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Introduction

Search optimization of real objects is always carried
under conditions of disturbances, which emerge because of
imprecise measurement, influence of unknown factors on
object functioning indicators, object characteristic change
and other reasons. Random disturbances create step
direction errors, false view of extreme position and so
decrease effectiveness of search. Because of that, when
creating optimization algorithms, applied for solving
stochastic problems, it is necessary to perform search
system research working under disturbances conditions.
Precisely enough simplex search characteristics in the
stage of correction, under influence of disturbances, can be
described using classical methods of probability theory
according to the technique created in [1]. This technique
also was used for examplein [5].

When solving stochastic problem, search process can
be considered as consisting of two stages. In the first stage
simplex, when moving towards the target is moving from
the initial point till the area of extreme is reached, in the
second stage simplex movement is similar to random
wondering in the target area. These stages can be
respectively called climbing (or descending when looking
for a minimum) and correction (localization of extreme).
Far from the target search the direction should be stabilized
and after attaining extreme — destabilized. So in the stage
of climbing there can be used ssimplex search algorithm
with suppressed return, and after attaining target area,
better results can be obtained using simplex search
algorithm with free reflection of vertexes[1].

In this work the marginal distribution density of free
reflection simplex search algorithm was found when
working under condition of normally distributed
disturbances, with sguare function target. Simplex state
probabilities were calculated using Monte Carlo method
[2,3].

Target Function and the orientations of the simplex
When seeking for statistical characteristics of simplex

search in the stage of correction, it is possible to apply the
following mathematical model of the object.
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in which the observed (measured) value y of the optimized
indicator is equal to the sum of the index value Q(x) and
random disturbance ¢ .

The object in the zone of extreme may be described
by the following function:

y(x,&) =Q(x) +¢,

2

X 8>0, 2

here a, — coefficient, k —number of factors x.

In three-dimensional space it is the second range
surface — paraboloid. In two-dimensional factor space
(k=2) a regular smplex is an equilateral triangle.
Suppose, that in the search process the smplex has four
orientations with equal probabilities in respect of gradient
of Q(x) [1]:

1) gradient is pointed from center to single vertex;

2) gradient is pointed from vertex to center;

3) gradient is collinear to the edge, when a correct
step is pointed to the right;

4) gradient is collinear to the edge, when a correct
step is pointed to the | eft.

These ways of orientation are presented in Fig 1.

Considering the chosen ways of simplex orientation,
when executing search of extreme, a correct step provides
the increase of the function (directional cosine of the angle
between the vector of step and grad Q is greater than

zero) and conversely, an incorrect step provides the
decrease of the function Q(x). Also for orientations 3 and
4 there exists a zero step, after which Q(x) does not

change. Correct, incorrect and zero steps in Fig 1 are
indicated respectively by symbols"+", "—"* and "0".

The value
A=|grad Q|L,_4, ©)

is introduced which describes useful signal for orientations
3 and 4 and the value Ay = Ah,, equal to the useful signal



having 1 or 2 ways of orientation ( L,,_; isthe length of the
edge of the smplex after the search step; h, - altitude of
the simplex, when L =1).

Fig. 1. Ways of orientation of the simplex

Incorrect step will be executed in case if disturbance
in the vertex with the biggest value of the function Q

together with A, is less then the disturbances in other

vertexes. The probability if such an event is calculated
using technique presented in [1].

Probabilities of the movement of the ssmplex in stage of
correction

Close to the extreme each step of the search depends
not only on the simplex orientation, but also on the
distance of its centre from the target. In this case, the states
a, b, c,..., of the given system to which the distances from
the target p,, p,, Pes ..., COrrespond, as well as some
ways of orientation of the simplex according to grad Q
areshown inFig 2.

The sets of these simple states, which are alowed by
the rules of the algorithm, form complex states of the
multilink Markov chain. Stochastic diagram of two link
Markov chain for investigation of search (when k=2),
using algorithm with free reflection of vertexes, is shown
inFig 3.

Fig. 3. Stochastic diagram of Markov chain
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For instance, complex state 2 is the presence of the
centre of the simplex in point b (Fig 2.), if it is known,
that before that it wasin point a.
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,/__'_——'_‘_\-\

Fig 2. Ways of orientation of the simplex in the stage of
correction

When seeking for transitional probabilities, the technique
described in [1] is applied, yet in this case the value of the
useful signal corresponding to the simplex orientation must
be calculated. For instance, transitional probability p,, is

equal to probability of event P.

In order for it to occur the following conditions are
necessary:

1. In the previous step of search, the difference
between disturbance in simplex vertex with index 0 and
useful signal (3) in this vertex has to be less than the
disturbance in vertex with index 1.

2. If this condition of prehistory is satisfied, the
values of disturbance in vertexes of the current step are
verified. The sum of the disturbance in vertex 1 and the
useful signal in it has to be less then disturbances in other
vertexes of the ssimplex.




Marginal distribution density of the simplex wandering
in the environment of the target

One of the approaches to calculate transitional and
marginal probabilities of Markov chains is Monte Carlo
method [2, 3]. This approach is ssimple, precise enough and
convenient when calculating digitally. In case when target
function is square, change of the useful signal A for each
transition probability can be found as follows. First the
distances of the vertexes from the extreme and values of
the target function in each vertex of the simplex are found
[4].

The change of the useful signa A for each
transitional probability is calculated as follows [4] (here
the indexes near the signal A indicate the number of the
vertex):

p, aa— ab
Ap=Q-Q=1-0=1
Ar=A3=Q-Q=1-0=1

p,; ab— ba
Ar=Q-Q=1-0=1
Ap=~A;=0Q,-Q =3-1=2 elc.

Fig. 4. Distances of the vertexes of simplex from the extreme

If the number of complex states is limited to 13, the
equation system is made [1]:

v'
pﬂ = Z pa paﬂlﬁ :l...,l//(—l
a=1

5

a=1

(5)
Py =1

from which marginal probabilities p;,..., p;3 are found.
Here v —the number of the equations in the system, v’ —

the number of the complex states of the multilink Markov
chain, y' <.
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The margina probabilities of the smple states a, b,
c,..., T are found by adding the probabilities of complex
states, having equal last simple states.

Theoretically calculated values of the probabilities are
as follows: p,=0,9112, p,=0,064, p.=0,00115,

pg =0,000032, p,=0, p; =0.
These probabilities allow to obtain marginal distribu-

tion density of the simplex wandering in target
environment (Fig. 5):
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Fig. 5. Margina distribution density
f,(q)= paé(q—%}
Pb Pt
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where §(-)— delta function; A — length of the search step,

p, — distance from the extreme; g— current relative value

of the distance from the extreme.

This characteristic enables to assess the precision of
the final stage, for example to find the probability of event,
that the simplex centre in the process of wandering will not
leave the given area. In Fig. 5 the distribution density is

fs(a), when k=2 isshownin solid line.

Theoretical calculations were verified by simulation
[4]. The software was designed in which the free reflection
algorithm of simplex search was used. After carrying
10000 steps of search, under the influence of normally
distributed disturbances, when o =1 the following values
of probabilities of simple states were found: p, =0,8813,

p, =0,1076, p.=0,0111, py;=0, p,=0, p;=0.
These probabilitiesin Fig. 5 are shown in a dashed line. It
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ITouckoBast onTUMH3aIMs PealbHbIX OOBEKTOB BCETAa MPOBOJUTCS B YCIOBHAX MOMEX, KOTOPHIE MOSBISIOTCS B IOCIEICTBHU
HETOYHOI0 HM3MEPEHHMS, BOCACHCTBHS HE3HAKOMBIX (aKTOPOB Ha IOKa3aTeau (YHKIMOHHPOBAHUS OOBEKTa, M3MEHEHHS CBOMCTB
o0beKTa 1 Apyrux npuuuH. CirydaifHple TOMEXH CO3/Ial0T OTKIOHEHHMS OT HAIIPaBJICHUSI I1ara, 0OMaHUUBbIA BH MOJTOKEHUS LIETH U TaK
YMEHbIIAIOT 3(G(EKTUBHOCT MOUCKA. I[I03TOMY IpH CO3JaHUM AITOPUTMOB ONTHMM3ALUM TNPUMCHSAEMBIX [UIS pELICHUS
CTOXAaCTHYECKHX 3a/]a4, 0053aTeIbHO BHIMOIHUTE HCCIIEJOBAHMUS IIONCKOBOM CUCTEMBI, paboTaromiel B ycIoBHAX oMeX. B atoit pabore
OblIa IOCTaBJICHA IIEJTb HAWTH NPEIeNbHYI0 INIOTHOCTh PaclpeeNIeH s alrOpUTMa CHMIUICKCHOTO TIOMCKa CBOOOIHOTO OTPa)KeHHs IIPH
BO3JICHCTBUM HOPMAJILHO pacHpeelIeHHbIX ITOMeX, Korja (QYHKIWs Heldd KBaapaTHas. /sl BBEIYHCICHUS BEPOSTHOCTEH COCTOSHHUS
CHMILIEKca UCToib30BaH Meron Monre Kapmo. M. 5, 6ubn. 5 (Ha aHrmmiickoMm si3blke; pedepaTsl HA AHIIIMHCKOM, PYCCKOM H
JIUTOBCKOM 513.).
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Paieskiné realiy objekty optimizacija visuomet vyksta trukdziy salygomis. Trukdziy atsiranda dél netikslaus matavimo, nezinomy
veiksniy jtakos objekto funkcionavimo rodikliams, objekto savybiy pakitimo ir dél kity priezastiy. Atsitiktiniai trukdziai sudaro
zingsnio krypties paklaidas, apgaulinga ekstremumo padéties vaizda ir taip sumazina paieskos efektyvuma. Todél kuriant optimizacijos
algoritmus, pritaikytus stochastiniams uzdaviniams spresti, batina atlikti paieskines sistemos, veikiancios trukdziy salygomis, tyrimus.
Siekta surasti laisvo atspindzio simpleksinés paieskos algoritmo ribini pasiskirstymo tankij, veikiant normaliai pasiskirstiusiems
trukdziams, kai tikslo funkcija yra kvadratine. Simplekso baseny tikimybéems skaiciuoti panaudotas Monte Karlo metodas. 1. 5, bibl. 5
(anglu kalba; santraukos angly, rusy ir lietuviy k.).
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