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of the author’s summary of the dissertation of Karaseva Tatiana Sergeevna
"Evolutionary algorithms for symbolic regression problems solving in dynamic systems
identification”, submitted for the academic degree of Candidate of Technical Sciences in
specialty 2.3.1 — System analysis, contro! and processing information, statistics

Modemn technical svstems and processes require the development of
mathematical identification methods. Some classes of problems remain to be studied
poorly due to the impossibility of solving certain applied problems by applying classical
or modern analytical methods due to the peculiarities of these problems. Therefore, the
developing new methods for the dynamic systems identification, is up to date scientific
investigation.

Karaseva T.S. has developed approaches based on evolutionary algorithms to
solve the problam of identitving dynamic systems in her dissertation wotk. The
developed approaches make it possible to obtain models in the form of differential
equations and their systems. Also, the work presents the approach to solving the Cauchy
problem for ordinary differential equations.

The peculiarity of the proposed approaches is hyboridization of such evolutionary
algorithms as genetic prograraming and the differential evolution method. The structure
is selected by applying a genetic programming algorithm to search for a model in the
form of a differential equation. The differential evolution is used for the numerical
parameters uning. Thus, these approaches make it possible to find the order, structure
and coefficients of differential =quations automatically. The oroposed approaches were
tested successfully both on test problems and on probleris that describe real processes.

The author of the wor< conducted investigation of the proposed approaches for
resistance to the presence of noise in the data the model will be built on. The influence
of the volume of dita on the error value of the resulting model was also analyzed.

The dissertation contains a large number of examples demonstrating the
performance of the proposed approaches to the dynamic systems identification to
illustrate practical application of the developed aspproaches. as wel! as confirm their
efficiency.

An important component of the proposed aporoaches for practice is the minimum
number of a priori restricticns on the model. Moreover, the use of self-configuring
algorithms significantly reduces the number of configurable parameters of algorithms. It
makes the approaches suitab e for its application by specialists who are not experts in
the field of evolutionary calculaiions.

The results obtained oy Karaseva T.S. were applied to fulfill the tasks of the
Mega-grant "Hybrid methods of modeling and optimization in complex systems"” and
they were highly appreciated at the Internatioral Seminar “HMMOCS: Hybrid methods
of modeling and optimization in complex systems”. Four software systems have been
developed that are proved by certificates of the state re;zistration of computer programs
with the direct involvement of Karaseva T.S,

As a comment of this work:

The zuthor should have iried to expand the proposed approach to the symbolic
solution of the Cauchy problem for differential equation; systems.



—

In general, the work was carried out at the high scientific and technical level. It is
confirmed by the large amount of research carried out by the author. Despite the above
comment, the work submitiad for defense meets the requirements for candidate of
science dissertations, is the completed scientific qualification work, and its author
Tatiana Sergeevnz Karaseva deserves to be awarded the required degree of the
Candidate of Technical Sciences in specialty 2.3.1 - System analysis, cortrol and

information processing, statistics.
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Ha asropedepar nucceprauvn Kapacepoit Tatwsint Cepreesrsl « DBOIIOUHOHHBIE
AITOPUTMBI PEIISHHA 347184 CHMBOJIBHOM perpectuy JUid HIEHTH(OHUKALHA
AWHAMHYECKHX CHCTEM», MPENCTABICHHON HA COMCKAHHE YHEHOI CTENMEeHH KaHaHaaTa
TEXHHYECKHX HAVK M0 cnedqeansioctd 2.3.1 — CuereMubli anaiing, yipasienue u
obpadorka uHGOPMALIMK, CTATACTHKA

CoBpeMenHE2 TEXHHYECKHE CHCTEMBI W Mpouecchl TpeOYIOT pa3BUTHA
MaTeMaTHYECKHY METONOB HIeHTH(MKauud. Mrorde xnacchl 3azady OCTAHOTCH
MaZOM3Y4EEHbBIMH H3-3a HEBO3MOKHOCTH DELLUEHHA ONpeIe/IeHHBIX NPHKNAAHBIX 3a/1ay
C MOMOMIBIO KAACCHYSCKHX KM COBPEMEHHEIX AHAIHTHUYECKHX M2TOJ0B MO [PHYMHE
crnieundurn ytux 3a124. [Nosromy necnenosanns, Hanpe RieHHbIE Ha pa3paboTKy HOBBIX
METOOB HASHTHOHKALHN AN HAMHYECKHX CHCTEM, ABIAIOTCH akTyTbHBIMH,

JIng  pemeHHs  3alayu PUIEHTHQ)HKQUHH JHHAMHYECKHX  CHITEM B
avccepraumonnoil pabore Kapacepoit T.C. OGbinu pa3zpaloradbl Moj1xoasl Ha OCHOBE
IBOMIOLHOHHBIX ANFOPHTMOB. Pa3paboTaHHbie MOAXOAL! NO3BOILIOT IO1Yy4HaTh MOJEIH B
BHIE AM(depeHUKeIbHBIX YDABHEHHH H KX CHCTEM, & TakiKe NPEACTABICH [OAX01 K
petueHHio 3anaui Kowm ais o0sikHOBeHHBIX an(MpeperumanbbiX YPaBHEHHI.

Oco0eHHOCTBIO  NIPeAIOKEHHBIX TMOAXON0B AEASETCS TrHOpHIH3AUMA TaKHX
IBOMOLMOHHBIX  &JITOPUTMOB, KaK DSHETHHECKOE [TPOrpaMMHPOBAHHE H  METOA
anpdepentuancHoli pomoumn. Tlpy noucke Mozenmit B BAde AHO(epeHUHATbHOTO
YPaBHEHHA MOA00P CTPYKTYPbl  OCYILECTBASCTCH  ANTOPHIMONM  ICHETHYCCKOrO
NpOrpaMMHPOBHHA, a Al noadopa napamMerpos npiMenseTcs Anddepentmansuas
spomouns.  Takum  obpason, jaHHble [0AXO/Bl  1103BOJASIOT  @BTOMATHIMPOBAHO
ONpeiensTh NOPRICK, CTPYKTYPY U KodQiuuueHTsl midipepeHinansHpIX ypaBHEHHHA.
[Npeanoxennnie noxoast OLAM YCMEUIHO anpoOHPOBAHLI KaK Ha T2CTOBBIX 3a/a4ax,
TAaK M Ha 3aJiayay, OITHCHIBAIOLLHX peabHble IIPOLECCsl.

Aprop paloThi MpoBeNa  HCCHENOBAHME MOCLIOAKCHHLIX  MOAXOIOE  Ha
YCTOYHBOCTE K HaMYUIO LIyMa B J&HHLIX. 110 KOTOPBIM OVier NOCTpoeHa MOmeb.
Taxoke npoaHami3HPOBaHO BIHAHHE 00beMa JAHHLIX HA 3HAYCHHE CLAGKH NONYYEHHOH
MOIEH.

Hns ANmOCTPALMK NPaKTHYECKON0 NpHMeHenua pa3paboTaHHBIX MOAXOAOB, A
TaKKe NMOATHEPAeHHA UX PDEKTHBHOCTH, NUCCEPTAHA CONEPKUT CONMBIIOE HMCIIO
NpUMEPOB, JIEMOHCTPHPYIOLIHX paboTOCNOCOOHOCTE NPE/UIOKEHEBIX NOAXOA0B K
HACHTHOHMKALIME JAHAMHYECKIX CHCTEM.

Jins npakTHEM EQXHOH COCTaBIAIOWEH NPEeATOKEeHHBIX [M0/AX008 HBIseTCs
MHHHMAIBHOE YHCJIO anpUCPHBIX OFPAHHYCHHI Ha MoOgens, a NpUMEHEHHe
CaMOHACTPOHKH AITOPHTMOB CYLICCTBEHHC YMEHBLLAET YHCJIO HACTPaMBaeMbixX
MapaMeTpoE ANIOPATMOB, YIC AeAdeT MOAXOABI NPHTOAHLIMA ,UIf HCNOAL30BAHHA
CHELHANUCTAMH, He ARIAIOIIMMHCA ODKCTIePTAMH B OONAcTH  HBOMIOLKOEHBIX
BbIUHCIIEHH .

Pesynetatsl, imonydeHtrle Kapaceseil T.C.. npusieHeHb! 1S BBINONHEHAS 3a/1a4
Merarpante «[HOpHIOHBIE METOAB! MOASNHMPOBAHHS M ONTHMH3IAUWK B CIOKHBIX
CHCTEMax» M BLICOKO OLUEHtHE B pamxax Mexiysapoatoro cemunapa HMMOCS:
Hybrid methocs of modeling and optimization in complex systems. [lpu



HerocpeacTBeHEOM yuacThr Kapacesoit T.C. paspaborans! ueThipe nporpamMMHble
CHCTeMbI, HMEIOLIM CBHACTE/ILCTBA O IOCYIAPCTBEHHON PErHCTIAUME TPOTPAMM JUIN
DBM.

B kavecTae 3eMeUaHHS MOKHO OTMETHTE CeIVIONLeS:

ABTOpY cenoBano Ol TMONPOGOBATE PACIIMPHTE NPerICKEHHBIA MomXom K
CHMBOJILHOMY pelieHHIO 3aneyy Koww aas cictem audhepentmansHsix ypasHeHnii.

B nerom pafiora BRINCIIHEHA HA BEICOKOM HAY4HO-TEXHUHECKOM YPO3HE, 4TO
NOATBEPKAACTCS. NPOBEACHHLIV: aBTOPOM CoMbLIMM 00B2MOM Kecle10Banui. HecMoTps
Ha BRILICYKA3AHHOS 3aMevyare, paboTa, NpeAcTapnfseMas Ea 3alUTY, COOTBETCTBYET
TpeGOBaHMAM, NPeNbABISEMEIM K  KAaHIHAATCKMM AMCCEpTALUAM,  ABIACTCA
3AKOHYUCHHOH Hay“HO-KBanMprKauHOHHOI paboToli, 4 ee astop Kapacesa Taresna
Cepreesna 3aciy)K4BaeT MPHCBOGHHS CTEMEHH KAHIMIASTA TEXHMYECKHX HayK 1o
cneunanbiocTi 2.3.1 — Cucremusii ananus, ynpasnenne u ofpaborka wadopmarm,
CTaTHCTHKA.
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