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1. CroxacTuyHa onTUMi3allis IPOLYKTUBHOCTI AKETy CUMYJISILII TPAHCIIOPTY YaCTUHOK B (i3Ulli BUCOKUX €Heprii

2. Stochastic optimization of the performance of a particle transport simulation package in High Energy Physics

Pedepar:

1. B mucepTauiiiniil poboTi 3anporOHOBAHO HOBUM MiAXif 1151 NOCIiIPKEHHS onTuMi3alii npoayKTuBHoOCTi CAE-
CHACTEMU MOJEJIOBAHHS TPAHCIIOPTY YACTUHOK Y (Pi3nLli BUCOKMX eHepriii GeantV Ha OCHOBI CTOXaCTUYHUX
MeTogiB. 3aauy onTumisaliii cGopMyJIF0BaHO 32 JOIIOMOI0I0 FeHETUYHOTO aJITOPUTMY, IIPEACTaBAEHOr0 Y BUTJISA
IVMaMivyHOI CUCTEMHU 3aBJISIKU MOT0 3B'I3Ky 3 MApKOBCbKMMU JIAHIIOKKaMU. PO3p0o06siIeHO METO, HELIEHTPOBAaHUX
rOJIOBHUX KOMIIOHEHT, IOr0 MaTEMATU4HI OCHOBU Ta OTPUMaHO (GOPMYJIU [JIs1 OLIHKY HAOJIVDKEHD IIPY H1OTO
3aCTOCYBaHHI JJ151 aHajli3y AaHuX. [IpoBeieHO NOPIBHANILHUI aHali3 BUKOPUCTAaHHS METOAY TOJIOBHUX KOMIIOHEHT
IIpY MIOTO 3aCTOCYBaHHI J1J11 3LEHTPOBAHUX i HELIEHTPOBAHUX JAHUX TA 3HANUJIEHO €KBiBJIEHTHICTb PE3YyJIbTATIB
BMKOPHMCTaHHS 000X IIPeJICTaBIEHb JaHUX HA OCHOBI METOAY OLiHIOBAaHHS CEPENHbOKBAPATUYHOI I0XUOKHY.
3anponoHOBaHO HOBUI F€HETUYHUI ONIepaTop, 0OYJOBAHMI HA OCHOBI METO/ly HELIEHTPOBAHUX 'OJIOBHUX

komroHeHT (HI'K-omneparop), 110 fnae 3MOry IPUCKOPUTH 30iKHICTh F€HETUYHOTO aJITOPUTMY [0 OIITUMAJIbHOTO



¢dpourty ITapero ass 3ama4 6ararokpurepianpHOi onTuMizanii. 3HaneHo onTuManbHy iHnTerpaunio HI'K-oneparopa B
TUIIOBUI TeHETUYHUH aroputM. JlociimkeHo epeKTUBHICTb IIPU Oro 3aCTOCYBaHHI B €TaJIOHHUX TeCTax
OaraToLiIbOBUX 33724 Ta A4 onTuMizauii npogykrusHocTi CAE-cucTeMu MOJel0BaHHS TPAHCIIOPTY YaCTUHOK
GeantV y NOpiBHAHHI 3 HEONITUMI30BaHOIO BEPCI€I0 TAKOTO CaMOTO IIPOrPaMOBOro MakeTy. BCTaHOBJIEHO, 110
CEepeIHIN MPUPICT MPOAYKTUBHOCTI gocsAarae fo 20 % Haj HEONTUMI30BaHMM 3aI1yCKOM IAKETY Y HEOLHOPIZHOMY
004KCII0BaNIbHOMY cepefoBuili. Kio4yoBi cj10Ba: reHeTUYHUM aJITOPUTM, IMHAMIYHA CUCTEeMa, HEPYXOMi TOUKHY,

CTOXAaCTHUYHA ONTUMIi3alisl, "feHETUYHUI 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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