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Abstract

In the paper we propose to apply the Invasive Weed Optimization (IWO) algorithm for solving the inverse problem of
continuous casting. The investigated task consists in determination of the heat flux in crystallizer and the heat transfer co-
efficient in the secondary cooling zone on the way of solving the two-phase Stefan problem, describing the discussed pro-
cess, and minimizing the appropriate functional by using the IWO algorithm. The applied algorithm belongs to the group
of artificial intelligence algorithms and is inspired by the extraordinary ability of the colony of weeds for fast growth,
quick reproduction and ease of adapting for environmental conditions.
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1. INTRODUCTION

Nowadays a number of artificial intelligence op-
timization algorithms, inspired by the behavior and
processes from the real world, have been developed
to solve complex optimization problems which are
really tough or even impossible to solve. A specific
group of artificial intelligence procedures is repre-
sented by the swarm intelligence algorithms, the
idea of which is based on the collective behavior of
self-organized systems of individuals executing the
partial tasks and contributing to the success of the
entire swarm (Eberhart et al., 2001).

Inspirations for developing these kinds of algo-
rithms were usually taken from the world of animals
(Chu et al., 2006; Duran Toksari, 2006; Karaboga &
Basturk, 2007) as well as human beings (Geem,
2006) and plants. An example of algorithm imitating
the colonizing behavior of plants in their life cycle is
the Invasive Weed Optimization (IWO) algorithm.
The algorithm has been first introduced by Mehrabi-
an and Lucas (2006) in dynamic and control systems
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theory and till now it has found a number of practi-
cal applications, for example, in tuning of a robust
controller (Mehrabian & Lucas, 2006), optimal posi-
tioning of piezoelectric actuators (Mehrabian &
Yousefi-Koma, 2007), in analysis of electricity mar-
kets (Nikoofard et al., 2012), antenna configuration
(Mallahzadeh et al., 2008) and others. In this paper
the IWO algorithm is intended to be used for solving
the inverse problem of continuous casting.
Commonly speaking, a weed is any plant grow-
ing where it is not wanted. The main idea of IWO
algorithm is based on the competitive behavior of
invasive weed colonies. In nature, each weed in the
colony produces its seeds. Plants with higher robust-
ness produce more seeds which are next randomly
dispersed over the area and grow to new plants.
Thus, the descendants of the stronger individuals
take control over the region. This process, simulat-
ed in the artificial conditions, is applied for solving
optimization tasks. Partial solutions of the investi-
gated problem play the role of weeds competing
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with each other so that the artificial weed with
a higher fitness produces more solutions in compari-
son with the weeds of lower adaptation. In this way
the search of the algorithm concentrates around the
good solutions while the bad solutions are aban-
doned. This leads to determination of the best avail-
able solution.

The authors of the current paper have already
used selected algorithms of swarm intelligence for
solving the inverse heat conduction problems
(Grzymkowski et al., 2012; Hetmaniok et al., 2012a;
Hetmaniok et al., 2012b). The inverse problems for
the equations of mathematical physics consist in
determination of some missing elements which can
be, for example, the initial condition, boundary con-
ditions or parameters of material, and the missing
part of input information is compensated by the ad-
ditional information about the consequences result-
ing from the input conditions (Beck et al., 1985;
Binder et al., 1990). Difficulty in solving such prob-
lems is caused by the fact that finding their solution
in analytical way is almost impossible, moreover the
solution, if exists, may be neither unique nor stable.
Therefore we say that the inverse problems are the
ill-posed problems.

The task considered in this paper is the inverse
problem of continuous casting. In this process the
molten metal is poured in the controlled way into the
crystallizer where it solidifies by taking the appro-
priate form and then is consecutively moved out
(Constalas et al., 2002; Mochnacki & Suchy, 1995;
Nowak et al., 2003; Nowak et al., 2011; Santos et
al., 2006; Stota, 2009; Stota, 2011a; Stota, 2011Db).
Our goal will be to determine the cooling conditions
represented by the heat flux in the crystallizer and
the heat transfer coefficient in the secondary cooling
zone. Investigated problem can find an industrial
application, for example, in designing the continu-
ous casting systems. By solving the inverse problem
of considered kind one can select the boundary con-
ditions such that the solidification could run in the
assumed way which gives possibility to control the
quality and properties of the final ingots. Expression
of the discussed problem will be obtained with the
aid of Stefan problem which is a mathematical mod-
el serving for description of the temperature distribu-
tion in a region with the phase change (Gupta, 2003;
Stota, 2011a). The problem will be solved by using
the finite difference method with application of the
alternating phase truncation method (Mochnacki &
Suchy, 1995; Stota, 2011a; Stota, 2011b; Rogers et
al., 1979). Functional expressing the error of approx-

imate solution will be minimized with the aid of
IWO algorithm. The entire procedure will be inves-
tigated with regard to its stability and exactness of
obtained approximations of the sought elements.

2. PROBLEM DEFINITION

Continuous casting is a process of controlled
pouring of the molten metal into the crystallizer for
solidifying and taking the appropriate form. After
that the solidified ingot is rolled out from the crystal-
lizer through the secondary cooling zone. The
scheme of a device for continuous casting of pure
metals working in an undisturbed cycle is presented
in figure 1. We assume that the cooling conditions
change with reference to the direction of the forming
ingot but are identical in the entire perimeter of the
ingot. We also assume that the dimensions of the
ingot cross section satisfy the condition saying that
the ingot thickness is much smaller than its width
(denoted by b). Additionally, we estimate that the
heat flows only in the direction perpendicular to the
ingot axis. Such assumption results from the fact that
the amount of directed towards the ingot move in
comparison with the amount of heat carried in the
direction perpendicular to the ingot axis is negligible
(Mochnacki & Suchy, 1995). We discuss the appar-
ently steady field of temperature generated in the
course of undisturbed working cycle of the continu-
ous casting device.

Taking into account the heat symmetry and the
above assumptions we consider the ingot region as a
two-dimensional region divided into two subregions:
Q, taken by the liquid phase and €, occupied by the
solid phase, separated by the freezing front I', (de-
scribed by means of function r = &(¢)). In these sub-
regions, with the space orientation taken as in figure
1, the heat transfer process, including the apparently
steady field of temperature and location of the freez-
ing front, can be described by means of the two-
phase Stefan problem (Mochnacki & Suchy, 1995).

Boundary of region Q = [0,b]%[0,z] is divided in-
to four parts, as it can be seen in figure 1, where the
boundary conditions are defined:

I, ={(x,0):xe[0,b]}, (1)
I, ={0,z):z€(0,z]}, )
I, ={bz):z€ (0,21} 3)
ry={b2):ze(z,.z1} )
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Fig. 1. Scheme of the continuous casting device (figure (a)) and
domain of the two-dimensional problem (figure (b))

In the investigated problem we intend to deter-
mine the cooling conditions for the ingot in such
a way that the temperature in selected points of the
solid phase would take the given values:

T,(x.,z)=U,, i=1,.,N, j=Ll..N,, 5

For (x;z;)€ €, where N, denotes the number of sen-
sors and N, means the number of measurements
taken from each sensor. Other elements which re-
quire to be determined are: function & denoting the
freezing front location and functions 7} describing
the temperature distribution in regions €; (k = 1,2).
Functions of temperature within regions Q, (for k£ =
1,2) satisfy the following heat conduction equation

o,

C PW =

i) ©

x,Z)= Ay —

where ¢y, p; and /; denote, respectively, the specific
heat, mass density and thermal conductivity in liquid
phase (k= 1) and solid phase (k = 2), w is the veloci-
ty of continuous casting, and finely x and z refer to
the spatial variables.

On the distinguished above boundary parts, the
appropriate boundary conditions must be satisfied.
Thus, on boundary I’y the boundary condition of the
first kind with the given pouring temperature is de-
fined (7, > 7):

Ii(x0)=T,, (7
on boundary I'; the homogeneous boundary condi-
tion of the second kind is given

9 (v 2)=0, ®)
ox

on boundary I'; (crystallizer) the boundary condition
of the second kind is set
a7,
- ) —*(xz)=¢q, ©)
ox
on boundary I'; (secondary cooling zone) the bound-
ary condition of the third kind is given

-4 ai(x,z)=0c(Tk(x,z)—Tm) (10)
ox

and finally on interface I', the condition of tempera-
ture continuity and the Stefan condition must be
fulfilled

1,¢(2),2)=T,(&(2),2) =T , (11)

dé(z) oT,(x,z) aT,(x,z)
Lp, w 8ZZ =-4 Jx |x:§(t) 2, T |x:§(t) .
(12)

In the above equations a describes the heat trans-
fer coefficient, g denotes the heat flux, 7, is the
pouring temperature, 7, describes the ambient tem-
perature, T~ denotes the solidification temperature
and L describes the latent heat of fusion.

The investigated task focuses on determination
of the following function

f(z)={q forz<z,, (13)

a forz>z,

defining the sought elements which are the heat flux
in the crystallizer and the heat transfer coefficient in
the secondary cooling zone.

The suggested approach applied in the research
is as follows: for the fixed form of function f prob-
lem (6)-(12) turns into the direct Stefan problem,
solving of which enables to find the courses of tem-
perature 75(x;z;) = T corresponding with function f.
By using the calculated temperatures 7j; and the
given temperatures Uj; the following functional is
constructed

M N

JO=33(T,~U, ), (14)

=1 j=1

defining the error of approximate solution. Thus, by
minimizing functional (14) we can find such form of
function f'that the reconstructed temperatures will be
as close as possible to their measurement values
which is the goal of our approach. Minimization of
functional (14) will be realized with the use of the
Invasive Weed Optimization Algorithm and for
solving the direct Stefan problem, associated with

-116 -



INFORMATYKA W TECHNOLOGI MATERIALOW

the investigated task, we apply the finite difference
method combined with the alternating phase trunca-
tion method. Let us notice that each running of the
procedure requires the direct Stefan problem to be
solved in course of multiple repetitions.

3. SOLUTION OF DIRECT PROBLEM

To solve the direct Stefan problem we used the
finite difference method completed with the alternat-
ing phase truncation method (Mochnacki & Suchy,
1995; Stota, 2011a; Stota, 2011b; Rogers et al.,
1979). In this method in place of temperature 7,
appearing in the Stefan problem (2)-(12), we introduce
the enthalpy related to the volume unit

T
jc(u) pwdu for T<T,
0

H=, )

Ic(u)p(u)du+L p, for T>T.

0

Function H(7) is discontinuous in the point giv-
en by the temperature of phase change 7. Its left-
hand and right-hand limits at this point will be de-
noted as H; and H;:

*

T
H, = lim H(T)= [etw pa) du,  (16)
0
H1=TlirTr;+H(T)=HS+L Dy 17)

If we use equation (15) in the Stefan problem,
we will obtain in both phases a heat conduction
equation where the temperature is be replaced with
enthalpy.

Algorithm of the phase truncation method for
cach time step consists of two stages. In the first
stage the entire region is reduced to the liquid phase,
it means that to these points in which the value of
enthalpy is lower than H, some amount of heat is
delivered (contractually) such that the enthalpy takes
the value equal to H,. The heat conduction problem
in the one-phase region, obtained in this way, is
solved by using one of the well known methods (for
example, the finite difference method or the finite
element method) by receiving the approximate dis-
tribution of enthaply. Next, in points to which some
amount of heat was artficially delivered, the same
amount of heat must be removed. Distribution of
enthalpy obtained after this operation is taken as the
initial distribution for the second stage of computa-
tions.

In the second stage the entire region is reduced
to the solid phase, it means from these points of the
region in which the value of enthalpy is higher than
H, some amount of heat is removed (contractually)
such that the enthalpy takes the value equal to H..
Similarly as in the first stage, the approximate distri-
bution of enthalpy is found and must be corrected. In
points from which some amount of heat was art-
ficially removed, the same amount of heat must be
added. This completes the second stage and, at the
same time, one step of the calculations (transfer
from time #; to time ¢;,;) of the method.

In the alternating phase truncation method for
each time step the heat conduction equation must be
solved twice. In this connection one must take care
of the appropriate consideration of the boundary
conditions such that they would affect the discussed
system just for time At instead of 2A¢. In the first
stage of the method the real boundary conditions are
taken into considerations only on these parts of
boundary where the contact of liquid phase with
environment takes place. The other parts of bounda-
ry are isolated. Whereas in the second stage the real
boundary conditions are taken into considerations
only on these parts of boundary where the contact of
solid phase with environment takes place.

4. INVASIVE WEED OPTIMIZATION
ALGORITHM

The IWO algorithm simulates the colonizing be-
havior of invasive weeds, in particular its tactics for
finding a suitable place for spreading over and
growth. The adaptation abilities of the weed colony
are imitated in the following way: particular solu-
tions of considered act as the single weeds. Adapta-
tion of each individual is measured with the aid of
fitness function depending on the solved problem.
Weed characterized by the best value of fitness func-
tion creates the biggest number of seeds which dis-
seminate some distance away giving the champions
the best possibility to find better place with better
adaptation. The algorithm presented is realized in
the following steps (Mehrabian & Lucas, 20006):

1. Random generation of » individuals compos-
ing the initial population. For each individual the
value of fitness function is calculated by formula

1
1+Jy)

where J denotes the minimized function.

fity) = (18)
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2. Determination of the number of seeds for each
individual. The number of seeds S; of a given indi-
vidual means its chances for reproduction. Therefore
it is supposed that the greater it is the better the
adaption of a considered individual is. Thus, the
number of seeds is expressed in the following way

S =S
S =8 .+ fit, - fit,  )—=——"2—| (19
i min fl f mm)ﬁtmax_ﬁtmm:| ( )

where fit;, fitn.x and fitn, are the values of fitness
function for a given individual, the best and the
worst population member, respectively, Spax and Sy
describe the assumed admissible maximal and min-
imal number of seeds and | | denotes the integer

part.

3. Dispersion of seeds over the region and crea-
tion of new individuals. New individual y = [y1,...y,]
is created by the random generation of y;, but in such
a way that the seed "falls on the ground" at the de-
termined distance from the senior individual. The
distance of the admissible seeds' flight is described
by the normal distribution with mean value equal to
zero and standard deviation decreasing in each itera-
tion according to the following formula

Imax _l. 3
o, = ]— (O — O-ﬁ") O s (20)

max

where /., represents the maximal number of itera-
tions, i is the number of current iteration, whereas
o and oy, denote the assumed initial and final val-
ues of standard deviation.

4. Calculation of the fitness function values for
new individuals created in the previous step.

5. Selection of n best adapted individuals from
among the new individuals and members of the for-
mer population. The n selected best individuals cre-
ate the new population.

6. Steps 2-5 are repeated it times.

5. NUMERICAL VERIFICATION

For verifying the proposed approach let us con-
sider the continuous casting of aluminium described
by the following parameters (Stota, 2011 a): A, = 104
[W/(mK)], 4, =204 [W/(mK)], ¢; = 1290 [J/(kg'K)], c»
= 1000 [J/(kg'K)], p1 = 2380 [kg/m’], p, = 2679 [kg/m’],
L = 390000 [J/kg], velocity of casting w = 0.002
[m/s], solidification temperature 7 = 930 [K], ambient
temperature 7., = 298 [K], pouring temperature 7, =
1013 [K] and =0.1 [m].

Values of the heat flux and the heat transfer co-
efficient, which we intend to reconstruct, are known
to be as follows

g = 400000 [W/m’],

a = 4000 [W/(m*K)],
which makes it possible for us to evaluate the quality
of reconstructed elements.

In the investigated region two thermocouples (V,
= 2) are located in the distance of 0.01 and 0.02 m
away from the boundary. 100 measurements of tem-
perature (N, = 100) were read from each thermocou-
ple. The distance along the Oz axis between the suc-
cessive measurements was equal to 0.002 m. In cal-
culations we used the exact values of temperature
and values disturbed by the 1, 2 and 5% random
error of normal distribution simulating the meas-
urement values.

For minimizing functional (14) we applied the
IWO algorithm executed for individual of form y =
[¢,0] and for the following values of parameters
selected in result of several testing calculations:
maximal number of iterations it = 1000, number of
individuals in one population n = 40, maximal and
minimal number of seeds Syux = 5, Smin = 1, initial
and final standard deviation 6;,; = 5, 64, = 0.1. Se-
lection of parameters has been made on the basis of
solution of some other inverse problems (with and
without the phase changes - see for example (Het-
maniok, 2014)). We have chosen these values of
parameters which ensured the most exact reconstruc-
tions of sought coefficients and enabled to obtain
them with the lowest calculation costs. Because of
the big difference between the expected values of
reconstructed elements the initial weeds populations
were randomly selected from different intervals (for
reconstructing g from interval [250000, 500000] and
for reconstructing o from interval [1000, 5000]).
Specific quality of the IWO algorithm is its heuristic
nature, meaning that each execution of the procedure
can give slightly different results. Therefore, to as-
sure the best results we evaluated the calculations
for 10 times in each considered case and the best of
the received results were taken as the reconstructed
elements. Each execution of the procedure requires
to solve the appropriately formulated direct Stefan
problem which was realized by using the finite dif-
ference method with application of the alternating
phase truncation method for the mesh with steps
equal to Ax = b/500 and Az = 0.001.
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Fig. 2. Relative errors of parameter f reconstruction for the
successive iterations (¥ — for q, A — for a) obtained for 2%

(figure (a)) and 5% (figure (b)) noise of input data

In figure 2 the relative errors of the heat flux ¢
and the heat transfer coefficient « identification in
dependence on the number of iterations obtained in
one execution of the procedure, for input data dis-
turbed by 2% and 5% error, respectively, are dis-
played. We can see that in both cases after about 50
iterations we are able to obtain very good recon-
structions of the cooling conditions and the further
iterations do not significantly improve the results.
Some other, more sophisticated techniques, which
are planned to be investigated in the future, might
probably be more effective to improve the results.
However, at the moment we find the obtained recon-
structions satisfying. For the exact input data the
reconstruction errors converge very quickly to zero
which confirms the stability of the procedure used.
Averaged results of the cooling conditions identifi-
cation received in 10 executions of the procedure for
the exact input data, as well as for all considered
perturbations are collected in table 1.

(@)

1000
900
800

700

T [K]

600

500

400

300
0.0 0.2 0.4 0.6 0.8 1.0

0
0.0 0.2 0.4 0.6 0.8 1.0

z |m]

Fig. 3. Exact (solid line) and reconstructed (dots) distributions of
temperature (figure (a)) in control point located 0.01m away
from boundary b obtained for 5% noise of input data and abso-
lute error of this reconstruction (figure (b))

In figures 3 and 4 the distributions of tempera-
ture reconstructed in measurement points located
0.01m and 0.02 m away from boundary of the region
respectively, are compared with the known exact
distributions. The results were obtained for input
data disturbed by 5% error and they show that even
in this worst case the reconstructed and known
courses of temperature agree. The absolute errors of
these reconstructions are at the level of few Kelvins
which additionally confirms the almost perfect re-
construction of temperature. Maximal relative errors
of temperature reconstructions obtained in 10 execu-
tions of the procedure for each considered input data
perturbation are presented in the last column of
table 1.

In general, table 1 contains the statistical elabo-
ration of the results obtained in 10 executions of the
procedure for various noises of input data. Relative
errors of the heat flux and the heat transfer coeffi-
cient reconstruction for exact input data are smaller
than 0.1%. The errors increase obviously with the
increasing value of input data perturbation but still
in each case are much smaller than the input data
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Fig. 4. Exact (solid line) and reconstructed (dots) distributions of
temperature (figure (a)) in control point located 0.02m away
from boundary b obtained for 5% noise of input data and abso-
lute error of this reconstruction (figure (b))

Table 1. Reconstructed values of the cooling conditions (parame-
ters f), relative errors (9), standard deviations (o) of these re-
constructions, standard deviations (o”) expressed as a percent of
mean values of parameters f reconstruction and the maximal
relative errors (67") of temperature reconstruction obtained
for various noises of input data

noise f 0 [%] o o [%] 5[{] %l
0

,, | 40038026 | 0.0951 | 0.0071 | 1.767-10°
0% — —— 0.0261

4001.56 | 0.0390 | 2.917-10° | 7.293-10

., | 40322646 | 0.8066 | 1.498:10° | 3.747-107
1% — —1 05158

3975.56 | 0.6110 | 5.998-10° | 1.500-10

., | 397543.07 | 0.6142 | 9.66310” | 2.413-10°
2% — —1 0.5146

4028.20 | 0.7051 | 4.590-10° | 1.148-10

,, | 408832.55 | 2.2081 5.056:10° | 1.264-10°
5% — —1 0.5992

3941.61 | 1.4597 | 3.687-10% | 9.217-10

error, whereas the maximal relative error of tem-
perature reconstruction in each discussed case is
insignificant. In case of the exact input data the max-
imal relative error of temperature reconstruction in
the control point does not exceed the value of
0.03%, whereas in case of the perturbed input data it
is always lower than 0.6% (see the last column in
table 1). Stability of the procedure is indicated by

the standard deviations of the sought parameters
reconstruction which in all considered cases are very
close to zero. The results compiled in table 1 were
obtained for the entire procedure, it means for 1000
iterations. However, as we have noticed while com-
menting figure 2, we received satisfying results of
reconstruction after executing much less iterations.
Standard deviations o” of parameters f reconstruction
calculated in 250 iterations for 0,1,2 and 5% pertur-
bation of input data, expressed as a percent of mean
values of identified elements, are equal to 0.0404,
0.0089, 0.0069 and 0.0099 (in reconstructing ¢) and
0.0112, 0.0040, 0.0033 and 0.0030 (in reconstruct-
ing a), respectively. These values are very small
which means that the procedure stabilizes much
earlier.

Considering time of the process, the computa-
tions needed for executing 50 iterations of the pro-
cedure, which was enough to obtain satistying re-
sults, took about 30 minutes. Currently we investi-
gate the same procedure but with application of the
parallel computations. It reduces the time to about 5
minutes.

6. CONCLUSIONS

The aim of this paper was to propose the proce-
dure for solving the inverse problem of continuous
casting. The problem consisted in identification of
the cooling conditions so that the reconstructed val-
ues of temperature are as close as possible to the
measurement values taken in the selected points of
considered region. Moreover, the important part of
the proposed procedure lied in minimization of the
appropriate functional which was realized with the
aid of IWO algorithm belonging to the group of
swarm intelligence algorithms. The presented results
of experimental verification show that the elaborated
method ensures the approximate solution rapidly
convergent to the exact solution and perturbed by
the error much smaller than the error of input data,
in identifying both cooling conditions as well as in
reconstructing the temperature distribution. Standard
deviations of reconstructed elements in each consid-
ered case were very low which indicate stability of
the procedure. Advantages of using the approach
with the IWO algorithm are its relative easiness in
application and no particular assumptions needed to
be satisfied by minimized functional. The weakness
of the procedure lies in solving the direct problem
associated with the considered inverse problem.
Therefore if we are only able to solve the direct
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problem, which is supposed to be a much easier task,
the appropriate solution of the inverse continuous
casting problem can be found as well.

Considered problem of continuous casting was
also solved by the authors by applying some other
biologically inspired optimization algorithms, like
Ant Colony Optimization algorithm, Artificial Bee
Colony algorithm or immune algorithm (see for
example (Hetmaniok et al., 2013)). Comparing the
results one can observe that the smallest number of
iterations, and in consequence the smallest number
of the objective function runs, was in case of the
Artificial Bee Colony algorithm as well as the Ant
Colony Optimization algorithm, whereas the Inva-
sive Weed Optimization algorithm appeared to be
the most stable. However, differences in the running
time are at the level of several minutes, therefore we
may state that the efficiencies of bio-inspired algo-
rithms, tested by us in solving the discussed prob-
lem, are quite similar.

In the earlier works we used for solving the dis-
cussed problems the deterministic algorithms as
well. However they appeared to be sensitive to the
starting point selection. For the starting points locat-
ed quite close to the sought solution we were obtain-
ing very good results. For the starting points located
farther, the exactness of received results was not so
good, especially in the case of disturbed input data.
Application of the IWO algorithm gave us the possi-
bility to become independent on selection of the
starting point and to receive the very good results in
each case.
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ROZWIAZANIE ODWROTNEGO ZAGADNIENIA

ODLEWANIA CIAGLEGO PRZY ZASTOSOWANIU

OPTYMALIZACYJNEGO ALGORYTMU INWAZJI
CHWASTOW

Streszczenie

W niniejszej pracy przedstawiamy zastosowanie algorytmu
inwazji chwastow IWO (Invasive Weed Optimization algorithm)
do rozwigzania odwrotnego zagadnienia odlewania ciaglego.
Badany problem polega na wyznaczeniu strumienia ciepla w
krystalizatorze oraz wspolczynnika wnikania ciepta w strefie
chlodzenia wtoérnego poprzez rozwiazanie dwufazowego zagad-
nienia Stefana opisujacego dyskutowany proces oraz poprzez
minimalizacj¢ odpowiedniego funkcjonatu przy uzyciu algorytmu
IWO. Zastosowany algorytm nalezy do grupy algorytmow
sztucznej inteligencji i zainspirowany zostat niezwykta zdolnoscia
kolonii chwastow do szybkiego wzrostu, reprodukcji oraz tatwo-
$ci w dostosowaniu si¢ do warunkow srodowiskowych.
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