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Pedepar:

1. B pucepTaniiiHiil poboTi 3anpOIIOHOBAHO HOBU MiAXiA 47151 mOCiIpKeHHs onTuMizanii npogykTuBHoCTi CAE-
CHACTEMU MOJIEeJIIOBaHHS TPAHCIIOPTY YaCTUHOK y (i3ulli BUCOKUX eHepriii GeantV Ha OCHOBI CTOXaCTUYHUX
MeTofiB. 3amady onTuMizauii copMyJII0BaHO 32 JONOMOIOI0 TEHETUYHOIO aJITOPUTMY, TPECTABIEHOrO Y BUTTIS ]
IVMaMivyHOI CHCTEMU 3aBISIKU MOTO 3B'SI3Ky 3 MAPKOBCHKMMU JIAHIIOKKaMU. PO3p06sieHO MeTo ], HEeLeHTPOBAaHUX
rOJIOBHUX KOMIIOHEHT, IOro MaTeMaTU4YHi OCHOBY Ta OTPUMaHO GOPMYJIH [1JIs OL[iHKY HAOJIMKEeHb IIPU 110r0
3aCTOCYBaHHI JJI5 aHaJli3y JaHuX. [IpoBeieHO NOPIBHANILHUI aHali3 BUKOPHMCTaHHS METOAY I'OJIOBHUX KOMIIOHEHT

Inpu noro SHCTOCYBaHHi AJ1 3LEHTPOBAHUX i HEUEHTPOBAHUX NAHUX Ta 3Haﬁ,[[eHO €KBiBaJIEHTHICTh peBy.TIbTaTiB



BHUKOPHUCTaHHS 000X IIpeJiCTaBIeHb JaHUX HA OCHOBI METOMY OLiHIOBAaHHS CEPEIHbOKBAPATUYHOI IOXUOKY.
3anpornoHOBaHO HOBUI reHETUYHUIT OIlepaTop, I0O0YLOBaHUI Ha OCHOBI METOly HELIEHTPOBAHUX F'OJIOBHUX
komnoHeHT (HI'K-oneparop), 110 fnae 3MOry IPUCKOPUTH 301KHICTb F€EHETUYHOTO aJITOPUTMY [0 OITUMAJIbHOTO
dpoHTy [Tapero A4 3aga4 6araTokpuTepianpHOi onTuMizauii. 3HaleHo onTuMmanbHy iHTerpauio HI'K-oneparopa B
TUIIOBUI FT€HETUYHUI alropuTMm. JJOCIimpKeHo e(pEeKTUBHICTb NIPY F10r0 3aCTOCYBaHHI B €TaJIOHHUX TE€CTax
OaraToLibOBUX 33724 Ta A onTuMizauii npogykrusHocTi CAE-cucTeMu MOJiell0BaHHS TPAHCIIOPTY YaCTUHOK
GeantV y NOpiBHSHHI 3 HEONITUMI30BaHOIO BEPCI€I0 TAKOTO CaMOTO IIPOrPaMOBOro MakeTy. BCTaHOBIIEHO, 110
CepenHiN MPUPICT MPOAYKTUBHOCTI gocsArae go 20 % Haj HEONTUMI30BaHMM 3aIyCKOM IAKETy Y HEOLHOPIZHOMY
004K CII0BaTIBHOMY cepefoBuiLi. Kio4yoBi cj10Ba: reHETUYHUU aJITOPUTM, IMHAMIYHA CHCTEMa, HEPYXOMi TOYKHY,

CTOXAaCTUYHA ONTUMIi3allisl, FfeHETUYHUI OIIepaTop, aHajli3 OCHOBHMX KOMIIOHEHTIB, ONITUMIi3allisl IPOAYKTUBHOCTI.

2. The dissertation is dedicated to study the optimization strategies using genetic algorithms to achieve the best
computing performance of the particle transport simulation package GeantV for the High Energy Physics
simulations. It had been developed to solve the problems of processing the large data sets in experiments at the
Large Hadron Collider (LHC). In the scope of this dissertation had been developed a software library integrating
the genetic algorithms as a part of the GeantV software package. It will be used to optimize the performance of
GeantV software package for the particle transport simulation, when used for processing the physics data,
collected by experiments on the LHC. The mathematical model of the non-centered principal components analysis
method is defined together with the formula for estimation of error approximation. The estimation of the error
approximation shows that the procedure of reducing the data matrix, based on the selection of eigenvectors of the
matrix of non-centered second moments for which it has the smallest eigenvalues, is correct. A modification of the
genetic algorithm is defined by introducing into the standard set of genetic algorithm operators (selection,
mutation, crossover), a new operator, which is determined by the non-centered principal component analysis
method (as a new genetic operator to be used on genetic populations). The results of this study are presenting the
proof of the concept of optimization of GeantV performance using evolutionary algorithms with an average gain of
20% of over not optimized run in heterogeneous computing environment. The same method can be used to deploy
GeantV applications on supercomputers and clusters for the efficient high-performance computing, while
configuring massively parallel GeantV simulations, launched in a non-homogeneous computing environment and
providing optimal scalability in high-performance computing environment. Keywords: genetic algorithm, dynamic
system, fixed points, stochastic optimization, genetic operator, principle component analysis, performance

optimization.
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