s/dorigo99ant.pdf 

2. Wikipedia. [Online service]. Access mode: 
http://en.wikipedia.org/wiki/Ant_colony_optimization
_algorithms 

3. S.C. ГСКЧ, J. БЮ, J. АЮ, “TСО ШЩЭТЦКХ ЬОХОc-
ЭТШЧ ШП ЭСО ЩКЫКЦОЭОЫЬ ШП ЭСО КЧЭ МШХШЧв КХРШЫТЭСЦ”, 
bulletin of Science and Technology, 19(5): pp.381-
386, 2003. 

4. H.B. DЮКЧ, Б. F. ВЮ, “A ЧШЯОХ ТЦЩЫШЯОН КЧЭ 
colony algorithm with fast global optimization and its 
ЬТЦЮХКЭТШЧ”, IЧПШЫЦКЭТШЧ КЧН CШЧЭЫШХ, γγ(β)μ ЩЩ. β41-
244, 2004. 

5. ε. DШЫТРШ, ε. BТЫКЭЭКЫТ, T.SЭЮЭгХО, “AЧЭ МШl-
ony optimization – Artificial ants as a computational 
ТЧЭОХХТРОЧМО TОМСЧТЪЮО”, IEEE CШЦЩЮЭКЭТШЧКХ ТЧЭОХХi-
gence magazine, 2006 

6. ε. DШЫТРШ, “TСО AЧЭ ЬвЬЭОЦμ τЩЭТЦТгКЭТШЧ 
Лв К CШХШЧв ШП CШШЩОЫКЭТЧР AРОЧЭЬ”, IEEE TЫКЧЬКc-
tions on systems, Man and Cybernetic-Part B, 26(1): 
pp. 1-13, 1996 

 
ぞぎとだどだづぼぎ でぢだでだゐぼ ぢだゑぼぷぎぞごé づばでばづでだÄぱぱぎとどごゑぞだでどご ゑ 

ぜだゐごずぽぞだでどご ゑ IT-だどづんでずご 
でöëñ¿áÖó¡Üç ん.ゑ. 

どÜ½ï¡óú äÜ¿óöñêÖóôñï¡óú ÜÖóçñëïóöñö 
6γ4050, づÜïïó　, Ç. どÜ½ï¡, äë-ö ずñÖóÖí, γ0 

E-mail: vig@tpu.ru 
 

ゑçñÑñÖóñ 
でäñîóâó¡í óÖâÜë½íîóÜÖÖ▲ê öñêÖÜ¿ÜÇóú £í-

¡¿0ôíñöï　 ç ÜïÜßñÖÖÜïö　ê äÜöëñß¿　ñ½▲ê ëñïÜëïÜç 
ó äëÜó£çÜÑó½▲ê ~ââñ¡öÜç. だïÖÜçÖ▲½ó äÜöëñß¿　-
ñ½▲½ó ëñïÜëïí½ó £Ññïá 　ç¿　0öï　μ öëÜÑ (óÖöñ¿¿ñ¡-
öÜí¿áÖ▲ú ëñïÜëï), ~ÖñëÇó　 (ôíàñ çïñÇÜ ~¿ñ¡öëóôñ-
ï¡í　) ó äëÜÇëí½½ÖÜ-öñêÖóôñï¡óñ ïëñÑïöçí. 

だïÖÜçÖ▲½ó ~ââñ¡öí½ó, ö. ñ. äÜ¿Ü¢óöñ¿áÖ▲½ó 
ëñ£Ü¿áöíöí½ó ëñí¿ó£íîóó óÖâÜë½íîóÜÖÖ▲ê öñê-
ÖÜ¿ÜÇóú 　ç¿　0öï　μ ïÖó¢ñÖóñ öëÜÑÜñ½¡Üïöó (äÜ-
ç▲üñÖóñ äëÜó£çÜÑóöñ¿áÖÜïöó) äëÜîñïïÜç óïäÜ¿á-
£ÜçíÖó　 óÖâÜë½íîóÜÖÖÜÇÜ ëñïÜëïíν äÜç▲üñÖóñ 
ÖíÑñ¢ÖÜïöó (ïÖó¢ñÖóñ ëóï¡Üç ïßÜ　) âÜÖ¡îóÜÖó-
ëÜçíÖó　 óÖâÜë½íîóÜÖÖ▲ê ïóïöñ½¢ äÜç▲üñÖóñ 
ÜäñëíöóçÖÜïöó (ï¡ÜëÜïöó ÜßëíßÜö¡ó) óÖâÜë½íîóó. 

ゑ ~öÜ½ ïçñöñ ëñïÜëïÜ~ââñ¡öóÖÜïöá ç ¡ÜÖöñ¡ïöñ 
óÖâÜë½íîóÜÖÖ▲ê öñêÖÜ¿ÜÇóú ßÜÑñö äëñÑïöíç¿　öá 
ïÜßÜú Öíîñ¿ñÖÖÜïöá Öí äÜ¿ÜôñÖóñ ½í¡ïó½í¿áÖÜÇÜ 
ëñ£Ü¿áöíöí (äëÜó£çÜÑóöñ¿áÖÜïöó öëÜÑí, ÖíÑñ¢ÖÜ-
ïöó óÖâÜë½íîóÜÖÖÜú ïóïöñ½▲ ó ï¡ÜëÜïöó Üßëí-
ßÜö¡ó óÖâÜë½íîóó) Üö óïäÜ¿á£ÜçíÖó　 ÖñÜßêÜÑó-
½▲ê ëñïÜëïÜç (öëÜÑ, ~ÖñëÇó　, äëÜÇëí½½ÖÜ-
öñêÖóôñï¡óñ ïëñÑïöçí), ç ëí½¡íê öëñßÜçíÖóú ~¡Ü-
ÖÜ½óôÖÜïöó, ÜïöÜúôóçÜïöó ó ~¡Ü¿ÜÇóôÖÜïöó. 

 
ごïäÜ¿á£ÜçíÖóñ ÑÜïöó¢ñÖóú ½óÖóíö0ëó£í-

îóó ó äÜç▲üñÖó　 ½Üßó¿áÖÜïöó ç IT-Üöëíï¿ó 
でÜçëñ½ñÖÖ▲ñ öëñßÜçíÖó　 ¡ ¡Ü½äÜÖñÖöÖÜú ßí£ñ 

IT-íääíëíöÜë▲ Üö¿óôí0öï　 ¢ñïö¡ó½ó öëñßÜçíÖó　-
½ó ¡ ~ÖñëÇÜäÜöëñß¿ñÖó0. ÄöÜ ïç　£íÖÜ äëñ¢Ññ çïñ-
ÇÜ ï öëñßÜçíÖó　½ó ½óÖóíö0ëó£íîóó ó ½Üßó¿áÖÜ-
ïöó ïÜçëñ½ñÖÖÜú IT-íääíëíöÜë▲ – ôñ½ ½ñÖáüñ 
~ÖñëÇóó äÜöëñß¿　0ö ¡Ü½äÜÖñÖö▲ ÜïöëÜúïöçí, öñ½ 
ßÜ¿ññ ¿ñÇ¡óú ó ¡Ü½äí¡öÖ▲ú í¡¡Ü½Ü¿　öÜë ßÜÑñö 
ÖñÜßêÜÑó½ ÜïöëÜúïöçÜ. どí¡ó½ Üßëí£Ü½, ï¿ñÑÜ　 
½ÜÑñ ó¿ó ÜöÑíçí　 ÑíÖá ~¡Ü¿ÜÇóôñï¡ó½ äÜöëñßÖÜ-
ïö　½ Üßàñïöçí äëÜó£çÜÑóöñ¿ó IT-Üöëíï¿ó 
ç 1992 ÇÜÑÜ ççñ¿ó ç ÜßëíàñÖóñ ¡ÜÖîñäîó0 «GЫООЧ 
IT» («£ñ¿ñÖ▲ñ» IT-ëñüñÖó　). Äöó½ öñë½óÖÜ½ ÜßÜ-
£Öíôí¿ó öí¡óñ äëÜÑÜ¡ö▲, ¡ÜöÜë▲ñ Üßñïäñôóçí¿ó 
ß▲ ½í¡ïó½Ü½ äëÜó£çÜÑóöñ¿áÖÜïöó äëó ½óÖó½í¿á-
Ö▲ê £íöëíöíê ~ÖñëÇóó. どí¡óñ ÜïöëÜúïöçí ïÜ£Ñí0ö 
½óÖó½í¿áÖ▲ú «ÜÇ¿ñëÜÑÖ▲ú ï¿ñÑ» – çëñÑ äëóëÜÑñ, 
¡ÜöÜë▲ú ÖíÖÜïóöï　 äëó äëÜó£çÜÑïöçñ ~¿ñ¡öëÜ-
~ÖñëÇóó. 

でöëÜóöñ¿áÖÜú ñÑóÖóîñú äëÜîñïïÜëí ¡Ü½äá0-
öñëí 　ç¿　ñöï　 öëíÖ£óïöÜë, ëñí¿ó£Ü0àóú äëÜïöñú-
üóñ ¿ÜÇóôñï¡óñ Üäñëíîóó ÑçÜóôÖÜú (ßóöÜçÜú) 


