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Introduction

The optimal working mode can vary if the parameters
of object fluctuate in time, so it should be continually
tuned.

The optimization object can be described by the
following equation:

y=Q(x4t])+¢, D
where y — observational aim parameter value, Q —real am
parameter value, X — k-dimensional controllable variable, z
—e-dimensional observational not controllable variable, ¢ —
random noise with normal distribution, mean value 0 and
dispersion o?, t — discrete measurement time val ues.

Function Q(x, Zt]) has a maximum at the x*[t] for
each value of z(t). Task of a searching system is to
approach the drifting aim and follow it finding a control
value Xx[t] as close as possible to x*[t]. Such kind of task
emerges in directed antenna control systems for
communications with moving objects, robotics, etc.

An aim of this research is to improve agorithms of
simplex search for non-stationary object optimization
using effective combined, adaptive methods of simplex
search with state recognition.

Optimization using combined simplex sear ch

A direction of each step during the search process is
evaluated using measured results of objective function y.
There are different values of Z[t] at the each measurement
moment, so the direction of a next step is found with some
error. This error can be eliminated or reduced using
combined (active — passive) simplex search with
evaluation of observational random variables[1, 2].

The combined simplex search is performed by the
rules of a searching algorithm:

The objective function is approximated by separable
equation at every step of search:

Ax ¥ =CO+H@ =Y et (M +Tha@. @
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where ¢, h; — coefficients, fi(X) and ¢,(2) — given functions.
Find the adjusted values of objective function at the
simplex apexes:

E -y, —ih(pi(zji), j=L. kL ©)

Make a step of search by reflection of apex
evaluating E;.

If the search is far from the extreme, the linear model
(Eg. 2) is accurate enough for the direction to the aim
selection. Then

H@ =Y hz. @

Vaues of h; in (Eg. 4) can be found using iterative
equation [3]:

Ay, [Ml- > hIn-1Az, [}

i=1

y+ Y AZ[n]

hinj=hn-3+

Az[n],i=1...6 (5)

where n — step number; Ay[n], Azi[n] — ateration of
objective function y and parameter z values at the repeated
measurement in the obtained apex; y — smoothing
coefficient.

Values of h; in (4) can be found without repeated
measurements using equation:

yin] - ¥in]

7+Z%2[n]

hin=h[n-1+ Z0n], i =1...e (6)

where y[n] — measured value of objective function, ¥[n] —

forecasted value of objective function, estimated using
model

5t = > hin-1z[n. U



Coefficient evaluation method using repeated
measurements (Eg. 5) is more accurate close to the
extreme, where objective function is nonlinear, another one
(Eq. 6, 7) ismore effective if Az(t) changes.

Sear ch with state recognition

The main principles of simplex search with state
recognition algorithm construction are described in [4].
The dtate is defined as a fragment of search, adequate to
the complex state of a multilinked Markov chain. Rules of
the algorithm with state recognition depend to the state of
searching system. These rules define the redistribution of
transitional probabilities, transient cancelling of transition
between some states and creation of unambiguous
transitions adequate to cyclic processes. Such adaptive
searching system with variable structure is able to adjust its
parameters in subject to the different states during the
search process. This feature can significantly increase the
efficiency of search.

Miscellaneous attributes can be used for the state
recognition in every step of search: difference of objective
function value in reflected and obtained apexes, order of
apex reflection and diverse rates, calculated using
information about character of simplex motion (linear,
circular). These attributes can evaluate the success of few
steps of search.

The main tasks to be solved for synthesis of simplex
search algorithms with state recognition are:

1. Synthesis of multilinked Markov chain taking
account of given prehistory, selected criterion and
observing some restrictions. The result of synthesis —
the obtained Markov chain defines main strategy for
every stage of search (climbing, accuracy, following,
etc.).

2. States of Markov chain are divided in groups,
depending to a situation of search (scrolling, turning,
etc.) and different in information about order of apex
reflection in past steps. Rules for recognition of each
group should be created.

3. Optimization of transitional probabilities for each
situation of search according to selected criterion.
The result of this optimization is redistribution of
transitional probabilities, transient cancelling of
transition between some states and creation of
unambiguous transitions. Hereby variations with
different parameters and structure of Markov chain
are obtained, according to a situation of search or a
system state, and an algorithm of search can be
designed.

The maximum seeking algorithm of combined
simplex search with state recognition was created
according to mentioned rules[5]:

1. Make a simplex around the centre x;. The

coordinates of apexes are X; =X, +1;L,. Measure
values of objective function in every apex
Y, j=L..,k+1 and z,j=1..k+1 Select the
apex V of primary simplex with minimal value vy, ,
that isy, =inf y,.

2. Reflect the apex v, and calculate coordinates

24 2+k
. = — X _—
Xs kz: ji Kk

i=1

Xg, 1=1..., k.

2", z,=2"(j=9)
f=sx,=x"(j=9)

Find v,y =y, (j=9)
m, =m +1 m =0,
n=n+1

3. Select an apex v, with minima value y,, i. e
yS:ij[tn: Y;» j=1., k+1, except newly obtained

apex v," .

4, Reflect an apex number S, i. e. obtain coordinates of
apex X", m=m +1 j=1., k+1;
m, =0, n=n+1

5. Find the number of oldest apex r in the last ssmplex
(number n): m =max{m}, j=1., k+1.

6. Find the number of next oldest apex p (except r):

m, =nj13x{mj}, j=1.., k+1.

7. Cadculate values of hi(n), i =1,...,e, using data of
simplexes number (n—1) and (n—2) by Eqg.5 or
Eq. 6.

8. Caculate adjusted values of objective function:

forsimplex (n-2) E,=y,-> hz;
i=1

forsimplex (n-1) E; =y, -> hz.
i=1
9. Findvauesof y", y, ==y, (j=9);

2", z,= 2 (j=9); %, =x"(j=9).
10. Anayze:
a if Ej-E, 20,then s:=r;

b) if E/ —E, <0, then s:=p;
return toitem 4.

Results

This algorithm of combined simplex search with state
recognition was tested on the object with measurable drift
of aim and affected by a high level random noise. The
computer program for testing was created. The random
noise with normal distribution, mean value equa 0 and
dispersion o? = 1 was taken from a table with 2500 items
[6]. There were made 1000 steps of search in each
experiment. The simplex search algorithm with forbidden
backward step was used for comparison in same
conditions. Number of observational not controllable
parameters was taken equal to the number of controllable
parameters. Model of the object wasthe Eq. 8:

Q(x,z)=Z|>s -vz|. 6)

Results of these experiments are presented in Fig. 1-6
as distribution charts of a distance from the simplex center



to the aim during the search. There is two-dimensional
drift of aim with the same speed on axis presented, but it
doesn’'t matter — only resultant drift isimportant.
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Fig. 1. Distribution chart of a distance from the simplex center to
the aim using simplex search with the forbidden backward step
agorithm; k=2,L=2,vy=v; =015, Ao =1
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Fig. 2. Distribution chart of a distance from the simplex center to
the aim using combined simplex search with a state recognition
agorithm; k=2,L=2,vy=v; =015, Ao =1
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Fig. 3. Distribution chart of a distance from the simplex center to
the aim using simplex search with the forbidden backward step
agorithm; k=2,L=2,vy=v;=02,Alc=1

There were made more than 200 tests with different sets of
parameters. Tested k=2, 3, 4, 5, speed of aim drift until
Vi <0.25L (L — size of simplex edge) and noise level
0,5< A/o £5. Obtained results confirmed advantage of
designed algorithm, especially when noise level is very
high (0,5< Alo <2).
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Fig. 4. Distribution chart of a distance from the simplex center to
the aim using combined simplex search with a state recognition
agorithm; k=2,L=2,vy=v;=02,Alc=1
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Fig. 5. Distribution chart of a distance from the simplex center to
the aim using simplex search with the forbidden backward step
agorithm; k=2,L=2,vy=v; =025 Alc =15
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Fig. 6. Distribution chart of a distance from the simplex center to
the aim using combined simplex search with a state recognition
algorithm; k=2,L =2,vy=Vv; =0.25, Ao = 1.5

The average distance from simplex centre to the aim
rave Was calculated, and the combined search with the state
recognition algorithm showed much lower values, for
example, for k=2, L =2, vo = v; = 0.35 Ale = 1 for a
combined search with state recognition r,,. = 8.437, for a
simplex search with the forbidden backward step
e =152.757, for k=3, L =3.16, Vo =Vv; =V, =0,2, Alg =
1 they are respectively 1 = 6.679 and r . = 57.242.
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A. Dambrauskas, D. Udris. Algorithm of Combined Simplex Search with State Recognition // Electronics and Electrical
Engineering. — Kaunas. Technologija, 2008. — No. 1(81). — P. 11-14.

Searching optimization is usual for objects with unknown or unsolvable mathematical model, and result depends on the efficiency
of algorithm. Simplex search has shown good results when optimization object and measurement results are affected by high level noise.
Improvement and investigation of simplex search algorithms is an aim of this research. Characteristics of the object can vary in time
during optimization process, and the search has to follow the extreme. If the variation is a result of some measurable but non-
controllable parameters, the search can be improved using the information about this variation in past steps and calculating the
prognosis, or performing repeated measurements of these parameters and aim value. The influence of multidimensional measurable
parameters is estimated in presented agorithm of combined simplex search with state recognition, and characteristics of the
optimization process are investigated. Ill. 6, bibl. 6 (in English; summariesin Lithuanian, English, Russian).

A. JamoOpayckac, I. Yapuc. AJroputM KOMOMHHPOBAHHOIO CHMILIEKCHOTO IMOHMCKA € pacrno3HaBaHHeM cocTtosiHusi //
DJIeKTPOHHUKA U dJIeKkTporexHuka. — Kaynac: Texnosorusi, 2008. — Ne 1(81). — C. 11-14.

Koraa monens 00beKTa HEM3BECTHA MJIM TPYJHOPEIIaeMa M CHCTEMY BO3JCHCTBYIOT CHIIbHBIC CIIydalHbIE IIOMEXH, MOTYT OBITH
HPUMEHEHbI aJIrOPHTMbI CUMIUIEKCHOTO NMoUcKa. Eciu ycloBHS TOMCKa ellle yCJIOKHEHb MHOTOKOOPJMHATHBIM IpeH(oM LeiH, ULt
YCIIEIIHOTO CIIeKEHHUs HY)XHbI allTOPHTMBI, CIOCOOHBIE YUHTBIBAaTh Bo3zeiicTBue npeiida. Ilenbio 3Toro uccneoBanus CTajao co3iaHue
U TIpoBEpKa KOMOMHHPOBAHHOTO aIrOPUTMAa CHMILUICKCHOIO IIOMCKa C pAclO3HaBaHUEM COCTOSIHHS, CIOCOOHOTO Y4YHTHIBATh
MHOTOKOOAMHATHBIN Ipeiid) e, To eCTh HECKOJIBKO HEYIPABIISIeMbIX HO H3MEPUMBIX [ApaMETPOB, BIMSIOLIMX Ha 3HAYCHHE LIEJICBOU
¢byakuuu. Biwmsiue apeiida yduThiBaeTCS NPHM MOMOILIM HOBTOPHBIX HM3MEPEHMIl 3HauYeHHs LeieBod (yHKuuM W apeiida, wiu
MPOTHO3UPOBAHMS 3TUX 3Ha4YeHHil. IIpOrHO3MpOBAHHME OMHPACTCS Ha MPEAIOJOKCHHE, YTO Ha CICAYIOIIEM IIare MOWCKa 3TU
HapaMeTpbl U3MEHSETCs TaK JKe, KaK M Ha IPe/bIAYyIIeM, TO eCTh OMCK BeJeTCs B 3Tale BocXoxJeHus. MccnenoBaHue moaTBEpIUiIo
NpPeHMYIECTBO JAHHOTO aIrOpUTMa Mepel arOPUTMOM CHMIIEKCHOTO TOHMCKA C 3ampeToM Bo3BpaTHoro mara. M. 6, 6ubn. 6 (Ha
AHTJIMICKOM si3bIKe; pe)epaThl Ha IMTOBCKOM, aHIJIMHCKOM M PYCCKOM).

A. Dambrauskas, D. Udris. Kombinuotos simpleksinés paieskos algoritmas, galintis atpazinti buasenas // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 1(81).— P. 11-14.

Kai objekto modelis nezinomas ar sunkiai issprendziamas bei veikia stipras atsitiktiniai trukdziai, ekstremumo paieskai gali bati
taikomi simpleksinés paieskos algoritmai. Jeigu paieska apsunkina tikslo dreifas, salygotas keleto nevaldomy, bet ismatuojamy
parametry kaitos, reikalingi algoritmai, galintys jvertinti $ia itaka. Sio tyrimo tikslas — sudaryti ir istirti galintj atpazinti biisenas
kombinuotos simpleksinés paieskos algoritma, skirta paieskai esant daugiakoordinatiam tikslo dreifui. Tikso dreifas gali biti
jvertinamas atliekant papildomus minéty parametry bei tikslo funkcijos verciy matavimus arba prognozuojant sias vertes. Prognozé
remiasi prielaida, kad kitame paieskos zingsnyje sios vertés keisis taip pat, kaip ir buvusiame. Tyrimai patvirtino sudarytojo agoritmo
pranasuma, palyginti su uzdraustos grizties simpleksinés paieskos algoritma, kai objekta veikia keli nevaldomi parametrai, salygojantys
tikslo dreifa, bei stipras atsitiktiniai trukdziai (0,5 < Alo < 2). 11. 6, bibl. 6 (angly kalba; santraukos lietuviy, angly ir rusy k.).
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