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SIMULATING OPTICAL P ATTERN RECOGNITION ALGORITHMS FOR OBJEC T
TRACKING BASED ON NO NLINEAR MODELS AND S UBTRACTION OF FRAMES
V.G. Krasilenkd, A.l. Nikolskyy?, A.A. LazareV, D.V. Nikitovich*

innitsa Social Economy Institute, Vinnitsa
23%/innitsa National Technical University, Vinnitsa

Abstract. We have proposed and discussed optical pattern recognition algorithms for object
tracking based on nonlinear equivalence models and subtraction of frames. Experimental results of
suggested algorithms in Mathcad and LabVIEW are shown. Applicationudfadent functions and
difference of frames gives good results for recognition and tracking moving objects.

Keywords: optical pattern recognition algorithm, object tracking, nonlinear equivalence model,
subtraction of frames, spaa®evariant recognitionMathcad, Labview.

Introduction. For many applications applied in the creation of biometric systems,
identification systems, extrerw®rrelation guidance neural cyber machine vision systems and other
necessary solve the problem of object recognition ingesaand scenes support problielentifying
moving objects. There are many known methods and means 1, 2 to address these problems. The basis of
most known methods and algorithms is to compare two different images of the same object, or its
fragment, or twamages, one of which is a benchmark or its transformed image and the second image is
a set of images that belong to different classes and only some of them belong to the class that
represented the standard. Discriminated measure of the mutual alignreestaeffragment with the
current image, the coordinate offset is often a mutualdineensional correlation function. In paper3 it
was shown that to improve accuracy and probability indicators with strong correlation oebstacle
damaged image, it is desiraliteuse methods of combining images based on mutual equivalently two
dimensional spatial functions, nonlinear transformations of adapairrelation weighting. At the same
time, an acute problem of recognition is not only static, but also moving oltfesitsnaintenance, i.e.
tracking. In addition, in real systems is the need to recognize in such adverse situations where a moving
object obstructing the obstacles which reduces the share of standard, on which the recognition is
performed. The purpose ofistsection is a series of model experiments in model environment Mathcad
verification methods for detection of moving objects with sufficient probability and accuracy.

Model experiments in Mathcad. To test the accuracy of coordinate reference standard in
recognizing moving objects by simulation we used the previous video file splitting into individual
frames and mutual combination of two methods for the selection frame to current staff. One group of
methods included processing the current frame of imagetendupport position of these fragments.

The second group included the formation of difference frames and further processing and combining the
current frame difference with the selection of these shots difference. In addition, for both the first
method casisted in finding equivalent functions between the selected fragment to study with the object
of attention and the current image by processing halftone images. The second method is different from
the first that the resulting equivalent function is caltadaby weighing all eight successive discharges
functions from bitmaps of images which were processed in each frame. In both cases additionally used
equivalently adaptive nelinear weighting strengthened discriminates used measure, and allow better
highlight extremes (peaks) tadimensional spatial functions. The experiments showed that the best of
these options is available by combining equivalent difference comparing the current frame with selected
position from these differendeagments, representingbjects of attention. Figure 1 shows the
simulation results. For both groups, the second method of processing sueskssiv®mbination

gives the best results and for moving objects, that disappear when their movement by barriers second
group recognitin on the basis of the formation of the current frame images offraree difference

images (sees Fig. 1, second right images in the top row).

Experimental research of tracking algorithm of moving objects. Especially the process of
verification and inveggation of algorithms for allocation and tracking of moving objects, which are
recorded by cameras, there is a need of fixing, recording, playback and processing of a large number of
frames (images). In addition, the dimension of the processed imagea Bmréficant and processing
inline frames forming descriptors, compares them with the help of criteria functions, a decision of a
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moving object of interest or part thereof, with the subsequent issuance of markers and designators, mt
be made contlnuoustynd in real time .

BS6ZM BS4ZM GOZQON-200

—
CPBPV = |CP - BPV|-250

CP-4 CPBPV BPV 4

max(CPBPV) = 0
min(CPBPV) = 0

ENSPO-250

BPGR
ENSPO

Figure 1- Model experiments in Mathcad

Therefore, the choice of tools for research, we settled on Labview, as the most powerful
integrated with the hardware platform and development environment created in the graphica
programming dnguage «G» company National Instruments (USA). Harnessing the power of Labview
and its basic applications and modules makes it relatively quickly design the required system o
recognition and support, to quickly change the behavior, structure and mdbelsyfstem or process,
write, read and analyze video file (AVI) frames, which significantly simplifies the process of
verification of developed systemspecific features and statistics. At the same time fedejoth
mathematical formalism and describenof the important stage process, for example, such as the
construction of twedimensional functions of criteria we use Mathcad, which as the results of our
previous studies, there is a powerful tool. We have developed a number of possible projedts detect
and tracking of moving objects (DTMO). Subject to the restrictions consider DTMO one embodiment
shown in Figure 2 shows a block diagram of a project, and fragments 1b shows the basic design. Tt
system introduced by the node read AMds to generatdoth the original video stream and video
stream of difference frames with the possibility of setting a different delay time (in frames) between the
deductible frames. Knot formation pattern from the selected frame and the node template comparisc
with seleted fragments of the current frame chosen standard, but, as will be shown below, also requir
improvement. Results of the first experiment in support of a moving car for scenes with overlapping
objects obstacles is shown in Figure 3a shows one of thedrénom which was isolated and formed
pattern, see Figure 3b. Some frames with dedicated red markers (frame) and the designator shown
Figure 3c. This test uses frames of the original file withoutppoeessing, the size of RGBage
frames- 281 x 126resolution 8bit pattern 44 x 24, and for comparison with the current template frame
mode is used «Grayscale», so use a special type of converters, and image formats. To determine
quality of support was estimated number of frames with markers in a, vitéch was recorded as the
video output of the project and who was using the application Vision Acquisition transformed into a set
of 256 frames. Number of frames, in which a moving object (MO), was placed fully, equal to 135.
Therefore, the proportion dfames in which the object is not specified, was (88%/ 135, which
corresponds to approximately 35%. And this in the case, where large relative to MO barrier to not.

13
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Figure2- Block diagram of the project

In this regard, we conducted a second erpemt in which watched from the source to the
video has been formed from the difference hitame video images. Number of frames for which
delayed video stream varied between 3 to 7 and more. Figure 4 shows the results of simulation where
the differencérames formed by delaying them in frame 7 as an absolute difference of pixel intensities.
The experiment showed that the percentage of frames without reference to the MO, i.e. with the loss of
support, depends on the delay time for the ifteame subtraébn, the size of the object, since the
difference pattern increases with the delay, the speed of movement relative to the frame rate and
shooting conditions, and also on the specific nature scenes. For example, the camera shake when
shooting handorms onthe difference frames the contours of objects (trees, poles, etc.). In addition, the
quality of the support and influence the choice of the template when a template can be selected only
some (front, rear) part of the total difference pattern 4b. This iexper showed that for the most
optimal video there is a delay of 7 shots, but winning over the first experiment, as there is practically no
maintenance. Therefore, an additional check, we tried to work with a video file of larger dimensions
(416 x 125 8bhiimage) and other shooting conditions. The results for this case are shown in Figure 5.
The experiment with the file showed that the quality of support has improved and the proportion of lost
bindings decreased to 15% (268 frames in all, 228 with theataeterence, 40 frames in the search
mode or a loss of MO to). Thus this and similar experiments, we show that the use-thinger
subtraction positively affect the quality and support to at least two or three times, but for special
occasions, reducéke proportion of errors.
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Figure 3- Modeling results: a)- One of the original frames; b)Template; c) Set of frames
with markers and pointers of a moving object

Fourth, our experiment was to check the quality of the project in which we usedamidyn
template and the results of which are shown. This experiment showed that such an approach has
advantages and disadvantages, but significant gain compared with the previous experiment does r
(error rate was 15%). Further studies are needed.

Conclsions. Experiments in Mathcad have shown that the best option is the usenapbit
image processing and ntinear equivalence functions to align positioned comparing fragments of the
difference current frame with the reference difference fragment eyineg the object of attention. The
proposed tracking method implemented in the Labvipwmject, which allowed them to effectively
carry out the simulation. Five different experiments with vitlleo showed, that application of
equivalently image functian and difference frames gives good results combining recognition and
consideration of moving objects in video and allows using image momentum features, set point ani
target designation follow this object.
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Figurev 4. a)- Difference frame with selected object (left) and a pattern (right); Bhe
enlarged area of selected object (difference); Eyames with selectedbject and with loss of the

object.
FORM e 4 {
I

....... ) %

T e m o B BTG WDE IS e te W smaou -l

)

Figure 5. Modeling results: a) One of the original frames; b)One difference from the frame
array; ci A set of frames (the original seven and the remaining difference)

2. Vladimir G. Krasilenko, Alexandr |. Niskyy, Yuriy A.Bozniak. Recognition Algorithms
of Images of MultiCharacter Identification Objects Based jn Nonlinear Equivalent Metrics and
Analysis of Experimental Dat Using Designed Software: The EleventtUl&kinian International
Conference, Octobdi5-19, 20121 P. 107110.

3. Vladimir.G. Krasilenko, Modelling and comparative analysis of correlation and mutual
alignment equivalence functions, /V.G..Krasilenko, Y.A. Boznyak, G.N. Berozov. Science and learning
process: scientific and methodical. edings Scientific Conference of the Faculty of Economics and
VSEI Entrepreneurship University "Ukraine*®. Vinnitsa: Vinnitsa Social Economy Institute of
University "Ukraine", 2009 P. 6870.

16



MATHEMATICAL MODELING OF AIR POLLUTION ON THE STREETSOFCI TY
T. Rusakovd, M. Biliaiev?

! Dnipropetrovsk NationaUniversityO.Gonchara, Dnipropetrovsk
2 Dnipropetrovsk NationaUniversity of Railway Transport
Oc a d e nWiLazaryama, Dnipropetrovsk

Formulation of the problem. Now a big interest exists in theroblem of prediction of
pollution the level on the streets of city. In this situation, there are two important tasks. The first task
is air pollution from traffic, stationary sources on the streets (emissions from small boiler houses, tube
from restauants, cafes, etc.). The second task a prediction of air pollution on the streets when there
are accidental emissions (fires at gas stations, accidental spills, etc.). There is the problem of creatic
the effective mathematical models that can fastutate the degree of air fhation on the streets of city
for different class of tasks. In this work we consider the scheme «street canyon».

Analysis existing solutionsAt present the several classes of mathematical models are used for
solution these task The analytical modelsthe model Gaussian [1, 6] and the numerical models [1, 5,

7, 9]. Analytical models can calculate of concentration faticstary emissions and for accidental
situations. These models have the big lack. They do not take thentgloé buildings on the streets at

the process formation of zone dispersion. The numericdelm@re based on NaviStokes equations

take up much the computer time (several days). Therefore, they are not used for sergmonalf&il

These numericahodels are big problem of the modeling turbulence. Existing models efé¢nde [8]

give the poor results when modeling the flow around buildings. In Ukraine the normative methodology
[2] used for calculate of air pollution but it does not take the infieeof buildings on the transfer
pollution in @mosphere.

The aim of work is the development of numerical models to estimate the level of air pollution
from traffic emissions in the «street canyons» of city, which not takes much computer time for the
routine calculations.

The mathematical model.The process of calculation of pollutant transfer on the streets taking
into account the buildings is dividing into two steps. At the first step, the task solves for definition the
speed wind field around the buifdjs. The model separated flows inviscid fluid [5] is used for the
solution this task. In this case, the basic are the equation of transfer the vorticity (1) and Poisso
equation for calculation of stream function (2) [5]

LW W, @
Mooy
2 2,
%+%:-Wv (2)
X
where W:ﬂ_ MU vorticity; y | stream fuition; W o v=- M.
s Y (D%

The separation flow is taking place at corner points the buildings. When the flow is separating
and the vortices are forming, then task arise for calculating their intensity. For solution this task is using
the method which was discussed in work [5].

For these hydrodynamics equations are put the next boundary conditions. So, for Poisson
equation on the sface obstacle is put a boundary condition "nonflow" y5}0.

On the entrance border the air flow to a calculation domain is put his profile speed u=f(y) and
values of stream function and of vorticityw: y Y=y (), WnerW(Y).

On the upper bordef the calculation domain is put a condition "nonfloy=const.

On the exit border the air flow out of the calculation domain are put the "soft" boundary
conditions necessary for close the differencestous[5].

The solution of this hydrodynamic taskdonsidered by method of fixed solution in the time. For
that, at starting time t=0 for vorticity is put the starting condition of typei=0 orwYao= Wo(X,Y).

After solution the equations (1) and (2) and the calculation of speed the wind flowibgginn
the solution of task about the transfer pollution on the streets (the second step). For modeling thi
process is using equation transfer pollution in atmosphere [3, 5].
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whered T concentration of pollutanty, v i components of vector the speed wing= (’71’7}) i the
coefficient of turbulent diffusion;Q i intensity of ejection pollutanta(x- x )a(y- y;) i delta

function of Dirak; X, Y; T coordinatesof the emission sourceS i the coefficient taking the

chemical decomposition potiant;ti time.

The formulation of boundary conditions for this equation was considered in works [3, 5].

For the formation of view the calculation dam, of position the buildings, their form is used
the method marking of the calculation domain [5]. The calculation is realized on rectangular difference
grid.

The method of solution For numerical integration the hydrodynamic equations are used the
implicit difference schemes. So, for integration of transfer vorticity equation is applied the alternately
triangular difference scheme [4, 5].

The value of vorticity at every calculation step is considered as the formula «running account».
The value of strearfunction is calculated with help of difference scheme the total approximation [4].
The numeric integration of equation transfer pollution is performed by an implicit difference splitting
shame [5] as of the method «running account».

The practical realization of model The developed numerical model wased to calculate the
concentration in the street for the scheme «street canyon» Fig. 1.

OO0

[HYINRIN —
- OO0 MUE
?QDD[D EQ [D:D£|

Fig. 1. Scheme of thealculation domainli buildings,21 place an accidental emission

Considered two scenaridsirst scenario: the first building lower in height than the second (the
first height of 6 m, length 16 m, height of the second 10 m, length 12 m). Second scenario: the first
building above the second (height of the first 12 m, length 16 m, height afdbeds6 m, length 12 m).

On the street there are two sources of, N@ission intensity Q=10g/@): the first was
located directly next to the first building, and the secbrmtween the two buildings. The calculation
was carried out with the followingitial data: wind speed of 5 m/s; atmospheric diffusion coefficients
m=m=3 m?s; dimensions of the computational domain: length 125 m, height 30 m. The initial
background concentration N@ the computational domain is zero. The results of the calonlatie
shown in Fig. 2 3.
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Conclusions. Review the effectiveness of CFD model for theediction of atmospheric
pollution on the streets. The proposed model allows us to calculate the hydrodynamic of the winc
streamin the flow around buildings and calculate dynamics of the pollution distribution in the «streets
canyons of city. A distincive feature of the modes the consideration of the effect of hydrodynamics
buildings andrapidity of herrealizationon the computer
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THE METHOD OF TAKAGI -SUGENO FOR NONLINEAR MODEL
COMPROMISE OF RULES
M. V. Skalozub

National University of Railway Transport named after Academician V. Lazaryan,
Dnepropetrovsk

This article represents the researching results of the problems of mathematical modeling and
complex multicriteial control of economical, technological, informational, and other transport
processes in cases where there are several different types of uncertainty in the characteratmmestim
So we have multiple uncertainties of the model parameters: randqrimgeserision, vageness,
interval estimation of the values and their combination [1]. In the most situations [2, Jjngate
managment are based on uncertainty homogeneous models or by switching to them. The development
of the models and managemenagedures that are used correctly all available data from multiple
sources, or in a different form, expands methods siésyanalysis and optimization of the complex
control systems. In [4] developed the method and fuzzy statistical manageovenipegFSM),
which provide the uffied framework in the classical model of fuzzy control [2] as a priori fuzzy and
also accumulated statistical information. Also there are performed the improvement of the FSM
methods and resources for the inhomogeneous ancpladiizzy conditions.

The mathematical model formation is proposed to calculate as the geometric mean of the
normalized patterns of the individual components:

d(x) = [leN (%)@, (x,)0.al,, (%, )Juﬂ. o

The model consists of the uncertainties of differepesy the confidence inde> d(X) ).

Further the confidence index is used in the output procedures, like the degree of affiliation in
the processing of fuzzy variables [2, 4].

As a method of selecting the control, summarizing tesults of the individual rules and the
axioms built on the "relative concession" compromise [3], instead of a linear model of the "absolute
assignment" compromise, as is used in the classical scheme of -Baigagio control (I5) [2], in the
module ofrepeatedly indeterimate FS control is used a set of the rules:

R IF (%, is D} ANDX, isD%.. ANDX, isDE), THENY, = f ®(x,%,,...x,)  (2)
R™: IF (%, isD} ANDX,isD).. ANDx, isD!"), THENy, = f ™ (x,x,,...x,)
where R¥ separate rule D, T generalized form of the uncertain sets (fuzzy statistical [4] or

multicomponent), which are different for the rules. Tight side of the rule shows the function THEN
for the input "signal' XJ. . For management on the basis of (2) it is necessary to calculate thatiestim

for the value XJ and to calculate thaveight" of the each rule.
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The rules of TakagBugeno control module with axiomatic nonlinear multicomponent
management are of the form (1), (2) wheD, i the generalized model under uncertainty. According

to the scheme of-S control unit calculates the "degree of rule compliante'Mamdani, Larsen
methods:

e . _ _ _

Eminfa,, (5.0, (%), (5.}

n

W' =id dzd . (3)

{dD%(E)@D%(Xz)O--@Dg(Xn):OdD}(ij)
I i
Then the functionsy, = f<1>()*(l,>*<2,___$%)are calculated by the estimated signals. Let us

corsider the question of generating an output signal-8f dontrol unit, which is performed acdorg
to [2]:

N N
V=8 w8 W @
k=1 k=1
The control (4) summarizes the results of the individual rules based on the principle of
abolute assignmant [3]. The compromise (4) is suitable for the lineatesys, and its restriction is the
absence of a priori information about the relationship between the results of individual rules (2) in the
solution (4).
Let us consider another multiplicative modaélcompromise rules (2), corresponding to the
principle of relative concessions, which provides control with the formation of axiomatiefifled set
of solution properties according to (2) [3]. Then modified repeatedly generated indefinitely (1)-Takagi
Sugeno management is formed. The activity assessment according to the rules (1), (3), (4) and
multiplicative model of aggregation of the rules' conclusions (2) are used. For formation of the model
structure to determine the value of compromis& Torrol it is necessary to find a generalized

functional on the basis of the account of the particular valuesY,(K), j =12,...m. During
formulating a "fair* compromise mode{Yj (k)}m it has been taken into accduthe followving
properties of the control: symmetry (equa\YJ ), the deviation of group estimates, the value of the

each, :Yj'(kj) . Such a compromise of valu'Y;(K), j=12,.....m determined by the raiive
concessions model [3], considering the parameter

/=0 (k) - Yoo /ma{y; v}, ®)
as a compromise value and calculated as the product of a generalized function of the form:

A iy ;

O/, =0Y°(k)Y max, (6)

i=1 i=1 ©

the values of which further are maximized in the problems of optimal control choice.

In (5), (6) the valut; is indicated the function value according to (2), ki the number
of iteration of the compromise model (5) for Tak&gigeno contrc k. = 1. In accordance to (5), (6) we
obtain the modified method of Takagugeno control:

v=2& v )

where n i the number of active output rule y, T output functions resulting from the @imgs by the
rule i ; w i the degree of uncertainty of the rule 'i' (2). By normalized the degrees of uncertainty

(]
according tc Wi/é_ w, the model (1) is simplified, taking the form (6). Note that the control model (6)
and (7) implement fuzzy nonlinegp@roximation (multicomponent uncertailil)) values.
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New MATLAB modified units were created and applied for the proposed methods, modeling
and control procedures with regards to the conditions of multiple parametataintgetransport
systems.
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sy d obtttts] bkmMdased) ftiHjdvil djor k¢ dkz:
yo
Es6 Bl CMlse) GOw d j L O Gemdmded dsdin O WAl 8 5 dj)

J
o}

5, ubkt LOHOYq tst]’lsddz,qLOucfd dMmMmdzj Hise Odzd M!  dzO
Esh dzZsets 060 dOUOd] ©OLEOBOK! 80! dgjlssHT o

o (S
ﬁ_mﬁ_ﬁ_wg—ism

“IESET-E O TS =0
N &
[}
r=
&
.
I
[
&
[
E
w
o
7]
I
8
N
&
A=)
%
s
723
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CZOMMO L OHOY ©OL©EOB O’ o 0] w0 dskedsy j s Bl g juls Tdasg 2 ¢ M
sdgjlsdls! , ylsts Bd hddMmlsets Mdsyd 7 Mmdmsjd §ed da
Bdzse st Cste) BOd d@ &3 L OHOYOB. 1 sfrksCd f§ohmstesdls: 4
Hazw 6§ h jdzdv {lses CdzOMMO L[OH]OU wEc H Do jyigudsstnl i q i
§4tej d&3j Misddzhv d&O MissmrofisduimMédj dilssuHr. 1 twe ddsf!
BjlsSHEBe. MmBtshts dLeojfhlsd cjdjlsdujmcdj ddd ¢ osd* Yy
f5C OnGddz) dzdzr § { SMY jtod ) delss Odel B s thOteo B ©OLBAOE,
stsd €5 o  dzj S tslstf 'L B thi@E 5O Y B ' j¢ dzisiB SRS telg dslz ds' o
Bhsc sl Chistej BOd d 7 LOHOUOR. It dkscdi nmkzyovs 6]
dimmdzj Hse Odzd W fls d Bz dzff & B Bl )} € IS (A ERRdEP B S5I5C O ) dzis 3
mMdMmisj & ftod GcwOdduj dedz’ 7 o) MEweMOr fwdosHddko ¢ d&d
Bdzse 8 Mdzyowr ydhds &sCod d 7 Sl dzdss B ds
CdzsB Odz! dgsets | Chybtej BzdBO IstejBlS s  daso ug M dcilg jfdz! ddgts 2 |
sjnddSd. 4" ds §shmudlsOodss, vyt Mkhjhmsekshdj djlssh

stejBbktls OMmstesdsdrddyi Misets otej d3j dzd ttOBBIST CH®f! s lsjte
] fsmdjHddj G6BH™, detso " 5 dzOf e Oo dzj ded j &3 d Mfydzj H ¢
MlsOdzseo dIsw s sdg@Ov tc§ 6 Pars@®EJOYydy [ 9] . {20 L o t5d
dzj dzd dzj 2 dzs?2 sl dBdL Oydd
min{ fo(X) | fj(x) ¢ 0,i =1,...n} 1)
C LOHOYJ] BOCMdBdLOYdd JoSddHtsors?2 dsteds oJjClkttc® dzO
max{| |zl zf S(d)} , @)

GHJ
S(d) ={x| fo() +s+(r - D||z|f¢ d, fi(x) +r||z]f¢ d,i=1,...;m},
Z=(XX1). ) OtSudsidsig dz LHiso dzj o tstewls! bkhdse ds

s2|IX |- fo(X),

GHY -tojhjdedd LOHOYUdr¥1D, o0 JOBPHLEKIS OC §ds, MlOsEs  d
o fCdzr 5. 1 Bt L Isdr fOttOdBjstetse Hdw CtsdSte]jlsdats?2 L
Btsdz! " dE dz@Gj dzedV =" L OHOdzdz' §j Efmdzsedw BRkHEI o' f sdzdg" Is
MsHjteydls Hoj detsiqrddtij B8H B de@tcOB] stcO. v dMmdzts 56 tcOdz]
20 jHdddykz. 1 OHOYO (2) o Bhjd MEyYyOIslsPLY j s trzs
ftcj sBtcOL 59 Oded d yYyoOmls! dzsCOdz! dz' » B dzd BzBse L OHOYd (
LOHOYd (2). 14dStbtter j dstod d'j &BdddhBzdr &dsckzls df
LOHOY (1) d (2) BEHEI Mmtof OH GlssMIs[d9 JL.OHrOdRY] (2o jHaS
eihdls! LOHOYE orfeCdts?2 wstilksddidL Oydd

min{d |zl Sr||z|F¢ d}.
e Hdw o]0 j dadov sty | UsGidnidirdis o dijds 5 yS O ¢ s Odz dzts

BOCMIBEBO LOHOU] (2) SOV f5H OALdddARIIED & 1@ janjddy(j
sBh jd§ MizzyOj, dzjsBRtHdBE i ted H jHdis ¢ shxswkosy azsf s

b ) dets & Hz(d) |P=d . Clsts ddzPu§ teq j|z02sd d5j ssHtsd HJZDSIs6B]

Flzd) |- d st dats Is s dedets o 5L 16 Of @, §us@(S d g0 jfa@L S5,  daj
LWWjCdody 2 Ocketstedlsds HdY tojh jdddw gDy O E] 6 PGS Ol

Odze sted Is 3.

1L.1rBdteOj &3 B tsdz ddtsjs ydakz® s dzdej " j dzd W

21ted YWdE¢Mdese OdkdzBBOYTZOULWd g zH ] A3 G jh OlsEsdi] ISBH
BilstsHi orfECdtsy ddztsy j Mlsets § sd3j M O jRALn s joh OFfjtdsviiyts 2 cOHAD 1

max{]|z|BIxi P}.
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vsYCk CdsBOd dscts &OCHdEzEO &0 § OtOddzj dzj § d
ejhjddid orfzCdzs?2 L OHOY]

max{cTz|xi P},
GHCGli yj delste f OtcOddzj At i HR] ] o' §2C dzs2 L OHOYd
1t JjeW jd dZODHzidWIZ“HtSlifﬂzﬁ]Qz}zf(ﬁtsfr]lsriﬁ]dzd 1 Ists L
o7 f sdzdzy j sTyw  f) L Oey O distas HsitmpsiQzezf s s OHOud (2) s
L dzO §l,dzdtdj € 3R &Hh Ockz 5.
4 vistesdds slsMj ud ddd sJ dzdzd

f(Z) +Bf] (Z)(z- 2 ¢o,
GHJ dhsfjtdin j dzvjds gL kfmdss dv
max{fi (z)} = fi(2).
dlstetsdd kEfMmj uj dedzr 2 § OtcOdzdzj dzj § ¢ § w
A ={z|zl P, fx(Z)+Bf (F)(z- D) eo.
rOdzjj, ©jhojd LOHOYE
max{||z|P|xi A} . 3

rdzv  gd g jdzdw j d3dztisas@ dzlf it € dz'OHlc Ols  ydzlz ¥ G4 ¢
fsLotsdzvjls ftojtsBteOLSO OI! LOHOYE (3) € Mmdzjulksh j:

max{||z|Pllk- a' [F¢r,i=1...p}, @)
CHELOo dzs ydimozz ctOdej?2 bkMjyj dbkscs § OwOdd] dif d {
weo dwj Isffn tod M ud dzd h Qietse , Clststets§ f sdzzy0OJj o3 f ted

QaoHtrsOquudztansthEdzocapdys@tsouo BzHjls MmisHy toX Glsts tod
dZOrsHdd & ssHidR HdARSIsdG]J. 1 OHOYO (4 dz@COE Y §
CdzsB Odz! dzr 2 BOSCMBzd dZOAtsHd dL tjh jddw Hot2 Mt

5.1 ttse jtew j d3r|zhfesth, d jj ded tdzs o f Sdedaw jIshw, ks
cOBtSISO OdkEtstedlsBO L 0o jteh Of Ismyw . | tji,tsdztannzl@f@dgqfr]dzlz
kojddude 0j t|Zi|f<d,. jfidef SsHdd & hOck 2.

t Omfistslstej dzdz’ 2 Odzétstedlsds fotsHdls tejh jddj L O
dZOR sy H j dzd W 51 Is d 3@ fidassdeisL 1 jdkOmy) dafjrlstsH  HJ B s ERd d
Hots2flse j dadets? or f2C dzts?2 L OHOYJ [ 9]
m .
min{g(/)11¢ & /i.l1z(/)- @ |Ferfi=1..m/ 2 O}, (5)
i=1
GHJ
m .
nasair
o)) =-2——- a/i(la' IF -r),
a/-1 =
i=1
(0]

211



m .
j/;d
_i=1
A= (6)

ali-

i=1
lrfECdzkzs LOHOYk (PDPME Y O] st tef s6) tjHjdvjd t
CWWJClsdo dzis fiids) dedas@fipi doie stef IsdBBO L O dfpdls s € sdzd y
s J dzdzd . rdzw  dzj $slstster = LOHOY OS] uydmdzs d&syjls BT
Of f tetsS Md B tetso Ols! o iz ¢ dftg jtc j Bz defllsdgsts h Otetso . v 0OC Ow

oL By GO, OC ¢ OBdyMaidtrtetd) ey [Peadldhls o isdlsmv ¢ " Ok,
4 fsdish s ttOMmMmdisistej dedese s Oz tstedIsdsO BT dzts tej h
eOL dzd ydets?2 tOL BjtedesMmisd f Bsdzr hdds ygmdzsds zts S Odz' dg =
Ylsts HdzW HOedzts@ Bls § tp dedgis s todztez) IsS e OH tc Ols  y @BEQR)tdz)j dslz dzw te d L
Odz! Isj tcdzOIsdo detsets B lssHO s 1 WWJiClde datslsd. tdLrkd ks
ftcdojHjde o IsOBdz. 1.
UOBdZI:fH@OSdZ-CflSJdZ’ dzr § ydfdzj deder § 4+ S jtedd3d dalsT

- 1 OHO| n { § Is BBEQR Risk Solve [ yhdfRe j imH
f/ 4 GdztsB . &3d GdzsB. di3dd ¢ dziigd dzd 3z
1 P4 50 0 -49,6238 -42,56144555 -49,5856
2 P13 10 0 -4189,828873 -4189,82887 -4189,829
3 P30 20 0 -17313,8055 -13581,2829 -14371,8
4 t 33 20 0 0 0,0143994 1,42553

5 P34 20 0 -9819,531542 -8468,950482 -9742310076
6 P35 49 1 -0,98284629 -0,5322069 -

7 P36 40 0 -1560 -15505 -

8 P37 30 0 0 0,298427 0,038864
9 P39 10 0 0,000520166 0,015000848 -

10 P40 5 0 0,02299238 0,02300068 0,02299238
11 P41 10 0 0,000149582 0,099873349 0,1(0)

12 P42 30 0 0,002922475 0,005434292 0

13 P43 10 0 -1 -0,843339871 -0,84334
14 P45 10 0 1,4E-06 41,86057 8,2334401
15 P46 10 0 -87,06859302 -86,82681897 -

16 P47 20 0 - 0.822366068 - - 0,65789
17 P53 18 0 9,17984718 9,21818213 -

18 P62 10 0 -30491,15791 -11131,04786 -

19 P68 20 0 -32,346407 -28,2758 -

20 P74 20 0 -43,53286 -33,91731 -

21 PC9 9 13 -0,877912564 -0,671391496 -0,866025404
22 PC17 5 3 -5675,620079 -2642,715188 -

23 PC21 14 15 0,0311596 0,057406 -

24 PC29 9 2 -28,78870202 -15,02661779 -

25 PC39 7 27 -0,74916161 -0,72963788 -0,749137
26 PC49 6 6 -13,40190356 -12,5079 -

27 PC50 7 14 -1772,802 -1766,37(fs>0) -

28 PC51 6 2 -316,69538 -311,0099891 -316,27
29 PC55 16 21 156,2196293 - 174,788
30 PC56 15 2 -25,24210863 -16,6359 -

31 PC57 4 7 0,341739553 1,911072271 -

32 PC59 10 6 0,97888325 1,55509795 1,1437
33 PC72 4 3 23,85531631 29,8943782 29,8943782
34 PC76 10 8 -8637,427724 -8338,945239 (g>0) -

35 PC78 8 6 -1,00905 - -0,0202
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My jteddyd dels' ftetsosHddzdm: M dLejfMisd &= Bl
ofd deserj &wBjilBHT . [ dzv MteOo daj ded v , dMmf sdz! L 59 O
jOdzdL jls MdzijHkehdj dilbsHT chseOd ds2 tflsddkd
BijlstSHT ©OLOjbodzjdzd? d ctwOddy, cjdzjsdup@REgjw ded
1 sCOLOdr sOCYJ dzeyhdj tiLbkd IO, dzO2Hjdzdz" j HI
dzz yh d 3 d3d Is s H RDEQRW otiirylsjAsdisive € Isj Mistser 7 L OH O, 7 to
ttOBtslsjy [9].

Il osH'OMMBBOted o O sy  dzOd B tsdzj jv el i jj Sds[dve das QL
CdzOMmMmtse LOHOY GfkdidL Oydd. rdv tjhjddvw dBdetse st
RO BOdU) NEtsd3 BsH| dzdtetse Oded d ) dztshiedas Tfn Isfy ¢ ffdsiz] &,
Is 5y dzts 2 CoOHE©OIsd ydaets 2 tjekzdzvedL Oydd. TRl
Blzsc st Chstej BOd d j LOHOYd € fHdst CMiste] gOdz dzr
dmf sdz L 2jIsfqw 1 W YPDPK dfo dalRls tsdgj IsHsdin tsls s d&3d ( . ot O9 dz
LM jteddsd dals’ fsHlso jteyx HOs s L W¥WWjClsde desfils! dzsoe st

sf MBS ddlsj tOliztedzr = dMistsyded § 59

1. Nocedal J. Numerical optimization / J. Nocedal, S.J. Wrigl®pringer, 2006i 685 p.

2. stsMtsdzOdf. [¢j.IstsHT G dzsB Odz! dztsi2r dag ff edsdfq Us@pp ofip € :
sBtcOLBo Oddl 6 BO13.

3. YeY. Semidefinite programming /Y. Yé.Stanford University, 2003. 161 p.

4, stsmsdzOf . R-0BJ Is ¢ d3dzj tej h j dedw L OHOY
fosctcOBBdtetso Odzdw / ¢. RrR. sty // 1 ' Mmdd¢ 1 tda
ZOkzE(dsdzj y! 1 ad 2104029.1482.7

5, ssimtsdzOf ¢. R Yy d fpdzj dzdzOw 1 WSt di £ estdte jdatsj s
sflsddizddL Oydd/ ¢ . . stsfmsdzou’ 0. u. } jtejIswist 208.t- / /
" 2iu. -68.6

6. Horst R. Global Optimization: Deterministic Approaches /R. Horst, H. Tugrd ed.,
Berlin: SpringerVerlag, 19961 727 p.

7. KennethV.P. Differential Evolution. A Practical Approach to Global Optimization/ V.P.
Kenneth, R.M. Storn, J.A. LampinehnBerlin Heidelberg: Springeverlag, 20051 542 p.

8. 1dMbjtese S. . [iltHr orflkCdzts?2 wflkddkdL Oy
201071281 M.

9. stsmsdzOy , ¢ . . | dztsB Odz! dzOW sflsdddL Oyd!
tGJGIzdethfLOucfd|/(dz.¢g’tslsljggstst§m;ﬂ;®|tflel4{qiry¢ 2015

10. f ddzz [ . [ Olsj B3OIdui MEtsy fesctcOdZBdtetse Odzd |
if.: 108087 11§90 .

slortovryroc/RPIULIBRIRYTOARR
towl [ lrr1RrRC TovYRS ] I w[UR
. R. stBimMdkzOf, ¢.u8. 1 jtejlswis! Cts

VCtOddmS d2 ¢ sk H Gdgjffisdaty ddistey Py JRfSHEHX 2 dzd o § tefyd s § |

I Misiz§ dzjlded jinso toj d3j dedztsds d dz¥ sSte 3Oy sdzdetsd3 tsB P j
OolssdOIsd yj MS 56 5] HigaE(EEe Of LH Ostfgzztsio. dz” = W OC Isstetses 0o ks
wodwelsimw HOLydSd, Clstster §j BBJMfJjydoOsls ddz¥ st
MistczC Iskzter HOydStse LOadMmdls 1 WWjiClsde dzsfls! tsB to
gbkh Mo ke ls fMmdMmilsj dgf & Is CAUBESEEsjzdlap) Mlsdds HOlydSso M
d dzj sBRtsHddits Hitsf sdzdzdIls! 1 Iskz MistekzSIskzteclz deser d3d H
HOydStses © Mild LOSdzE yojlsmw o Itsdg, yYbsser Gftej
f sdzdetsflss 8 4 SALLE@HSOdBdPIS? B jJS¢Is [ 1, 2, 3]. 1tcd B
MOdzso dlsmw Mdztsy des?2 d Istejelzjls tOLtOBBISSd detsor n

1 sMisOdetse € O Afifds Oy 3G B (V.BHtef@itOB stc  dzj slsted yOlsj d
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{dij:(i,j)i E}. J LOHOVY)] &agOtzdL G®yd M, lsHd@lsse jteh d dz GOL H .,

f sHdBdztsy j Mlse O: f 4 tolodiigts y {fj thHsdgdets )L jOrflstejtsf dzj dzdzr = o j teh d dz,
dL o jfmilsdzO, o lststcts f3dztf s Bkzs 5 | MIOBEHJC So Y!''y tomfsdsyi
wodzWwjlsfqw sftejH]ddls! fsedyds efgpinm dtser o HOIyd¢

t Of M dsisisdgjdialigsg ¢ dzd Hiso ts  f WREM s 1 Qedgfipls avisf BF o g5y dzj dade’ =
ojth ddz A DR dko j t6h dde, X1 R, ' j ©OMfsdsy,jddj @O
sftjrjddls: . s bodpLOUL] PP iEnEea d x' 1"
dj C sl Al d 2O  dzddi ) bk d X H Y dej Csstef @HOYO  dsC Odd L
HAUS S50 o Mjlsd L OC d X0 KR o Cfsafis jj |IOCfedzj 5o Stw & Is
2=dij2, ‘x‘-x"”zza”z. ()

tihdls: 1k daj dzddzj 2 dez¥ C o OHEBOIsd ydzkts fiddtipisdpsil b
ol lssdiz LOBidedds j4 BilsddidL Oydsdzdes?2 L OHOY ?

max{g (la - X' |f-df) + & (Ix - X' |- d))- l1zIf - 112 [} 2
by by
fted BSeteOded W ded v n

=

oo

odi 7, ®

2
2 i j
edj +2;, ”x'- X

GHE | BCdsdzj dad j b L O Hif dpdaiis ts?  toed stz v 6 Ol U d ¢ 5
("@0,§), =12 ,m j=1..Kk); Z islsCdztsdzj dzd j 15 L OH Oczdest 5 | GOMMIs W C
Isr &5 HOUKY OB K j=2...k) . 1 Mmi zd0ugsiRYm j=1..k,

Y steddelze sz £HC KBH BRSNS sdkduj Mo dLe jfidsds A Mol
L dzOyjZged wa K j, 1=12 k, j=2,..K, W stedd sk ZIse O jdf, ldctkis fdsHfj
Ctsdd Ui flse s deOMmMmIs 5w dad 2

AjdzjoOW V¥ EidSay@mwic Qs2)ydzOv, O HBfkfjlsdEOY B &OMS:!
JuidHdets, Yls®) LORPUOO (GBj il M Jded .

Clk CoOHEOIdyds BfkdddL Oydidadzdzs L OHOYE (3) {1
sflsdBILOYydd d dhfsd Lzjk (ks djddadzs tj zogf
ttOdzdzd 7 B stsHEBD HOddzOW Ggjs B dzj B dzjiyd des A Is ) tzts KO da! Qs 2
bz 5jtedzOlsdo iz BB ESHS Odzed s 1 t5dziz 51 toH ™z dztp Gzizis @ B 51§ G df
slsdsdlsjd des dzgj HOo dats [ 4] . 1 tdkzydd fdjHEZS "y L OHOY

£ |ATXCO () =12 m j=1..k X=0g

minj CTX | , 4
: X8 1x co, i<j, i=12 k j=2..k X=0 i @
AaXx, X,0 ,
GHX=% Qi OL d3j to(atsbgtspH+1)3 (n+k+p+l); (5)
X X,9
Q 2 3=
4 0 2 09
% 12 09
X, =1=5 SOl dj wRE®R s
& 6 o]
® o 2 19
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8% 2 X 122222 238
X,=®4 6 4 02 0 02 oomm & tooBEHMs1) ;
e
2 x 020 02 00
X,=X7X, s OL d3j s pkl)E (k+p+l).
tofudisOj & BOlEdy" REG & Bded widsdiads

. 12 2 12 o
Jor - - 7 =l o - 220 - -

=-df+ (@ +2 +3)+(x" +2 +x)- 2ax +2 +ax)- 7 =

vydlsteOw (5) d (6), diiid ubs

aA A D

A= 86A2 A0 8“30L a3j te@skpispitl)3 (n+k+p+l),
%d +||a||8 0209
°

A= 0 02 00woL dijstefizmm

@® 0
® 4 6 o
ge 0 02 09
j z

0 2 -4 02 0502 00
S} OtGOL te 12t Hpsyf+ |
A=®4 6 4 02 0 02 06 ) 1mEs )
2 402 0o 02 o8
]
2 00020

2 0002
y 0102 09 0 g oL d3j toes pEINE (K+p+l).
2 0002 o0
3 0
?oz 0002 o§

O: O: O: O: OO

sOCdd 5B iOL SAEej-ots dgCiidsamidapjy § ! dzj d3j dals
oLwi &5 ) feslsdotsysdsyd & L @OCsghs d50k Mz tjtea j c

-05. 1M { dzj d3j Apists O aigls tedgmda, =1.€ to ts o3
t OMMudOB jedgy - TSGE,-OdZCfWLJ deBd dds J B3

2
“Xi - x!

— _ [ 112 n2 . P —
d?- z =-di12+||x'|| +||x’|| - 2xx -z, =

dZ+(X"+2 +X7)+ (" +2 + X)) - 204x +2 +Xx))- 2, =
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UBEHO, Eydlkreow (5) d (7), dJdjdd
R=§e/_\ A gtraOL B4 w@shpspHl)® (n+k+p+l)
LB A
aaz 02 06
A= an 0209 5t60OL 3§ terBmfls d
e 4 6 o
x (o]
Eo 02 ?_
%
402 00502 0§
_ & 0O te 2t syt |
A=x46 4 0 46 45 L& % ).
geoz 0o 002 o9
[ j
2 0002 0§
(0]
6
1012 0@
0002 OotGOL 54 s pel)E (k+p+l).

1012 0o

2 0002 0§

vOCdd3 tBKOL W, A ® fjdok g R das tcOo dzr dzlz dz¥ ¢
Mstlse j shiszp kY BPEKI Y S Slsiste-05. ts Aamijdz  dzj d3j dgsteOas@istod -
dzz dzv , & w@OEL, g =3, =-1.

[uiedndss, st tsdzdAjdtsmogsls ©d uf gt o s dzds & O dzd U j dzd :

BlzHljlIs
RN sdz L v wOMMEyHjddy (6) ChlzE]), diEHé&r yddL Gk
(n+k+p+)3(n+k+p+l) d fdzjHize h d2 o dH

2|
S B B A B8

al:lll H12 Hl

"8
o = ae|21 20

gan H32 Has

o

g}age ”+||a||8 ad; 02 08

[z S]

GH{jll:g 0 02 0 gmm B4 teaEmmls
ot 4 6 8
ge 0 02 029
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a2 -a g 02 08
C,=e4 6 4 0wOL dj iitkibg=cA 6 4616 OL d5j LRI
a2 -al o2 0

42 -1-12 -18
12 -12 -15
b5, =C) ©oL &) wkimhb.g= SEOL B kK,
=4 6 42
8%1-1-12 29
30 2 0
e (0]
yy=ah 6 4510L &) ki frk)]
g% 2 09
4, =C’ 6OL 3] (BRI b, =C’ OL & to(ptsFisk]
Hy, =1, dinjjn d dad U dz0 " O 3l te damr)s §p-+1) .
vOCdd3 tsBtOL B3, LOHOYyk (4) dBsyidB3 LOfdmols: o
min{ CIX |A X ¢0, X=0}. ®)
5 razv twjhjddy LOHOUd (8) ftddd dgvilsmv ftesyjHl

1 8§Q9d3, yYbt dzO2Hjddetsj tojh jdedi LOHOWY (8) BL
vt M

X Ax+b'x+c¢0
CoOHWLObduds] BetOdduj dd] L OHOE o G fHEaieEsdd s
S teg Hj &idepOW dad j MEslse j sMEPH X 2 oo ON Ol 6 5XO 3
(X=(LX) ), 566 HO

X'Ax+b'x+c¢ ATX, ©)
GHJ
— ac b/28
A é%/z A§'
[ 5COL Ol joip Gpste@ls d ydetsj] BSctOddyjdd) ftoj sBOL Iz,
X AX+b'X+c=A TX+ATX,
GHJ
a0 0§ dc b/26 -
AR 8 AR, o8 ATATA
vifjt! HBMisObtydks §sLO0L 0!, ybt
X AX=XAXCATX ,
CHE=(1X).
ltejHmsOodd fsdztsy dlsj dz' dze S by j j dzj dedglz s ROt d
X=xx"+Y, (10)
CHYi f sdztsy dIsj dz' dets § sdzktsf toj H j dzj dzdzOVY BOtedyO. UG
X=xx"+§ yiyiT . (11)

Vedztsy d 5 MC Odw tedets 5B YOMlA] ©Oh titgo © ( 11)
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ATX=AT +E ATYY, .
vOC COS AOIsdzpy @lsj dz' dets  sdzesf toj H | dzj dedzOV , Ists
aAatyy =avyAyz2o,
dzts IstsEHO
ATX2 A TXXK =X AX=X"AX,
slsCkHO MdzjHEjl (9). uvujtttiBO HEBSCOL OdzO.

RL bjstjd Mdjrkjl, vyt tj SPREgL ofismaylgds) Isyfsiabingd
Hefmisd &g j  eiPglsstetsy BYfteHjdvils dady s 1§ WO zd 4
Y dzj oats?2 W EkdSDRE @M Os PwEdzs v Syj deSk yjdizjots2 WekdSydd

I 7T 9BHYOHOYO BflsddOdz dsets ©OMY sdztsy j dad W HOIsyd¢:
fsdzetsy toj H § dzj dzdats 2 sfhsgdgfft OudapH. Oud dzvf sdeli s tej H § dzj dzdzts
dimf sdz' L s9 Odzfpw f sdzlz s f-dgji I8 5 oz dpdgr]12.  ffdlaiflsdzi ) Is s H ftsL o
Isd dsOdzt dzg' § tjhjddY LOHOY]d ®©OMYtsdtsyjddw ddzd dady da
S ydd. | ©O2H] dedzsj tej bHjodmdjo | leidsizs ipzvdziptsip'H sSifigc o ddtlz Is to j dzdz
AsHdS?2 LOHOYd S99 OHEOIdydets? sfisdddL Oydd. 1 § tsdzd
OMMO LOHOY HYBHISe jtley HOBIs L WW JjCIlsdodzsMmisy or BtcOdzdzis e

e IS¢ dzdls jedndsidsiatetzd ¢ s o
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on Descrete Algorithms, 200416 p.i t J Y @ 3 Is wah&anford.edu/~yyye/locaheory.pdf

5. stMmorzOf ] jterdedy d dedydedj wByjdeSd tjhjded?2 o
sflsddizdL Oydd / ¢.R. s ssdzOf , o. u. Jitejlbwis!t Cts /
Fdz' o jtemdlsi sk * d3j dz' 1 - sOtzO@dz«M@ w gzitcts 8 d3@ | 'Odsdz' B3OS,
bolssBOIsdL s Odz fnc[ﬁpl%?gld;chijlzg' t2CBo, izl " dACEDEES 9 .

6 . st dzOtr d Mdzj dedzOW L WW j SIsd o detsfyls B IstsH s f 5zt
0 RSN, tapi.lswis: €5 // 1 tesBdzj di3f ©WPEOd dzfeedW 5 ddztts
64.

no =@
gIN=

fJoserRfRYOARC 1JIIZ\ J[SUIttb 1o frvd1d4tdriRrst
0. R. sBhMsdkOf, ¢.u. [ sEOdykS

LS EOd NS d2 ¢ 5k H Cugjffisdety ddmiE R JRCRHX sz dzd o j thdisjls,

[ desed BOIj BOB U MEd] sflsdddL Oydisdzdz | BEH | d
BdzEcs fi®d dr 3. v tjh jddw OSCHR LOHOY §ECO daf
{sdMCO chseOd et { CMstej BzdO. wkh jMmise "6 kg0l j BOL
n ddzd B®Bd M| dstOd d's {CMiste] Bzdse . s odgdsithipizy € dzOMm
fMdfmlsj ' Oktdkse ddd LOHOY] EfOCseCd " Oktss. [ COd o
¢cLOMIstcj 9 OIs!' ¢ o St Misdshmisd dOyodz dats?2 IstsySd. 1 i}

) SBHT , dmfsd LEzshdj fMezyd2d 2 (odhs. (fB&Oj Mok
(ejdzilsdud mMSdJ, Lo tsdzt ydtsdadz | d Hte. 0 dze s talyf Igd3r ) d d
teghjdzdw, dzts  ® Btsdz! h  dzfylso § fdzz yOj o sO¢dj tej N j dzad

f sHisioHjOB Is tojh jdzadVY Besednr IsjMmlssea™ 7 L OHOY. [ dlsd tod3d c
Stcj BN Ctsds BSd "tsets CtBf!slsjedses otej dgj dad H dw
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tgh jdzdd L OHOY &BOds?2 ©OL dB3jtedesisd [ 2] . | ok adp?2 i34
ts BGipls d , BOdztst W W JClIlsde dzr H dzw LOHOY BBd "B2 ©OL
tejh jddv Gyt EMste] BOdz d¥ © L OHOY.

1 OHOYO BOCMddBdL Oydd JjoSdzdHBe 52 dats te 3" dz0
dif sdz' L s Oded d Is t5 y dzts 2 CoOHEOIsd ydats2 toj Gzdzw tcd L O
Bdzis et Mistecj B3O dz' dz' n LOHOY [ 3]. SOYHEB] o ff zdetsidls j
stsydetsfyls: Of ftesC M d3dtelzj Ismw Bdzs 6 56 t6 O dzdzd € 5 3.
BhscscteOdzdzed C O BERZHEIL MfttOo jHdzder d HAY fsdL o ¢

t OmMmdislstedd3 L OH Oyl

max{||x|f| Ax=b,x2 0,xi E"}, 1)

GHj-jlo|C ddlH 50 P REGOSBJ YO (MON) M) B8PS S5t tc Om &y todzts f

pjCliste tcOn E joos @ tsiplestg O diftls nts . 1 [ Mz Rz ¢ 5 ¢ to O dzdzq
ftejotOh Ofjsmw o Mmddyfdzj ¢
max{||x|f|a’x=b,x2 O,xI E"}, )
CHE>0. [ O34j] o Ltk fshlstsd NnoeDOYd doH Oh®S i Pt
Hsf Emlsddsr &3 dsdetsy j Msesdd L OHOYG (1) B P Higes Odzy thej
BN BzBO. RrRLojMisdts, yYbts bsySokd &sCoOd dr 8 &O
BdetsGtc ARAD, HA&ZOC f jtejBtste afjrn ojtehddz RBdesEtsetcO
[ dzw tod h § dedw LOHOUd (1) BzrHjidz dmMftsd Ltso O
M@ ls: ydhds &sC od d & e el BE@H O wixzO(lo) dzCizAs O
max{]|x|f|x=(- a)x' +a,0¢a ¢1xi E"}, ®)
GH] bRYWSsftejHjdvel GbtejLtsS. [ujodHds, Ykt L OH
BOC M B BO dz0 S sdzyOr jilits iSO L ol o jj zddia 5 fdz
[ i BBO) @H OB)GsH dzst S Mt BOdz dzO% kscHO d td
s HHZS st ] BOdz dzs?2 L OH OY(
min{||x|f| x=(1- @)X +ax?,xI E"} @)
dzj ftod dzOH dzj ¥ dad (Qfl)zls j ts o O czkz
[ 5COL O] d Mo ts dzj Bagr 1 Mdzj H|xIf 5d B B c & H D @S
stsySd ®wddzdBzBO L OHOYd (4) &Bbdaslstsddzts [xt]te Odgjs O

MsHjtydls bsuSk oaddddzae L onoud ([WN|]° dbsees s2odzds
oUfi®@jls d jj RBOSCHIKBEER HsMisdeOj v kd ¢ & XBEO

fl j ey dls ISR 630 dsd@n Oyd (4), bt asdRdedny sEa® i
COYHBR ¢dyy tltejL ¢ O.
lkmls: LOHOUO (3) d&jjl HeO &sCOd dF & o
fio] O] feshsicOdhse 0, fd Skt tdg k't j s d0q s
dE Odz dzr 2 BOCMddiskzds. [ jESts &O2lsd wjhjddj LOHOY]
XX - X

RS
ltejsBteOLEjdBE MdMmsj Bz ¢ sttorzddOl h ff s fifdy fHdds oLty d3fiy +
Co@adgydzze tjelkdzvtedL Oyde [ 3] . USEGHO LOHOYO (3)

max{| [x|f|- [Ix- hf +2|x|f¢ d,x=(1- a)(x' - h)+a(x*- h)0¢a¢], (5)
GHJi dzso OW  f jtoj Bj dzdzOvW , Q@E&PzBtoz8hHsiny o (20 U@ dzd -
ybts bySdxXahsxdjhedzuizls EZutsosdjlssttwis: fjts sdk
1 silstsBz Hdzv SftejHjdzjddw j juddsH deigh Yfisls e | @A @ydets fyls
min{][x|f|x=@@- a)(x' - h)+a(x* - h)},
teihjddj 3 CSslststets?2 BLEHJjIs L dzOyj ded §
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h_ (X- he'(x*- x)
[1x* - x| f
cHg= (1,¢, BNC-x)p@d bt Mih j ffiss #0j Isf wsfo eAHYOH o 5 Gls 5
Ld2Oyhdedd snddz dL Efmdzse d2
(Xl'he)T(Xz'Xl) 2 1
- 7 (X*- x)=0,
e ep <)
(<= h9T0C- X)) (e
[x*- x| f
r sflsOlssydets o' BtOlhduk) iz M j gz 2 dzOlR§ Bed [ tc O o dziffatplf 2 .  dzv
ftoj SBOL 59 OdzdzOY L OH OO ( 3) (b} IK") TOHddgs St Istach Istio@irtz dgts
dzddzj 2 de" &3 § 6 cOY BYEFBdzdgHg. dej oM ¢ cyasi@) &lsr o C sG]
ljtdz dsw € toihjded® LOHOY] (29Oordaided Iootsh i Qs 3y @
dBjjEsC 0d d 7 BOCMd B dse , ||xted Waf@y jidspf O iezgsugd d 51 ISt
ftcj HiOdBSEOE Yt dzj ofMj ¢ EdfftodfjQEsOs Iso j Culsftsidad®® j H dzd o
blswdn § ded § .
vjittej g@N J Miso k2 jhs> OlsydsCists jff toj 5B BO+BH BiZEB tcOL 2 jls L OHC
()¢ Hds! Shistsj BOdz dzts 2
[Hdzst SMistej BOd desfyls: L OHOYd (2) LOadMmdl ls tjh

)=x- X,

min{|[x|f|a"(x- h) =b,x2 h}. (6)
rd ihjddjd ZORsHdd &jlssHsd Gy dlsj k3 R) [ CedgiQiddy O (
:(b+aTeh)a
[lalf

[ BBL &zOydag, wtdg 30 dz dzz ¥ € ts Bt dzfp jizs & o 2§ esB@s| EZtcOo dzj
(b+a'eha,, _,
llalf '
RBJJ B
h: bamin
llalf - a"eay,’
t O j dzMiso s dezdz¥ L dzO3j dzOlsj dzv d ¢ dz¥ YO jalstfgv . MEBIFOHT OC
1tod dz02 H j dedztheis siuk@®y jgEddd Bz 30 L OH Oyd (6 )2 hzd 3 §ls  dzO
MossBlge dd M &j BBs2 1 LOHOYUO (2) BLkHjl Gddhist € Mist,
it 1 MftOs jHdzde .
t Ofmdsslsted s BN d2 fMdezzyo02 LOHOUd (1). tjhjdedj of
min{||x|f| Ax=D,xI E"} @)
ZORBsH B3 BBj ssHBd ddtsydlsj dji?2 [ OctOdy O
x=A"(AA) *Ab.
Vied Md3jhjdedd zfetfpl b Qaidflgo © OHOY]d (7) ftedtBtejlsOjls od
x=A (AA) *Ab+ Aeh .
v fjt! Hdz%2 Gofndas® IsdEjyg e - SH J S nish dZhzg st ¥ GHlssde j y.
[BBLBZOYUddB OCEs AGORBEBOYHBOREGEHO GftjHjdvjls ©jBks d
UBEHO LOMQPBOGHUYS! EMistej] BOd &zOW, jMmdzd EtOs dzj dzd J
A (AA) Ao+ Aeh =h
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fteshistOdhlise O.
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oz lstej dedj 2 ssuSd [4]. {OMhEBskt dds) §j SBGOL 5
BiSdzj j ®BN D Mdkzyow:, dOftddjt, ftd o' f2Cd & C:

af o5l dzd sgetcDIsE @ls s ydzd € o

1. Kenneth V.P. Differential Evolution. A Practical Approach to Global Optimization/ V.P.
Kenneth, R.M. Storn, J.A. LampinenBerlin Heidelberg: Springeverlag, 20051 542 p.

2. Horst R. Global Optimization: Deterministic Approash®. Horst, H. Tuyi 3rd ed.,
Berlin: Springef Verlag, 19961 727 p.

3. stsmsdzOf , 0. . | dzsB Odz! dzOW sflsddidL Oyd!
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4. Nocedal J. Numerical optimization / J. Nocedl]. Wrighti Springer, 2006i 685 p.
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