X1 MexyHapoHasi HAyYHO-IIPaKTHYECKasi KOH(PEPEHLUS CTYACHTOB, aCIIUPAHTOB U MOJIOJBIX YUEHBIX
«MoJ101€XXb ¥ COBpEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTHI»

e  TOTOBHOCTH MNPEINPHUATHS K BHEAPCHUIO U
MPOBEICHUIO HEM30EKHBIX M3MEHECHUH B Pa3IHIHBIX
MPOU3BOJICTBEHHBIX M YIPABJICHYECKHX MpoLeccax,
HaJIMYie KOPIOPATHBHBIX CTAHIApTOB ydeTa M OTde-
TOB, MHAHCOBOE TOJIOKEeHUE [5].

B o6mewm ciyuae BHenpenue KHC mnozBosut
obecrieuynTh 0oJiee BBICOKYIO CTENEHb HaJleKHOCTH
(yHKIIMOHMPOBAHUSI SKOHOMUYECKOW CHCTEMBI Ipe]-
npusitusi. Buenpenne KMC sBisiercst MHOTOATATHBIM
npoueccoM. Pa3nenenne Ha 3Tamsl onpenemnsieTcs psi-
JIOM KputepueB. B HacTosiee BpeMs Ha EPBBIN M1aH
BBIXOJUT KPHUTEPHHA 3KOHOMUYECKOH omeHKH 3 dex-
tuBHOCTH OT BHenapeHus KVC. C touku 3peHHs aHa-
TM3a HaJAEKHOCTH SKOHOMHYECKAs OIIEHKA MTO3BOJIIET
pa3eNuTh MpoIecc BHEAPEHUS HA 3TaIbl cOOOPa3HO
JOCTHKEHUI0O HEOOXOJUMOW CTENeHH Ha/IeKHOCTH
BCEH IPON3BOJICTBEHHO-9KOHOMUUYECKOI CHCTEMBI.

BoiBoabI

Ilepen TeM, Kak OCYILECTBIAThH IPOEKT BHEIPECHUS
KHNC Heo0Xx0auMO MakCHMaIbHO (HOPMATU30BATh €r0
LIEJIH, COTIOCTaBUTh UM COOTBETCTBYIOIIHME LIKAJIbI JJIs
M3MEPEHUS CTETIEHU AOCTH)KEHUS 3TUX LETIEH.

He cnenyer mpeneOperaTp ctamueil mpeampoeKT-
Horo aHamm3a. JIrobasi HETOYHOCTH Ha STOM dTare
o0OepHeTCS IeCATUKPATHBIMHU MOTEPSMH Ha TOCICIy-
omux dTanax. Jlydme npusieus npodeccunoHanbHbIX

KOHCYJIbTAHTOB IJIs OOCIENOBAHUS HPEINPHATHS H
MIOCTaHOBKH 3a/1a4 MeHekMeHTa [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 resourcesto 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 al 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
aminimal 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 agorithm, 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-
tersis 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 agorithm.

2. Investigation of the principle of the agorithm
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 al starts from the initial state when al the ants
are in the nest and there are no pheromones in the en-
vironment (pic. 1).
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Pic. 1. Initia 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) asthe number of pheromones will increase.
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Pic. 2. The search process
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Pic. 3. The search process

The vaue 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, whichisindicated by that probability.

From the mathematical point of view, it looks as
follows (pic. 4): we calculate the probabiliti&ﬂ, 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.

P2<n<P3
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Pic. 4. Choosing the probability
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where ] is thne probability to choose the path be-
tween i and j; M— the number of pheromones be-
tween i and j; M— parameter which is inverse to the
length M between the links i and j; THaeM - means
that we take al valuesj which has not been used in the
previous calculations (e.g. if the ant has aready fol-
lowed the trail i - j then there is no need to follow this
path once more).
There is a w
probabilities afi
.

ay to check the calculations of the
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Once we have the ant returned, we need to recalcu-
late the pheromones (3)
18 dki
where Jifjl] — updated value of the pheromone; m -
value of the pheromone before update; p — constant,

which controls pheromone evaporation speed; N—
the value to increase the pheromone (4).

where Q — constant; I — 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,
namely Q, a, B, p.

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.

Note that 0.1 < p <0.99, 0 < a <5 and parameter
B:1<P <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
should be. Q has the following limit: 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
algorithms’ execution.

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

Table 1. a, B parameter combinations

o parameter | B parameter
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 optima 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.
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Beegenne

Crneunduka nHGOPMALMOHHBIX TEXHOJOTMH 3a-
KJII0YaeTCsl B 0COOEHHOCTSIX MOTPEOIISIEMBIX pECYpCOB
U TIPOM3BOAUMEIX 3P PexToB. OCHOBHBIMH MOTPEOIISI-
€MBIMH PECYpCaMHU 3/1€Ch SIBISIOTCS: TPY[ (MHTEIIICK-
TyaJlbHBIN pecypc), SHeprus (Jalie BCero eKTpuye-
CKasl) ¥ IPOTPaMMHO-TEXHUYECKHE CPE/ICTBA.

OcHoBHBIMU 3D dekTamu, T. €. MONOKUTSILHBIMU
pe3ynbTaTaMM peanu3aldd MHPOPMAIMOHHBIX TeX-
HOJIOTHI SIBJSIFOTCSI: CHMDKEHHME TPYIOeMKOCTH (I10-
BBILIEHHE MTPOM3BOANUTEIHHOCTH) MPOLIECCOB UCIIONb-
30BaHUsl HMH(POPMAIMOHHOTO pecypca; MOBBIICHUE
Ha/IeXKHOCTH (CHIDKCHHE PHUCKOB c00s) (DyHKIMOHH-
poBaHMs MH(OPMALMOHHBIX CHCTEM)X MOBBIIICHHUE
OIIEpaTHBHOCTH (CKOpoCTH 00padoTkn) HH(GOpManuy.

B atom cBete pecypcodpeKTHHOCTE B KOHTEKCTE
MH()OPMALMOHHBIX TEXHOJOTHI OyAeT MpeaCTaBIsTH
co00i1 HaleJIEHHOCTh Ha IOJIyYeHHEe MAaKCUMAaJIbHOTO
pesynbTata (IPOU3BOJUTENILHOCTH TPYZAA, HaJEKHO-
cti MH(OPMALMOHHOW CHCTEMbI M CKOPOCTH O0Opa-
00TKM WHGOpPMAIMK) OT HCIOJIb30BaHUS HEOOXOIU-
MBIX pecypcoB (TpyA, OHEprusi, MPOrpaMMHO-
TEXHUYECKHE CPENICTBA), B paMKax TpeOOBaHUH IKO-
HOMHYHOCTH, YCTOWYUBOCTH U IKOJOTMYHOCTH.

Hcnoan3oBanue JOCTHKEHUH MHMHHATIOPH3a-
LMY U NoBbIIIeHUus1 MOOuabHOcTH B IT-oTpacau

CoBpeMeHHbIe TpeOOBaHM K KOMIIOHEHTHOH 0a3e
| T-anmmapaTypbl OTIMYAIOTCS YKECTKUMH TPEOOBaHHUSI-
MH K SHEPronoTpeOIeHHI0. DTO CBA3aHO MPEXKIC BCE-
ro ¢ TpeOOBaHUSIMH MHHHATIOPHU3AIUN U MOOWIBHO-
ctu coBpeMeHHOM IT-anmaparypel — u4eM MeEHbLIE
SHEPTUU MOTPEOISIOT KOMIIOHEHTH! YCTPONCTBA, TEM
Oornee nerkWif M KOMIIAKTHBIM aKKyMmynarop Oyder
HeoOXoauM ycTpolcTBY. Takum o0pazoMm, ciemys
MOJIe WM OT/AaBasi AaHb IKOJIOTHUYECKUM IOTpPeOHO-
cTsiM  obmectBa  mpomsBogurenn  IT-orpacim
B 1992 roxmy BBenu B oOparieHne KoHIemnuo «Green
IT» («3enensie» IT-pemenns). ITUM TepMHHOM 000-
3HaYaJll TaKWe HPOJYKTHI, KOTOpBIE 0OecneYrBain
OBl MAKCUMYM TPOW3BOJUTEIEHOCTH NPH MUHHMAaIIb-
HBIX 3aTpaTax SHepruu. Takue yCTpOWCTBa CO3AAIOT
MUHMMAaNbHBIH «YTIEpOIHBIN CIen» — Bpel MPHUPOJE,
KOTOPBIII HAHOCHUTCS TIPH TIPOU3BOJACTBE DJIEKTPO-
SHEPTUH.

CTpouTensHON eAWHUIICH Ipoleccopa KOMIIBIO-
Tepa SIBJIAETCS TPAaH3UCTOP, PEANU3YIOLIUM MPOCTEH-
e JIOTMYECKHE OIepariy JBOMYHON (OHUTOBOIN)
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