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Review

on the author's summary of the dissertation

Evolutionary algorithms for the solution of problems in symbol regression to identify dynamical
systems

by Tatiana Sergeyevna Karaseva submitted for the degree of the Candidate of Technical Sciances,
sclentific specialty 2.3.1 (System Analysis, Control and Information Processing, Statistics).

This study concerns the problem of the design and implementation of genetic evolution algorithms for
Identifying a (system of) ordinary differential equations (ODEs) from the data of @ dynamical system, A
modified genetic programming algorithm soives the problem of symbol regression using a binary tree
structure. In &n automated way, the order and number of differentlal equations, the structure of their right-
hand side as well 2s their coefficients are estimated fram the given data. In order to design the structure
operator, usual arthmetic operations as well as elementary functions (such as trigonometric functions,
logarithm, exponential, power function and absolute value) are allowed. The solutions of proposed
orginary differential equations are obtained numerically via the Runge-Kutta 4th order scheme. The
ragression estimates are based on minimizing a relative sum-of-squares fitness score function, Similar
machinery 8 used 1o solve a Cauchy problem for an ODE of kth order. In all of the above, the order and
the number of differential equations is just bounded from above, but not fixed in advance. A final solution
1S given in a symbol form

The work proposes novel ideas implementing symbol regression on a genetic evolution basis. Thus, basic
svnlutonary operations such as initialization, eelection, crossing and mutation togethar with fitnass
computation had 1o be redesigned to meet the needs of symbol regression for dynamical systems'

The mplementation of the above method was tested to work well on @ number of systems of two or more
O0Zs as well as for Cauchy problems of 1st and 2nd order with known analytical solutions, The test
rEsuls 20w a high precision of identification
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In the applied aspect, the proposed approach was proved to be efficient in solving 8 practial identification
problems of dynamical systems originating from chemistry, biology, physics and economics. The
performance was compared to competing approaches of a recurrent neural network and a nonparametric
kemel regression. It was shown that the error rate of the author's method was least among the
compebtors,

To summarize, the high performance of the proposed methods is proved by the results of numerous
computational experiments and solving real-world problems that can be of interest in industry, The
software used in the work is patented (in Russia),

The author has published 27 papers containing res ults of her work. Results are presented at local as well
As international conferences, and some papers are published in peer-reviewed editions In English.

| conclude that the research performed by Tatiana Karaseva meets the general accepted requirements for
a candidate of technical sciences’ dissertation. Her proposed methods and results are new and significant,
and therefore, | recommend Tatiana Sergeyevna Karaseva to award her with the degree of the
Candidate of Technical Sciences.

Sincerely yours,

Prof. Dr. Evgeny Spodarev
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OT3bIB

Or3bie  Ha  aBTOpedepar muccepramuu  KapaceBoit  TaThsHbI CepreeBHbI
«IBO/IIOLHOHHbIE  AITOPHTMbI  pelIeHAs 3a1a4  CHMBOJBHOM  perpeccHH  Aas
HICHTHQHKALMH THHAMHYECKHX CHCTEM», PEICTABIEHHON HA COMCKAHHE YYEHOM CTEeleHH
KaH/u/iaTa TEXHHYECKHX HAyK 10 crenuanbHocTH 2.3.1 CHCTeMHbIH aHau3, yIIpaBlieHHE H
o6paboTka HHpOpPMALIUHK, CTATHCTHKA.

JlaHHOe wHCCenoBaHHE IOCBSIEHO pa3paboTKe M IPUMEHEHHIO TIeHEeTHYECKHX
3BOJIIOLIHOHHBIX aJITOPUTMOB TUIst UACHTUDHUKAIIHA (cuctem) OOBIKHOBEHHBIX
nuddepennmanbHbix ypasHenudt (OJ[Y) Ha OCHOBE JaHHBIX O JMHAMHYECKOH CHCTEM.
MoubHUEpOBaHHEI  aNTOPHTM  IEHETHYECKOTO MPOTPAMMMPOBAHMS  peLIaeT 3a1ady
CHMBOJIbHOH DErpecCHH C HCHOJNB30BAaHHEM CTPYKTYPhl OMHApHBIX JepeBheB. IIOpsIoK u
KOMMYeCTBO IubGepeHIMaTbHEIX ypaBHEHHM, CTPYKTypa HX DpaBOH 4YacTH, a TakKKe
KOS(hQHULUMEHTE OIEHHBAIOTCA AaBTOMATHYECKH HA OCHOBE HMMEIOIMXCS JaHHBIX. Jlis
IIPOCKTHPOBAHMS OIIEPATOpPa CTPYKTYPhl MCIONIb3YIOTCS OOBIYHBIE apH(METHIECKHE ONIEPAIHH, a
TaKKe SIIEMEHTapHble (GYHKIMH (TaKMe KaK TPUTOHOMETpUYECKHe (GYHKIMH, JOTapH(bMBL
SKCIIOHEHTA, BO3BEJCHHE B CTENEHb M a0COMIOTHas BENMYWHA). PelIeHHs NpeTokKeHHBIX
OOBIKHOBEHHBIX TH((epeHIHaNTBHEIX YPABHEHHH OMTYYAIOTCS YUCIEHHO METOIOM Pynre-Kyrra
4ETBEPTOro nopsiaka. OLEHKH PerpecCHH OCHOBAHBI HA MUHUMH3AIMH (DYHKIIHH OTHOCHTEIBHOM
OLICHKH IPATOHOCTH CYMMBI KBaaIpaToB. Takol e MoAX0/ UCTIONB3YeTCs Ul PELIEH s 33124l
Komu mns OV k-ro mopsinka. Bo Bcex ymoMsHYTBIX BBIIIE CIrydasix IOPSAZOK U KOJHYECTBO
mHbOEpeHIMATBHEIX yDaBHEHHH IIPOCTO OTPAHMYEHO CBEPXY, HO 3apaHee He (PHKCHPYETCs.
OxoHuarenpHOE pelleHHe 1aeTcsl B CUMBOJILHOM (opMe.

Pabota mpennaraer HOBBlE HACH NPHMEHEHHS CHMBOJBHOM pPErPECCHH Ha OCHOBE
FEHSTHYSCKOH 3BOMIOUMH. B 3ToH CBA3M, 6a30BBIE SBOIIIOIMOHHBIE OIEPATOPHI, TAKHE Kak
HEWIIHATH3AIMA, CENCKIHMs, CKPEIIMBAaHWE M MyTallisi, a TAaKXKe BBIYUCICHHE MPHIOJHOCTH
J0T&HEl ObUTH OBITB CIIPOEKTHPOBAHBI I0-HOBOMY JUI TOTO, YTOOBI COOTBETCTBOBATH 3ajade
CHMBOIBLHOH DETPECCHH UIA HACHTH(GUKAIIMH JUHAMHYECKHX CHCTEM.

Peammsanus BRIIEYNOMAHYTOrO MeToja GbUIAa YCHENHO MPOTECTHPOBAaHA HA CHCTEMAX
T=yx # Gonee OJIY, a Take Ha 3amadax Kol mepBoro u BTOPOro MOpsIKa ¢ H3BECTHBIMH
SHATHTHHYCCKHME DEINCHHSMH. Pe3ynbTaThl TECTHPOBAHMS MOKA3BIBAIOT BBHICOKYIO TOYHOCTS
HACHTHQHKAITHH.



JloroTvn Y1bMCKOTO YHHBEPCHTETA VJIbMCKWH YHUBEPCHTET
/3nanue, obyuenue, zaboma/

B npuknagHOoM acmekTe, INpEeIIOKEHHBIHA MOAXOX MPOAEMOHCTPHPOBAl  CBOKO
3 (hEeKTHBHOCTL B pEIIEHHH BOCHMH IPAKTHYECKHUX 3a1adax HACHTH(GHKAIMH IMHAMHYECKAX
CHCTEM M3 TakuX obnacTedt kak XMMHUs, OHOJIOTUs, QH3MKa U S3KOHOMHKA. PaboToCoco6HOCTS
Obl1a CpaBHEHA C KOHKYPHPYIOIIMMH MOJX0/1aMH, TAKAMH KaK pPeKyppeHTHas HeHpOHHAs CETh U
HermapaMeTpHyecKas siepHas perpeccus. beuio mokas3aHo, YTo ypoBeHb OIIMOGKH aBTOPCKOIO
MeTozAa ObLT HAUMEHBIITHM U3 BCEX.

[TomBoms mTOrH, BBICOKas 3(P(HEKTHBHOCTH MPEMLIOKEHHBIX METOJOB ObLIa J0OKa3aHa B
pesyibTare GOJBIIOrO KOJIMYECTBA YHMCIEHHBIX OKCIIEDMMEHTOB M DELICHHS peaJbHbIX
NPaKTHYECKUX 3aJa4, YTO MOXET [pPEACTaBIATh HHTEPEC UIS IPOMBIIUIEHHOCTH.
Hcnone3zoBanHoe B paboTe porpaMMHOe oGecIiede e 3anaTeHToBaHo (B Poccun).

Y aBropa 27 omy6GIHKOBaHHBIX CTaTei, COAEpXKALIMX PE3YIbTaThl paboThL. Pe3ynbTaThl
NPEJCTaBICHbl Ha MECTHBIX M MEXIYHapOAHBIX KOH(QEpPEHIMSIX, a HECKOJIbKO CTaTel
OIy0OJIMKOBaHBI B PELIEH3UPYEMBIX XKypHAllaX Ha aHTTIMHCKOM SI3BIKE.

U3 storo 1 3akmouvaro, 9T0 Hay4HOE HCCIEN0BaHKe, BhinoaHeHHoe TaThsHol KapaceBoi,
COOTBETCTBYET NPUHATBIM JJI JUCCEPTAllMM KaHIWJaTa TEXHHYECKHX HayK TpeOOBaHHUSM.
IIpetoxkeHHbIEe €10 METOIBI H PEe3yJIbTaThl 3HAYMTENBHbL, IOITOMY i PEKOMEH/IYIO NPHCYAHTh
Kapacepoii Tatbsane CepreeBHe cTeneHb KaHIUIAT TEXHHYECKHX HAYK.

C yBaxeHueM,
ITpodeccop, a-p Erennit Ciogapes
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