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B nokname mnpennaraercss OIMH M3 METOJOB aBTOMATHUYECKOTO MOCTPOCHHUS AHAIUTHYECKOW MOJAETH
MpOLIECCa, HUCIMOJB3YIOMIMA CaMOOpraHu3aluio. AJITOPUTMBI, HUCIOJB3YIONIME CaMOOPTaHU3aLUI0, IIUPOKO
MPUMEHSIOTCS U PEIICHUs 3aJad CTPYKTYPHOW HWACHTH(HKAIMK W TPOTHO3UPOBAHUS CIOKHBIX cucteM [1-5].
JaHHBIA METOA MOKET OBITH MPUMEHEH [UI allPOKCHMAIMH KPHUBBIX M IMOBEPXHOCTEH, YTO MOXKET HCIIOIB30BATHCS
IIpU KOHCTPYHPOBAHMH AHAINTHYECKOTO OIMMCAHWS TPOLECCOB M CXATHM CHUTHANOB. B sTOM Merome mporecc
TeHepalnH aHATUTHYECKON MOJEIH COCTOUT M3 YETHIPEX ITAIIOB.

Ha nepBoM 3Tame mpouM3BOAWTCS reHepalus CJIO0KHBIX (YHKIMIl 32 cyeT MCHOJIb30BaHHs 0a30BBIX
GyHKUMAX ¥ PYHKIIMOHAIBbHBIX KOHCTPYKTOPOB (BepXHHsl YacThb puc. 1).

MNPUMEP CUCTEMbI IOCTPOEHUSA AHAJIMTHYECKOI'O BUJIA
®YHKIIAN OJJHON NEPEMEHHOM

BaszoBble pynkuun: x+ec, c-x, x¥c, ¢/x.
Onucanue KOHCTPYKTOPOB (pyHKIUH

1) Hosas cnoxxnas ¢pynkuus umeet Bux - Sf(...,c) = f(...)+c
ponutene * v /.

2) Hosas cnoxuas ¢pyukuus umeet Bug - Sf(...,x) = f(...)-x , eciin nmocnenuss onepauust B QyHKIUN
ponutene * v /.

3) Hosas cnoxnas ¢pynkuus umeet Bug - Sf(...,c) = f(...)*c
poaurene + WA -.

4) Hosas cnoxHas ¢pyHknus umeer Bux - Sf(...,c) = ¢/f(...)
poaurene + Wi -.

, €CJIM TIOCJIEIHAA onepanns B GyHKIIUU

, €CIIH TTOCIICAHSS Onepanus B QyHKIUH

, €CJIM MOCJIEeJIHsIS onepanus B QyHKIUN

b3, bd, 3, 14
nenouex: c¢2 bl, c4 f1.

JAUATPAMMA KOHEYHOI'O JAUATPAMMA ®ynku. | Cumsou @ CHuMBOJ
ABTOMATA - PACITO3HABATEJISI ONTUMHU3NPOBAHHOTO komerp. | mus KA VRIS | s KA
LHENOYEK CUMBOJIOB KOHEYHOT'O ABTOMATA
fO+c cl x+c b1
@ b3, bd, 3, 4 f(-x c2 c-X b2
a fore | 3 x‘c | b3
@ ° o/f() c4 o/x b4
° "' (e | 1
‘ B - Haua/bHOe cocTOsIHME; Y - KOHEYHOe COCTOSIHME COOTBETCTBYIOIIee (o)X 2
‘ NpaBHJIbHOIN nenouyke; N - KOHEYHOE COCTOSIHME COOTBETCTBYIHOIee -
0 HenpaBHiabHOI Henouke; F1, F2, F3, F4 - cocTosHHs COOTBETCTBYIOIHE () c f3
o4 BHIGOPY PYHKIHOHAJIBHBIX KOHCTPYKTOPOB; S1, S2 - 3TH Ke COCTOSAHUSA c/( ) 4
1ocIe ONTHMH3ALMNH,
Q Ipumeps! npaBuALHBIX Henodek: cl b3, ¢3 f2. [ipumepsl HeNPaBHILHBIX

Puc. 1

3amadueit BTOpOTO dTana SIBISIETCS YMEHbIIEHUE Tepedopa aHAIUTHIECKUX Mojaenei. J{is 3Tol menmn MoryT
OBITh HCITOJIb30BaHbI KOHEYHBIE aBTOMATHI (HIDKHSS 4acTh puc. 1), ¢opManbHble T'paMMAaTHKA WU TaOTUIBI C
OMHApHBIMU 3HaYeHUSAMH (puc. 2). Bo Bcex 3THX ciaydasx Ipolece reHepalui aHaTUTHIECKOW MOJETH MOXET OBITh
ONITUMHU3HPOBaAH [7].

Kpome 3TOro, MOXHO BHINOJHHUTH yMEHBIICHHE Nepedopa MOJENeH M C HCHOJIB30BAHUEM ANTOPHTMA
cenekiuu (puc. 3). AJTOPUTMEI CEICKIIMU MPUHAIeKAT O0JIee MUPOKOMY KIaCCy IBOJIOIMOHHBIX alropuTMoB [ 1-3].
AJTOPUTMBI  CEJICKIIMM MOJCIUPYIOT TPOILECC MCKYCCTBEHHOTO OTOOpa, KOTOPBIH HCIOJIB3YETCs IS BBIBEICHUS
JKHUBOTHBIX M PACTECHHIA CO CIICNU(PUUCCKUMH CBOVCTBAMH.

Ha TpeTheM 3Tarme oCymIECTBISIETCS TOUCK ITapaMeTPOB aHATUTUYECCKON Mojaend. J[JIsi 3TOro MCIONB3yOTCS
pa3IMYHBIC CIIOCOOBI HEJIMHEHHON MHOTOMEPHOH ONTHMU3AINH, HAIPUMEP TCHETHYCCKHE anroputMsl (puc. 4). OHu
MOJICTAPYIOT TIPOLIECC €CTECTBEHHOH OMOJIOTHMYECKOW ABOJIONMK Ha YPOBHE TeHOB M XpomocoM. [Ipmuem oxna
XpoMOcOoMa BKITIOYAET B ce0s BCE TMapaMeTphl aHATTUTHYECKON Mozeny [6].

Tlocnenaum  3Tamom npemiara€éMoro  MEroaa ABIACTCA  mpoueaypa  COIMOCTABJICHUSA  HEKOTOPBIX
AHAIMTHYECKUX MOJIETIeH TCKYIIUM IMOPHHUAM HCXOJHBIX JaHHBIX. I[H}I OTOT0 MOTYT OBITh MCIIOJIb30BAHBI AJITOPUTMBI
Ki1aCTCpu3alu.

ANTOPHUTM, TIOCTPOCHHBINA 10 TpeIIaraéMOMy METOXy, UMEET TOYHOCTh OKOJIO IIATH IPOIECHTOB, KOTJa OH
HCTIONB3YeTCs A (PYHKIIMK HMEIOIICH TISITh IOCTOSHHBIX U OJIMH IePEMEHHBIN mapaMeTp (puc. 5).

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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[Ipemmaraemsrii MeTox Oojee rHOOK, YeM €ro aHaJOTH, TaK KaK OH pabOTaeT C aHAIUTHYECKHM OIHCAaHUEM
mouyTH Jro0oro Buma. Kpome T0r0o, OH MOKET MCHONIB30BATHCS B TAKUX MPHIOKCHUAK, T JPYTHE alTOPUTMBI JAIOT
IUTOXUE PEe3yIbTATHI.

TABJIMLA /151 OTCEYEHHUS HEMOAXOSIIMX COYETAHMI

®YHKIMOHAJIbHBIX KOHCTPYKTOPOB U ®YHKIUI-TAPAMETPOB TA XKE TABJALA HOCIE ONTHMASAAN

Koncrpyk- OYHKIHMH TapaMeTphbl Koncrpyk- DyHKIHH NapaMeTphl
TOPBI ISt — TOPBI ISt .
CHOKHBIX BazoBbie pynkuuu Cioxnble QyHKIHT CHOHBIX x+c, c-X, x*c, C/X,
dynkwnit | x+¢ | e-x [ x¥¢ | e/x [(.)te| ()X | ()¥Fe| e/(...) dymemmii | () +e | ()X [ () | e/()
fore | 0 [ 0o | 1 1| oo | 1 |1 0+, | o | o | 4 ’
fO-x 0 0 1 1 0 0 1 1 f0-x
f0*c 1 1 0 0 1 1 0 0 f0*c, . . o o
c/f0) 1 1 0 0 1 1 0 0 c/f()
D®OPMAJIBHASL KOHTEKCTHO-CBOBO/JHASI TPAMMATHUKA 1JI51
MOCTPOEHUS AHAJTATUYECKOI'O BUJA ®YHKIMH OJHOM
NMEPEMEHHOM
Fieck X", e, M M e e iy
x+c | <FC1> 9TO TEPMHHAJIbI;
c-x | <FC2>
x*c | <FC3> <BF1>, <BF2>, <BF3>, <BF4> - 3710
<BF4> ::=¢/x | <FC4> HeTePMHHAJbI OTHOCSIKECS K 62a30BbIM H
CHOXKHBIM pyHKIHAM (PyHKHHAM -
<FC1> ::= (<BF3>)+c | (<BF4>)+c napaMeTpam);
<FC2> ::= (<BF3>)-x | (<BF4>)-x
<FC3> ::= (<BF1>)*c | (<BF2>)*c <FC1>, <FC2>, <FC3>, <FC4> - 3710
<FC4> ::= c¢/(<BF1>) | ¢/(<BF2>) HeTepMHHAJBl OTHOCSAImMHECH K
(yHKIHOHAIBLHBIM KOHCTPYKTOPaM.
Puc. 2
Bnok-cxema anroputma cenekuumn Fpacdmk 3aBUCUMOCTN cpeaHen OLIMOKU OT
aHanNUTUYeCcKux mogenen NOKOJIEHNA aHaNUTU4YEeCKUX Moaernen
c 6
Poccorancs- A
90
Yaanuts "nnoxve" 80
Mogenu 70
CreHepuposats
6asoBbie Moaenn 60
! .
40 Homep
Y CreHepupoBaTh HOBbIe) Owwnbka 30 nokoneHus
b mopenu anroputMa a::::;;-
( ) > ) ommns 20 i
10
Paccurrars ueneayio Jeycrpanuman, 0 >
DYHKUMIO ANst HOBBIX A »
mogenei 1 3 4 5 6 7
M
1 e | o
naeT nouck 3axgaueHa” v nocTpoeHa
Orcoptuposars aroTOmKN onTummManpyetcs
Mopeny no uenesoi
hyHKUMKN
Mpadmk 3aBMCMMOCTM cpeaHel OLMGBKM OT NOKONEeHUs1 aHanUTU4eCKUX
Mopenei Npyu BOCCTaHOBJIEHUN HECKONbKNX CMOXHbIX Moaenein
CpepHnan owmnbka A
Haiipena nu 100

HyXHas Mogent 2

nexus B %
<d>

Howmep
nokonenns
ananuTn-
yeckon
mopenu G

0 >
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NCI10JIb3OBAHUE TEHETUYECKOIO AJIFOPUTMA [J14 HAXOXXLOEHUS
MAPAMETPOB KOHCTPYWUPYEMbIX MOQENENA

Brok-cxema reHeTU4YeCKOro anropuTma ans
HaxoXAeHWs NapameTPoB KOHCTPYUPYEMbIX
mopenen

OpaHo pelueHue (3HaYeHMe BCex napameTpoB) COOTBETCTBYET
ofHOMy "XuBOMYy cyuiecTBy" (HaGopy XxpomMmocom)

Mapametp 0 | Mapametp1 | Mapametp 2 [ N N ) MapameTp N

CreHepupoBaTh
HayanbHble peweHns Ypanute "nnoxue" v

peleHna

3HaueHue ofHOro napameTpa
COOTBETCTBYET TPEM XPOMOCOMaMm

CreHepupoBaTh HoBbIe

Paccuutats peweHus
HKUMIO 1 HOBbIX
i upem‘::uﬁ A + 3Hak Lienas vactb [poBHast YacTb
BbinonHuTtk onepartop
pekom6uHaummn ans
Orcoptuposarts HOBbIX peLeHni
peweHus no uenesoun
pyHKUMKU
BbInonkuTeL onepartop
MyTauum Ons HOBbIX
VT peweHuit OpaHa xpomocoma coAepXUT Habop reHoB (6MTOB)

HaipeHo nu
HYXHOe
pelenue ?

Lelofifofefof [ r]c] @@@ [+]i]o]

Puc. 4

NMPUMEP UCI10JIb3OBAHUS1 PACCMATPUBAEMOIO METOAA A4J1A
AIMPOKCUMALNN KPUBOU

Tabnuua c pesynbTatamMmn KOHCTPYUPOBaHUA PYHKLIMN OAHOW NepeMeHHOM ANA annpoKcMMauumu KpuBon

HoMep nokKoneHus o “ o
aHANUTUYECKUX Cpeﬂﬂﬂﬂ owunbka AHanutnyeckuin BUA MoAenu ny4weun Ans Tekywero 3HayeHus KOHCTaHT ny4vwen
- annpokcuMmauum nokoneHusa no NokoneHuw moaenu
mopenen
0 848.856934 ((X)*(C1)) C1 = -50.062500
1 740159973 ((X)-(CN(C2)-X)) C1=6.519531, C2 = -144.281250
2 366.103210 ((XP*((X)-(C-(X)*(C2)) C1=-288.035400, C2 = 32.547363
3 270.375610 ((X((((C)-(R)*(X1+(C2))-(X) C1=9.799072, C2 = 16.315369
4 166.799927 (X*(OHX)(CN+N(X)*(C2)))) C1=32.787582, C2 = 4.070465
5 61.877922 (XPHXHX)(X)+HCTAX)HC2)-X)) C1=34.382141, C2=4.135788

Ipacmk 3aBUCUMOCTU cpeaHen OWUOKKN

F'pachmkn KpUBLIX NOCTPOEHHLIX HKLMIA U MCXOAHOW HKUMn
pac P P ynry A byHKy MoaenupoBaHus oT HOMepa nokoneHus

2000 A ‘ 900 -
800
1000 — WUcx. ¢p-a 700
0 1| -=-Tlok. 5 600
1000 —=—ok. 4 500
——Tok. 3
- 400
2000 -=- Mok. 2 300
-3000 -®- Mok. 1 200
-4000 - 4- Nok. 0(B¢h) 100 L
-5000 - 0 |
1 3 5 7 9 11 13 15 0 1 2 3 4 5
Puc. 5
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THE DEVELOPMENT OF ALGORITHMS AND PROGRAMS FOR THE CONSTRUCTION OF THE
PROCESS ANALYTICAL DESCRIPTION BASED ON EVOLUTIONARY SEARCH

Shilov A.K., Shilov D.A., Selyankin V.V.
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347928, Russia, Taganrog, Nekrasovsky 44
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The report presents one method of self-organization of mathematical models. Such algorithms are widely
spread in the systems of structure identification and complicated systems prognosis. The presented method can be
applied for the curves and surfaces approximation. Which can be applied for the construction of the process analytical
description and for the signal compression. Presented method of analytical model generation has four main features.

The diagram of the relation between the average
error of the identification and the current
generation number

The block-diagram of the analytical
model selection algorithm
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The diagram of the relation between the average error of the
identification and the current generation number, when several
complicated functions are identified
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Fig. 1

Firstly, it is a complicated functions generation. It’s based on two types of objects — basic functions and
functional constructors.
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Secondly, it is a decreasing of analytical model exhaust. For this purpose finite automata, formal grammars
or tables with binary values can be used. In all cases the mathematical models generation process can be optimized.
The other important method of decreasing exhaust of models uses the selection algorithms. The selection algorithm is
one type of the wider class evolutionary algorithms. It simulates the process of artificial selection, which is used for
breeding animals or plants with specific features. See fig. 1.

Thirdly, it is the searching for the functional parameters. To do this genetic algorithms can be used. They
simulate natural biological evolution. In this case one chromosome contains all parameters of the model.

And the last feature is choosing some analytical models for the current part of source data. For this purpose
the clustering algorithms can be applied.

Now the algorithm has the precision of about ten percents in case when it is used for the function with five
constant parameters and one variable parameter. See fig. 2. This algorithm is more flexible than its analogues, because
it works with any shape of analytical description. And it can be used in the applications, where other algorithms have
bad results.

THE EXAMPLE OF THE GIVEN METHOD USING
FOR THE CURVE APPROXIMATION

The table with the results of one variable function construction wich is used for the curve approximation

Analitical model's Middle error of e ., Constant values of the

generation number approximation Analitical shape of the generation’s best model generation's best model
0 848.856934 ((X)*(C1) C1 = -50.062500
1 740.159973 (((X)-(CN)*((C2)-(X))) C1=6.519531, C2 = -144.281250
2 366.103210 ((X*(((X)-(CN)-((X)*(C2))) C1=-288.035400, C2 = 32.547363
3 270.375610 ((X)*((((C1)-(XN*((X)+(C2))-(X))) C1=9.799072, C2 = 16.315369
4 166.799927 (X)*(X)H(X)*(((C)+X)-((X)*(C2))) C1=32.787582, C2 = 4.070465
5 61.877922 (OHOO*(X)*(((X)+C1)-((X)*(C2))-(X)) C1=34.382141, C2 =4.135788

The simulation error and generation number

Curves diagrams of the constructed and source functions 7
dependance diagram
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Fig. 2




