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PED®EPAT

Kpamidikamiitna pobota OakanaBpa ckiagaeTbes 3 118 cropiHoK, 74 pPHUCYHKH,
7 JoKepen.

OO0’ €eKT DOCHIIKEHHS — CUCTEMA B3a€MOIIIOUYNX YaCTUHOK.

Meta po60oTH — MmiABUIIEHHS €(EKTUBHOCTI PO3PAaXyHKY XapaKTEPUCTUK CHCTEMH,
10 CKJIAJaeTbcs 3 0araTbOX YacTUHOK 3a PAXYHOK BBEIECHHS pajlilycy OOMEXEHHS —
3HA4YEHHS BIJCTAHI B1Jl J€SIKOT YACTUHKU CUCTEMHM, B MEXaX KO0 1HII YaCTUHKU CUCTEMHU
OyAyTh BpaxoByBaTHUCA 1Ji1 OOYMCIIEHHSI HOBOTO MPUCKOPEHHS AJI1 YaCTUHKH, BiJ KOTPOi
B1JIPaXOBYETHCSA PaJIlyC. A TaKOX MEPEBIPKA TOTE3U ICHYBaHHS 3aJIEXKHOCTI MIJK paJIlyCcOM
OOMEXEHHsI Ta KUIbKICTIO YAaCTHHOK, 3 SKMX CKJIAJa€ThCs CUCTEMA B YMOBAaX OJJHAKOBOTO
rabapuUTHOTO KOHTEUHEPY, Y MeXaX SIKOr0 MOJIETIOETHCS €BOJIIOLIS CUCTEMH.

Pyx cuHcTemMu 4YacTHHOK OIHCYETHCS 3a JONOMOTOK METOAY MOJEKYISIPHOI
JTMHAMIKA — PO3B’SI3YIOThCS PIBHAHHS PyXYy U1l KOKHOI YaCTUHKHU. B3aeMois 4acTHHOK
OmUCy€eThCs oTeHuiaioM Jlennapa-Jxonca.

ByayroTbecst mporpaMu AJii MOJETIOBaHHS pyXy, JUIsl HEHTPAIbHOTO MPOLIECOPY Ta
CUCTEMH 3 ILIEHTPAJIbHOIO Ta IpadiyHOro mnporuecopiB. Po3paxyHKOBHH anroputM is
peanizauii 3 BUKOPUCTaHHSAM TIpadiyHOro Mpouecopy MOAU(IKYeTbCs 3a JOMOMOTOIO
BBEJICHHS TOHSTTS pPajalycy OOMEXEHHS B CHUCTEMY 4YacTHHOK. OliHeHO €(EeKTHUBHICTh
noOyJOBaHUX MPOTPAMHUX peasi3alliil.

JlocnixeHo TinoTe3y Mpo ICHYBaHHS 3aJIeKHOCTI MK pajilycoM OOMEXKEHHs Ta
KUTBKICTIO YACTUHOK Y CUCTEMI, pyX SIKOi MOJICTTIOEThCSI.

METOJI MOJEKYJISIPHOI  JUHAMIKHM, CHUCTEMA YACTHUHOK,
MMOTEHIUAJT JIEHHAPJ-JUKOHCA, PAJIIYC OBMEXEHHS, IEHTPAJILHUIA
TIPOLIECOP (CPU), TPA®IUHUI [TPOLIECOP (GPU), CUDA, PYTHON.
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BCTVII

Meta po6oTH — € niABHIEHHS e()eKTUBHOCTI PO3PaXyHKY XapaKTEPUCTUK CUCTEMH,
10 CKJIAJaeTbcs 3 0araTbOX YacTUHOK 3a PAXYHOK BBEICHHS pajilycy OOMEXEHHS —
3HAYEHHs BiZICTaHI BiJ IeSKOT YACTHHKH CUCTEMH, B MEKaX SKOTO 1HIII YACTUHKU CHCTEMH
OyAyTh BpaxoByBaTHUCA IJi1 OOYMCICHHS HOBOTO MPUCKOPEHHS ISl YACTHHKH, BiJl KOTPOi
BIJIPaXOBY€ThCS pajilyc. A TaKOX MEpPeBIPAETHCS TIMOTE3a ICHYBAaHHS 3aJ€KHOCTI MIXK
paziycoM OOMEKeHHsI Ta KIJIbKICTIO YaCTHHOK, 3 SIKUX CKIJIQJA€ThCsl CHCTEMa B YMOBax
OJTHAKOBOT'O Ta0apUTHOTO KOHTEHHEPY, Y MEXaX SIKOTO MOJEIIIOETHCS €BOJIOLISI CUCTEMH.

3aBaaHHAMH KBaJidikariiiHoi poOoTH €:
- po3poOKka KOMIT'IOTEPHOI MpOrpamMu JJisi MOJEIIOBAHHS JAWUHAMIKH CHUCTEMU
B32€MO/IIFOYMX YACTHHOK:
O peaiizailis nporpaMu Ha 6a31 HEHTPAILHOIO MPOIECcopa;
O peamizamis Ha 0a3i TIOpPUIHOT CHUCTEMHU UEHTPAIBHOTO Ta TpadidHOro
MIPOIIECOPIB.
- MoauQIKalis AITOPUTMY 3 METOIO MIJABULIEHHS €(PEKTUBHOCTI PO3PAXyHKY CTaHIB
CUCTEMU B3a€EMOJIII0YUX YACTUHOK 32 JIOITIOMOTOI0 BBEJICHHS PailyCy OOMEKEHHS;
- IepeBipKa rirnoTe3u Mpo 3aJIEKHICTh MK PaJlycoM Ta PO3MIPOM CHCTEMHU.

AKTyaJbHICTB. Y AaHiil poOOTI MOPIBHIOETHCS €(HEKTUBHICTD peaiizailiil mporpam
JJIE MOJICNIIOBaHHST CHUCTEMH YacTHHOK Ha 0asi neHtpanbHoro mporecopy (Central
Processing Unit, CPU) ta 3 Bukopucranasm 00’exHanoi cucremu CPU Ta rpadiuHoro
nporiecopy (Graphic Processing Unit, GPU), a Takox mepeBipseThCcs TinoTe3a mpo
ICHYBaHHS 3aJIEXHOCTI MK paglycoM OOMEKEHHs Ta KUIbKICTIO YACTUHOK Y CUCTEMI, 1110
JOCITIIKYETHCS.

O0’eKT TOCTIIKEeHH: CUCTEMA B3a€EMOIIIOYNX YACTUHOK.

IIpeamer aOCTiZKEHHSI. METOJM PO3PAXYHKY CTAaHIB CHUCTEMH B3a€EMOJIIOYMX
YaCTHUHOK.

Meton MmosekynsapHoi guHaMmikd (fgami 3a TekctoM MJ[) BHUKOpPHUCTOBYETHCS SIK
3pYYHHM 1THCTPYMEHT IJisi JTOCHIJPKEHHS BJIIACTHBOCTEW OO ’€KTIB Ha PIBHI MIKPOCBITY B
MacmTabax MIKpO-, HAHO- Ta MIKOMETpiB. BiH J03BOJISIE «CHOBUIBHUTHY MPOLECH, IO
B11I0YyBalOThCSI MUTTEBO: BIICHIKYBAaTU TPAEKTOPIIO OKPEMUX MOJIEKYJ Ta aTOMIB; SIBHO
B1J100pa3uTH B3a€EMOJIIO PI3HUX CHOJYYEHb Ta CyMillIeH, JOCTIANTH HACTIAKY BIUTUBY CHUJI
Ha CTPYKTYpHY OyZ0BY. A Tako>X 0a3yr4HCh Ha IIbOMY METO/II € MOXJIUBICTh TOOYI0BU
HOBHUX CTPYKTYP, 110 OyAyTh MaTH, BIACTUBOCTI Ta MapaMeTPH, III0 HEOOX1H1 JIJIsl pIICHHS
IHIIINX 3a]1a4.

Oco0nMBHi 1HTEpEC MOJIATAE Y MOMJIMBOCTI BUBYATH BJIACTUBOCTI Ta BUMIPIOBATH
XapaKTEPUCTHKU HE TUIBKH 3a JOIMIOMOTOI0 CIIOCTEPEKEHHS, a i 0€310CepeTHHOTO BIUIUBY
Ha 00’€KT JIOCTIHPKEHHS Ta BUBYEHHS MOT0 BIAMOBIIHUX PEAKIIM Ta HACIIJIKIB B3a€MO/III.
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Meton mopentoBaHHS OO €KTIB SK BEJIMKOI CYKYIHOCTI B3a€MOJIIOYMX YAaCTUHOK €
NOIMPEHUM 3aco0oMm omucy paedopmaiiii Tik. PesynapTaTd AOCHIKEHb, Y SKHX
BUKOPHCTOBYBaBCS MeTtod MJI, M03BOJSIOTH TOBOPUTH TMPO TICHUA B3a€EMO3B’SI30K
BHYTpPIIIHBOI OyM0BH Ta mporecy Aedopmariii o0’ekta. [laHuil mpukiaa MiATBEPIKYE
KOPHCTh METOJTY JIUISI MOJICITFOBAaHHS 00’ €KTIB, IO PO3TIIAAaeThes y podoTi [1].

OcnoBHoto nuuo M/I € mpeactapneHHs ASSIKOTO AOCHTIKYBAHOTO 00’ €KTY Y BUTJISIAI
€IMHOI CUCTEMHU B3aEMOJIIOUMX YacCTUH (HANPHUKIAJI: MaTepialbHUX TOYOK, MOJICKYI,
aTOMIB, TICBHUX CTPYKTYPHHUX EJIEMEHTIB), IO OMUCYIOTHCA 3a JOTOMOTOI KJIACHYHOI
MexaHiKd. B3aemoist Mk caMUMM YaCTUHKAMU BUPAXKA€ThCS Yepe3 CIIBBIIHOIICHHS, 110
Ha3WBAIOThCS IOTEHINadaMH B3aeMoii. JlochimKeHI MHOTCHIAIH B3a€EMOJIl YaCTHHOK
JI03BOJISIFOTh MOJICITFOBATH TIOBEIIHKY 00 €KTIB 3 BUCOKOIO TOUHICTIO [1].

Vi i MOKIIMBOCTI CTAJI TOCTYITHUMHU 3aBASKHA PO3BUTKY OOUHCIIOBAIBHOI TEXHIKH.
3agayvi, 0 HE MaJM JI0 I[LOTO AHAJITUYHOIO PO3B’A3KY 3 JOMOBHEHHSIM Yy BHIJIAI
KOMIT FOTEpHOT MOJIeNIl OTpUMaJId HAOJIMKEH1 pIillleHHs, 10 0a3yrThCSd HAa YUCEIbHUX
Meromax. Komm’roTepHe MOJCTIOBAaHHS € 00 €IHYIOYHUM €JIIEMEHTOM, IO TIIOB’s3y€
TEOPETHYHI 3HAHHS Ta peallbHUNA eKcrnepuMeHT. KopuCTylouuch TEOpETUYHUMU
HaJ0aHHSIMU € MOKJIMBICTh TTOOYZOBH KOMIT IOTEPHUX MOJIEIEH, CKIAIHICTh Ta TOUYHICTh
KOTPUX OOMEXKYEThCS JIMIIE TEXHIYHUMH IMOTYKHOCTSIMH, a TaKOXK JO3BOJISIE YHUKHYTH
CKJIaTHOIIIB, IO TIOB’sI3aHHI 3 TIPOBEICHHIM pealIbHOTO eKcriepuMenTy [1].

OCHOBHOIO CKJIQ/IHICTIO BUKOpHUCTAHHS MeToay M/I € 00unciIeHHs BEIUKOI KIIBKOCTI
PIBHSIHB, IO TPEACTABISAIOTH B3aEMO3B’SI3KM MK YaCTMHAMH JOCHIKYBAaHOTO 00 €KTY.
Came yepe3 1€ WIBUAKICTb PO3PAXYHKIB € BAXJIMBUM TMUTAaHHAM NpU MOOYIOBI
KOMIT FOT€PHOT MOJIENI CUCTEMHU 0araTbOX B3a€EMOJIIOUYNX YACTHHOK.

[TpumBUAIIATA BUKOHAHHS 00YUCIICHh MOKIIMBO JIBOMA MIJITXaMHU:

- anapaTHOIO CKJIa/J0BOI0 (OHOBJIEHHS CKJIAJOBMX Ha OLIBII MPOMYKTUBHI a0o
BUKOPHUCTAHHS J0JIaTKOBOT MOTYHOCTI);

- aNTOPUTMIYHUM CTIOCOOOM (BUKOPUCTAHHS CyYaCHUX YUCEIbHUX aJITOPUTMIB 200
Mou(diKallis HasBHUX).

Jlo mpucKOpeHHs 3a JIOIOMOIOI0 3aMiHM a00 OHOBJICHHS arapaTHOi 0a3u MO)KHa
BIJIHECTU BHUKOPUCTAaHHS CIELIANI30BAHUX PO3PAXyHKOBUX KJACTEpIB. A  TaKoxX
BUKOPUCTAHHA JTUCKPETHUX TrpadiyHUX MPOIECOPIB AK MapajelbHUX OOYUCIIOBATBHUX
maThopM 3a JOTMOMOTOI0 CIEIIalli30BaHOr0 MporpamMHoro 3abe3nedeHHs. KoxkeH 3 1ux
MIXO/IIB ICHY€ Ta BUKOPUCTOBYETHCS, 1 BOHA MalOTh CBOI OCOOJIMBOCTI Y BUKOPUCTAHHI.

lono kmactepHOro oOUMCIEHHS, TO CIa0KUM MICHEM Yy LIbOMY BHUIAIKy € OOMIH
JAHUM MK KOMIT I0T€paMu MEPEkKeEl0, sKa iX 3’ €AHY€ (3a3BUUail IBUAKICTh KOMIT FOTEPHUX
MEpEeX MOCTYIMAETHCS B Yaci HABITh 3BEPHEHHSIM IPOIIECOPa JI0 MaM’STi )KOPCTKOTO JIUCKY ).
Kpammmu 3agauaMu 17151 po3paxyHKy 3a JJOIIOMOT'OIO KJIAacTepy € Ti, 10 MOKHA MOAUINTH
Ha OKpEeMI JIOKaJi30BaH1 YaCTHMHH, BUKOHAHHS SIKMUX HE 3aJ€XHUTh BiJl pe3yJibTaTy 1HIIMX
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CKJIQJIOBUX Ta 4Yac PO3PaxyHKY € MOPIBHSAHO OUIBIIUM, HDX 4yac OOMiHY iH(OpMaIli€ro
MEpEeXKeEro.

VY Bumnajaky BUKOpHcTaHHS rpadiuanx nporecopiB (GPU) tun 3amad, mo € st HuxX
HaWOIBII TIIXOMSIIMM BU3HAYEHO ICTOPHYHO, TaK SK iX Oy/J0Ba HampaBjeHA y MEpIly
yepry Ha IIBUAKY OOpOOKYy MaKCHMMajdbHO BEIHMKOTO O00’€My JaHUX OJHOYACHO
HECKJIQJIHUMU OTIepallisiMu (3MiHa SICKpaBOCTiI a00 KOJBOPY MIKCEIIB Ha eKpaHi: oneparii
J0/IaBaHHSI, MHOXKEHHSI TOINO). AJjie MmoTpeba HOBUX pIlICHh MPOOJIEM 3 MIBUAKICTIO
BHUKOHAHHS KOMaH/I J03BOJIMIa PO3BUHYTHU rpadivHi MPOIECOPH 3 1HIIOI CTOPOHHU — Y SIKOCTI
napaneabHUX 0araTosIepHUX PO3PaxXyHKOBUX MPUCTPOIB.



TEOPETUYHA YACTHHA

1 Meroa MOJEKYJISIPHOI AMHAMIKH

Jlns  gocHimKEHHS TOBEOIHKM CHCTEMH YaCcTHHOK Ta 11 BJIACTHBOCTEH
BUKOPHUCTOBYETHCA MiJIX1J O€3MOCepeTHhOr0 MOJCIIOBaHHS 3aKOHIB pyXy, B3a€MOIi Ta
30BHIIIHIX CHJI, IO J1I0Th y ii Mekax. MaTemarnyHa MOCTaHOBKA 3a/1a4l MOJICKYJISIPHOT
JTMHAMIK{ 3aCHOBaHA Ha PIBHAHHAX KJIACHYHOI MEXaHIKH 3 BUKOPHUCTAHHSAM IIEBHUX 3aKOHIB
B3aEMOJIIT MK YacTUHKaMH. LI 3aKOHM OMHCYIOTHCS 3a AOIMOMOI0O0 MmoTeHIiamis [1, 2].

Iotrenuian Jlennapa-/IskoHca: 103BoislE pO3paxyBaTH 3HAUYEHHS MOTEHLIAIBHOT
eHeprii MK JBOMa YaCTUHKAMH, 110 pO3TaIllOBaH1 HA JIEIKIA BIJACTaHI.

12 6

un=4¢| 2| -|Z] | (1.1)
r r
e o 13 o 7
F(r)=24—|2| —| —-|—| |, (1.2)
o r r

ne U (r) — MOTEHI1aJbHA €HEepris B3aeMoJli, &€ — Lle eHepris 3B 53Ky, O — pPIBHOBa)KHA
Biactanb i mapu atromiB (U (o) =0), ' — BiacTanp Mixk maporo 4acTuHOK, F (r) — cuia

B3aemonii. [lorenmian Jlennapa-/[xoHca MHMPOKO BUKOPUCTOBYETHCS 3aBASKH MPOCTOTI
po3paxynuky (muB. Puc. 1.1, Puc. 1.2) [1, 2, 3].

Lennard-Jones U(r)

0.6

0.4 4

0.2 4

0.0

Potential

—0.2 A

—0.4

_06 T T T T T T T
0.2 0.4 0.6 0.8 1.0 1.2 1.4

Range

Puc. 1.1 — ¢opma 3anexxnocti morteHmiany Jlennapna-/l>koHca Bia BiACTaHI Mixk
YaCTUHKaMHU



Lennard-Jones F(r)

3
2 i
1 i
ob}
50
=
_1 i
=72
_3 T T T T T T T
0.2 0.4 0.6 0.8 1.0 1.2 1.4
Range

Puc. 1.2 — dopma 3anexnocti cvm JIenHapa-/[oHca BiJl BiICTaH1 MK YaCTUHKaMU

IHoTenuian Mi: moTeHI1a] Ta CUJIa MAIOTh HACTYITHUM BUTJISI:

1 O " O "
U(r):n_m m(?j —n(?j : (1.3)

F(n=_m_¢ (Zj _(zjm | L4

nN—-Mmo|\r r

ne N, m — mapametpu B3aemoii. [loTeniian Mi MokHa BUKOPUCTOBYBATH Y BUMAAKAX, KOJIH
ICHye HEOOXIJHICTh OUIbII THYYKOTO HAJIAIUTYyBaHHS NpaBWJIa B3a€EMOJli YaCTHUHOK Yy
cHCTeMI uepe3 Te, 110 BiH Ma€ ByKe 4oTupH napameTpu (auB. Puc. 1.3, Puc. 1.4) [1, 2].
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Mie U(r)
0.0
—0.11
~ 0.2 1
g
=
Q
)
£ —0.3]
0.4
—0.5
0.5 1.0 1.5 2.0 2.5 3.0
Range

Puc. 1.3 — ¢popma 3anexHoCTI MoTeHIiany Mi Bif BiICTaHl MK YaCTHUHKAM

Mie E(r)

0.00 4

—0.05 -

—0.25 1

—0.30 +

0.5 1.0 1.5 2.0 2.5 3.0
Range

Puc. 1.4 — popma 3anexxHocTi cuiar Mi Bij BiICTaH1 MIDK YaCTUHKAM

MoaudikoBanuii nmoreHmiajJ BUKOPUCTOBYIOTHCS Yy pa3l HEOOXIAHOCTI 3MIHUTH
paaiyc aii moTeHIiany, ajge 30eperTd Horo BIACTUBOCTI. 3 III€0 METOK MOXXHa J0JaTH

HACTYIIHI 3MIHHU B (OPMYITY:
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A

U(r)=U(k(r-o)+o), (1.5)

ne U (r) — moaudikoBanuii nmorenuian, a U (k(r —(7)+0) — e AesSKWi TOTEHINa
B3a€MO/Ii1 YacTHHOK (Hampukian: Jleanapa-/xonca abo Mi). Slkuro K =1, To BuximgHuii Ta
3MIHEHUH TOTEHIianu OyAyTh OJHAKOBUMH (U (I’) =U (I’)) V Bumaaky K >1 morenmian
U (r) Gynme «cTucHeHHID», BiHOCHO moyaTkoBoro U (r) ITpu k <1 morenmian HaBmaku

«Oyne posrsraenuit» (nuB. Puc. 1.5) [1, 2].

Lennard-Jones Modify U(r)

= Mormal: k=1
1.25 1 — Marrow: k=1
= Stretch: k<1

1.00 -

0.75 1

0.50 {

Potential

0.25 1

0.00 -

—0.25 1

—0.50 1

0.5 0.6 0.7 0.8 0.9 1.0
Range

Puc. 1.5 — dopma 3anexxknocti moaudikoBaHoro norexmiany Jlennapa-/[xoHnca Bin
BIJICTaHl MK YaCTHHKAM

BinmosigHo moaudikoBana cuia Oyne Buriasaaty (nqus. Puc. 1.6) [1, 2]:

F(r)=kF(k(r-o)+o). (1.6)
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Lennard-Jones Modify K*F(r)

— MNormal: k=1
41 —— Marrow: k=1
—— Stretch: k=1
3
7
o 1]
5
[J-I [I T =
-1
2|
-3
0.6 0.8 1.0 1.2 1.4

Range

Puc. 1.6 — popma 3anexkHOCTI CUIIK BiJ BIJICTAHI MK YacTUHKaM (Mou]ikoBaHUN
noTeHIian Jlennapa-/{xonca)

[Iporpama nis moOynoBu rpadikiB 3ajeKHOCTI CHUIM Ta MOTEHIIANy BiJ BiACTaH1
3HaxoauThes B po3aini JOHJATOK A.
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2 OcobmuBocti 6ynmoBu CPU Tta GPU, BigMIHHOCTI Ta mepeBard KO>KHOI
apXiTEeKTypHu

[enTpanbuuii mporecop po3pobiIeHO TaKUM YHMHOM, 00 Oyiia 3Mora BUKOHYBAaTH
SIKOMOTA MU PIIAIA CIIEKTP 3aBAaHb, a TAKOXK, 100 32 MAaKCUMAaJTbHO KOPOTKUI YaC BUKOHATH
KOMaHJId Ta MaTH 3MOTy MHUTT€BO nepemukarvcs. LIIBUAKICT, BUKOHAHHS 1HCTPYKIIINA B
OCHOBHOMY 30UJTBIITYETHCS 3a PaXyHOK ITIJBHUINECHHS TAKTOBOI YAaCTOTH Ta 301IBIICHHSIM
00’eMy KelI-mam’siTi, 4ac JIOCTYMy JO SIKOi € Habararo MEHIIUM, HIXK JIO ONEpaTUBHOI
nam’sTi komm'torepa. 3 iHmoro 6oky GPU ctBopeHo Tak, 100 3a KOPOTKH MPOMIKOK
00poOJsATH MAKCUMAIbHO BEIUKUWA 00°eM manux. Takuii edekT gocsraerbes 3a paxyHOK
TOTO0, 110 TpadiYHUN MPOLIECOP CKIATAETHCS 3 BEITUKOI KUIBKOCTI MPOIECOPIB, ajie MEHIIIOL
MOTY>KHOCTI Ta ONTHUMI3allii amM’sTi JJI1 MaKCUMaJIbHOT IPOIYCKHOT 31aTHOCTI [4].

Comtrol ALY

ALU
ALU | ALY

CPU GPU

Puc. 2.1 — nopiBusanns apxitektypu CPU ta GPU. 3enenum no3naueHi TpaH3uCTOPH,
110 BUKOHYIOTH OOYHUCIICHHS; )KOBTUM — Ti, IT[0 KEPYIOTh IIOTOKOM; ITIOMapaHYeBUM 00J1acTh,
sIKa BiamoBigae mam’sTi [5]

3apa3 TeHaeHIlis MiABUINEHHS TakToBOi yactotm CPU 3amiHuiacs Ha KOPHUCTh
MYJIBTHIIPOIECOPIB (BCEPEIMHI IEHTPATBHOTO MPOIECOPY 3HAXOUTHCS JEKITbKA OKPEMHX
SIep, AKI TeX MOXYTh OJJHOYACHO BUKOHYBATH 1HCTPYKIi). AJie 1ieil (akT HE 3MEHIIUB
Baru GPU sik nmpucTpoto, 110 J03BOJISIE MPOBOJAUTH PO3PaXyHKH, 1110 OB’ s13aH1 HE TUIHKU 3
rpadikoro [4].
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3 IcHyroul MeTOIM MPUCKOPEHHS PO3PAXYHKIB XapaKTEPUCTUK CUCTEM Ha
OCHOBI METOJTy MOJICKYJISIPHOI JUHAMIKH

Icnye nekinbka cocoOiB, IO J03BOJISAIOTH ONTHUMI3yBaTU po3paxyHkH. Ll meTonu
CIIUPAIOTHCS HA ACSIKAN pajiiyc, M0 J03BOJISIE SMEHIIUTH KIJTbKICTh YaCTHHOK, 1110 HEOOX1TH1
TUTSL pO3paxyHKY HOBOTO TIPUCKOPEHHS KOKHOI YaCTUHKH.

1. Coucox Bepae — mepen po3paxyHKOM CHJI B3a€EMOJIT JJIS KOXHOI YaCTHHKU
CTBOPIOETHCS OKPEMHI CITUCOK CYCIJTHIX YAaCTHHOK, IO BBIMIIM B MEXi chepu 3
paziycoMm [, 1110 3a 3HAYEHHSIM MEHIINH, Hi’K 00J1aCTh, 1110 BUKOPUCTOBYETHCS IS

MmojentoBaHHsl. OHOBIIEHHS CHHUCKY BinOyBaeThcsi kokHi 10 — 20 KpokiB 3a
gacom [6].

2. MeTtoa 3B’fI3aHUX CHHUCKIB — 00JacTh PO3paxyHKY MOAUISAETHCS HAa YAaCTUHH
(xoMipKH), po3Mip SAKUX BU3HAYAETHCS 3 JOTIOMOTOI0 pajailycy oomexkeHHs I, . Ha

M0YaTKY PO3PaXyHKIB CTBOPIOETHCS MAaCUB, 10 MICTUTh CIIMCOK HOMEPIB CYCIAHIX
KOMIPOK JIJIi KOKHOI OKpeMo. YacTHMHKM B3a€MOJMIIOTH JIMIIE 3 YaCTHHKAMHU
KOHTEHHEpY, A0 SAKOTr0 HaJleKaTh, a TaKOX 13 THUMH, IO 3HAXOASTHCS B
HaOmmKuux [6].

VY nauiii po6OTI A1 MIABULIEHHS €(PEKTUBHOCTI PO3PAXYHKIB TEX BUKOPUCTOBYETHCS
paaiyc oOMexeHHs. Aje croci0, y SIKMil BIH BUKOPUCTOBYETHCS ACIIO MOAM(IKOBAHO:
YaCTUHKHU, 0 BUKOPUCTOBYIOTHCS Il OOpaxyBaHHS MPUCKOPEHHS, BIIOUPAIOTHCS 3a
JIOTIOMOTO0 pajilycy 0e3Mocepe/IHbO Ha €Tarl po3paxyHKy 0€3 BUKOPUCTAHHS JOJaTKOBUX
CIIUCKIB.
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[TPAKTNYHA YACTHHA

4 MaremaTuuHa MOJEb

3aBmaHHAMHU JaHOI poOOTH € TI0OYI0Ba KOMIT FOTEPHOI MOJIENi CHCTEMH YaCTHUHOK,
Kl B3aEMOMIIOTH MK €000, 3a JIOMOMOTOI0 METOMY MOJICKYJISIPHOI JWHAMIKH.
[MopiBustaHs peanizaniii Ha 6a31 CPU (Central Processing Unit) ta 00’ eqHaHHs apXiTEKTypH
CPU Ta GPU (Graphics Processing Unit). [IpuckopeHHsT po3paxyHKiB XapaKTEPUCTHK 3a
JIOTIOMOTOI0 BBEJICHHS pajlyCcy, 10 Oyae po3AUISITH YaCTHHKH Ha JIB1 YaCTHUHH: Ti, IO
BIUTMBAIOTH Ha JICSKY YaCTHHKY, IPUCKOPCHHS IKOi 00PaxXOBY€ETHCS, Ta Ti, BILTABOM KOTPHUX
MOXXHa HexXTyBaTu. /[l JOCSATHEHHS 1I1€i METH CHOYaTKy HEOOXIIHO MO0y yBaTH
MaTeMaTHUYHy MOJIEIh CUCTEMH B3a€EMOIIFOUNX YaCTHHOK.

Cucrema cknanaerbes 3 N XiMIYHO HEUTpaIbHUX YaCTUHOK, K1 MOXKYTh PyXaTucs y
Oynb-sikoMy HampsiMky B3foBxk oced OX, OY, OZ BimmoBigHO 1O JPYroro 3akoHY
Herorona:

F(x,y,z)=md(x,y,z), (4.1)

ne F —1ie cymapHUit BEKTOP CHUI, IO JiF0Th Ha YaCTUHKY, M — Maca 4aCTUHKH, & — BEKTOp
MIPUCKOPEHHS YaCTUHKH.

Tina B3a€MOJIIOTh MK COOO0, 1€ B3a€EMO3B’SI30K OMHUCYETHCS 3a JIOMOMOTOIO
napHoro noreniiany Jlennapa-/xonca (1.1) [1, 2, 3, 7].

VY pamkax JaHOTO MOJICTIOBAHHS MPUHMAEMO HACTYITHI MPUTTYIIICHHS:

- Maca M BCiX YaCTMHOK € OJIHAKOBOIO Ta pIBHA YMOBHIN | 0JMHULI MacH;
- €HEpris B3aEMO3B 3Ky & MIXK MOJIeKylIaMu Jo0piBHIOE 0.5 YMOBHUX OJIUHHIIb,
- piBHOBaXkHA BijicTaHb O piBHA 0.5 YMOBHHX OJUHUIIb.

HaCHi)lKOM TaKUX IIPUITYHICHL € ITIOBHC IPUBCACHHA CUCTCMH 1O YMOBHHUX BCJIMYHH.

KpaiioBi ymoBu — nepioanuni. ToOTO cucTeMa 4aCTMHOK OOMeEXeHa MPSIMOKYTHUM
KOHTEHHEpOM 3 JEeSKMMHU 3HAYEHHSIMH BHUCOTH, IIMPUHU W A0BXKUHU. [Ipu morparuisiaxi
YaCTUHKHU Ha OJIHY 31 CTIHOK (I'paHullb) OOKCY, BOHA «MUTTEBO» 3 IBUTHCS HA MPOTHIICKHIN
0e3 3MiHM CBOIX MapaMeTpiB MIBUIKOCTI Ta MpUCKOpeHHs. Haciiakom Takoro oOMeXeHHs €
HACTYMHHU (aKT: MaKCUMaJIbHA BiJICTAHb MK YaCTUHKaMHU MOXe OyTH piBHOMO [3]:

r_ =~/0.5n? +0.5w? +0.5d? (4.2)

me I — MakCUMalbHa BiJICTaHb MK YaCTHHKaMH, N — BHCOTa KOHTEiHEPY (B YMOBHHX

OoIMHULISIX KoopauHaT), W— mupuHa KOHTeHHepy (B YMOBHHMX OJIMHULSX KOOPIUHAT),
d — rmbuna KoHTelHepY (B YMOBHHX OJMHHMIIIX KOOPIUHAT).
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a b

Puc. 4.1 — npukiaa nepiogMYHUX YMOB: @ — MOMEHT 4acy t; b — MoMeHT yacy
t+k-At, ne At— kpok 3a vacom

J171st po3paxyHKy TPA€eKTOPIii YACTUHOK CKOPUCTaEMOCS alroputMom Bepue:

Xy = 2%, — %4 + & (At)’, (4.3)
X . — X

VX — nl n-1 ’ 4.4

n AL (4.4)

Jc Xn+1 — IOC¢ 3HAUYCHHA KOMIIOHCHTH X B MOMEHT qacy N +1, Xn — 3HAa4YCHHA KOMIIOHCHTHU

X B MomeHT wacy N, X , — 3HaueHHS KOMIOHEHTH X Yy MOMeHT dacy Nn-—1,

& — TPUCKOPEHHs 3a KOMIIOHEHTOM X y MomeHT uacy N, At — Kpok 3a uacowm,

X .
V| — HMIBHJKIiCTh 32 KOMITIOHEHTOM X y MoMeHT yacy N [3].

®opmyinu (4.3) 1 (4.4) MokHA OTPUMATH 3 PO3KIAAY (YHKIIIT X('[n + At) i X('[n - At)
y pan Teinopa:

X, =X, +vrfAt+%an(At)2 +O[(At)3] (4.5)
X, =X —v,fAt+%an(At)2 +O[(At)3] (4.6)
ne O| (At)’ | - samumouit wrew (oxmbxa).
Orpumaru hopmyiy (4.3) moskua noxasum (4.5) 1o (4.6):

Xyg + X g = 2%, — X, , + 85 (At)" + 20 [(At)g] : (4.7)

Pe3ysbTaT momomarae 3po3yMiTH, 110 JIOKaJbHA MOXHOKA PO3paxyHKy KOOPAWHATH
Ha KOYKHOMY KpOIIi Ma€ TpeTii mopsiok [3].

dopmyny (4.4) nae pizauns (4.5) i (4.6):

X, — X, = 2VAt = V) = % + O[(At)z} . (4.8)
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OTxe, TOKaJIbHA MOXKUOKA PO3PaXyHKY IMIBUAKOCTI Ma€e Ipyruii nopsaox [3].

Burmsin dopmyn (4.3) 1 (4.4) € He TOCHTH 3PYYHHM JJISi BUKOPHCTAHHS, afKe IS
PO3paxyHKy HOBO1 KOOPIMHATH, TIOTPIOHO OKPIM OTOYHOT 3HATH ¥ TIOTIEPEIHIO, a 3HAUCHHS
IIBUJIKOCTI PO3PAXOBYEThCS JIMIIE JIJISI MOTOYHOTO KpPOKYy. AJIe € CIOCiO TepeBecTH
dopmyinu (4.3) 1 (4.4) B inmny exBiBasieHTHY hopmy. Jloctarubo ais (4.3) y npaBy 4acTHHY

X 1 Xn+1
J0JIaTh Tapy —o= — 2
2 2

_ X 2 X X
Xpu1 = 2X, — X, + @, (At) +%—%:>

X X 2 X X
Xnﬂ:ZXn—”?_l—”T‘l_Fa:(At) + n2+1_ n2+1:>

X X 2 X .,—X
Xn+1:2Xn_n7_l_n7+l+a:(At) +%:>
X X 2
Xn+1:2Xn_n__1— n+1+a:(At) +V:At:}

2 2
2 X X
Xn+1:Xn+V:At+a:(At) —”—Jrl-{-Xn—_n—lz>
2 2

1
Xy = X, + VAL +aX (A) - ZaAt =

X, =X, +V AL+ %aﬁAt (4.9)

VY Bukmiami (4.9) Oyno Bukopuctano Gopmyiny (4.4) Ta BUpaKeHO MPUCKOPEHHS 3
bopmynu (4.3).

A st Toro 1mo6 neperBopuTH (4.4) HeoOX1THO BUKOPHUCTATH HACTYITHI Kpoku 3a N y
(4.4) ta (4.3):

X, ,—X
v o =2 "n ’ 4.10
n+1 2At ( )
Xy = 2Xpq + =X, + 2%, (AL (4.11)
Otxe:
X 2Xn+1 + a‘n+1(At)2 — X =X, X 2Xn+1 + a‘n+1(At)2 B 2Xn
Vn+1 = - Vn+1 =
2At 2At

Nl = =
2At

o X1 + (X — 2%, + X, 4 ) — X, + @, (At)2
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V:+1 — Xor ~ X + Xn — 2Xn + X1 + E a:+1At —
2At 2At 2
X X 1 X 1 X X _ X 1 X X
Vi, =V + Ea” At + EanﬂAt =V, =V + E(a" + aml)At. (4.12)

Pesynbraramu (4.9) ta (4.12) € Hactymnni hopMyu:

X ., =X + VAt + %a,f (At), (4.13)

X

1
X X X
v =V +E(an+l+an)At, (4.14)
OTtpumaH1 pIBHSHHS J103BOJSIIOTH PO3pPaxOBYBaTh KOOPJIMHATH Ta IIBHIKOCTI
YaCTUHOK MarO4H JIMIIE [T0YaTKOB1 3HAYEHHS KOOPAUHAT, IIBUJIKOCTEH 1 IPUCKOPEHb, Y TOH
gac sk y Burisiai popmyi (4.3) i (4.4) notpiOHO po3paxyBaTH MEPIIHHA KPOK 3a JOTIOMOT OO
1HIIOTO METOy. Brpasu ams po3paxyHKy IIBUIKOCTI Ta KOOPAMHATH 32 KOMIIOHEHTaMHu Y

Ta Z TOTOXHI 3a3HadeHuM (4.13) ta (4.14) 3 TOUHICTIO A0 3MiHM NTO3HAYCHHS KOMIIOHCHTH

3]
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5 IIporpamua peanizartis
5.1 3aranpHa cxema nporpamu

Jli1s moOyA0BU MPOrpaMy BUKOPUCTAHO HACTYMHI IHCTPYMEHTH:

- Moga nporpamysansns Python:
o iHTerpoBane cepenoBuine po3podku (Integrated Development Environment,
IDE) PyCharm;
o Habip 0101i0TEK:
= Numpy — ayis po6oTH 3 MacMBaMH Ta THIIAMU JAHUX;
» Panda3D — mns pobotu 3 BiKHamMH Tporpam, KHOMKaMu, (popmamu,
TEKCTOM a Takoxk rpadikoro, 30kpema 3D;
» Matplotlib — mis po6otu 3 2D rpadikoro;
» PyCuda — mrsg moctymy o mapanenbHoi apxitektypu CUDA, 1o
J03BOJIsI€ BUKOPUCTOBYBATH I'padiuHui poriecop sl O0UHCIEHb;
» Time ta Timeit — ms poGoTH 3 yacom;
= Copy — nst AOCTYIy JI0 IHCTPYMEHTIB KOITIFOBAHHS,
» Random — mns moctymy 10 (YHKINH TeHEpYBaHHS MCEBIOBUTIAIKOBUX
qrCell.
- Apxitektypa g napanenbaux oouncnens kommanii NVIDIA — CUDA.

3aranpHuil aaropuT™M podOTH MPOTpaMHu:

1. 3amyck:
1.1. BiKkpuTTs BiKHA IPOTpaMu, Ha SKOMY PO3MIIIEHO:
1.1.1. Tlons uist BBEZICHHS TApaMETPiB CUCTEMH 3 TIAMHUCAMHU:
1.1.1.1. KingpkicTh 4YaCTHHOK B CHUCTeM1 (HATypaJlbHE 4YHCIO B Jlala3oHi

.n32 .
[2,2 —1], a Tako)X OOMEXEHHS HaKJIagalThcsd 3 OOKYy armapaTHoi

CKJIQZIOBOi, HANpPHKJIAA: MOXE 3aKIHUMTUCA TaM siTh JJisi 30epiraHHs
HEOOX1THUX JTaHUX).
1.1.1.2. IntepBanm mMOYATKOBHUX IIBUAKOCTEW 4YACTHHOK (MpuiiMae Ha BXIiJ

Jliana3oH 3HaYeHb, HAMTPUKJIIA, MAKCUMAJIbLHUHN THTEPBAT [—l; 1] ).
1.1.1.3. KigpKiCTh YaCTMHOK Yy psAKY (JAOBXKHMHA OOMEXYIOUOIro KOHTEHHepa,

. . . n32
HaTypaJlbHe 4YHCJIO B Jiarna3oHi [2,2 —1], a TakOX HaKJIAJIar0ThCA

OOMEKEHHS maM’sITi).
1.1.1.4. KigpKiCTh YACTUHOK Y CTOBIYMKY (ITMPHHA OOMEXYIOUOT0 KOHTEHHEPA,

. . . n32
HaTypaJlbHe 4YHCJIO B Jiama3oHi [2,2 —1], a TakKOX HaKJIAJAIThC

OOMEKCHHSI ITaMSITi).
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1.1.1.5. KingpKiCTh YaCTUHOK BrAMOWHY (TIMOMHA OOMEXYIOUOTO KOHTEHHEpa,

. : . n32
HaTypaJdbHC 4YHCJIIO B [l1dlla30H1 |:2,2 —1:', a TaKOX HakKJIaJarOoTbCsA

OOMEKCHHSI ITaM’sITi).
1.1.2. KHonku 17151 3ayCcKy BUKOHAHHS CUMYJIALIT Ta ToOy10BU rpadiKiB:

1.1.2.1. Read with output — xHONKa 14 iHIMIATi3aIlii CHCTEMH 3 BUBOJIOM Ha
€KpaH 4acTUHOK y BUTIIsLA1 3D-00’ekTy y BUTIISIAL Chepu.

1.1.2.2. Read without output — kHomKa /I iHiIiaTi3a1il CHCTEMH 03 BHBOTY
Ha expaH 3D-00’€eKTiB.

1.1.23. GPU vs CPU - kHomka /Ui TPOBEICHHS TECTY MIBUIKOCTI
MOJICITIOBAHHS CHCTEMHM 4YacTHHOK il okpemux peamizanii CPU Ta
riopuaaoi cuctemu CPU ta GPU Ta nmoOynoBu BiAOBIIHUX IrpadiKiB.

1.1.2.4. Create table with Radius — kHomKa 151 IPOBEICHHS €KCIICPUMEHTIB Ta
1moOy10BH TaOIMUIb, 110 HEOOX1/IH1 /Il BUABJICHHS ONTUMAJIBLHOIO PaailyCy
OOMEXKEeHHS.

2. Bulip KHOTIKH:

2.1. Read with output — ynTaHHs BBeIeHUX JaHUX, IOOY0BA CUCTEMH Ta BUBCACHHS ii
HAa €KpaH, BIJOOpaXEHHS Ha €KpaHl BapiaHTIB 3allyCcKy KOMII IOTEPHOTO
MOJIETTIOBAaHHS:

2.1.1. CPU — 3amyck po3paxyHKy Ha 0a3i IIEeHTpaJIbHOTO Ipoliecopa.
2.1.2. GPU — 3amyck po3paxyHKky Ha 0a3i rpadiqHOro mporecopa.

2.2. Read without output — ynTaHHS BBEJCHHUX JaHHX, MOOYI0BA CHCTEMHU 03 BUBOIY
Ha €KpaH, BiJ0OpakeHHs! KHOTIOK JJ11 BUOOPY 00UMCITIOBAIIBHOT MIATHOPMHU:

2.2.1. CPU — 3amyck po3paxyHKy Ha 0a3i IIEHTpaJIbHOTO MpoIiecopa.
2.2.2. GPU — 3amyck po3paxyHky Ha 6a31 rpadiqHOro mnpoiecopa.

2.3. GPU vs CPU — zamyck mpoBeACHHS TECTY MIBUIKOCTI PO3paxyHKIB CTaHIB CHCTEMHU
okpemo Ha 6a3i CPU ta 3 Bukxopuctanasm GPU, moGymoBa rpadiky Ta i#oro
30epeKCHHS.

2.4. Create table with Radius — 3amyck ekcriepuMeHTy JJisi TOOYA0BH TaOJHIIb, 1110 €
OCHOBOIO JIJIsl BU3HAYCHHSI ONITUMAJILHOTO PailyCy OOMEXEHHS.

3. 3amycK MOJENIIOBAaHHS CUCTEMHU YaCTHHOK:

Mo>xJnBi 2 pexxuMH poOOTH:

- po3paxyHoK 3a gomomorow CPU;

- pospaxyHok Ha 6a3i CPU ta GPU.

4. MoxnuBicTh 30epexeHHs rpadiky eHepriid y Oyab-sSKHil MOMEHT 4acy Miclis MoYaTKy

MOJICITIOBAaHHS 3a JionoMoror kHonku SaveSysEnergyPlot y daiin Plot.png.

Jlictuar ocHoBHOTO MOAyJsi mporpamu 3Haxomauthess B JIOJATOK B. Jlictuar
nporpamu s 3anycky 3Haxoautbes B JOJATOK b.
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5.2 Peanizatis QyHKIIT HiIami3a1ii CHCTEMU

dyHKIIT 1HIIIaTI3a11ii CUCTEMH MPaIOI0Th 32 HACTYITHOO MOCIIIIOBHICTIO:

1. 3umTyBaHHS BBEJICHHX 3HAUYCHB 3 MOJIIB Y BIAMOBIIHI 3MIHHI.

2. TlinzroroBka HEOOXITHMX KOHCTAHT.

3. TlepeBipka po3mipiB KOHTEHHEPY Ta KIJIBKOCTI YaCTHHOK, Y pa3l AKIIO KIJTBKICTh
YaCTHHOK OlnbIla 3a 10OYTOK BBEJCHUX MapaMeTpiB KOHTeHHepa, (PyHKIIis
reHeparlii 3yIUHUTbCS i MOXKHA Oy/1e 3MIHUTH MMapaMeTpH.

4, VY BuMajaKy re’eparii 3 Bi1o0pakeHHSIM YaCTHHOK:

1. MackyBaHHs IOYaTKOBUX I0JIIB, HAIIUCIB Ta KHOIOK.

2. BinoOpakeHHs CHCTEMH B ITIOYaTKOBOMY CTaHi.

3. BimoOpakeHHS KHOIOK JJIsi TOYATKy MOJICIIOBaHHS.

4. TlepemimieHHs1 KaMmepy MPUOIU3HO B IIEHTP 110 1BoM ocsiM (OX, OZ) ta Ha
nesikiit Bigictani BiiHOCHO TpeThoi (OY).

5. V Bumnanky 0e3 BiI0OpakeHHsI YaCTUHOK:

1. BigoOpakeHHsI KHOIOK JIJIsl 3aITyCKY MOJICJIFOBAHHSI.

CTBOpEHHS TOYATKOBUX MACHBIB € OJJHAKOBUM JIjIs1 000X peatizaliiif, ik OKpeMo
CPU raxk 1 ms B3zaemonii CPU 3 GPU.

DyHKIIIT 1HILIALT CHCTEMH 3HaXOASATHCSI B OCHOBHOMY MOJYJI1 MTPOTPaMH, 110
sHaxoauthees B JIOJATOK B.

KoopauHaty reHepyOThCsl HACTYITHUM YHHOM:
- JUIsl KOMIIOHEHTH X 30€piraroThbcs pe3yIbTaTu BUpa3y:

X, =imod(r), (5.1)

e X, — KOMIIOHEHT BEKTOPY KOOPIMHAT YACTHHKH 3 HOMEPOM |, | — HOMEP YaCTHHKH

(i = O,—N) , I — KUIBKICTh YaCTHHOK Yy PSJIKY.
- JUIsl KOMIIOHEHTH Y 30€piraroThCsi pe3ybTaTH BUpa3y:
y,=[i/[r/c]]mod(d), (5.2)

e Y, — KOMIIOHEHT BEKTOPY KOOPJANHAT YACTUHKH 3 HOMEPOM | , C — KiJIbKICTh YACTHHOK Y

KOJIOHIII, d — KIIBKICTh YaCTHHOK BIJIHO KOHTEHHEDA, [r / C] — 1[I YMCJIO B JIJICHHS.

- UL KOMIIOHCHTHU Z:.

z,=[r/c]mod(d), (5.3)
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Ac Zi — KOMIIOHCHT BCKTOPY KOOpAWMHAT YaCTUHKHU 3 HOMCPOM I.

OcTaHHIM KpOKOM yC1 OTpUMaH1 3HaY€HHS MHOXAThCSl HA 3HAYEHHS B1JICTaHI MIXK

JacTUHKaMH (11eH X111 BUKJITUKAHUA OCOOTUBOCTSIMHU BiIOOpayKEHHS: 1100 YaCTUHKH HE
MPOHUKAIINY» OJJHA B OJIHY).

@OyHKITiS TeHepaIlii KOOPAUHAT 3HAXOIUTHCS B OCHOBHOMY MOYJIi TIPOTPaMH, IO

sHaxoauthes B JJOJIATOK B.

w

ITouaTkoBI HIBI/IIIKOCTi I'CHCPYIOTBCA HACTYIITHUM YUHOM:

['eHepyeThCcst MaCHB TICEBIOBUITAIKOBUX 3HAYCHD Y Jiana3oHi, 110 3a1aHul
KOPUCTYBauy€M, ajie¢ B MEXKax: [—1; 1], PO3MIPOM MOJOBUHU KUTBKOCTI T1J1, SIKIIO

KUIBKICTB T1J1 — HE TApHE YMCII0, TO OEpPEThCS 11J1a YaCTUHA Bl JUICHHS.

[ToTIM CTBOPIOETHCS OJIMH MAaCHUB Ha OCHOBI ABOX OJIHAKOBUX 32 MOJYJIEM, aJle
PI3HKMMHU 32 3HaKOM (11 3a0e31neuye BUKOHAHHSI YMOBU: CyMapHUH IMIYJIbC CUCTEMHU
MOBUHEH OyTH piBHUM 0).

OcTaHHIM KPOKOM MacHB IEPEMIITYETHCS.

TinbkM y BUNAAKY HENApHOI KIJIBKOCTI YACTUHOK: JI0 3arajIbHOTO MACHBY J10JA€ThCS
1€ OJJHAa KOMIpKa, y Ky 3alIUCY€EThCS MOJOBHUHA 3HAYEHHS, 1[0 3HAXOAUTHCS B
MEePIIii KOMIPI 3 TPOTUIEKHUM 3HAKOM.

DyHKIIiS TeHepallii HBUIKOCTEN 3HAXOAUTHCS B OCHOBHOMY MOJIYJI1 ITPOrpaMu, 110

sHaxoauthees B JIOJATOK B.
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5.3 Peanizaiis QpyHKIII# po3paxyHKy XapaKTEpUCTHK CUCTEMHU

Pizauts B peamzaniax g okpemo CPU ta mapu CPU, GPU monsrae B HacTymHUX

dakrax:
- CPU:
o
¢
¢

KOOpPJIMHATH, UIIBUJKOCTI Ta TMPUCKOPEHHS SIBJISIOTH COOOI0 CIElialIbHy
CTPYKTYPY JaHUX, sIKa JIO3BOJISE MPOBOJANTH MAaTPHUUHI OTIepallii, y CBOIO 4epry
KIHETUYHA Ta MOTEHIlaJIbHA €HEpril MPEeACTaBISIOTECA Y BUTIISAII BEKTOPIB-
PAIKIB,

KOOpAMHATH Ta HIBUJKOCTI OOYHUCIIOIOTHCS BIAMOBIIHO 10 MeTony Bepre
(4.13)-(4.14) y BurIsIIi MAaTPUYHUX BUPA3iB.

[TpuckopeHHs po3paxoBYETHCS 3a JOIIOMOTOO IUKITY. [lepen mouaTkoM MUKy
CTBOPIOETBCS. MATpPHUL HYJIIB po3MIpoM 3 (KUIBKICTH OpPT y CHCTEMI
koopauHat) Ha N (KUIBKICTHP YaCTMHOK Yy CHCTeMi). 3a OJMH IPOXia
PO3pPaxoBYIOTHCS YCi KOMITOHEHTH TTPUCKOPEHHS JIJIsT OJTHI€] YACTUHKH:

"  PO3pPaxOBYETHCS MATPUIISI KOMITIOHEHT BiJICTaHEH BIAHIMAHHSIM BEKTOPY-
CTOBIIIIS BiJl MATPUII KOOPAUHAT (Y Pe3yJIbTaTi OTPUMY€EMO | CTOBITUUK
HYJIIB);

"  pPO3pPaxOBYETHCS BEKTOP BiJICTaHEW (MHOKEHHSM BEKTOPY-PSAKA, SIKUN
MICTUTh JIMIIE€ OJIMHUII, JIOBXHHOK B KUIBKICTh BUMIPIB CHCTEMH
KoopauHAT (y JaHOMY BUITAJIKy 3) Ha MATPHUII0O KOMIIOHEHT BiJICTaHEH,
KOKHE 3HAa4YeHHs KOTpOI TiJHEeCEHe JO KBajpaTry), a IMOTIM
PO3pPaxOBYETHCSI KOPIHB 31 3HAYEHb OTPUMAHOTO BEKTOPY.

" Yy TO3UIII0, SKIA BIAMOBIJA€ HOMEP YaCTUHKHU 3amucyemo 1 (o0
1M030aBUTHCS IOMUJIKH, IO MOB’s3aHa 3 AlIeHHsIM Ha 0).

"  pO3PaxOBYETHCSA BEKTOP CHJI BiAMOBIIHO 110 hopmysm (1.2).

"  PO3pPaxOBYETHCS MATPUILISI KOMIIOHEHTIB CHJI: BEKTOP CHUJT MHOKUTbHCS
Ha KOXKEH PSAJIOK MaTpUIli KOMIIOHEHTIB BiJICTaHEH, a OTIM KOXKEH
PAZIOK MATPHIIl PO3IISETHCSA HA BEKTOP-PSIIOK BiACTaHEH (32 paxyHOK
CTOBITYMKA HYJIIB Y MAaTPHUIl KOMIIOHEHTIB B1JICTAHEW OTPUMYEMO
CTOBIYMK HYJIIB Y MaTPUIIl KOMIOHEHTIB CHJI).

" BpaxoBYyeMO TpeTii 3akoH HproToHa (cuia B3aEMO/IIT T11 piBHA 32
MOJyJIeM, ajie TPOTHIJIeKHA 32 3HAKOM), a TaK SIK Maca B JJaH1i MoJienl
piBHA YMOBHIW OJIMHMIII, TO BiJl MATPHII IPUCKOPEHD MPOCTO
B1JIHIMA€ETHCSI MATPHUIISI KOMIIOHEHT CHJI.

" 10 BIJMOBIJTHOTO CTOBMYMKA MATPHUIIl IPUCKOPEHD (3aJICKUTH B1JT
HOMEpPA YaCTUHKH B IUKJI1) TOJAETHCS BEKTOP-CTOBITUHK, 1110
CKJIQZIAETHCS 3 CYM CHJI Y KO)KHOMY PSIIKY MaTpUILll KOMIIOHEHT CHJI.
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o Ilicns mpuCKOpEeHHS pO3paXxOBYETHCS MOTEHITIATBHA €HEPTisl B3aEMO/TI]
YaCTHHKH BIJIMOBIAHOTO 1HJIEKCY Ta YCIX IHIIHUX, 32 JIOTIOMOT'0I0 BEKTOPY
pO3paxoBaHUX BiJCTaHEH.

- mapa CPU, GPU 6e3 BuKopuCTaHHS paaiycy OOMEKECHHS

O KOOpPJIMHATHU, HIBUAKOCTI Ta MPUCKOPEHHS YACTUHOK SIBJISIIOTH COOOI0
OJTHOBUMIpPHI MacuBH (BEKTOPH), TaK SIK 1 MACUBH €HEPTil MOTEHIIAIBHOT Ta
KIHETUYHOI.

O PO3paxyHKHU MPOBOJATHCS 11O OJTHOMY €JIEMEHTY, aJie Blipa3y Ha BCiX
JTOCTYIHHUX JJIS1 pO3paxyHKIB MOTOKax rpadignoro mpouecopa. KinbkicTh
MIOTOKIB 3aJICKUTh B MOJIEJIl BiACOKapTH. Y AaHii poOOTI
BUKOPUCTOBY€EThCs rpadiunuit mpouecop komnanii NVIDIA monens
GEFORCE GTX 1050, sixa mae 1024 moTok# j1sl OTHOTO PO3PaXyHKOBOTO
0J10Ky. Y CBOIO uepry OJIOKH CKJIaJal0Th MYJbTUIIPOLECOP, KOKEH 3 IKUX Ma€
2 ONOKM B AaH1¥ MOJIeN BII€OKAapTH. 3arajibHa KiJIbKICTh MYJIbTUIIPOLIECOPIB
ckiagae 5 mryk. Y pesynbrari orpumyemo 10 6sokiB o 1024 noroku, 1o
703BOJIsI€ ogHOYAacHO 00po0saTr 10240 enemMeHTIB.

O PO3paxXyHKH KOOPJIMHATHU Ta MIBUAKOCTI IPOBOASATHCA BIAMOBIIHO A0 (HOpMYJ
metony Bepne (4.13)-(4.14).

- mapa CPU, GPU 3 BukopucTaHHAM paaiycy 0OMEKCHHS:

O TOCIIJIOBHICTh BIIPI3HSAETHCS BiJl MOMEPEIHBOIO MIAMYHKTY JIMIIE HASBHICTIO
JI0JTATKOBOI BEIMYUHU (pajiilycy 0OMEXEHHsI), 10 KEPYE PO3PAXyHKOM
MPUCKOPEHB JIJIs1 KOKHOT YaCTUHKU:

" YACTHHKH, 1110 PO3TAIIOBaHI Ha BIJICTaHI pajiycy abo K MEHIIe
BUKOPUCTOBYIOTHCA JIJIsl OHOBJIEHHSI TPUCKOPEHHS, a BC1 1HIII
OMmyCKaroTheA (iX BIUIMB BBaXKA€ThCs piBHUM ().

®Oynk11ii po3paxyHKy KOOpAMHAT, IIBUAKOCTEH, MPUCKOPEHb Ta eneprii ans CPU-
Bepcii 3HaxoaaThCes Bignosinao B JOOATOK I', JOJATOK I, IOJATOK /I ta
JOIAATOK XK.

Biamosinno ans yukmii as po3paxynkiB Ha GPU 3naxomstees 8 JIOJATOK 3,
JNOIATOK U, IOJATOK I, JOJATOK I, JOOATOK 158
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5.4 Peanizamis ¢ysKIlii, 1o Oyaye TaOMHIl, HA OCHOBI SIKHX OOUPAETHCS paiiyc
OOMEKEHHS

3aranpHui aaropuT™M poOOTH:

DopMyeTHCS MACHBH 3 KUTBKOCTSIMU YaCTHHOK y CUCTEMI, TapaMeTpaMi KOHTeHepa
JUIsl KOXKHOI cucteMu. [1o4aTkoBl IIBUJIKOCTI T'€HEPYIOTHCS HA OCHOBI 1HTEpBAITY
[—1,1].

DopMy€eTHCS CUCTEMA YACTMHOK Ta MacuB pajlyciB OOMEKEHHS; MOYaTKOBUW CTaH
CUCTEeMH 30epiraeTbcsi OKPeMO: KOOPAMHATH Ta IIBUIKOCTI.

[IpoBomuThest MomemoBaHHS 3a jgornoMororo GPU 06e3 BHKOpHCTaHHSA pajiycy
OOMEXKEeHHS.

30epiratoTbcs pe3ynbTaTH MOJEIIOBAHHS, Oy1yI0ThCs rpadiKi cepeIHbO1 €Heprii Ha
YaCTUHKY, KIHETHYHOI CepeIHhOI €HEepTii Ha YaCTUHKY Ta MOTEHIIaJIbHOT €Heprii Ha
YaCTUHKY.

[IpoBomuThcs MopemoBaHHS 3a mgonomororo GPU 3 BUKOpHCTaHHSIM pajiycy
oOMexeHHs. ExcrnepuMeHT NpoBOAWUTHCA JJsi KOKHOTO 3HAUEHHS pajiycy 3
MIArOTOBAHOTO paHilie MacuBy. [10 3aKIHUEHHIO Pe3yJIbTaTH 30€pIraloThCsl B OKPEMI
MacuBU. byayeTbcs Tabmuisg 31 3HAUYCHHSIMH pPalycy OOMEXKEHHS, CepeaHIMU
3HAQYCHHSMHM ITOBHOI, KIHETHYHOI Ta MOTEHIIAJIbHOI €HEprii, a TaKOX 3alHMCYHThCS
3HAYEHHS, 0 OyJIM OTPUMaHi B XO1 MOJIETIOBaHHS 0€3 BUKOPUCTAHHS PalyCy.

Byno npoBeaeHo ABa KOMIT FOTEPHI €KCIIEPUMEHTH 3 HACTYITHUMU MapaMeTpaMu:
Excnepumenr 1:

rabaputHi napamerpu konteiiHepa 19x18x18 (y wactunkax: 19 — mmpuna, 18 —
BUCOTA, 18 — rmbuHa — MaKCUMaJIbHA KUIbKICTh YACTHHOK B KOHTEHHEP1 6156);
MOYaTKOBI MIBUAKOCTI 00OpaHi B MEKaxX 1HTEpPBAIY: [—1;1] ;

MacHB paaiyciB O0OMEKEeHHS chopmMoBaHO HAaCTYITHUM YUHOM:
{rl, L=n+Ar,r,=r,+Ar,.., rmax}, ne I, =20 —2Ar, o— ue piBHOBa)XHa BiJICTaHb,
o piBHa 0.5 YMOBHUX OJWHUIIb, Al — II¢ KPOK 3HAYCHHS pajilycy 0OMEKEHHS, 1110
nopiBHoe 0.1, I — e MakcCuMajbHE 3HAYEHHS pajlyCy, LI0 BH3HAYA€ThCSA 32
dopmyoro (4.2) 1 okpyriieHe B OUIBIIY CTOPOHY, Y BUMAJKY SIKIIIO YUCIIO HE IIiJIE;
yac monemoBanHs: 100 kpokis mpu At =0.01.

VY pe3ynbTati MpoBeACHHS MOJICTIOBaHHS OyJI0 OTPUMAaHO HACTYIHI rpad)iKu MOBHOI,

KIHETMYHOI Ta OTEHI1AJIbHOI €Hepriil (ycepeaHEeHO1 3a BCIMa YaCTUHKAMH):

g cuctemu 3 1000 gyacTHHOK:
o 0e3 BUKOpUCTaHHS pajiycy:



26
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Puc. 5.1 — rpadik noBHOT (4€pBOHUM), KIHETUYHOI (CHHIM ), TOTEHI1aJIbHO] (3€JICHUM)
eHepriii st cuctemu 3 1000 yacTHHOK O€3 BUKOPUCTAHHSA Pailycy OOMEKEHHS

O BHUKOPHCTOBYIOYH PaJIlyC OOMEKEHHS:

Bodies = 1000
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Time (dt=0.01)
Puc. 5.2 — rpadik noBHOI (4€pBOHUM), KIHETUYHOI (CUHIM ), TIOTEHI1aJIbHO] (3€JICHUM)
e”epriit ais cuctemu 3 1000 yacTUHOK, 3HAUCHHS pajalycy oOMexxeHHs piBHE (.8 yMOBHUX
OJIMHUIb
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Puc. 5.3 — rpadik noBHOT (4€pBOHUM), KIHETUYHOI (CHHIM ), TIOTEHIIIATIHHOI (3€JICHIM)
eHeprii 1y cuctemu 3 1000 yacTHHOK, 3HAYEHHS pasilyCy OOMEeXeHHs piBHE 2.3 YMOBHUX
OJTMHUITH
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Puc. 5.4 — rpadik moBHOT (4€pBOHNM), KIHETHYHOI (CHHIM ), TOTEHIIaTbHO] (3€JICHUM)
eneprii ayig cuctemu 3 1000 yacTUHOK, 3HaYEHHS pajilycy OOMeKeHHs piBHE 28.4 yMOBHHX

OJIMHUIID
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Puc. 5.5 — rpadik noBHOT (4€pBOHUM), KIHETHYHOI (CHHIM ), TIOTEHI1aJIbHO] (3€JICHUM)
eneprii ayig cuctemu 3 1000 yacTUHOK, 3HaYEHHS pajilycy oOMexxeHHs piBHE 40.0 yMOBHHX
OJTMHUITH

- g cuctemd 3 2000 yacTUHOK:
o 0e3 BUKOPUCTaHHS paalycy
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Puc. 5.6 — rpadik moBHOi (4epBOHUM ), KIHETUYHOT (CHHIM), TOTEHIIAJBLHOI (3EJICHUM)
eHepriit nus cucremu 3 2000 yacTHHOK 6€3 BUKOPHUCTAHHS PajilyCy OOMeXeHHS
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O BHUKOPHUCTOBYIOUHU PajilyC OOMEKEHHS:
Bodies = 2000
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Puc. 5.7 — rpadik noBHO1 (4€pBOHUM ), KIHETUYHOT (CHHIM), TOTEHI1AJbHOI (3€JICHUM)
eHeprii 15 cuctemu 3 2000 yacTHHOK, 3HAYEHHS pajilycy oOMexeHHs piBHE 0.8 yMOBHUX
OJIMHUIIb
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Puc. 5.8 — rpadik moBHOT (4epBOHUM), KIHETHYHO1 (CHHIM ), TIOTEHITIAJTHHOT (3€JICHIM)
enepriit 1yt cucremu 3 2000 yaCTUHOK, 3HAYEHHSI pajilycy 0OMeKeHHs piBHE 2.3 YMOBHHUX
OJIUHHUIIH
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Puc. 5.9 — rpadik noBHOT (4€pBOHMUM), KIHETUYHOI (CHHIM ), TIOTEHI1aJIbHO] (3€JICHUM)
eHeprii ayig cuctemu 3 2000 yacTUHOK, 3HAYEHHS pajilycy 0OMeKeHHs piBHE 28.4 yMOBHHX
OJIMHHUIIb
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Puc. 5.10 — rpadik moBHOI (4epBOHUM), KIHETUYHOI (CHHIM), MOTEHIIATHHOT
(3enenum) eneprii ans cucremu 3 2000 4aCTHMHOK, 3HAYEHHS pajlycy OOMEXKEHHs piBHE
40.0 yMOBHUX OJUHUIIH

- g cuctemd 3 3000 yacTUHOK:
o 0e3 BUKOPUCTAHHS PalyCcy
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Puc. 5.11 — rpadik moBHOI (YepBOHUM), KIHETUYHOi (CHHIM), MOTEHIIAIHHOT
(3enenum) enepriit ansa cucremu 3 3000 yacTUHOK 0€3 BUKOPUCTAHHS PaJilyCy OOMEXEeHHS

O BHUKOPHCTOBYIOYH PaJIlyC OOMEKEHHS:
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Puc. 5.12 — rpadik moBHOI (YEepBOHUM), KIHETHYHOi (CHHIM), MOTEHIAIbHOT
(3enenum) enepriit st cuctemu 3 3000 YaCTHHOK, 3HAYCHHS paaiycy oomexxeHHs piBae (.8
YMOBHUX OJTUHUITH
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Puc. 5.13 — rpadik noBHOI (YepBOHUM), KIHETUYHOi (CHHIM), TMOTEHIIATBHOT
(3enenum) enepriit Juist cucremu 3 3000 4aCTUHOK, 3HAYEHHS paJilycy 0OMeXeHHsI piBHE 2.3
YMOBHHX OJTUHUIIb
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Puc. 5.14 — rpadik moBHOI (4epBOHWUM), KIHETUYHOI (CHHIM), MOTEHIIATHHOT
(3enenum) eneprii ans cucreMu 3 3000 4acTHMHOK, 3HAYEHHS pajalycy OOMEKEHHs piBHE
28.4 yMOBHUX OJUHUIIH
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Puc. 5.15 — rpadik MoBHOI (YepBOHUM), KIHETUYHOi (CHUHIM), TMOTEHIIATBHOT
(3enenum) eneprid ans cucreMu 3 3000 4aCTHMHOK, 3HaYEHHS pajalycy OOMEKEHHs piBHE
40.0 yMOBHHX OJMHUIIb

- g cuctemd 3 4000 yacTUHOK:
o 0e3 BUKOPUCTaHHS paalycy

Bodies = 4000
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Puc. 5.16 — rpadik moBHOI (4epBOHHUM), KIHETHYHOI (CHHIM), MOTEHIIAILHOT

(3enenum) eHepriit s cucremu 3 4000 yacTMHOK 6€3 BUKOPHUCTAHHS pajilyCy 0OMeXeHHs
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O BHUKOPHUCTOBYIOUHU PajilyC OOMEKEHHS:
Bodies = 4000
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Puc. 5.17 — rpadik moBHOi (YEpPBOHUM), KIHETUYHOI (CHHIM), MOTEHIIAIbHOI
(3enenum) enepriit 1t cuctemu 3 4000 yaCTUHOK, 3HAYEHHS pajiycy oOmexeHHs piBHe 0.8
YMOBHUX OJIUHUIIH
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Puc. 5.18 — rpadik moBHOI (4epBOHWUM), KIHETUYHOI (CHHIM), MOTEHIIATHHOT
(3enenum) enepriit aisa cucremu 3 4000 yaCTHHOK, 3HAUCHHS paJilycy OOMeKeHHSs piBHE 2.3
YMOBHUX OJIUHUITH
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Bodies = 4000

= =
n o
1

=
=]
|

System Energy
|
o

|
—
=]

0.0 0.2 0.4 0.6 0.8 1.0

gy
=
~

=
[=3]
|

=
(%))
|

0.0 0.2 0.4 0.6 0.8 1.0

| | |
= = =
w [3%] -
| | |

Potential Energy Kinetic Fner

0.0 0.2 0.4 0.6 0.8 1.0
Time (dt=0.01)
Puc. 5.19 — rpadik noBHOi (4epBOHUM), KIHETUYHOi (CHHIM), MOTEHIIAIHHOT
(3enenum) enepriid ans cucremu 3 4000 4yaCTHMHOK, 3HaYEHHS pajAlycy OOMEXEHHS piBHE
28.4 yMOBHUX OJUHUIb
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Puc. 5.20 — rpadik moBHOI (YepBOHWUM), KIHETUYHOi (CHHIM), MOTEHIIATHHOT
(3enenum) eneprii ans cucremu 3 4000 4acTHMHOK, 3HaYEHHS paAlycy OOMEXEHHS piBHE
40.0 yMOBHUX OJUHUIIH

- g cuctemd 3 5000 yacTUHOK:
o 0e3 BUKOPUCTAHHS PalyCcy
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Bodies = 5000
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Puc. 5.21 — rpadik MoBHOI (YepBOHUM), KIHETUYHOI (CHHIM), MOTEHIIAIBHOT
(3enenum) e”epriit aiia cuctemu 3 5000 yacTUHOK 6€3 BUKOPUCTAHHS Pa/ilyCy OOMEXEHHS

O BHUKOPHCTOBYIOYH PaJIlyC OOMEKEHHS:
Bodies = 5000
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Puc. 5.22 — rpadik moBHOI (4epBOHUM), KIHETHYHOi (CHHIM), MOTEHIIAIbHOT

(3enenum) enepriit 1yt cuctemu 3 S000 9aCTHHOK, 3HAYCHHS pajaiycy ooOmexeHHs piBHe 0.8
YMOBHUX OJTUHUITH
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Bodies = 5000
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Puc. 5.23 — rpadik MoBHOI (YepBOHUM), KIHETUYHOi (CHHIM), MOTEHIIAIBHOT
(3enenum) enepriit st cuctemu 3 5000 YaCTHHOK, 3HAYEHHA pajilycy 0OMeXeHHs piBHE 2.3
YMOBHUX OJTUHUITH

Bodies = 5000
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Puc. 5.24 — rpadik mOBHOI (YepBOHWUM), KIHETUYHOi (CHHIM), MOTEHIIATBLHOT
(3enenum) eneprii ans cucremu 3 5000 4acTHMHOK, 3HaYEHHS paAlycy OOMEXEHHS piBHE
28.4 yMOBHUX OJUHUIIH
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Bodies = 5000

B L0
o

T 05

=
M 00

=
8 o5
2,
m _1.0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

>,

)

5 0.7

=

23]

8 06

Q

=

g 0.5 T T T T T T
5, 0.0 0.2 0.4 0.6 0.8 1.0
2 _0.1

Q

&

0.2 -

[}

E

o —0.3 | -

P 'Ww
O T T T T T T
A~ 0.0 0.2 0.4 0.6 0.8 1.0

Time (dt=0.01)

Puc. 5.25 — rpadik moBHOI (YepBOHUM), KIHETUYHOi (CHHIM), MOTEHIIAIBHOT
(3enenum) enepriid s cucremu 3 5000 yaCTMHOK, 3HAYEHHS pajlycy OOMEXEHHS pIBHE
40.0 yMOBHHX OJMHUIIb

- s cucremu 3 6000 yaCTUHOK:
o 3a gonomoror GPU 6e3 BukopucTaHHS pagiycy

Bodies = 6000
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Puc. 5.26 — rpadik noBHO1 (YepBOHMM), KIHETUYHOI (CUHIM), MOTEHIIaJIbHOT
(3enenum) eHepriit s cucremu 3 6000 yacTHHOK 6€3 BUKOPUCTAHHSA pajilyCy 0OMeXeHHS



39

O BHUKOPHUCTOBYIOUHU PajilyC OOMEKEHHS:
Bodies = 6000
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Puc. 5.27 — rpadik moBHOI (Y4epBOHWUM), KIHETUYHOi (CHHIM), IMOTEHITIATHLHOT
(3enenum) enepriit 1t cuctemu 3 6000 yaCTUHOK, 3HAUYEHHS pajiycy oomexeHHs piBHe 0.8
YMOBHUX OJIUHUIIH
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Puc. 5.28 — rpadik moBHOI (4epBOHWUM), KIHETUYHOi (CHHIM), MOTEHIIATBLHOT
(3enmenum) enepriit aisa cuctemu 3 6000 yaCTHHOK, 3HAUCHHS paJilycy OOMeKeHHSs piBHE 2.3
YMOBHUX OJIUHUITH



40

Bodies = 6000
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Puc. 5.29 — rpadik moBHOI (4epBOHUM), KIHETUYHOi (CHHIM), MOTEHIIAIBHOT

(3enenum) enepriid ans cucremu 3 6000 4YaCTUHOK, 3HaYEHHS pajlycy OOMEXEHHS piBHE
28.4 yMOBHUX OJUHUIb
Bodies = 6000
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Puc. 5.30 — rpadik moBHOI (4epBOHWUM), KIHETUYHOI (CHHIM), MOTEHIIATBLHOT
(3enenum) enepriii ans cucremu 3 6000 YaCTMHOK, 3HAYEHHS pajilycy OOMEXEHHS piBHE
40.0 yMOBHUX OJUHUIIH

Ha ocHOBI oTpuMaHMX 3Ha4€Hb IMMOBHOI, KIHETUYHOI Ta MOTEHIIAJILHOI eHeprii
OymyBanucs: TaONUIN JJIs IEPEBIPKHU ICHYBAHHS 3aJICKHOCTI MK PajJilyCOM OOMEXEHHS Ta
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KUIBKICTIO YacTHMHOK Yy CHCTeMI, sIKI BHUKOPHUCTOBYBAJIWCSA M1 MoOyaoBU Tpadiky
3aJIe)KHOCTI €Heprii BiJ paalycy 0OMeKeHHS:

Average System Energy per Body(Radius)

0.46 4

0.43

0.42

Puc. 5.31 — rpadik 3anexHOCT1 cepeHbOI MOBHOT €Heprii Ha YaCTUHKY (J1J1s1 CUCTEMU
3 1000 4acTUHOK): YEpPBOHUM IMO3HAYEHO 3HAYEHHS EHEPrii BIAMOBIAHO ISl KOXHOTO
3HAUYEHHA pajJilycy OOMEXEHHs, a IyHKTHPHOIO JIIHIEI0 — 3HAYeHHA eHeprii 0e3
BUKOpHUCTaHHA paaiycy oomexxenns (ASEpB, Average System Energy per Body — cepenns
MOBHA €HEPrisd Ha YACTHHKY, IO YCEPEIHEHAa 3a KUIbKICTIO KPOKIB Ha KOKHE 3HAYEHHS
paziycy)

Average System Energy per Body(Radius)

0.45

0.44

ASEpB

0.42

041

Radius

Puc. 5.32 — rpadik 3anmexHOCTI cepeAHbOT TOBHOT €HEpril Ha YaCTUHKY (I CUCTEMHU
3 2000 4acTMHOK): YEpPBOHUM ITO3HAYECHO 3HAYCHHS CHEPrii BIAMOBIIHO ST KOXKHOTO
3HAUYEHHA paJilycy OOMEXEHHs, a IyHKTHPHOIO JIIHIEI0 — 3HAYeHHA eHeprii 0e3
BUKOPUCTaHHA pajlycy OOMEKEeHHsI

Average System Energy per Body(Radius)

0.46

0.45 4

Radius

Puc. 5.33 — rpadik 3anexHOCTI cepeHBOT TOBHOT €HEprii Ha YaCTUHKY (ISl CHCTEMH
3 3000 yacTMHOK): YEpBOHUM ITO3HAYEHO 3HAYEHHS €HEprii BIAMOBITHO JISI KOXHOTO
3HaYeHHS pajiycy OOMEXEeHHS, a IMyHKTUPHOI JIIHIEI0 — 3HAa4YeHHS eHeprii 0e3
BUKOPHUCTAHHS PallyCy OOMEKESHHS
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Average System Energy per Body(Radius)

Radius

Puc. 5.34 — rpadik 3amexHOCTI cepeTHROT TOBHOT €HEprii Ha YaCTUHKY (IJIsI CHCTEMH
3 4000 yacTUHOK): YEPBOHMM I103HAYEHO 3HAYEHHSI €HEprii BIANOBIAHO JISI KOKHOTO
3HAUYEHHA pajJilycy OOMEXEHHs, a IyHKTHPHOIO JIIHIEI0 — 3HAYeHHA eHeprii 0e3
BUKOPHUCTAHHA pajilyCy 0OMEeKEHHS

Average System Energy per Body(Radius)

Radius

Puc. 5.35 — rpadik 3amexHOCTI cepeAHBOT MOBHOT €HEprii Ha YaCTUHKY (JIJI1 CUCTEMU
3 5000 4acTMHOK): YEpBOHUM ITO3HAYCHO 3HAYCHHS CHEprii BIAMOBIIHO IS KOXXHOTO
3HAUYEHHA pajJilycy OOMEXEHHs, a IyHKTHPHOIO JIIHIEI0 — 3HAYeHHA eHeprii 0e3
BUKOPUCTAHHA Pajilycy OOMEKEeHHSI

Average System Energy per Body(Radius)

ASEpB

Radius

Puc. 5.36 — rpadik 3anexHoCTi cepeAHbOT MOBHOT €HEprii Ha YaCTUHKY (J1J1s1 CUCTEMU
3 6000 4acTMHOK): YEpBOHUM ITO3HAYCHO 3HAYCHHS CHEPrii BIAMOBIIHO IS KOXXHOTO
3HAUEHHS paJilycy OOMEXEHHs, a IyHKTHPHOIO JIIHIEI0 — 3HAuYeHHA eHeprii 0e3
BUKOPHUCTAHHA PajilyCy 0OMEKeHHSs

Haiibipmumii iHTepec NpeacTaBiIsIiOTh MICLS, [0 pO3TAIlIOBaH1 HaOIMKYe 0 JiHii,
10 BU3HAYa€ 3HAYCHHs €HEprii, ska oOpaxoBaHa 0€3 BUKOPHUCTAHHS paalyCcy OOMEKEHHS.
Ha Bcix mectu rpadikax e micie 3HaXoIuThes MiX 3HaueHHsIMH 25 Ta 30. A Ha rpadiky
st 1000 yacTuHOK 111e MK 3HadeHHsaMu 0 ta 5.
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Puc. 5.37 — rpadik 3a51e:KHOCTI cepeIHBOI MOBHOI €HEeprii Ha YaCTUHKY (OLIbII JpiOHE
po30uTTs 32 pagiycom mpomixkok [0.8, 2.9] st cucremu 3 1000 9acTHHOK)

Puc. 5.38 — rpadik 3a1exHOCTI cepeHBOT TOBHOT eHepTii Ha YaCTHHKY (O1IbII IpiOHE
pO30MTTS 3a pamiycoM mpoMixkok [28, 29] mst cucremu 3 1000 yacTHHOK)

Puc. 5.39 — rpadik 3a1eKHOCTI cepeIHbOT TOBHOT €HEPTii Ha YaCTUHKY (O1/IbLI Ipi1OHE
po30uTTs 3a pamiycom mpomixkok [0.8, 2.5] st cucremu 3 2000 4acTHHOK)
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Puc. 5.40 — rpadik 3ajIe’)kHOCTI cepeHBO1 MOBHOI €HepTii Ha YacTHUHKY (OUIbII IpiOHE
pPO30MTTSA 3a paaiycoM mpoMixkok [28, 29] mis cuctemu 3 2000 yaCTHHOK)

Puc. 5.41 — rpadik 3a1eXKHOCTI cepeHbOT TOBHOI €HEPTii HAa YaCTUHKY (O1IbLI Ip1OHE
po30uTTs 3a pamiycom mpomixkok [0.8, 2.5] st cucremu 3 3000 4acTHHOK)

Puc. 5.42 — rpadik 3a1eKHOCTI cepeIHROT TOBHOT eHEepTii Ha YaCTHHKY (O1IbII IpiOHE
pO30UTTS 3a paaiycom npomixkok [28, 29] s cuctemu 3 3000 4acTHHOK)
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Puc. 5.43 — rpadik 3a1eKHOCTI cepeHBOT TOBHOT eHEepTii Ha YaCTHHKY (O1TBII IpiOHE
po30uTTs 3a pagiycom mpomixkok [0.8, 2.5] st cucremu 3 4000 4acTHHOK)

Puc. 5.44 — rpadik 3aneKHOCTI CEpeTHBO1 MOBHOI €HEPrii Ha YaCTUHKY (O1IbIII ApiOHE
pO30MTTS 3a pamiycoM mpoMixkok [28, 29] mst cucremu 3 4000 yaCcTHHOK)

Puc. 5.45 — rpadik 3a1eKHOCTI cepeIHROT TOBHOT eHEepTii Ha YaCTHHKY (O1IbII IpiOHE
po30uTTs 3a pamiycom npomixok [0.8, 2.5] s cucremu 3 5000 yacTHHOK)
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Puc. 5.46 — rpadik 3ajIe:)kHOCTI cepeHBO1 MOBHOI €HepTii Ha YaCcTHUHKY (OUIbII ApiOHE
pPO30MTTS 3a pamiycoM mpoMixkok [28, 29] mis cuctemu 3 5000 yacTHHOK)

Puc. 5.47 — rpadik 3a1€XHOCTI cCepeIHROT TOBHOT €HEPTii Ha YaCTUHKY (OLIbII IpiOHE
po30uTTs 3a paxiycom mpomixkok [0.8, 2.5] st cucremu 3 6000 4acTHHOK)

Puc. 5.48 — rpadik 3a1eXHOCTI cepeIHBOT TOBHOT €HEePTii Ha YaCTUHKY (O1IbII IpiOHE
pO30MTTS 3a pajaiycoM mpoMixkok [28, 29] nis cucremu 3 6000 yacTHHOK)

3 rpadikis, 1o 300paxeni Ha Puc. 5.37 — Puc. 5.48 MoxHa 3poOUTH BUCHOBOK, 1110
3HAYCHHA pajiyciB oOMexxeHHs 2.3 Ta 28.4 € HAMOLTBI MAXOMSIINM JIJIs1 JAHUX CUCTEM.

Excnepumenr 2:

- rabaputHi nmapamerpu KoHTeiHepa 47 x47x46 (y vyactunkax: 47 — mmpuHa, 47 —
BHCOTA, 46 — rMOWHA — MaKCUMaJIbHA KUTbKICTh YaCTHHOK B KOoHTeHHepl 101614);
- cucremu 3 1000 Ta 10 000 yacTrHOK.

Vi iH111 mapamMeTpu BiJIMOBIAAIOTh MONEPETHBOMY €KCIIEPUMEHTY .
VY pe3ynbTari OTpUMaHO HACTYIHI Tpadiku:

- g cuctemd 3 1000 yacTUHOK:
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o 0e3 BUKOPUCTAHHS PalycCy:
Bodies = 1000
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Puc. 5.49 — rpadik moBHOI (Y4epBOHWUM), KIHETHYHOI (CHHIM), TMOTEHITIATBLHOT
(3enenum) enepriit aiia cucremu 3 1000 yacTUHOK 0€3 BUKOPUCTaHHS pasilyCy OOMEXEHHS

O BHUKOPHCTOBYIOYH PaJilyC OOMEKEHHS:
Bodies = 1000
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Puc. 550 — rpadik moBHOI (4epBOHUM), KIHETUYHOI (CHHIM), MOTEHIIAIBHOT
(3enenum) enepriit aisg cuctemu 3 1000 yacTuHOK, 3HaUEHHS pajilycy oOMexxeHHs piBHe (.8
YMOBHHUX OJTUHUIIH
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Bodies = 1000
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Puc. 551 — rpadik moBHOI (YepBOHUM), KIHETUYHOi (CHHIM), MOTEHIIAIHHOT
(3enenum) enepriit st cuctemu 3 1000 yacTUHOK, 3HAYEHHA pasilycy 0OMeXeHHs piBHE 2.3
YMOBHUX OJTUHUITH

Bodies = 1000
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0.0 0.2 0.4 0.6 0.8 1.0
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Time (dt=0.01)
Puc. 5.52 — rpadik moBHOI (4epBOHWUM), KIHETUYHOi (CHHIM), MOTEHIIATHLHOT
(3enenum) eneprii ans cucremu 3 1000 yacTUHOK, 3HaYEHHS paAlycy OOMEXEHHS piBHE
102.0 yMOBHUX OJIMHULIb

- mis cuctemu 3 10 000 wacTrHOK:
o 0e3 BUKOPUCTAHHS PaJlycCy:
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Puc. 5.53 — rpadik moBHOI (YepBOHUM), KIHETUYHOi (CHHIM), MOTEHIIAIBHOT
(3enenum) enepriit 1uig cuctemu 3 10 000 yacTuHOK 0€3 BUKOPUCTAHHS PajilyCy OOMEXEHHs

O BHUKOPHCTOBYIOYH PaJIlyC OOMEKEHHS:
Bodies = 10000
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Time (dt=0.01)
Puc. 5.54 — rpadik moBHOI (4EepBOHUM), KIHETHYHOi (CHHIM), MOTEHIIAIbHOT
(3enenum) enepriit g cuctemu 3 10 000 yacTUHOK, 3HAYCHHS pajalycy OOMEXEHHS piBHE
0.8 yMOBHHX OJAMHUIIb
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Puc. 5.55 — rpadik MoBHOI (YepBOHUM), KIHETUYHOI (CHHIM), MOTEHLIAJIBLHOI

(3enenum) enepirit aia cuctemu 3 10 000 yacTUHOK, 3HAUEHHS pajilycy OOMEXEHHS piBHE

2.3 yMOBHHX OJIMHUIIb
Bodies = 10000
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Puc. 5.56 — rpadik moBHOI (4epBOHUM), KIHETHYHOI (CHMHIM), MOTEHIIATBHOT
(3enenum) enepriit A cuctemu 3 10 000 yacTUHOK, 3HAYEHHS pajlycy OOMEXEHHs piBHE
102.0 yMOBHUX OJIMHULIb

Ha ocHOBI oTpuMaHMX 3Ha4€Hb IMMOBHOI, KIHETUYHOI Ta MOTEHIIAJILHOI eHeprii
OymyBanucs TaONUIN JJIs IEPEBIPKYU ICHYBAHHS 3aJICKHOCTI MK PaJilyCOM OOMEXEHHS Ta
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KUIBKICTIO YacCTHHOK Yy CHCTeMI, SIKI BUKOPHUCTOBYBAJIUCS sl TOOYIOBU Tpadiky
3aJIe)KHOCTI €Heprii BiJ paalycy 0OMeKeHHS:

Average System Energy per Body(Radius)

0.465 1

0.460 4

0.455

ASEpB

0.450 4

0.445 4

MMMM alad

0.435 4

o 20 40 60 80 100
Radius

Puc. 5.57 — rpadik 3a1eXHOCTI CEpeIHBOT TIOBHOI €HEPrii HA YACTUHKY (J1J11 CUCTEMU
3 1000 4acTUHOK): YEPBOHHM IO3HAYEHO 3HAYEHHS EHEPTrii BIAMOBIAHO ISl KOXKHOTO
3HAUYEHHA pajJilycy OOMEXEHHs, a IyHKTHPHOIO JIIHIEI0 — 3HAYeHHA eHeprii 0e3
BUKOpPHUCTaHHS paaiycy oomexxenns (ASEpB, Average System Energy per Body — cepenns
MOBHA €HEPrisg Ha YACTUHKY, IO YCEpEIHEHA 3a KUIbKICTIO KPOKIB Ha KOXKHE 3HAYCHHS
paziycy)

Average System Energy per Body(Radius)

0.45

0.44

0.43

ASEpB

0.42

041

Radius

Puc. 5.58 — rpadixk 3anexxHoCTi cepeHbO1 MOBHOI €Heprii Ha YaCTUHKY (111 CUCTEMH
3 10 000 yacTMHOK): YEpBOHMM IO3HAYCHO 3HAYCHHS CHEPTii BIAMOBIIHO JJIsI KOXXHOTO
3HAUCHHS paJilycy OOMEXEHHs, a IyHKTHPHOIO JIIHIEI0 — 3HAauYeHHA eHeprii 0e3
BUKOPHUCTAHHA PajilyCy 0OMEKeHHSs

Y ngaHomy BUNAAKy HaWOLIBII MIAXOAIIl 3HAYEHHS paalycy OOMEXKEHHs
3HAXOIAThCA y Mexkax iHTepBany [0, 5] a1 000X cucTeM. 3a MEHIIIOTO KPOKY 3a paziycom
OTPUMYEMO:
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0708091011 1.2 1314151617 1.819 20 21 2223 24 25 26 27 28 29 3.0 3.1 32 3.3 34 35

Puc. 5.59 — rpadik 3a1exHOCTI cepeHBOT TOBHOT eHEepTii Ha YaCTHHKY (O1TbII IpiOHE
po30uTTs 3a paxiycoM mpomixkok [0.8, 3.5] s cuctemu 3 1000 yacTHHOK)

————————————————————— ———— e S SN

LML AL N B NN B B N B BN BN BN B BN S B BN BN BN BN NN BN BN N BN BN BN R |
i070809101112131415161.7 1819 20212223 24252627 28 2930 3132333435

Puc. 5.60 — rpadik 3a1eXkHOCTI cepeHBOT TOBHOT eHEepTii Ha YaCTHHKY (O1IbII TpiOHE
po30uTTs 3a pamiycom mpomixkok [0.8, 3.5] st cucremu 3 10 000 yacTHHOK)

3 orpumanux Buie rpadikiB (Puc. 5.59, Puc. 5.60) BugHO, 110 ONTUMaIBHUM
paziycoMm oOMEXEHHSI MOYKHA BBa)KaTH 3HaA4eHHS 3.3.

3aranpbHUl BHCHOBOK 3 IPOBEJICHUX KOMIT FOTEPHHMX EKCIICPHUMEHTIB HACTYITHHM:
paaiyc OOMEXKEHHsS OiIbIle 3aJIeKUTh BiJl PO3MIPIB KOHTEHHEpa, aHIX BiJ KUIBKOCTI
YaCTUHOK y CUCTeMi. bazylounch Ha pe3yiabTaTax TaKok MOXKHA 3pOOWTH BHCHOBOK, IO
paaiyc oOMeXeHHs Kpaile oOupaTi OUTBIINM 3a 3HaueHHs1 407, y TOW 4ac sIK JITepaTypHi
JDKepelia BKa3yloTh Ha 3HAYeHHs 20, II0 Ha BCIX OTpUMaHUX TIpadikax ykasye Ha
HaWO1IbIIIe BIAXUIICHHS BIJI CEPEHHOIO 3HAUYECHHS CHUCTEMH O€3 BUKOPUCTAHHS Pajilycy
oOMmexeHHs. JIiCTHHT mporpamu ajs moO0yJ0BH rpadikiB 3aJIeKHOCTI CEPEeIHBOI MOBHOI
€HEeprii Ha YaCTUHKY BiJ paaiycy oomexeHHs 3HaxoauThes B po3aim JIOJATOK K.
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5.5 Peamizamis ¢ynkuii, mo Oynye rpadiku MOpiBHSHHS IIBUAKOMAIL peanizaiiid
CPU, mapu CPU, GPU 06e3 Buxopuctanus paxaiycy ta mapu CPU, GPU 3
BUKOPHUCTAHHSM PajiiyCcy OOMEKEHHS

JIns OpiBHSHHS IIBUJKOIT po3po0seHO (YHKINIO sIKa MPOBOIUTH KOMII IOTEPHY
CUMYJISIIIO 32 HACTYITHUM aJITOPUTMOM:

1. dopmyeThest MmacuB 3HaueHb Bif 2 10 10 BKIIIOUHO.

2. Ilepen mouatkoMm ¢opMyBaHHS cucTeMH 3adikcoByeThcsi yac. [lo depsi
nepeOuparoThCsl 3HAUEHHS, KOKHOTO pa3zy (OpPMY€EThCS CUCTEMA 3 ITapaMeTpamu
KOHTEHHepa (HampuKiIag mepiia itepanis 2x2x2) Ta BIANOBIAHOK KIIBKICTIO
YACTUHOK PIBHOIO 8§ (NMPONOBXKEHHS MONEpenIHbOoro npukiany). Jliamason

MIBUIKOCTEN CTAJIMU I BCIX CUCTEM: [—1; 1] .

3. PospaxyBatu 1000 kpokiB eBodmromii cuctemu. [lo 3akiHUEHHIO PO3PAXYHKIB
3adiKCyBaTH yac.

4. B okpemuii MacuB 30epiraT p13HUIIO KIHIIEBOTO i MIOYAaTKOBOT'O Yacy.

5. Bukonatu kpoku 1-4 mna peamzaumiii okpemo CPU, mapu CPU, GPU 06e3
BUKOpHCTaHHA panaiycy oomexxenns Ta CPU, GPU 3 paxgiycom oOMexeHHs.

6. CdhopmoBaHi MAacHBU 4Yacy BUKOPHCTATH Uil MOOYIO0BU TrpadikiB 3alekKHOCTI
KUJIBKOCTI1 €JIEMEHTIB BiJl 4acy MO/ICIIOBAHHSI Ta BITHOIIICHHS Yacy pO3paxyHKY Ha
[EHTPaJILHOMY MPOLIECOPl J0 Yacy pPo3paxyHKy Ha rpadiyHOMY MPOIECcOopl Bif
KUTBKOCTI €JIEMEHTIB, 100 Mi3HATHCS Ha CKIIbkH peanizamis mias1 GPU e Oinbim
e(eKTUBHOIO.

OyHKISA 719 TECTyBaHHS 3HAXOIUTHCI B OCHOBHOMY MOJYJI TPOTpamu, IO
3Haxoauthes B JIOJATOK B. PesynbraTomM NpoBeIeHHSI TECTy IMPU 3HAYEHHI pajlycy
oOMexeHHs B 2.3 yMOBHI oauHuIl (Il¢ 3HAYEHHS B3STE€ 3 PE3y/IbTATiB, IO OMKCaHI B
MIOTIEPETHROMY PO3JILTI) € HACTYITHI Tpadiku:

Computation Speed: CPU vs GPU

w | $ 2 ’

~& GPU with Radius

Calculation Time sec

1000 |

4
¢

H—-—t—-—ﬁ-—-u—-‘——-—‘—-

5 6 )
System Size: (NXNxN)

Puc. 5.61 — dopma 3a1eKHOCTI yacy po3paxyHKy BiJi KUIBKOCTI YaCTUHOK: 3€JieHa
JIHIS 3 3eJICHUMHU poMOaMU 3aJIe)KHOCTI yacy po3paxyHky Ha CPU, 3eneHa niHis 3 3eJIeHUMHU
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TPUKYTHUKaMH BIAMNOBiNae uvacy po3paxyHky Ha GPU 06e3 BukopucTaHHS paaiycy
0OMEKEHHSI, CUHS JIiHIs 3 YePBOHUMH TPUKYTHUKAMU BIJIIOBIIAa€ Yacy po3paxyHky Ha GPU
3 BUKOPUCTAHHSIM PajlyCcy OOMEKEeHHS

Computation Speed: CPU vs GPU

12 4
CPU
GPU

- GPU with Radius

Calculation Time log2(sec)

: 3 4 5 6 7 & 9§ 10
System Size: (NxNxN)

Puc. 5.62 — popma 3anexHOCTI 4acy po3paxyHKy BijJ KUIBKOCTI YACTUHOK y CUCTEMI.
Yac norapudmoBaHo 3a ocHOBOIO 2. [To3HaUEHHA BIANOBIIAIOTH NONEPEAHROMY I'padiky

Computation Speed: CPU/GPU
CPU/GPU
I CPU/GPU+R ’

800

600

CPU/GPU

200 A

System Size: (NxNxN)

Puc. 5.63 — ¢opma 3asexHOCTI BIZHOUICHHS 4Yacy PO3paxyHKy Ha IIEHTPaIbHOMY
nporecopi (CPU) no yacy pos3paxyHky Ha rpadiunomy mpouecopi (GPU 6e3 paxgiycy
OOMEXEHHS — YEepBOHA JiHis, 3 paaiycoM OOMEXEHHS — CHHS IyHKTHpPHA JIiHis) Bif
KUTBKOCTI YaCTUHOK Y CUCTEMI
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Cynstam 3 oTpuMaHoro pe3yabraty (auB. Puc. 5.63 — ¢popma 3anexHOCTI BiTHOIIICHHS
gyacy po3paxyHKy Ha neHTpaibHoMy npoiiecopi (CPU) no dacy po3paxyHky Ha rpadigaHOMy
npoiecopi (GPU 6e3 paniycy oOMeKeHHs — YepBOHA JIiHis, 3 PailyCOM OOMEKEHHS — CHHS
NYHKTAPHA JIHIS) BiJl KIJIBKOCTI YaCTUHOK y cucTemi) BumHO, mo GPU-peamizarmis €
nopiBHsHO mBUAmOK. [Ipu po3mipax cucremu y 1000 po3paxyHOK Ha rpadiqHOMY
mporiecopi 6€3 BUKOPUCTAHHS pajaiycy oOMeKeHHs € Oibiine Hixk B 500 pa3iB MBUAIINAM 3a
peamizaiiio Ha ICHTPAJTLHOMY IMPOIECOpi, a peamsallis 3 BUKOPUCTaHHSIM paaiycy
obmexxeHHs (1110 TopiBHIOE 2.3 yMOBHI oauHuIl) € edekruBHimor 3a CPU Bepciro moHan
800 pas3is.

PesynpTaTaMu TecTy MIBUAKOCTI TP 3HAYEHHI pajiiycy B 28.4 (pe3ysbTaT mepiioro
CKCIICPUMEHTY 3 MONEPEAHBOTO PO3JILIY) € HACTYIHI rpadiku:

Computation Speed: CPU vs GPU

CcPU
GPU

¢ GPU with Radius

3000

2500

2000

1500 4

Calculation Time sec

1000

500 4

P éysterén Sizi-: (N;NxNé) oo
Puc. 5.64 — dopma 3anmexHOCTI Yacy po3paxyHKy BiJl KITBKOCTI YaCTHHOK: 3e€JeHa
JHISA 3 3eJICHUMH poMOaMH 3aJIeKHOCTI yacy po3paxyHky Ha CPU, 3enena niHis 3 3e1eHUMU
TPUKYTHUKAMH BIJMOBIJae dYacy po3paxyHky Ha GPU 0e3 BuKOpHUCTaHHS pajiycy
0OME>KEHHSI, CUHS JIIHISI 3 YePBOHUMH TPUKYTHUKAMHU BiMIOBIA€ Yacy po3paxyHky Ha GPU
3 BUKOPUCTAHHSIM pajilyCy OOMeKeHHS
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Computation Speed: CPU vs GPU

127 cPU
GPU

— GPU with Radius

10 4

Calculation Time log2(sec)

2 3 4 5 6 7 & 9 10
System Size: (NxNxN)

Puc. 5.65 — popma 3anexHOCTI yacy po3paxyHKy BiJl KUIBKOCTI YACTUHOK Yy CUCTEMI.
Yac norapudmoBano 3a ocHOBOIO 2. [Io3HaueHH BiANOBIIaI0Th MONEPEIHLOMY Ipadiky

Computation Speed: CPU/GPU

CPU/GPU
CPU/GPU+R

500 4

400 A

CPU/GPU
w
8

200

100

2 3 4 5 6 7 & 8 10
System Size: (NxNxN)

Puc. 5.66 — ¢opMa 3anex’HOCTI BIIHOUIEHHS Yacy PO3PaxyHKY Ha IEHTPAIbHOMY
nporiecopi (CPU) mo dvacy pospaxyHky Ha rpadignomy mporecopi (GPU 6e3 pamiycy
OOMEXEHHS — YEepBOHA JIiHIis, 3 PajJiycoM OOMEXKEHHS — CHHS IyHKTHpPHA JIiHisA) Bif
KUIBKOCT1 YaCTUHOK Yy CUCTEMI

Pe3ynbraT TecTy mpu 3HaYeHHI paaiycy oOMexxeHHs B 28.4 (z 570') YMOBHI OJIMHUIII

TOBOPUTH MPO Te, IO PI3HUI MK peani3alisiMd 3 BUKOPUCTaHHSIM paaiycy Ta 0e3 (3
MOBHUM O0paxyBaHHAM Ha0OpYy YACTHHOK) Maiike BIICYTHS.
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3aranbHUI BUCHOBOK 3 MTPOBEIEHUX TECTIB HACTYIHUMN: pa/ilyc OOMEXEHHS JIHCHO €
e(eKTUBHUM 3aCO00M MPHUCKOPEHHS po3paxyHKiB. OOMpaTy 3HaYeHHs i (OMHUPaAIOYUCh

Ha TECTH, 110 OyJIM MPOBE/CH1) 3HAUCHHS 3 Jiala30Hy [40;576]. YiTkoi 3aJIe)KHOCTI MiXK

paaiycoM OOMEKEHHS Ta pO3MipaMH CUCTEMHU BHUSIBUTH HE BJIAJIOCs, HEOOXiIHI JOJATKOBI
JOCIII>KEHHS.
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BUCHOBKU

Po3pob6ieno anroputMm BH3HAUYCHHS €(QEKTUBHOIO pajiyca B3aeMOJi y CHUCTEMI
0araThboX B3a€EMOJIIFOUMX YACTHHOK, 1110 0a3y€ThCS HAa aHai31 TOBHOI €HEPT1i CUCTEMH.

BusiBieHo, 1o pasiyc BiciKaHHS YaCTHHOK, sIKI HE BIUTMBAIOTh CYTTEBUM YMHOM Ha
CHEPTiI0 CHCTEMU, HECYTTEBO 3aICKUTH Bia uncia yactruHOK (mpu N>1000). e mo3Bomse
MPOBECTU PO3pPaxyHKH y ABa etanu. [lepmmii eran — po3paxyHOK pajiyca BiICIKaHHS IS
Majoi CHCTEMH, APYTUUA PO3PAXyHOK (PI3UYHUX XapPaKTEPUCTUK CHCTEMHU Ha OCHOBI
OTPUMAaHMX Ha MEPIIOMY eTarll JaHHX.

BusiBiaeHo, 1110 3HaY€HHs paJilyCy BIJICIKAHHS, SIKE MPOIMOHYETHCS B JITEPATYPHUX
mxepenax (20, o — pIBHOBa)KHa BIJICTaHb) HE € €(EKTUBHUM 3 TOUKH 30py 30€pe:KeHHS
MOBHOT eHeprii. Po3paxyHkm MOKa3yOTh, IO ONTUMAJbHE 3HAYCHHS BapIIOETHCS Y
niara3oHi Bil 40 10 60 y 3a7€KHOCTI Bl pO3MIPIB CHCTEMH.

3anponoHOBaHUM MiAX1]T I03BOJISIE CKOPOTUTH Yac po3paxyHKiB npubiauzHo Ha 50%
npu BukopuctanHi napu CPU&GPU y nopiBHsIHHI 3 po3paxyHKkaMu 0e3 yBeJleHHS pajiyca
B1JICIKaHHS 32 HAIIIUM aJITOPUTMOM.
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TIOJIATOK A

Jlictuar mporpaMu moOyA0BH rpadiKiB 3aJICKHOCTI CHIIA Ta TTOTSHITIATY BiJl BIICTaH1 MIXK

JaCTHHKaMH

# —-*- coding: utf-8 -*-
from matplotlib import pyplot as plt
from numpy import array, zeros, float64, arange, apply along axis

def

def

def

def

def

prepare_plot (autor name, letter, xlabel, ylabel,
lylim, rylim, fwidth=9, fheight=6):
fig, subplot = plt.subplots(nrows=1, ncols=1)

fig.set figwidth (fwidth)
fig.set figheight (fheight)
# Plot title
subplot.set title(
label=autor name+" "+letter.upper()+"("+xlabel[0].lower()+")",
fontdict={"fontsize": 18,
"fontname": "Times New Roman",
"family": "serif"})
# X axis properties
subplot.set ylim(lylim, rylim)
plt.setp(subplot.get xticklabels (), "fontsize", "14")
plt.setp(subplot.get xticklabels (), "fontname", "Times New Roman")
plt.setp(subplot.get xticklabels(), "family", "serif")
subplot.set xlabel(
xlabel=xlabel,
fontdict={"fontsize": 16,
"fontname": "Times New Roman'",
"family": "serif"})
# Y axis properties
plt.setp (subplot.get yticklabels(), "fontsize", "14")
plt.setp(subplot.get yticklabels(), "fontname", "Times New Roman")
plt.setp(subplot.get yticklabels (), "family", "serif")
subplot.set ylabel(
ylabel=ylabel,
fontdict={"fontsize": 16,
"fontname": "Times New Roman'",
"family": "serif"})
subplot.grid()
return fig, subplot

calculate lennard jones potential (brange, epsilon, sigma):
return 4*epsilon* ((sigma/brange)**12 - (sigma/brange) **6)

calculate lennard jones_ force(brange, epsilon, sigma):
return 24* (epsilon/sigma) * (2* (sigma/brange) **13 - (sigma/brange) **7)

calculate mie potential (brange, epsilon, sigma, m, n):
return (epsilon/(n - m))* (m* (sigma/brange) **n - n* (sigma/brange) **m)

calculate mie force (brange, epsilon, sigma, m, n):

return (n*m/(n-m))* (epsilon/sigma)* ((sigma/brange)** (n + 1) - (sigma/brange)**(m + 1))

# Preparing constants
epsilon = float64(0.5)
sigma = float64(0.5)

m = float64(2)
n = float64 (1)
first range value = 0.1

range step = 0.01
last range value = 3*epsilon + range step

4

ARD-JONES POTENTIAL

# Preparing arrays
ranges = arange (first range value,

last_range_value,
range_step,
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dtype=float64)
lennard jones potentials = apply along axis(
funcld=lambda r: calculate lennard jones potential (
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
# Draw Plot
autor name = "Lennard-Jones"
fig lennard jones potential,\
subplot lennard jones potential = prepare plot(
autor name=autor name,
letter="U",
xlabel="Range",
ylabel="Potential",
lylim=-0.6,
rylim=0.6)
subplot lennard jones potential.plot(
ranges,
lennard jones potentials,
marker="",
color="blue")
# Saving Plot
fig lennard jones potential.savefig(
autor name +
subplot lennard jones potential.get ylabel() + ".png")
# LENNARD JONES FORCE
# Preparing arrays
ranges = arange (first range value,
last range value,
range step,
dtype=float64)
lennard jones forces = apply along axis(
funcld=lambda r: calculate lennard jones force(
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
# Draw Plot
autor name = "Lennard-Jones"
fig lennard jones force, subplot lennard jones force = prepare plot(
autor name=autor name,
letter="F",
xlabel="Range",
ylabel="Force",
lylim=-3,
rylim=3)
subplot lennard jones force.plot(
ranges,
lennard jones forces,
marker="",
color="red")
# Saving Plot
fig lennard jones force.savefig(
autor name + \
subplot lennard jones force.get ylabel() + ".png")
# LENNARD-JONES FORCE&POTENTIAL
# Preparing arrays
ranges = arange (first range value,
last_range value,
range step,
dtype=float64)
lennard jones forces = apply along axis(
funcld=lambda r: calculate lennard jones force(
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
lennard jones potentials = apply along axis(
funcld=lambda r: calculate lennard jones potential (
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
# Draw Plot
autor name = "Lennard-Jones"
fig lennard jones, subplot lennard jones = prepare plot (
autor name=autor name,
letter="U&F",



xlabel="Range",
ylabel="Values",
lylim=-3,
rylim=3)

subplot lennard jones.plot(
ranges,
lennard jones_ forces,
marker="",
color="red",
label="Forse")

subplot lennard jones.plot(

ranges,
lennard jones potentials,
marker="",

color="blue",
label="Potential")
subplot lennard jones.legend()
# Saving Plot
fig lennard jones.savefig(
autor name +
subplot lennard jones.get ylabel() + ".png")
# MIE POTENTIAL
# Preparing arrays
ranges = arange (first range value,
last_range value,
range step,
dtype=float64)
mie potentials = apply along axis(
funcld=lambda r: calculate mie potential(
brange=r,
epsilon=epsilon,
sigma=sigma,
m=m,
n=n),
axis=0, arr=ranges)
# Draw Plot
autor name = "Mie"
fig mie potential, subplot mie potential = prepare plot (
autor name=autor name,
letter="0",
xlabel="Range",
ylabel="Potential",
lylim=-0.6,
rylim=0.6)
subplot mie potential.plot (
ranges,
mie potentials,
marker="",
color="magenta")
# Saving Plot
fig mie potential.savefig(
autor name +
subplot mie potential.get ylabel() + ".png")
# MIE FORSE
# Preparing arrays
ranges = arange (first range value,
last range value,
range step,
dtype=float64)
mie forces = apply along axis(
funcld=lambda r: calculate mie force(
brange=r,
epsilon=epsilon,
sigma=sigma,
m=m,
n=n),
axis=0, arr=ranges)
# Draw Plot
autor name = "Mie"
fig mie force, subplot mie force = prepare plot(
autor name=autor name,
letter="F",
xlabel="Range",
ylabel="Force",
lylim=-0.6,
rylim=0.6)
subplot mie force.plot(
ranges,
mie forces,
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marker="",
color="green")
# Saving Plot
fig mie force.savefig(
autor name +
subplot mie force.get ylabel() + ".png")

# Mommpikarls HNOTEHI[lasly Ta Cuiu
def calculate modify lennard jones potential (k, brange, epsilon, sigma):
"""k - modify potential; k < 1 - to stretch; k > 1 - to narrow"""
return 4*epsilon* ((sigma/ (k* (brange - sigma) + sigma))**12 - (sigma/ (k* (brange - sigma) + sigma)) **6)

def calculate modify lennard jones force(k, brange, epsilon, sigma):

"""k - modify potential; k < 1 - to stretch; k > 1 - to narrow"""

return k*24* (epsilon/sigma) * (2* (sigma/ (k* (brange - sigma) + sigma))**13 - (sigma/ (k* (brange - sigma) +
sigma)) **7)

# MODIFY LENNARD-JONES POTENTIALS
# Preparing arrays
ranges = arange (first range value,
last_range value,
range step,
dtype=float64)
lennard jones potentials = apply along axis(
funcld=lambda r: calculate lennard jones potential (
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
lennard jones potentials narrow = apply along axis(
funcld=lambda r: calculate modify lennard jones potential (
k=float64(1.5),
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
lennard jones potentials stretch = apply along axis(
funcld=lambda r: calculate modify lennard jones potential (
k=float64(0.5),
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
# Prepare Axes
autor name = "Lennard-Jones Modify"
fig lennard jones potential, subplot lennard jones potential = prepare plot(
autor name=autor name,
letter="0",
xlabel="Range",
ylabel="Potential",
lylim=-0.6,
rylim=0.2)
# Draw Normal Potential Plot
subplot lennard jones potential.plot(

ranges,
lennard jones_potentials,
marker="",

color="blue",

label="Normal: k=1")
# Draw Modify Potential Plot NARROW
subplot lennard jones potential.plot(

ranges,
lennard jones potentials narrow,
marker="",

color="green",

label="Narrow: k>1")
# Draw Modify Potential Plot STRETCH
subplot lennard jones potential.plot(

ranges,
lennard jones potentials stretch,
marker="",

color="red",

label="Stretch: k<1")
# Show Legend
subplot lennard jones potential.legend()
# Saving Plot



fig lennard jones potential.savefig(
autor name +
subplot lennard jones potential.get ylabel() + ".png")

# MODIFY LENNARD-JONES FORCE
# Preparing arrays
ranges = arange(0.55, 1.5, 0.01, dtype=float64)
lennard jones forces = apply along axis(
funcld=lambda r: calculate lennard jones force(
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
lennard jones forces narrow = apply along axis(
funcld=lambda r: calculate modify lennard jones force(
k=float64(1.5),
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
lennard jones forces stretch = apply along axis(
funcld=lambda r: calculate modify lennard jones force(
k=float64(0.5),
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
# Prepare Axes
autor name = "Lennard-Jones Modify"

fig lennard jones force, subplot lennard jones force = prepare plot (

autor name=autor name,
letter="k*F",
xlabel="Range",
ylabel="Force",
lylim=-4.0,
rylim=1)

# Draw Normal Force Plot

subplot lennard jones force.plot(

ranges,
lennard jones forces,
marker="",

color="blue",

label="Normal: k=1")
# Draw Modify Force Plot NARROW
subplot lennard jones force.plot(

ranges,
lennard jones forces narrow,
marker="",

color="green",

label="Narrow: k>1")
# Draw Modify Force Plot STRETCH
subplot lennard jones force.plot(

ranges,
lennard jones forces stretch,
marker="",

color="red",
label="Stretch: k<1")
# Show Legend
subplot lennard jones force.legend()
# Saving Plot
fig lennard jones force.savefig(
autor name +
subplot lennard jones force.get ylabel() + ".png")

# MODIFY LENNARD-JONES FORCE

def calculate modify lennard jones force 02(k, brange, epsilon, sigma):

mng, 1

return 24* (epsilon/sigma) * (2* (sigma/ (k* (brange - sigma)
sigma)) **7)

# Preparing arrays
ranges = arange(0.55, 1.5, 0.01, dtype=float64)
lennard jones forces = apply along axis(
funcld=lambda r: calculate lennard jones force(
brange=r,
epsilon=epsilon,
sigma=sigma),

k - modify potential; k < 1 - to stretch; k > 1 - to narrow"""

+ sigma)) **13 -

(sigma/ (k* (brange - sigma)
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axis=0, arr=ranges)
lennard jones forces narrow = apply along axis(
funcld=lambda r: calculate modify lennard jones force 02(
k=float64(1.5),
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
lennard jones forces stretch = apply along axis(
funcld=lambda r: calculate modify lennard jones force 02(
k=float64(0.5),
brange=r,
epsilon=epsilon,
sigma=sigma),
axis=0, arr=ranges)
# Prepare Axes
autor name = "Lennard-Jones Modify"
fig lennard jones force, subplot lennard jones force = prepare plot (
autor name=autor name,
letter="F",
xlabel="Range",
ylabel="Force",
lylim=-2.5,
rylim=1)
# Draw Normal Force Plot
subplot lennard jones force.plot(

ranges,
lennard jones forces,
marker="",

color="blue",

label="Normal: k=1")
# Draw Modify Force Plot NARROW
subplot lennard jones force.plot(

ranges,
lennard jones forces narrow,
marker="",

color="green",

label="Narrow: k>1")
# Draw Modify Force Plot STRETCH
subplot lennard jones force.plot(

ranges,
lennard jones forces stretch,
marker="",

color="red",
label="Stretch: k<1")
# Show Legend
subplot lennard jones force.legend()
# Saving Plot
fig lennard jones force.savefig(
autor name +
subplot_lennard jones_force.get_ylabel() + "_without_ K.png")
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JIOJIATOK B

JIicTHHT TIpoTpaMu MOJIEIIOBAaHHS CHCTEMHU YaCTUHOK

4 ~AA Ty . FoQ —*_
# —*- coding: f *

from GUI.mainiwindow import MolecularDynamic
from panda3d.core import load prc file data

if name == "__main ":
load prc file data("", "win-size 1024 768")

application = MolecularDynamic ()

application.run()
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JOIATOK B
JIicTHHT OCHOBHOTO MOyl Main_window mporpaMu MOJIEITIOBaHHS CHCTEMHU YaCTHHOK

# —*- coding: utf-8 -*-

from direct.showbase.ShowBase import ShowBase

from direct.task import Task

from direct.gui.DirectGui import OnscreenText, DirectButton, DirectEntry

from direct.interval.IntervalGlobal import Sequence, Func

from panda3d.core import TextNode

from numpy import float32, int32, array, concatenate, ceil, zeros, random, log2, arange
from copy import deepcopy

from
from

time import localtime

timeit import default timer as timer
from matplotlib import pyplot as plt
from time import time

import os

import shutil

from
from

pycuda import autoinit
pycuda import driver as cuda

from
from
from
from

MSD functionality.
MSD_functionality.
MSD_functionality.
MSD functionality.

CPU_1Ker.
CPU_1Ker.
CPU_1Ker.
CPU_1Ker.

calc_coordinates cpu lker import calc coordinates cpu lker
calc speeds cpu lker import calc speeds cpu lker

calc accelerate cpu lker import calc accelerate vO0l
calc_system energy import calc kinetic energy

GPU.vectors
GPU.vectors

from
from

MSD_functionality.
MSD_functionality.

.GPU_calc coords import gpu calc coordinates kernel

.GPU calc speeds import gpu calc speeds kernel

from MSD functionality.GPU.vectors.GPU calc accelerates import gpu calc accelerates kernel
from MSD functionality.GPU.vectors.GPU calc accelerates with rcut import
gpu_calc_accelerates with r cut kernel

from MSD functionality.GPU.vectors.GPU calc_kinetic energy import gpu calc_kinetic_ energy
from MSD functionality.GPU.vectors.GPU calc full time cycle without r import

gpu_calc full time cycle without r kernel

from MSD functionality.GPU.
from MSD_ functionality.GPU.
from MSD functionality.GPU.
from MSD functionality.GPU.

matrix.GPU_calc coordinates mtx import gpu calc coordinates mtx kernel
matrix.GPU_calc speeds_mtx import gpu_calc speeds mtx kernel

matrix.GPU calc_accelerates mtx import gpu calc accelerates mtx kernel
matrix.GPU calc kinetic energy mtx import gpu calc kinetic energy mtx kernel

from Addition Scripts.table with radiuses import create radius_table

class MolecularDynamic (ShowBase) :
def init (self):
ShowBase. init (self)

g

#

self.tpb = None
self.bpg = None
self.block = None

self.grid = None

#

#

self.fig plot = None

self.subplots = None

# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
#

self.dimensions = int32(3)

self.iter counter = 0

self.iter window = 100

self.dt_accumulator float32(0.0)
self.dt float32(0.001) # 0.0

05



self.sigma = float32(0.5)
self.epsilon = float32(0.5)

self.box width = None

self.box height = None

self.box depth = None

self.bodies amount = None
self.bodies start speed range = None
self.bodies = None

# BODIES OUTPUT PARAMETERS
# __________________________________________________
self.distance between bodies = float32(1.5)
self.distance between bodies output =\

float32 (2*self.sigma + self.distance between bodies)
self.texture for body = self.loader.loadTexture ("maps/circle.png")
self.path 2 object for body = "models/smiley"

self.experiments amount = None
self.cpu _computation time = None
self.gpu_computation_ time = None
self.gpu_r cut computation_ time = None

CUTTING RADIUS PARAMETERS

self.global bodies coordinates = None
self.global bodies speeds = None

self.current cutting radius = None
self.cutting radius step = None
self.first cutting radius = None
self.last cutting radius = None
self.cutting radius_list = None

self.experiment average energy list = None
self.reference average energy = None
self.experiment average kinetic energy list = None
self.reference average kinetic energy = None
self.experiment average potential energy list = None
self.reference average potential energy = None

self.dt list = None

self.system energy list = None
self.kinetic energy list = None
self.potential energy list = None

self.amount bodies in system = [5 000, 6 000]
self.parameters sets =\
[(19, 18, 18) for _ in range(len(self.amount bodies in system)) ]
self.box parameters =\
dict (tuple (map (
lambda size, parameters: (size, parameters),
self.amount bodies in system,
self.parameters sets)))

self.box width index = 0
self.box height index =1
self.box depth index = 2
self.positive flag = "+"
self.negative flag

self.experiment exit threshold = float32(0.01)
self.interrupted = False
self.steps_limit = 1 000 # trigger

# CPU ARRAYS

self.host bodies_coordinates = None
self.host bodies speeds = None
self.host bodies accelerates = None

self.bodies_in_row = None
self.bodies_in_col None
self.bodies_in dep = None



# GPU ARRAYS

self.gpu coordinates = None
self.gpu speeds = None
self.gpu accelerates = None

self.host coordinates x = None
self.host coordinates_y = None
self.host coordinates z = None
self.gpu_coordinates x = None
self.gpu_coordinates y = None
self.gpu coordinates z = None

self.host speeds x = None
self.host speeds y = None
self.host speeds z = None
self.gpu speeds x = None
self.gpu speeds y = None
self.gpu_speeds z = None

self.host accelerates x = None
self.host accelerates_ y = None
self.host accelerates z = None
self.gpu_accelerates x = None
self.gpu_accelerates_y = None
self.gpu_accelerates z = None

self.host kinetic energy = None
self.gpu_kinetic energy = None

self.host potential energy = None
self.gpu potential energy = None

# GPU functions

self.calc coordinates gpu = None
self.calc_speeds gpu = None
self.calc_accelerates gpu = None
self.calc_kinetic energy gpu = None

self.label scale = 0.1
self.label x coordinate = -1.3
self.label y coordinate = 0.5
self.label y step = 0.11

self.entry scale = 0.065

self.entry width = 5

self.entry x coordinate = self.label x coordinate + 1
self.entry y coordinate 0.0

self.entry z coordinate = self.label y coordinate
self.entry z step = self.label y step

self.button scale = 0.1

self.button x coordinate = self.entry x coordinate + 0.21
self.button y coordinate = self.entry y coordinate
self.button z coordinate = self.entry z coordinate - 0.6

self.onscreen_timer = None
self.onscreen_timer label = "Simulation Time"
self.start time label = "Start Time"
self.start time value = None

self.label amount bodies =\
OnscreenText (text="Number of Bodies",
scale=self.label scale,
pos=(self.label x coordinate,



self.label y coordinate),
align=TextNode.ALeft)
self.label y coordinate -= self.label y step
self.entry amount bodies =\
DirectEntry(scale=self.entry scale,
pos=(self.entry x coordinate,
self.entry y coordinate,
self.entry z coordinate),
width=self.entry width)
self.entry z coordinate -= self.entry z step

self.label speed range =\

OnscreenText (text="Start Speeds Range",
scale=self.label scale,
pos=(self.label x coordinate,

self.label y coordinate),
align=TextNode.ALeft)
self.label y coordinate -= self.label y step
self.entry speed range =\
DirectEntry(scale=self.entry scale,
pos=(self.entry x coordinate,
self.entry y coordinate,
self.entry z coordinate),
width=self.entry width)
self.entry z coordinate -= self.entry z step

self.label bodies in row =\

OnscreenText (text="Bodies in row",
scale=self.label scale,
pos=(self.label x coordinate,

self.label y coordinate),
align=TextNode.ALeft)
self.label y coordinate -= self.label y step
self.entry bodies in row =\
DirectEntry(scale=self.entry scale,
pos=(self.entry x coordinate,
self.entry y coordinate,
self.entry z coordinate),
width=self.entry width)
self.entry z coordinate -= self.entry z step

self.label bodies in col =\

OnscreenText (text="Bodies in col",
scale=self.label scale,
pos=(self.label x coordinate,

self.label y coordinate),
align=TextNode.ALeft)
self.label y coordinate -= self.label y step
self.entry bodies in col =\
DirectEntry(scale=self.entry scale,
pos=(self.entry x coordinate,
self.entry y coordinate,
self.entry z coordinate),
width=self.entry width)
self.entry z coordinate -= self.entry z step

self.label bodies in dep =\

OnscreenText (text="Bodies in dep",
scale=self.label scale,
pos=(self.label x coordinate,

self.label y coordinate),
align=TextNode.ALeft)
self.entry bodies in dep =\

DirectEntry(scale=self.entry scale,

pos=(self.entry x coordinate,
self.entry y coordinate,
self.entry z coordinate),
width=self.entry width)
self.entry z coordinate -= self.entry z step

# BUTTONS
# __________________________________________________
# PREPARING MOLECULAR DYNAMIC SYSTEM WITH OUTPUT
self.button read data with output =\
DirectButton (text=("Read with output”,
"Read with output",
"Read with output",
" ") 4
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scale=self.button scale,
pos=(self.button x coordinate,
self.button y coordinate,
self.button z coordinate),
command=self.initialise mds with output)
self.button z coordinate -= self.entry z step + 0.025

# PREPARING MOLECULAR DYNAMIC SYSTEM WITHOUT OUTPUT
self.button read data without output =\
DirectButton (text=("Read without output",

"Read without output",

"Read without output"),
scale=self.button scale,
pos=(self.button x coordinate,

self.button y coordinate,
self.button z coordinate),
command=self.initialise mds without output)
self.button z coordinate -= self.entry z step + 0.025

# START EXPERIMENT CPU WITH OUTPUT
self.button start cpu 1 ker experiment with output =\
DirectButton (text=("CPU", "CPU", "CPU", ""),
scale=self.button scale,
pos=(-0.95, 0.0, -0.95),
command=self.start cpu 1 kernel experiment with output)
self.button start cpu 1 ker experiment with output.hide()

# START EXPERIMENT CPU WITHOUT OUTPUT
self.button start cpu 1 ker experiment without output =\
DirectButton (text=("CPU", "CPU", "CPU2", ""),
scale=self.button scale,
pos=(-0.95, 0.0, -0.95),
command=self.start cpu 1 kernel experiment without output)
self.button start cpu 1 ker experiment without output.hide()

# START EXPERIMENT GPU WITH OUTPUT
self.button start gpu experiment with output =\
DirectButton (text=("GPU", "GPU", "GPU", ""),
scale=self.button scale,
pos=(0.95, 0.0, -0.95),
command=self.start gpu experiment with output)
self.button start gpu experiment with output.hide ()

# START EXPERIMENT GPU WITHOUT OUTPUT
self.button start gpu experiment without output =\
DirectButton (text=("GPU", "GPU", "GPU2", ""),
scale=self.button scale,
pos=(0.95, 0.0, -0.95),
command=self.start gpu experiment without output)
self.button start gpu experiment without output.hide()

# SAVE SYSTEM ENERGY PLOT
self.button save system energy plot =\
DirectButton (text=("Save SysEnergy Plot",
"Save SysEnergy Plot",
"Save SysEnergy Plot",
"Save SysEnergy Plot"),
scale=self.button scale,
pos=(0.85, 0.0, -0.95),
command=self.save plot)
self.button save system energy plot.hide()

# COMPARE SPEED: GPU and CPU
self.button compare cpu gpu = \
DirectButton (text=("GPU vs CPU",

"GPU vs CPU",

"GPU vs CPU",

"GPU vs CPU"),
scale=self.button_scale,
pos=(self.button x coordinate,

self.button y coordinate,
self.button z coordinate),
command=self.compare cpu and gpu)
self.button z coordinate -= self.entry z step

# CREATE TABLE with RADIUS
self.button create table with radius =\
DirectButton (text=("Create table with Radius",
"Create table with Radius",



"Create table with Radius",
"Create table with Radius"),
scale=self.button scale,
pos=(self.button x coordinate,
self.button y coordinate,
self.button z coordinate),
command=self.create table with radius)
self.button z coordinate -= self.entry z step

def set onscreen timer (self,
start time label pos=
onscreen timer pos=(-
start time = localtime ()
self.start time value = time ()
self.start time label =\
OnscreenText (text="{0}: {1}:{2}:{3}".format (
self.start time label,
start time[3],
start time[4],
start time[5]),
pos=start time label pos,
align=TextNode.ALeft)
self.onscreen timer = OnscreenText (text=self.onscreen timer label,
pos=onscreen timer pos,
align=TextNode.ALeft)

=~

# __________________________________________________
# UPDATE ONSCREEN TIMER
# __________________________________________________
def update onscreen_timer(self, task):
simulation time = time() - self.start time value
self.onscreen timer.setText ("{0}: {1:2.0£}:{2:2.0£}:{3:2.3f}".format (
self.onscreen_timer label,
(simulation time//3600) % 24,
(simulation time//60) % 60,
simulation time % 60))
return Task.cont
# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
# TASK CLEANER
# __________________________________________________
def task cleaner(self, task):
if self.steps_limit == self.iter counter or \
self.interrupted:
self.taskMgr.remove (self.task name turn off)
self.taskMgr.remove ("update_timer")
print ("Task finished.")
return task.done
return task.cont
# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

def read speed range(self):
return tuple (map (lambda el: int32(el), self.entry speed range.get().split ("

# __________________________________________________
# METHOD FOR GENERATING BODIES COORDINATES

# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
def gen bodies_coordinates(self):

mods = [(1, 1, self.bodies in row),
(self.bodies in row, self.bodies in col, self.bodies in dep),
(1, self.bodies in row, self.bodies in col)]
self.host bodies coordinates = array(
[[ (body id//mods[dim id] [0]//mods[dim id][1]) % mods[dim id][2]
for body id in range(self.bodies_amount) ]
for dim id in range(self.dimensions)],
dtype=float32)

self.host bodies coordinates[0] = array(
list (map (lambda el: el*self.distance between bodies output,
self.host bodies coordinates[0])),
dtype=float32)
self.host bodies coordinates[l] = array(
list (map (lambda el: el*self.distance between bodies output,

")))
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self.host bodies coordinates[1l])),
dtype=float32)

self.host bodies coordinates[2] = array(
list (map(lambda el: el*self.distance between bodies output,
self.host bodies coordinates[2])),

dtype=float32)
# __________________________________________________
# METHOD FOR GENERATING BODIES SPEEDS
# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
def gen bodies speeds(self):

self.host bodies_speeds = [None for _ in range(self.dimensions)]
if self.bodies start speed range is None:
self.host bodies speeds zeros (
shape=(self.dimensions, self.bodies amount),

dtype=float32)

return
for dim id in range(self.dimensions):
half v = ((self.bodies start speed range[l] - self.bodies start speed range[0]) *

random.uniform(size=self.bodies amount//2) +
self.bodies start speed range[0]) .astype (float32)

self.host bodies speeds[dim id] = concatenate((half v, -1*half v), axis=0)
random.shuffle (self.host bodies speeds[dim id])
if self.bodies_amount % 2 != 0:

self.host bodies speeds[dim id] [0] = self.host bodies speeds[dim id][0]/2

self.host bodies speeds[dim id] = (
concatenate ((self.host bodies speeds[dim id],
[self.host bodies speeds([dim id] [0]]),
axis=0)) .astype (float32)
self.host bodies speeds = array(self.host bodies speeds, dtype=float32)

# METHOD FOR FILLING THE BOX
# __________________________________________________
def filling field(self):
for index in range(self.bodies_amount) :
self.bodies[index] = self.loader.loadModel (self.path 2 object for body)
self.bodies[index].set pos(self.host bodies coordinates[0] [index],
self.host bodies coordinates([1] [index],
self.host bodies coordinates([2] [index])
self.bodies[index] .reparentTo (self.render)
self.bodies[index].setTexture (self.texture for body, 1)

# METHOD FOR MOVING BODIES ON CPU
# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
def bodies move (self):
for index in range(self.bodies amount):
self.bodies[index].set pos(self.host bodies coordinates[0] [index],
self.host bodies coordinates[1] [index],
self.host bodies coordinates([2] [index])

# METHOD FOR MOVING BODIES ON GPU
# __________________________________________________
def bodies move gpu(self):
for index in range(self.bodies amount) :
self.bodies[index].set pos(self.host coordinates x[index],
self.host coordinates yl[index],
self.host coordinates z[index])

def hide after read(self):
self.button read data with output.hide()
self.button read data without output.hide()
self.button compare cpu gpu.hide ()
self.button create table with radius.hide()

self.label amount bodies.hide (
self.label bodies in row.hide(
self.label bodies in col.hide(
self.label bodies in dep.hide(
self.label speed range.hide()

)
)
)
)

self.entry bodies in row.hide ()
self.entry bodies in col.hide()
self.entry bodies_in dep.hide()



self.entry speed range.hide()
self.entry amount bodies.hide ()

def show after read with output(self):

self.button start cpu 1 ker experiment with output.show()
self.button start gpu experiment with output.show()

# SHOW ELEMENTS AFTER READ WITHOUT OUTPUT

def show after read without output (self):

self.button start cpu 1 ker experiment without output.show/()
self.button start gpu experiment without output.show()

def hide after_ start(self):

self.button start cpu 1 ker experiment with output.hide()
self.button start gpu experiment with output.hide ()

self.button save system energy plot.show()

def prepare plot properties(self):

se =0
ke =1
pe = 2

self.fig plot, self.subplots = plt.subplots(3,

self.fig plot.set figheight (6)
self.fig plot.set figwidth(9)

# Window Properties

window manager = plt.get current fig manager ()
window manager.window.geometry ("900x1000+0+4+0")

# SYSTEM ENERGY
self.subplots[se].grid()
self.subplots[se].set title(

"Bodies = " + str(self.bodies amount),
fontdict={"fontsize": "18",
"fontname": "Times New Roman",
"family": "serif"})
# X axis

plt.setp(self.subplots[se].get xticklabels(),
plt.setp(self.subplots[se].get xticklabels(),
plt.setp(self.subplots([se].get xticklabels(),
# Y axis

self.subplots([se].set ylim(-1, 1)
plt.setp(self.subplots[se].get yticklabels(),
plt.setp(self.subplots([se].get yticklabels(),
plt.setp(self.subplots[se].get yticklabels(),

# Y axis LABEL
self.subplots[se].set ylabel (
"System Energy",
fontdict={"fontsize": 14,
"fontname": "Times New Roman",
"family": "serif"})

# KINETIC ENERGY
self.subplots[ke].grid()
# X axis
plt.setp(self.subplots[ke].get xticklabels(),
plt.setp(self.subplots[ke].get xticklabels(),
plt.setp(self.subplots[ke].get xticklabels(),
# Y axis
plt.setp(self.subplots[ke].get yticklabels(),
plt.setp(self.subplots[ke].get yticklabels(),
plt.setp(self.subplots[ke].get yticklabels(),
# Y axis LABEL
self.subplots[ke].set ylabel (

"Kinetic Energy",

fontdict={"fontsize": 14,

"fontname": "Times New Roman",

1)

"fontsize", "10")
"fontname", "Times New Roman")

" family" ,

"serif")

"fontsize", "10")
"fontname", "Times New Roman")

" family" ,

"serif")

"fontsize", "10")
"fontname", "Times New Roman")

" family" ,

"serif")

"fontsize", "10")
"fontname", "Times New Roman")

" family" ,

"serif")
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"family": "serif"})

# POTENTIAL ENERGY
self.subplots[pe].grid()
# X axis
plt.setp(self.subplots([pe].get xticklabels(), "fontsize", "10")
plt.setp(self.subplots([pe].get xticklabels(), "fontname", "Times New Roman")
plt.setp(self.subplots([pe].get xticklabels(), "family", "serif")
# Y axis
plt.setp(self.subplots[pe].get yticklabels(), "fontsize", "10")
plt.setp(self.subplots([pe].get yticklabels(), "fontname", "Times New Roman")
plt.setp(self.subplots([pe].get yticklabels(), "family", "serif")
# Y axis LABEL
self.subplots[pe].set ylabel(
"Potential Energy",
fontdict={"fontsize": 14,
"fontname": "Times New Roman",
"family": "serif"})
self.subplots[pe].set xlabel(
"Time (dt=" + str(self.dt) + ")",
fontdict={"fontsize": 14,

"fontname": "Times New Roman'",
"family": "serif"})
# __________________________________________________
# SAVE SYSTEM ENERGY PLOT
# __________________________________________________
@staticmethod

def save plot():
plt.savefig ("Plot.png")

# __________________________________________________

# INITIALISE MOLECULAR DYNAMIC SYSTEM WITH OUTPUT

# __________________________________________________

def initialise mds_with output(self): # mds - Molecular Dynamic System

self.bodies amount = int32(self.entry amount bodies.get())
self.bodies start speed range = self.read speed range()

self.bodies = [None for _ in range(self.bodies amount) ]
self.bodies in row = int32(self.entry bodies in row.get())
self.bodies in col = int32(self.entry bodies in col.get())

self.bodies in dep = int32(self.entry bodies in dep.get())

self.box width = self.bodies in row*self.distance between bodies output
self.box height = self.bodies in col*self.distance between bodies output
self.box depth = self.bodies in dep*self.distance between bodies output

self.tpb = int (1024)

self.bpg = int(ceil(self.bodies amount/self.tpb))
self.block = (self.tpb, 1, 1)

self.grid = (self.bpg, 1, 1)

print ("Number of bodies: {0}.".format (self.bodies amount))

print ("Start Speeds Range: {0}.".format (self.bodies start speed range))
print ("Container parameters:")

print ("\tBox Width: {0}.".format (self.box width))

print ("\tBox Height: {0}.".format (self.box height))

print ("\tBox Depth: {0}.".format (self.box depth))

# CREATE BODIES (COORDINATES)

if self.bodies amount > (self.bodies in row*self.bodies in col*self.bodies in dep):

print ("Oyxe 6araTo Tin nnst gaHmMx napamerpis koHTensHepy!\n{0} > {1}".format (
self.bodies amount,
self.bodies in row *
self.bodies in col *
self.bodies in dep))
return
self.gen bodies coordinates()
self.gen_bodies_ speeds()

# SCREEN MODIFICATIONS
self.hide after read()
self.show after read with output ()
camera y coordinate = self.box width if self.box width > self.box height \
else self.box height
self.cam.setPos (self.box width // 2,
-camera y coordinate * 2.5,
self.box height // 2)
self.cam.lookAt (self.box width // 2,
0.0,
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self.box height // 2)
s = timer ()
self.filling field() # Draw Bodies
e = timer()
print ("Filling field time {0} s.".format(e - s))

def calculate first step cpu(self):
# Calculation Start Acceleration
self.host bodies accelerates, \
self.host potential energy = calc accelerate v01(
bodies coordinates=self.host bodies coordinates,
bodies amount=self.bodies amount,
bodies min distance=self.distance between bodies,
sigma=self.sigma,
epsilon=self.epsilon,
width=self.box width,
height=self.box height,
depth=self.box depth)
# Calculating Kinetic Energy
self.host kinetic energy = sum(calc kinetic energy(velocities=self.host bodies speeds))

# Draw System Energy Value on Plot

self.subplots[0].plot(self.dt accumulator,
self.host kinetic energy + self.host potential energy,
color="red", marker=".")

self.subplots([1l].plot(self.dt accumulator, self.host kinetic energy,
color="blue", marker=".")

self.subplots[2].plot(self.dt accumulator, self.host potential energy,
color="green", marker=".")

plt.draw()

plt.pause (10** (-10))

self.dt accumulator += self.dt

self.iter counter +=1

def start cpu 1 kernel experiment with output (self):
self.hide after start()
print ("Start CPU experiment")
# SET AND START TIMER
self.set onscreen timer()
self.taskMgr.add(self.update onscreen timer, "update timer")
# Prepare System Energy Plot
self.prepare plot properties()
plt.ion ()
# Calculate Accelerates, Potential and Kinetic Energies
self.calculate first step cpu()
# Start experiment
self.taskMgr.add(self.main cpu 1 kernel calculation with output, "Move Bodies CPU")

def main cpu 1 kernel calculation with output(self, task):
self.host bodies coordinates = calc coordinates cpu lker (
coordinates=self.host bodies coordinates,
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
width=self.box width,
height=self.box height,
depth=self.box depth,
dt=self.dt)
self.host bodies speeds = calc speeds cpu lker(
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
dt=self.dt)
self.host bodies accelerates,\
self.host potential energy = calc accelerate v01(
bodies coordinates=self.host bodies coordinates,
bodies amount=self.bodies amount,
bodies min distance=self.distance between bodies,
sigma=self.sigma,
epsilon=self.epsilon,
width=self.box width,
height=self.box height,
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depth=self.box depth)
self.host bodies speeds = calc speeds cpu lker(
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
dt=self.dt)
# Calculating Kinetic Energy
self.host kinetic energy = sum(calc kinetic energy(velocities=self.host bodies speeds))
# Move Bodies
self.bodies move ()
# Draw System Energy Value on Plot
if self.iter counter % self.iter window ==
self.subplots[0].plot(self.dt accumulator,
self.host kinetic energy + self.host potential energy,
color="red", marker=".")
self.subplots[l].plot(self.dt accumulator,
self.host kinetic energy,
color="blue", marker=".")
self.subplots[2].plot(self.dt accumulator,
self.host potential energy,
color="green", marker=".")

plt.draw()
plt.pause (10** (-10))
self.dt accumulator += self.dt
self.iter counter +=1
return Task.cont

# START GPU EXPERIMENT WITH OUTPUT
# __________________________________________________
def start gpu experiment with output (self):
self.hide after start()
print ("Start GPU experiment")
# SET AND START TIMER
self.set onscreen timer ()
self.taskMgr.add(self.update_onscreen timer, "update timer")
# Preparing GPU functions
self.calc_coordinates gpu = gpu_calc coordinates kernel.get function("calc_coordinates")
self.calc_speeds gpu = gpu_calc_speeds_kernel.get function("calc_speeds")
self.calc_accelerates gpu = gpu_calc_accelerates_kernel.get function("calc_accelerates")
self.calc_kinetic energy gpu = gpu_calc_kinetic_energy.get function("calc_kinetic energy")
# Preparing CPU arrays
self.host coordinates x = deepcopy(self.host bodies coordinates[0])
self.host coordinates y = deepcopy(self.host bodies coordinates([1])
self.host coordinates z = deepcopy(self.host bodies coordinates[2])

self.host speeds x = deepcopy(self.host bodies speeds[0])
self.host speeds y = deepcopy(self.host bodies speeds[1])
self.host speeds z = deepcopy (self.host bodies speeds[2])

self.host accelerates x = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates y = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates z = zeros(shape=self.bodies amount, dtype=float32)

self.host kinetic energy = zeros(shape=self.bodies amount, dtype=float32)
self.host potential energy = zeros(shape=self.bodies amount, dtype=float32)
# Preparing GPU arrays

self.gpu coordinates x = cuda.mem alloc(self.host coordinates x.nbytes)
self.gpu coordinates y = cuda.mem alloc(self.host coordinates y.nbytes)
self.gpu coordinates z = cuda.mem alloc(self.host coordinates z.nbytes)
cuda.memcpy htod(self.gpu coordinates x, self.host coordinates x)
cuda.memcpy htod(self.gpu coordinates y, self.host coordinates y)
cuda.memcpy htod(self.gpu coordinates z, self.host coordinates z)

self.gpu speeds x = cuda.mem alloc(self.host speeds x.nbytes)
self.gpu speeds y = cuda.mem alloc(self.host speeds y.nbytes)
self.gpu speeds z = cuda.mem alloc(self.host speeds z.nbytes)
cuda.memcpy htod(self.gpu speeds x, self.host speeds x)
cuda.memcpy htod(self.gpu speeds y, self.host speeds y)
cuda.memcpy htod(self.gpu speeds z, self.host speeds z)

self.gpu accelerates x = cuda.mem alloc(self.host accelerates x.nbytes)
self.gpu accelerates y = cuda.mem alloc(self.host accelerates y.nbytes)
self.gpu accelerates z = cuda.mem alloc(self.host accelerates z.nbytes)
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)

self.gpu_kinetic energy = cuda.mem alloc(self.host kinetic energy.nbytes)



cuda.memcpy htod(self.gpu kinetic energy, self.host kinetic energy)

self.gpu potential energy = cuda.mem alloc(self.host potential energy.nbytes)
cuda.memcpy htod(self.gpu potential energy, self.host potential energy)

# PREPARING GPU FUNCTIONS CALL
self.calc coordinates gpu.prepare (

arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32))

self.calc speeds gpu.prepare (

arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,

int32, float32))
self.calc accelerates gpu.prepare (

arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32,
float32, float32, float32, float32, float32))

self.calc kinetic energy gpu.prepare (

arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,

int32, float32))
# CALCULATION ACCELERATES and KINETIC ENERGY
autoinit.context.synchronize ()
self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box height, self.box depth)
autoinit.context.synchronize ()

self.calc kinetic energy gpu.prepared call(

self.grid, self.block,

self.gpu kinetic energy,

self.gpu speeds x, self.gpu speeds vy,

self.gpu speeds z, self.bodies amount, float32(1.0))
autoinit.context.synchronize ()
# TRANSFERRING DATA BACK TO THE HOST

cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)

autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)

autoinit.context.synchronize ()

# Prepare System Energy Plot
self.prepare plot properties()

plt.ion()

# Draw System Energy Value on Plot
self.subplots[0].plot(self.dt accumulator,

(sum(self.host kinetic energy) + sum(self.host potential energy)),

color="red", marker=".")
self.subplots[1l].plot(self.dt accumulator,
sum(self.host kinetic energy),
color="blue", marker=".")
self.subplots([2].plot(self.dt accumulator,
sum(self.host potential energy),
color="green", marker=".")
plt.draw ()
plt.pause (10** (-10))
self.dt accumulator += self.dt
self.iter counter +=1
# Start experiment
self.taskMgr.add(self.main gpu calculation with output,
return

def main gpu calculation with output(self, task):

# CALCULATING NEW COORDINATES

autoinit.context.synchronize ()

self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates x, self.gpu speeds x,
self.gpu accelerates x, self.bodies amount,
self.box width, self.dt)

autoinit.context.synchronize ()

self.calc_coordinates gpu.prepared call(

"Move Bodies_ GPU", appendTask=True)



self.grid, self.block,

self.gpu coordinates y, self.gpu speeds vy,

self.gpu accelerates y, self.bodies amount,

self.box depth, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(

self.grid, self.block,

self.gpu coordinates z,

self.gpu speeds z, self.gpu accelerates z,

self.bodies amount, self.box height, self.dt)
autoinit.context.synchronize ()
# CALCULATING FIRST PART of SPEEDS
self.calc speeds gpu.prepared call(

self.grid, self.block,

self.gpu speeds x, self.gpu accelerates x,

self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(

self.grid, self.block,

self.gpu speeds y, self.gpu accelerates y,

self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(

self.grid, self.block,

self.gpu speeds z, self.gpu accelerates z,

self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING NEW ACCELERATES
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu potential energy, zeros(shape=self.bodies amount, dtype=float32))
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu kinetic energy, zeros(shape=self.bodies amount, dtype=float32))
autoinit.context.synchronize ()

self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu_accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box height, self.box depth)
autoinit.context.synchronize ()
# CALCULATING SECOND PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates vy,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING KINETIC ENERGY
self.calc kinetic energy gpu.prepared call(
self.grid, self.block,
self.gpu kinetic energy,
self.gpu speeds x, self.gpu speeds vy,
self.gpu speeds z, self.bodies amount, float32(1.0))
autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host coordinates x, self.gpu coordinates x)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host coordinates y, self.gpu coordinates y)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host coordinates z, self.gpu coordinates z)
autoinit.context.synchronize ()
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# Move Bodies

self.bodies move gpu/()

if self.iter counter % self.iter window ==
# TRANSFERRING DATA BACK TO THE HOST

cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)

autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)

autoinit.context.synchronize ()

# Draw System Energy Value on Plot

self.subplots[0].plot(self.dt accumulator,
(sum(self.host kinetic energy)
color="red", marker=".")

self.subplots[l].plot(self.dt accumulator,
sum(self.host kinetic energy),
color="blue", marker=".")

self.subplots([2].plot(self.dt accumulator,

+ sum(self.host potential energy)),

sum(self.host potential energy),

color="green", marker=".")
plt.draw()
plt.pause (10** (-15))
self.dt accumulator += self.dt
self.iter counter += 1
return task.cont

def initialise mds_without output(self): # mds - Molecular Dynamic System
self.bodies amount = int32(self.entry amount bodies.get())

self.bodies start speed range = self.read speed range()
self.bodies = [None for in range(self.bodies_amount) ]
self.bodies in_ row

int§2(self.entryfbodiesiinirow.get())

self.bodies in col = int32(self.entry bodies in col.get())
self.bodies in dep = int32(self.entry bodies in dep.get())
self.box width = self.bodies in row * self.distance between bodies output
self.box height = self.bodies in col * self.distance between bodies output
self.box depth = self.bodies in dep * self.distance between bodies output

self.tpb = int (1024)

self.bpg = int(ceil(self.bodies amount/self.tpb))
self.block = (self.tpb, 1, 1)

self.grid = (self.bpg, 1)

print ("Number of bodies: {0}.".format (self.bodies_amount))

print ("Start Speeds Range: {0}.".format (self.bodies start speed range))
print ("Container parameters:")

print ("\tBox Width: {0}.".format (self.box width))

print ("\tBox Height: {0}.".format (self.box height))

print ("\tBox Depth: {0}.".format (self.box depth))

if self.bodies amount > (self.bodies in row * self.bodies in col * self.bodies in dep):
print ("Oyxe 6GaraTo Tin nnst gaHmx napamerpis koHTensHepy!\n{0} > {1}".format (

self.bodies amount,
self.bodies_in_row *
self.bodies_in col *
self.bodies in dep))
return
# CREATE BODIES (COORDINATES)
self.gen_bodies coordinates ()
self.gen bodies speeds ()

# SCREEN MODIFICATIONS
self.show after read without output ()

def start cpu_ 1 kernel experiment without output (self):
self.hide after start()
print ("Start CPU experiment")
# SET AND START TIMER
self.set onscreen timer ()

self.taskMgr.add(self.update onscreen timer, "update timer")

# Prepare System Energy Plot
self.prepare plot properties ()
# Calculation Start Acceleration
self.host bodies accelerates, \

self.host potential energy = calc_accelerate vO01(
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bodies coordinates=self.host bodies coordinates,
bodies amount=self.bodies amount,
bodies min distance=self.distance between bodies,
sigma=self.sigma,
epsilon=self.epsilon,
width=self.box width,
height=self.box height,
depth=self.box depth)
# Calculating Kinetic Energy
self.host kinetic energy = sum(calc kinetic energy(velocities=self.host bodies speeds))
# Draw System Energy Value on Plot
self.subplots[0].plot(self.dt accumulator,
self.host kinetic energy + self.host potential energy,
color="red", marker=".")
self.subplots[l].plot(self.dt accumulator,
self.host kinetic energy,
color="blue", marker=".")
self.subplots[2].plot(self.dt accumulator,
self.host potential energy,
color="green", marker=".")
self.dt accumulator += self.dt
self.iter counter += 1
# Start experiment
self.taskMgr.add(self.main_cpu 1 kernel calculation without output, "Move_ Bodies_CPU")

def main cpu 1 kernel calculation without output(self, task):
self.host bodies coordinates = calc coordinates cpu lker (
coordinates=self.host bodies coordinates,
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
width=self.box width,
height=self.box height,
depth=self.box depth,
dt=self.dt)
self.host bodies speeds = calc speeds cpu lker(
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
dt=self.dt)
self.host bodies accelerates,\
self.host potential energy = calc accelerate vO01(
bodies coordinates=self.host bodies coordinates,
bodies amount=self.bodies amount,
bodies min distance=self.distance between bodies,
sigma=self.sigma,
epsilon=self.epsilon,
width=self.box width,
height=self.box height,
depth=self.box depth)
self.host bodies speeds = calc speeds cpu lker(
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
dt=self.dt)
# Calculating Kinetic Energy
self.host kinetic energy = sum(calc kinetic energy(velocities=self.host bodies speeds))
# Draw System Energy Value on Plot
if self.iter counter % self.iter window ==
self.subplots[0].plot(self.dt accumulator,
self.host kinetic energy + self.host potential energy,
color="red", marker=".")
self.subplots[1l].plot(self.dt accumulator,
self.host kinetic energy,
color="blue", marker=".")
self.subplots([2].plot(self.dt accumulator,
self.host potential energy,
color="green", marker=".")
# plt.draw()
# plt.pause (10 ** (-10))
self.dt accumulator += self.dt
self.iter counter += 1
return task.cont

def start gpu_experiment without output(self):
self.hide after start()
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print ("Start GPU experiment")

# SET AND START TIMER

self.set onscreen timer ()
self.taskMgr.add(self.update_onscreen timer, "update timer")

self.box width = float32(self.box width)

self.box height = float32(self.box height)

self.box depth = float32(self.box depth)

# Preparing GPU functions

self.calc coordinates gpu = gpu calc coordinates kernel.get function("calc coordinates")
self.calc_speeds_gpu = gpu_calc_speeds_kernel.get function("calc_ speeds")
self.calc_accelerates gpu = gpu_calc_accelerates_kernel.get function("calc_accelerates")
self.calc_kinetic energy gpu = gpu_calc_kinetic energy.get function("calc_kinetic energy")
# Preparing CPU arrays

self.host coordinates x = deepcopy(self.host bodies coordinates[0])

self.host coordinates y = deepcopy(self.host bodies coordinates[1])

self.host coordinates z = deepcopy(self.host bodies coordinates[2])

self.host speeds x = deepcopy (self.host bodies speeds[0])
self.host speeds y = deepcopy (self.host bodies speeds[1l])
self.host speeds z = deepcopy(self.host bodies speeds[2])

self.host accelerates x = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates y = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates z = zeros(shape=self.bodies amount, dtype=float32)

self.host kinetic energy = zeros(shape=self.bodies amount, dtype=float32)
self.host potential energy = zeros(shape=self.bodies amount, dtype=float32)
# Preparing GPU arrays

self.gpu coordinates x = cuda.mem alloc(self.host coordinates x.nbytes)
self.gpu coordinates y = cuda.mem alloc(self.host coordinates y.nbytes)
self.gpu coordinates z = cuda.mem alloc(self.host coordinates z.nbytes)
cuda.memcpy htod(self.gpu coordinates x, self.host coordinates x)
cuda.memcpy htod(self.gpu coordinates y, self.host coordinates y)
cuda.memcpy htod(self.gpu coordinates z, self.host coordinates z)

self.gpu speeds x = cuda.mem alloc(self.host speeds x.nbytes)
self.gpu speeds y = cuda.mem alloc(self.host speeds y.nbytes)
self.gpu speeds z = cuda.mem alloc(self.host speeds z.nbytes)
cuda.memcpy htod(self.gpu speeds x, self.host speeds x)
cuda.memcpy htod(self.gpu speeds y, self.host speeds y)
cuda.memcpy htod(self.gpu speeds z, self.host speeds z)

self.gpu accelerates x = cuda.mem alloc(self.host accelerates x.nbytes)
self.gpu accelerates y = cuda.mem alloc(self.host accelerates y.nbytes)
self.gpu accelerates z = cuda.mem alloc(self.host accelerates z.nbytes)

cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)

self.gpu kinetic energy = cuda.mem alloc(self.host kinetic energy.nbytes)
cuda.memcpy htod(self.gpu kinetic energy, self.host kinetic energy)

self.gpu potential energy = cuda.mem alloc(self.host potential energy.nbytes)
cuda.memcpy htod(self.gpu potential energy, self.host potential energy)
# PREPARING GPU FUNCTIONS CALL
self.calc coordinates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32))
self.calc speeds gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
self.calc accelerates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32,
float32, float32, float32,
float32, float32, float32))
self.calc kinetic energy gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
# CALCULATION ACCELERATES and KINETIC ENERGY
autoinit.context.synchronize ()
self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu_accelerates z, self.gpu coordinates_ x,



self.gpu coordinates y, self.gpu coordinates z,

self.gpu potential energy, self.bodies amount,

self.distance between bodies, self.sigma,

self.epsilon, self.dt, self.box width,

self.box height, self.box depth)
autoinit.context.synchronize ()

self.calc kinetic energy gpu.prepared call(

self.grid, self.block,

self.gpu_kinetic energy, self.gpu_speeds_x,

self.gpu speeds y, self.gpu speeds z,

self.bodies amount, float32(1.0))
autoinit.context.synchronize ()
# TRANSFERRING DATA BACK TO THE HOST
cuda.memcpy dtoh(self.host accelerates x, self.gpu accelerates x)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host accelerates y, self.gpu accelerates y)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host accelerates z, self.gpu accelerates z)
autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)
# Prepare System Energy Plot
self.prepare plot properties()
# Draw System Energy Value on Plot
self.subplots[0].plot(self.dt accumulator,
sum(self.host kinetic energy) + sum(self.host potential energy),
color="red", marker=".")
self.subplots[l].plot(self.dt accumulator,
sum(self.host kinetic energy),
color="blue", marker=".")
self.subplots[2].plot(self.dt accumulator, sum(self.host potential energy),
color="green", marker=".")
self.dt accumulator += self.dt
self.iter counter +=1
# Start experiment
self.taskMgr.add(self.main_gpu_calculation without output, "Move Bodies_GPU")
return

# MAIN PART of GPU
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def main gpu calculation without output(self, task):
# CALCULATING NEW COORDINATES
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates x, self.gpu speeds x,
self.gpu accelerates x, self.bodies amount,
self.box width, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates y, self.gpu speeds y,
self.gpu accelerates y, self.bodies amount,
self.box depth, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates z, self.gpu speeds z,
self.gpu accelerates z, self.bodies amount,
self.box_height, self.dt)
autoinit.context.synchronize ()
# CALCULATING FIRST PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates vy,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu_speeds_z, self.gpu accelerates z,



self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING NEW ACCELERATES
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu potential energy, zeros(self.bodies amount, dtype=float32))
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu kinetic energy, zeros(self.bodies amount, dtype=float32))
autoinit.context.synchronize ()

self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates y,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box height, self.box depth)
autoinit.context.synchronize ()

# CALCULATING SECOND PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates vy,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING KINETIC ENERGY
self.calc kinetic energy gpu.prepared call(
self.grid, self.block,
self.gpu_kinetic energy, self.gpu_speeds_x,
self.gpu speeds vy,
self.gpu speeds z, self.bodies amount,
float32(1.0))
autoinit.context.synchronize ()

if self.iter counter % self.iter window == 0:
# TRANSFERRING DATA BACK TO THE HOST
cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)
# Draw System Energy Value on Plot
self.subplots[0].plot(self.dt accumulator,
sum(self.host kinetic energy) + sum(self.host potential energy),
color="red", marker=".")
self.subplots[1l].plot(self.dt accumulator, sum(self.host kinetic energy),
color="blue", marker=".")
self.subplots([2].plot(self.dt accumulator, sum(self.host potential energy),
color="green", marker=".")
self.dt_accumulator += self.dt
self.iter counter += 1
return task.cont

# START GPU EXPERIMENT WITHOUT OUTPUT WITH RADIUS

def start gpu_experiment without output with radius(self):
self.hide after start()
print ("Start GPU experiment")
# SET AND START TIMER
self.set onscreen timer ()
self.taskMgr.add(self.update_onscreen timer, "update timer")

self.box width = float32(self.box width)
self.box height = float32(self.box height)



self.box depth = float32(self.box depth)
# Preparing GPU functions
self.calc coordinates gpu =\
gpu_calc_coordinates_kernel.get function("calc coordinates")
self.calc speeds gpu =\
gpu_calc_speeds_kernel.get function("calc speeds")
self.calc accelerates gpu =\
gpu_calc_accelerates _with r cut kernel.get function("calc_accelerates_with r cut")
self.calc kinetic energy gpu =\
gpu_calc_kinetic_energy.get function("calc kinetic_energy")
# Preparing CPU arrays
self.host coordinates x = deepcopy(self.host bodies coordinates[0])
self.host coordinates y = deepcopy(self.host bodies coordinates[1])
self.host coordinates z = deepcopy(self.host bodies coordinates[2])

self.host speeds x = deepcopy (self.host bodies speeds[0])
self.host speeds y = deepcopy (self.host bodies speeds[1l])
self.host speeds z = deepcopy(self.host bodies speeds[2])

self.host accelerates x = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates y zeros (shape=self.bodies amount, dtype=float32)
self.host accelerates z = zeros(shape=self.bodies amount, dtype=float32)

self.host kinetic energy = zeros (shape=self.bodies amount, dtype=float32)
self.host potential energy = zeros(shape=self.bodies amount, dtype=float32)
# Preparing GPU arrays

self.gpu coordinates x = cuda.mem alloc(self.host coordinates x.nbytes)
self.gpu coordinates y = cuda.mem alloc(self.host coordinates y.nbytes)
self.gpu coordinates z = cuda.mem alloc(self.host coordinates z.nbytes)
cuda.memcpy htod(self.gpu coordinates x, self.host coordinates x)
cuda.memcpy htod(self.gpu coordinates y, self.host coordinates y)
cuda.memcpy htod(self.gpu coordinates z, self.host coordinates z)

self.gpu speeds x = cuda.mem alloc(self.host speeds x.nbytes)
self.gpu speeds y = cuda.mem alloc(self.host speeds y.nbytes)
self.gpu speeds z = cuda.mem alloc(self.host speeds z.nbytes)
cuda.memcpy htod(self.gpu speeds x, self.host speeds x)
cuda.memcpy htod(self.gpu speeds y, self.host speeds y)
cuda.memcpy htod(self.gpu speeds z, self.host speeds x)

self.gpu accelerates x = cuda.mem alloc(self.host accelerates x.nbytes)
self.gpu accelerates y = cuda.mem alloc(self.host accelerates y.nbytes)
self.gpu accelerates z = cuda.mem alloc(self.host accelerates z.nbytes)
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)

self.gpu _kinetic energy = cuda.mem alloc(self.host kinetic energy.nbytes)
cuda.memcpy htod(self.gpu kinetic energy, self.host kinetic energy)

self.gpu potential energy = cuda.mem alloc(self.host potential energy.nbytes)
cuda.memcpy htod(self.gpu potential energy, self.host potential energy)
# PREPARING GPU FUNCTIONS CALL
self.calc coordinates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32))
self.calc speeds gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
self.calc accelerates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32,
float32, float32, float32,
float32, float32, float32, float32))
self.calc kinetic energy gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
# CALCULATION ACCELERATES and KINETIC ENERGY
autoinit.context.synchronize ()
self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,



self.epsilon, self.dt, self.box width,

self.box height, self.box depth,

self.current cutting radius)
autoinit.context.synchronize ()

self.calc kinetic energy gpu.prepared call(

self.grid, self.block,

self.gpu kinetic energy, self.gpu speeds x,

self.gpu speeds y, self.gpu speeds z,

self.bodies amount, float32(1.0))
autoinit.context.synchronize ()
# TRANSFERRING DATA BACK TO THE HOST
cuda.memcpy dtoh(self.host accelerates x, self.gpu accelerates x)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host accelerates y, self.gpu accelerates y)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host accelerates z, self.gpu accelerates z)
autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)

autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)

# Prepare System Energy Plot

self.prepare plot properties ()

# Draw System Energy Value on Plot

self.subplots[0].plot(self.dt accumulator,
sum(self.host kinetic energy) + sum(self.host potential energy),
color="red", marker=".")

self.subplots([1l].plot(self.dt accumulator,
sum(self.host kinetic energy),
color="blue", marker=".")

self.subplots([2].plot(self.dt accumulator, sum(self.host potential energy),
color="green", marker=".")

self.dt accumulator += self.dt

self.iter counter +=1

# Start experiment

self.taskMgr.add(

self.main gpu calculation without output with radius,
"Move_ Bodies_GPU")
return

# MAIN PART of GPU
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def main gpu calculation without output with radius(self, task):
# CALCULATING NEW COORDINATES
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates x, self.gpu speeds x,
self.gpu accelerates x, self.bodies amount,
self.box width, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates y, self.gpu speeds y,
self.gpu accelerates y, self.bodies amount,
self.box depth, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates z, self.gpu speeds z,
self.gpu accelerates z, self.bodies amount,
self.box_height, self.dt)
autoinit.context.synchronize ()
# CALCULATING FIRST PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates vy,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu_speeds_z, self.gpu accelerates z,
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self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING NEW ACCELERATES
cuda.memcpy htod(self.gpu accelerates x,
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates vy,
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates z,

self.host_accelerates x)
self.host accelerates y)
self.host_accelerates_ z)

self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box height, self.box depth,
self.current cutting radius)
autoinit.context.synchronize ()
# CALCULATING SECOND PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates y,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING KINETIC ENERGY
self.calc kinetic energy gpu.prepared call(
self.grid, self.block,
self.gpu_kinetic energy,
self.gpu speeds y,
self.gpu speeds z,
float32(1.0))
autoinit.context.synchronize ()

self.gpu accelerates y,

self.gpu speeds_x,

self.bodies amount,

o

if self.iter counter % self.iter window == 0:
# TRANSFERRING DATA BACK TO THE HOST
cuda.memcpy dtoh(self.host kinetic energy,
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host potential energy,
# Draw System Energy Value on Plot
self.subplots[0].plot(self.dt accumulator,

sum(self.host kinetic energy)
color="red", marker=".")
self.subplots[1l].plot(self.dt accumulator, sum(self.host kinetic energy),
color="blue", marker=".")
self.subplots([2].plot(self.dt accumulator, sum(self.host potential energy),
color="green", marker=".")

self.dt_accumulator += self.dt

self.iter counter += 1

return task.cont

self.gpu_kinetic energy)

self.gpu potential energy)

+ sum(self.host potential energy),

# COMPARE SPEED GPU and CPU

def compare cpu_and gpu(self):
self.experiments amount = 10
my seq = Sequence (Func(self.gpu computation,
self.experiments amount),
Func (self.gpu computation with r cut,
self.experiments amount),

Func (self.

self

Func(self.

my seq.start()
print ("Sequence began.")

cpu_computation,
.experiments amount),
plot speed gpu vs cpu))

# COMPARE SPEED: GPU vs CPU PLOT
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def plot speed gpu vs cpu(self):
self.fig plot, self.subplots = plt.subplots(l, 3)
self.fig plot.set figheight (9)
self.fig plot.set figwidth (20)
# CPU TIME§GPU TIME
self.subplots[0].set title(
"Computation Speed: CPU vs GPU",

fontdict={"fontsize": "18",
"fontname": "Times New Roman'",
"family": "serif"})
# X axis

plt.setp(self.subplots[0].get xticklabels(), "fontsize", "10")
plt.setp(self.subplots[0].get xticklabels(), "fontname", "Times New Roman'")
plt.setp(self.subplots[0].get xticklabels(), "family", "serif")
# X axis LABEL
self.subplots[0].set xlabel (
"System Size: (NxNxN)",
fontdict={"fontsize": 14,
"fontname": "Times New Roman",
"family": "serif"})
# Y axis
plt.setp(self.subplots[0].get yticklabels(), "fontsize", "10")
plt.setp(self.subplots[0].get yticklabels(), "fontname", "Times New Roman'")
plt.setp(self.subplots[0].get yticklabels(), "family", "serif")
# Y axis LABEL
self.subplots[0].set ylabel(
"Calculation Time sec",
fontdict={"fontsize": 14,
"fontname": "Times New Roman'",
"family": "serif"})
# COMPARE GPU vs CPU (LOGZ2)
self.subplots[l].set title(
"Computation Speed: CPU vs GPU",

fontdict={"fontsize": "18",
"fontname": "Times New Roman",
"family": "serif"})
# X axis

plt.setp(self.subplots[l].get xticklabels(), "fontsize", "10")
plt.setp(self.subplots[l].get xticklabels(), "fontname", "Times New Roman'")
plt.setp(self.subplots[l].get xticklabels(), "family", "serif")
# X axis LABEL
self.subplots[1l].set xlabel (
"System Size: (NxNxN)",
fontdict={"fontsize": 14,
"fontname": "Times New Roman",
"family": "serif"})
# Y axis
plt.setp(self.subplots[l].get yticklabels(), "fontsize", "10")
plt.setp(self.subplots[l].get yticklabels(), "fontname", "Times New Roman'")
plt.setp(self.subplots[l].get yticklabels(), "family", "serif")
# Y axis LABEL
self.subplots[1l].set ylabel/(
"Calculation Time log2(sec)",

fontdict={"fontsize": 14,
"fontname": "Times New Roman'",
"family": "serif"})

# CPU_TIME/GPU TIME
self.subplots([2].set title(
"Computation Speed: CPU/GPU",

fontdict={"fontsize": "18",
"fontname": "Times New Roman",
"family": "serif"})
# X axis

plt.setp(self.subplots[2].get xticklabels(), "fontsize", "10")
plt.setp(self.subplots[2].get xticklabels(), "fontname", "Times New Roman'")
plt.setp(self.subplots([2].get xticklabels(), "family", "serif")
# X axis LABEL
self.subplots([2].set xlabel (
"System Size: (NxNxN)",
fontdict={"fontsize": 14,
"fontname": "Times New Roman'",
"family": "serif"})
# Y axis
plt.setp(self.subplots[2].get yticklabels(), "fontsize", "10")
plt.setp(self.subplots[2].get yticklabels(), "fontname", "Times New Roman'")
plt.setp(self.subplots[2].get yticklabels(), "family", "serif")
# Y axis LABEL
self.subplots[2].set_ylabel(



"CPU/GPU",

fontdict={"fontsize": 14,
"fontname": "Times New Roman",
"family": "serif"})

cpu computation time log = array(
list (map (lambda el: log2(el),
self.cpu computation time)),
dtype=float32)
gpu computation time log = array(
list (map (lambda el: log2(el),
self.gpu computation time)),
dtype=float32)
gpu r cut computation time log = array(
list (map (lambda el: log2(el),
self.gpu r cut computation time)),
dtype=float32)
frac cpu gpu computation time = array(
self.cpu computation time)/array(self.gpu computation time)
frac cpu gpu r cut computation time = array(
self.cpu computation time/array(self.gpu r cut computation time))
# PLOT GPU&CPU
# CPU
self.subplots[0].plot(
list(range (2, self.experiments amount + 1)),
self.cpu computation time,
color=(0, 0.9, 0), marker="d",
markersize=12, markerfacecolor=(0, 0.5, 0),
label="CPU")
# GPU
self.subplots[0].plot (
list(range (2, self.experiments amount + 1)),
self.gpu computation time,
color=(0, 0.5, 0), marker="wv
markersize=12, markerfacecolor=(0, 0.9, 0),
label="GPU")
# GPU with CUTTING RADIUS
self.subplots[0].plot(
list(range (2, self.experiments amount + 1)),
self.gpu r cut computation time,
linestyle="--"
color=(0.0, 0.0, 1.0), marker="<",
markersize=12, markerfacecolor=(0.9, 0.0, 0.0),
label="GPU with Radius")
# LOG2 PLOT GPU&CPU
# CPU LOGZ2
self.subplots[l].plot (
list(range (2, self.experiments amount + 1)),
cpu_computation time log,
color=(0, 0.9, 0), marker="d",
markersize=12, markerfacecolor=(0, 0.5, 0),
label="CPU")
# GPU LOGZ2
self.subplots[1l].plot(
list(range (2, self.experiments amount + 1)),
gpu_computation time log,
color=(0, 0.5, 0), marker="wv
markersize=12, markerfacecolor=(0, 0.9, 0),
label="GPU")
# GPU with CUTTING RADIUS LOGZ2
self.subplots[l].plot (
list(range (2, self.experiments amount + 1)),
gpu r cut computation time log,
linestyle="--",
color=(0.0, 0.0, 1.0), marker="<",
markersize=12, markerfacecolor=(0.9, 0.0, 0.0),
label="GPU with Radius")
# FRACTIONS PLOT
# CPU/GPU
self.subplots[2].plot(
list(range (2, self.experiments amount + 1)),
frac cpu gpu computation time,
color=(1, 0, 0), marker="~",
markersize=12, markerfacecolor=(0, 0, 1),
label="CPU/GPU")
# CPU/GPU with CUTTING RADIUS
self.subplots[2].plot(
list(range (2, self.experiments amount + 1)),
frac cpu _gpu_r cut computation time,



linestyle="-=-",

color=(0, 0, 1), marker="d",

markersize=12, markerfacecolor=(1, 0, 0),

label="CPU/GPU+R")
self.subplots[0].grid()
self.subplots[1l].grid()
self.subplots[2].grid()
self.subplots[0].legend()
self.subplots[l].legend()
self.subplots[2].legend()
plt.savefig("CompareSpeed GPUvsCPU.png")
plt.show()

def cpu computation(self, amount, bottom lim=2):
top lim = amount + 1

amount bodies list = list(range(bottom lim, top lim))
self.cpu_computation time = [None for _ in range(len(amount bodies list))]
for ind in range(len(self.cpu_computation time)) :

s = timer ()

bodies in 1 dimension = amount bodies list[ind]

self.bodies amount = int32(bodies in 1 dimension**3)
self.bodies start speed range = (-1, 1)

self.bodies = [None for  in range(self.bodies amount) ]
self.bodies in row = int32(bodies in 1 dimension)

self.bodies _in col = int32(bodies in 1 dimension)

self.bodies in dep = int32(bodies in 1 dimension)

self.box width = self.bodies in row*self.distance between bodies output
self.box height = self.bodies in col*self.distance between bodies output
self.box depth = self.bodies in dep*self.distance between bodies output

self.tpb = int (1024)

self.bpg = int(ceil(self.bodies amount/self.tpb))
self.block = (self.tpb, 1, 1)

self.grid = (self.bpg, 1)

# Prepare Coordinates & Speeds
self.gen bodies coordinates ()

self.gen bodies speeds|()

self.iter counter = int32(0)
self.dt accumulator = float32(0.0)

print ("Start CPU experiment")
# Calculation Start Acceleration
self.host bodies accelerates, \
self.host potential energy = calc accelerate vO01(
bodies coordinates=self.host bodies coordinates,
bodies amount=self.bodies amount,
bodies min distance=self.distance between bodies,
sigma=self.sigma,
epsilon=self.epsilon,
width=self.box width,
height=self.box height,
depth=self.box depth)
# Calculating Kinetic Energy
self.host kinetic energy =\
sum(calc_kinetic energy(velocities=self.host bodies speeds))
# Draw System Energy Value on Plot
self.dt accumulator += self.dt
self.iter counter +=1

while self.iter counter != 1000:

self.host bodies coordinates = calc coordinates cpu lker (
coordinates=self.host bodies coordinates,
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
width=self.box width,
height=self.box height,
depth=self.box depth,
dt=self.dt)

self.host bodies speeds = calc speeds cpu lker(
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
dt=self.dt)

self.host bodies accelerates, \
self.host potential energy = calc accelerate v01(

bodies coordinates=self.host bodies coordinates,



bodies amount=self.bodies amount,
bodies min distance=self.distance between bodies,
sigma=self.sigma,
epsilon=self.epsilon,
width=self.box width,
height=self.box height,
depth=self.box depth)
self.host bodies speeds = calc speeds cpu lker(
speeds=self.host bodies speeds,
accelerates=self.host bodies accelerates,
dt=self.dt)
# Calculating Kinetic Energy
self.host kinetic energy =\
sum(calc kinetic energy(velocities=self.host bodies speeds))
self.dt accumulator += self.dt
self.iter counter += 1
# REPORT about CPU

e = timer ()

self.cpu computation time[ind] = e - s

print ("CPU. Step: {0}. Time: {1} s.".format (bodies_in_ 1 dimension, e - s))
return

# GPU-s COMPUTATION

def gpu computation(self, amount, bottom 1lim=2):
top lim = amount + 1
amount bodies list = list(range(bottom lim, top_ lim))

self.gpu_computation time = [None for _ in range(len(amount bodies list))]
for ind in range(len(amount bodies list)):
s = timer ()

bodies in 1 dimension = amount bodies list([ind]
self.bodies_amount = int32(bodies_in 1 dimension**3)
self.bodies start speed range = (-1, 1)

self.bodies = [None for  in range(self.bodies amount)]
self.bodies in row = int32(bodies in 1 dimension)
self.bodies_in col int32 (bodies_in 1 dimension)

self.bodies in dep = int32(bodies in 1 dimension)
self.box width = self.bodies in row*self.distance between bodies output
self.box height = self.bodies in col*self.distance between bodies output

self.box depth = self.bodies in dep*self.distance between bodies output

self.tpb = int (1024)

self.bpg = int(ceil(self.bodies amount/self.tpb))
self.block = (self.tpb, 1, 1)

self.grid = (self.bpg, 1)

# Prepare Coordinates & Speeds
self.gen bodies coordinates ()

self.gen bodies speeds ()

self.iter counter = int32(0)
self.dt accumulator = float32(0.0)

print ("Start GPU experiment")

self.box_width = float32(self.box width)

self.box height = float32(self.box height)

self.box depth = float32(self.box depth)

# Preparing GPU functions

self.calc_coordinates gpu = gpu_calc coordinates_kernel.get function("calc_ coordinates")
self.calc_speeds gpu = gpu_calc speeds_kernel.get function("calc_ speeds")
self.calc_accelerates gpu = gpu _calc accelerates kernel.get function("calc_ accelerates")

self.calc_kinetic energy gpu = gpu calc_kinetic energy.get function("calc_kinetic energy")

# Preparing CPU arrays

self.host coordinates x = deepcopy(self.host bodies coordinates[0])
self.host coordinates y = deepcopy(self.host bodies coordinates[1])
self.host coordinates z = deepcopy(self.host bodies coordinates[2])

self.host speeds x = deepcopy (self.host bodies speeds[0])
self.host speeds y = deepcopy (self.host bodies speeds[1l])
self.host speeds z = deepcopy (self.host bodies speeds[2])

self.host accelerates x = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates y = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates z = zeros(shape=self.bodies amount, dtype=float32)

self.host kinetic energy = zeros (shape=self.bodies amount, dtype=float32)
self.host potential energy = zeros(shape=self.bodies amount, dtype=float32)
# Preparing GPU arrays



self.gpu coordinates x = cuda.mem alloc(self.host coordinates x.nbytes)
self.gpu coordinates y = cuda.mem alloc(self.host coordinates y.nbytes)
self.gpu coordinates z = cuda.mem alloc(self.host coordinates z.nbytes)
cuda.memcpy htod(self.gpu coordinates x, self.host coordinates x)
cuda.memcpy htod(self.gpu coordinates y, self.host coordinates y)
cuda.memcpy htod(self.gpu coordinates z, self.host coordinates z)

self.gpu speeds x = cuda.mem alloc(self.host speeds x.nbytes)
self.gpu speeds y = cuda.mem alloc(self.host speeds y.nbytes)
self.gpu speeds z = cuda.mem alloc(self.host speeds z.nbytes)
cuda.memcpy htod(self.gpu speeds x, self.host speeds x)
cuda.memcpy htod(self.gpu speeds y, self.host speeds y)
cuda.memcpy htod(self.gpu speeds z, self.host speeds x)

self.gpu accelerates x = cuda.mem alloc(self.host accelerates x.nbytes)
self.gpu accelerates y = cuda.mem alloc(self.host accelerates y.nbytes)
self.gpu accelerates z = cuda.mem alloc(self.host accelerates z.nbytes)
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)

self.gpu kinetic energy = cuda.mem alloc(self.host kinetic energy.nbytes)
cuda.memcpy htod(self.gpu kinetic energy, self.host kinetic energy)

self.gpu potential energy = cuda.mem alloc(self.host potential energy.nbytes)
cuda.memcpy htod(self.gpu potential energy, self.host potential energy)
# PREPARING GPU FUNCTIONS CALL
self.calc coordinates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32))
self.calc speeds gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
self.calc accelerates gpu.prepare(
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32,
float32, float32, float32,
float32, float32, float32))
self.calc kinetic energy gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
# CALCULATION ACCELERATES and KINETIC ENERGY
autoinit.context.synchronize ()
self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box height, self.box depth)
autoinit.context.synchronize ()

self.calc kinetic energy gpu.prepared call(

self.grid, self.block,

self.gpu kinetic energy, self.gpu speeds x,

self.gpu speeds y, self.gpu speeds z,

self.bodies amount, float32(1.0))
autoinit.context.synchronize ()
# TRANSFERRING DATA BACK TO THE HOST
cuda.memcpy dtoh(self.host accelerates x, self.gpu accelerates x)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host accelerates y, self.gpu accelerates y)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host accelerates z, self.gpu accelerates z)
autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)
autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)
self.dt accumulator += self.dt

self.iter counter += 1

while self.iter counter != 1000:
# CALCULATING NEW COORDINATES



autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates x, self.gpu speeds x,
self.gpu accelerates x, self.bodies amount,
self.box width, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates y, self.gpu speeds vy,
self.gpu accelerates y, self.bodies amount,
self.box depth, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates z, self.gpu speeds z,
self.gpu accelerates z, self.bodies amount,
self.box height, self.dt)
autoinit.context.synchronize ()
# CALCULATING FIRST PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates y,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING NEW ACCELERATES
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)

self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box height, self.box depth)
autoinit.context.synchronize ()
# CALCULATING SECOND PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates vy,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING KINETIC ENERGY
self.calc kinetic energy gpu.prepared call(
self.grid, self.block,
self.gpu kinetic energy, self.gpu speeds x,
self.gpu speeds y, self.gpu speeds z,
self.bodies amount, float32(1.0))
autoinit.context.synchronize ()

self.dt_accumulator += self.dt
self.iter counter += 1
e = timer ()



self.gpu computation time[ind] = e - s
print ("GPU. Step: {0}. Time: {1} s.".format (bodies in 1 dimension, e - s))
return
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# GPU-s COMPU [ON with CUTTING RADIUS

# __________________________________________________

def gpu computation with r cut(self, amount, bottom lim=2, cutting radius=float32(28.4)):
top lim = amount + 1

amount bodies list = list(range(bottom lim, top lim))
self.gpu_r cut computation time = [None for _ in range (len(amount bodies list))]
for ind in range (len(amount bodies list)):

s = timer ()

bodies in 1 dimension = amount bodies list[ind]

self.bodies amount = int32 (bodies in 1 dimension ** 3)

self.bodies start speed range = (-1, 1)

self.bodies = [None for in range(self.bodies amount)]

self.bodies in row = int32(bodies in 1 dimension)

self.bodies in col = int32(bodies in 1 dimension)

self.bodies in dep = int32(bodies _in 1 dimension)

self.box width = self.bodies in row * self.distance between bodies output
self.box height = self.bodies in col * self.distance between bodies output
self.box depth = self.bodies in dep * self.distance between bodies output

self.tpb = int (1024)

self.bpg = int (ceil(self.bodies amount / self.tpb))
self.block = (self.tpb, 1, 1)

self.grid = (self.bpg, 1)

# Prepare Coordinates & Speeds
self.gen bodies coordinates()

self.gen bodies speeds ()

self.iter counter = int32(0)
self.dt accumulator = float32(0.0)

print ("Start GPU experiment")

self.box width = float32(self.box width)
self.box height = float32(self.box height)
self.box depth = float32(self.box depth)
# Preparing GPU functions
self.calc_coordinates gpu = gpu_calc coordinates_ kernel.get function("calc_coordinates")
self.calc_speeds gpu = gpu_calc_speeds_kernel.get function("calc_speeds")
self.calc_accelerates gpu =\

gpu_calc_accelerates with r cut kernel.get function("calc_accelerates_with r cut")
self.calc_kinetic energy gpu = gpu_calc_kinetic energy.get function("calc_kinetic energy")
# Preparing CPU arrays
self.host coordinates x = deepcopy(self.host bodies coordinates[0])
self.host coordinates y = deepcopy(self.host bodies coordinates[1])
self.host coordinates z = deepcopy(self.host bodies coordinates[2])

self.host speeds x = deepcopy(self.host bodies speeds[0])
self.host speeds y = deepcopy (self.host bodies speeds[1l])
self.host speeds z = deepcopy (self.host bodies speeds[2])

self.host accelerates x = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates y = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates z = zeros(shape=self.bodies amount, dtype=float32)

self.host kinetic energy = zeros (shape=self.bodies amount, dtype=float32)
self.host potential energy = zeros(shape=self.bodies amount, dtype=float32)
# Preparing GPU arrays

self.gpu coordinates x = cuda.mem alloc(self.host coordinates x.nbytes)
self.gpu coordinates y = cuda.mem alloc(self.host coordinates y.nbytes)
self.gpu coordinates z = cuda.mem alloc(self.host coordinates z.nbytes)
cuda.memcpy htod(self.gpu coordinates x, self.host coordinates x)
cuda.memcpy htod(self.gpu coordinates y, self.host coordinates y)
cuda.memcpy htod(self.gpu coordinates z, self.host coordinates z)

self.gpu speeds x = cuda.mem alloc(self.host speeds x.nbytes)
self.gpu speeds y = cuda.mem alloc(self.host speeds y.nbytes)
self.gpu speeds z = cuda.mem alloc(self.host speeds z.nbytes)
cuda.memcpy htod(self.gpu speeds x, self.host speeds x)
cuda.memcpy htod(self.gpu speeds y, self.host speeds y)
cuda.memcpy htod(self.gpu speeds z, self.host speeds x)

self.gpu accelerates x = cuda.mem alloc(self.host accelerates x.nbytes)
self.gpu accelerates y = cuda.mem alloc(self.host accelerates y.nbytes)
self.gpu_accelerates z = cuda.mem alloc(self.host accelerates z.nbytes)



cuda.
cuda.
cuda.

self.
cuda.

self.

cuda

gpu kinetic energy =
memcpy htod(self.gpu

gpu potential energy
.memcpy htod(self.gpu

memcpy htod(self.gpu
memcpy htod(self.gpu
memcpy htod(self.gpu

accelerates x, self.host accelerates x)
accelerates y, self.host accelerates y)
accelerates z, self.host accelerates z)

cuda.mem alloc(self.host kinetic energy.nbytes)
kinetic energy, self.host kinetic energy)

= cuda.mem alloc(self.host potential energy.nbytes)
potential energy, self.host potential energy)

# PREPARING GPU FUNCTIONS CALL
self.calc coordinates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32))
self.calc speeds gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
self.calc accelerates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32,
float32, float32, float32,
float32, float32, float32, float32))
self.calc kinetic energy gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
# CALCULATION ACCELERATES and KINETIC ENERGY
autoinit.context.synchronize ()
self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates y,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box height, self.box depth, cutting radius)
autoinit.context.synchronize ()

self.calc kinetic energy gpu.prepared call(
self.grid, self.block,
self.gpu kinetic energy, self.gpu speeds x,
self.gpu speeds y, self.gpu speeds z,
self.bodies amount, float32(1.0))

autoinit.context.synchronize ()

# TRANSFERRING DATA BACK TO THE HOST

cuda.memcpy dtoh(self.host accelerates x, self.gpu accelerates x)

autoinit.context.synchronize ()

cuda.memcpy dtoh (self.host accelerates y, self.gpu accelerates y)

autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host accelerates z, self.gpu accelerates z)

autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)

autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)

self.dt_accumulator += self.dt
self.iter counter += 1

while self.iter counter != 1000:

# CALCULATING NEW COORDINATES

autoinit.context.synchronize ()

self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates x, self.gpu speeds x,
self.gpu accelerates x, self.bodies amount,
self.box_width, self.dt)

autoinit.context.synchronize ()

self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates y, self.gpu speeds y,
self.gpu accelerates y, self.bodies amount,
self.box depth, self.dt)

autoinit.context.synchronize ()

self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu_coordinates z, self.gpu_speeds z,
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self.gpu accelerates
self.box height, sel

~z, self.bodies amount,
f.dt)

autoinit.context.synchronize ()

# CALCULATING FIRST PART of SPEEDS

self.calc speeds gpu.prepared call(
self.grid, self.block,

self.gpu speeds x, s
self.bodies amount,

elf.gpu accelerates x,
self.dt)

autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,

self.gpu speeds y, s
self.bodies amount,
autoinit.context.synchro
self.calc speeds gpu.pre
self.grid, self.bloc
self.gpu speeds z, s
self.bodies amount,
autoinit.context.synchro

# CALCULATING NEW ACCELE.

elf.gpu accelerates vy,
self.dt)

nize ()

pared call(

kr

elf.gpu accelerates z,
self.dt)

nize ()

RATES

cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)

autoinit.context.synchro
cuda.memcpy htod(self.gp
autoinit.context.synchro

nize ()
u accelerates y, self.host accelerates y)
nize ()

cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)

self.calc accelerates gp
self.grid, self.bloc
self.gpu accelerates
self.gpu accelerates
self.gpu coordinates
self.gpu potential e
self.distance betwee

u.prepared call(
kl

~x, self.gpu accelerates y,
~z, self.gpu coordinates x,
_y, self.gpu coordinates z,

nergy, self.bodies amount,
n bodies, self.sigma,

self.epsilon, self.dt, self.box width,

self.box height, sel
autoinit.context.synchro

f.box depth, cutting radius)
nize ()

# CALCULATING SECOND PART of SPEEDS
self.calc speeds gpu.prepared call(

self.grid, self.bloc

self.gpu speeds x, s

self.bodies amount,
autoinit.context.synchro

kl
elf.gpu_accelerates_x,
self.dt)

nize ()

self.calc speeds gpu.prepared call(

self.grid, self.bloc

k,

self.gpu speeds y, self.gpu accelerates vy,

self.bodies amount,

self.dt)

autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(

self.grid, self.bloc

kl

self.gpu speeds z, self.gpu accelerates z,

self.bodies amount,

self.dt)

autoinit.context.synchronize ()
# CALCULATING KINETIC ENERGY
self.calc kinetic energy gpu.prepared call(

self.grid, self.bloc
self.gpu kinetic ene

kl
rgy, self.gpu speeds_x,

self.gpu speeds y, self.gpu speeds z,

self.bodies amount,

float32(1.0))

autoinit.context.synchronize ()

self.dt accumulator += self.dt

self.iter counter +=1
e = timer ()

self.gpu r cut computation time[ind] = e - s

print ("GPU. Step: {0}. Time:
return

# CREATING TABLE WITH CUTTING RADIUS
# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
def create table with radius(self):

{1} s.".format (bodies in 1 dimension, e - s))

for system size in self.amount bodies in system:
print ("Table building started.")

self.iter window = 1

self.initialise experiment with cutting radius(

system size=system size)

self.start_gpu_experiment without radius()
self.update data gpu experiment with cutting radius(

system size=system size,
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first try=True)
self.start gpu experiment with radius(system size=system size)
create radius table(
system size,
self.cutting radius list,
self.experiment average energy list,
self.reference average energy,
self.experiment average kinetic energy list,
self.reference average kinetic energy,
self.experiment average potential energy list,
self.reference average potential energy,
directory name="Tables\\{0}\\".format (system size))
print ("Table Created.")
return

def initialise experiment with cutting radius(self, system size):
# DIRECTORY CREATION
path2directory = "Tables\\{0}".format (system size)
if os.path.isdir ("Tables\\{0}\\".format (system size)):
shutil.rmtree (path2directory)
os.mkdir (os.getcwd () + "\\" + path2directory)
# PREPARING VARIABLES
# PLOT ARRAYS
self.dt list = array([i*self.dt for i in range(self.steps limit)])
self.system energy list = zeros(shape=self.steps limit, dtype=float32)
self.kinetic energy list = zeros(shape=self.steps limit, dtype=float32)
self.potential energy list = zeros(shape=self.steps limit, dtype=float32)

self.bodies_amount = int32(system size)
self.bodies start speed range = (float32(-1), float32(1))
self.bodies = [None for in range(self.bodies amount) ]

self.bodies in row = \

int32(self.box parameters([system size] [self.box width index])
self.bodies in col = \

int32 (self.box parameters([system size] [self.box height index])
self.bodies in dep = \

int32 (self.box parameters([system size] [self.box depth index])

self.box width = self.bodies in row * self.distance between bodies output
self.box height = self.bodies in col * self.distance between bodies output
self.box depth = self.bodies in dep * self.distance between bodies output

self.tpb = int (1024)

self.bpg = int(ceil(self.bodies amount / self.tpb))
self.block = (self.tpb, 1, 1)

self.grid = (self.bpg, 1)

print ("Number of bodies: {0}.".format (self.bodies amount))

print ("Start Speeds Range: {0}.".format (self.bodies start speed range))
print ("Container parameters:")

print ("\tBox Width: {0}.".format (self.box width))

print ("\tBox Height: {0}.".format (self.box height))

print ("\tBox Depth: {0}.".format (self.box depth))

if self.bodies amount > (self.bodies in row * self.bodies in col * self.bodies in dep):
print ("Oyxe 6GaraTo Tin nns maHmx napamerpis kouTenHepy!\n{0} > {1}".format (
self.bodies amount,
self.bodies in row *
self.bodies in col *
self.bodies in dep))
return
# CREATE BODIES (COORDINATES)
self.gen bodies coordinates()
self.gen_bodies_ speeds()
# SAVING COORDINATES&SPEEDS in GLOBAL STORE
self.global bodies coordinates = deepcopy (self.host bodies coordinates)
self.global bodies speeds = deepcopy(self.host bodies speeds)
# CUTTING RADIUS PARAMETERS
self.current cutting radius = None
self.cutting radius step = 0.1
self.first cutting radius = \
2*self.sigma - 2*self.cutting radius step if self.cutting radius step < 1\
else 2*self.sigma
self.last cutting radius = \
cell (pow ((0.5*self.box width)**2 +
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(0.5*self.box height)**2 +
(0.5*self.box depth)**2, 1/2))
self.cutting radius list = \
arange (self.first cutting radius,
self.last cutting radius + self.cutting radius step,
self.cutting radius step)
print(self.cutting radius list)
print ("Kinmexicre: {0}".format (len(self.cutting radius list)))

# START GPU EXPERIMENT WITHOUT RADIUS

def start gpu_experiment without radius(self):
# Start Experiment Timer
global time start = timer()
# Preparing GPU functions
self.calc_coordinates gpu = gpu_calc coordinates_kernel.get function("calc_coordinates")
self.calc_speeds gpu = gpu_calc speeds_kernel.get function("calc_ speeds")
self.calc_accelerates gpu = gpu calc accelerates kernel.get function("calc accelerates")
self.calc_kinetic energy gpu = gpu_calc_kinetic_energy.get function("calc_kinetic energy")
# Preparing CPU arrays
self.host coordinates x = deepcopy(self.host bodies coordinates[0])
self.host coordinates y = deepcopy(self.host bodies coordinates[1])
self.host coordinates z = deepcopy(self.host bodies coordinates[2])

self.host speeds x = deepcopy (self.host bodies speeds[0])
self.host speeds y = deepcopy (self.host bodies speeds[1l])
self.host speeds z = deepcopy (self.host bodies speeds[2])

self.host accelerates x = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates y = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates z = zeros(shape=self.bodies amount, dtype=float32)

self.host kinetic energy = zeros(shape=self.bodies amount, dtype=float32)
self.host potential energy = zeros(shape=self.bodies amount, dtype=float32)
# Preparing GPU arrays

self.gpu coordinates x = cuda.mem alloc(self.host coordinates x.nbytes)
self.gpu coordinates y = cuda.mem alloc(self.host coordinates y.nbytes)
self.gpu coordinates z = cuda.mem alloc(self.host coordinates z.nbytes)
cuda.memcpy htod(self.gpu coordinates x, self.host coordinates x)
cuda.memcpy htod(self.gpu coordinates y, self.host coordinates y)
cuda.memcpy htod(self.gpu coordinates z, self.host coordinates z)

self.gpu speeds x = cuda.mem alloc(self.host speeds x.nbytes)
self.gpu speeds y = cuda.mem alloc(self.host speeds y.nbytes)
self.gpu speeds z = cuda.mem alloc(self.host speeds z.nbytes)
cuda.memcpy htod(self.gpu speeds x, self.host speeds x)
cuda.memcpy htod(self.gpu speeds y, self.host speeds y)
cuda.memcpy htod(self.gpu speeds z, self.host speeds z)

self.gpu accelerates x = cuda.mem alloc(self.host accelerates x.nbytes)
self.gpu accelerates y = cuda.mem alloc(self.host accelerates y.nbytes)
self.gpu accelerates z = cuda.mem alloc(self.host accelerates z.nbytes)

cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)

self.gpu kinetic energy = cuda.mem alloc(self.host kinetic energy.nbytes)
cuda.memcpy htod(self.gpu kinetic energy, self.host kinetic energy)

self.gpu potential energy = cuda.mem alloc(self.host potential energy.nbytes)
cuda.memcpy htod(self.gpu potential energy, self.host potential energy)
# PREPARING GPU FUNCTIONS CALL
self.calc coordinates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32))
self.calc speeds gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
self.calc accelerates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32,
float32, float32, float32, float32, float32))
self.calc kinetic energy gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))



# CALCULATION ACCELERATES and KINETIC ENERGY
autoinit.context.synchronize ()
self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box_height, self.box depth)
autoinit.context.synchronize ()

self.calc kinetic energy gpu.prepared call(

self.grid, self.block,

self.gpu kinetic energy, self.gpu speeds x,

self.gpu speeds y, self.gpu speeds z,

self.bodies amount, float32(1.0))
autoinit.context.synchronize ()
# TRANSFERRING DATA BACK TO THE HOST
cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)
autoinit.context.synchronize ()
# Prepare System Energy Plot
self.prepare plot properties()

self.system energy list[self.iter counter] =\
(sum(self.host kinetic energy) + sum(self.host potential energy))
self.kinetic energy list[self.iter counter] =\
sum(self.host kinetic energy)
self.potential energy list[self.iter counter] =\
sum(self.host potential energy)
self.iter counter +=1

# LOCAL TIMER
local time start = timer()
while self.iter counter != self.steps limit:
# CALCULATING NEW COORDINATES
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates x, self.gpu speeds x,
self.gpu accelerates x, self.bodies amount,
self.box width, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates y, self.gpu speeds y,
self.gpu accelerates y, self.bodies amount,
self.box depth, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates z, self.gpu speeds z,
self.gpu accelerates z, self.bodies amount,
self.box height, self.dt)
autoinit.context.synchronize ()
# CALCULATING FIRST PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates y,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING NEW ACCELERATES
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
autoinit.context.synchronize ()
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cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)
autoinit.context.synchronize ()

cuda.memcpy htod(self.gpu potential energy, zeros(shape=self.bodies amount, dtype=float32))
autoinit.context.synchronize ()

cuda.memcpy htod(self.gpu kinetic energy, zeros(shape=self.bodies amount, dtype=float32))
autoinit.context.synchronize ()

self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box_height, self.box depth)
autoinit.context.synchronize ()
# CALCULATING SECOND PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates vy,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING KINETIC ENERGY
self.calc kinetic energy gpu.prepared call(
self.grid, self.block,
self.gpu_kinetic energy, self.gpu_speeds_x,
self.gpu speeds y, self.gpu speeds z,
self.bodies amount, float32(1.0))
autoinit.context.synchronize ()
# TRANSFERRING DATA BACK TO THE HOST
cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)
autoinit.context.synchronize ()
# WRITING DATA to the ARRAYS

self.system energy list[self.iter counter] =\
(sum(self.host kinetic energy) + sum(self.host potential energy))

self.kinetic energy list[self.iter counter] =\
sum(self.host kinetic energy)

self.potential energy list[self.iter counter] =\

sum(self.host potential energy)

self.iter counter +=1
global time end = timer ()
print ("Reference Experiment Time:")
print ("\tLocal: {0} s.".format (

global time end - local time start))
print ("\tGlobal: {0} s.".format (

global time end - global time start))
return

def start gpu experiment with radius(self, system size):
for index in range(len(self.cutting radius list)):
# Start Experiment Timer
global time start = timer ()
# Save New Cutting Radius
self.current cutting radius = \
float32 (self.cutting radius list[index])
# Preparing GPU functions
self.calc _coordinates gpu = \
gpu_calc_coordinates kernel.get function("calc coordinates")
self.calc speeds gpu = \
gpu_calc_speeds_kernel.get function("calc speeds")
self.calc_accelerates gpu = \
gpu calc accelerates with r cut kernel.get function(
"calc_accelerates_with r cut")



self.calc kinetic energy gpu = \
gpu_calc_kinetic_energy.get function("calc kinetic_energy")

# Preparing CPU arrays

self.host coordinates x = deepcopy(self.host bodies coordinates[0])

self.host coordinates y = deepcopy(self.host bodies coordinates[1])

self.host coordinates z = deepcopy(self.host bodies coordinates[2])

self.host speeds x = deepcopy (self.host bodies speeds[0])
self.host speeds y = deepcopy (self.host bodies speeds[1l])
self.host speeds z = deepcopy(self.host bodies speeds[2])

self.host accelerates x = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates y = zeros(shape=self.bodies amount, dtype=float32)
self.host accelerates z = zeros(shape=self.bodies amount, dtype=float32)

self.host kinetic energy = zeros (shape=self.bodies amount, dtype=float32)
self.host potential energy = zeros (shape=self.bodies amount, dtype=float32)
# Preparing GPU arrays

self.gpu coordinates x = cuda.mem alloc(self.host coordinates x.nbytes)
self.gpu coordinates y = cuda.mem alloc(self.host coordinates y.nbytes)
self.gpu coordinates z = cuda.mem alloc(self.host coordinates z.nbytes)
cuda.memcpy htod(self.gpu coordinates x, self.host coordinates x)
cuda.memcpy htod(self.gpu coordinates y, self.host coordinates y)
cuda.memcpy htod(self.gpu coordinates z, self.host coordinates z)

self.gpu speeds x = cuda.mem alloc(self.host speeds x.nbytes)
self.gpu speeds y = cuda.mem alloc(self.host speeds y.nbytes)
self.gpu speeds z = cuda.mem alloc(self.host speeds z.nbytes)
cuda.memcpy htod(self.gpu speeds x, self.host speeds x)
cuda.memcpy htod(self.gpu speeds y, self.host speeds y)
cuda.memcpy htod(self.gpu speeds z, self.host speeds z)

self.gpu accelerates x = cuda.mem alloc(self.host accelerates x.nbytes)
self.gpu accelerates y = cuda.mem alloc(self.host accelerates y.nbytes)
self.gpu accelerates z = cuda.mem alloc(self.host accelerates z.nbytes)
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)

self.gpu kinetic energy = cuda.mem alloc(self.host kinetic energy.nbytes)
cuda.memcpy htod(self.gpu kinetic energy, self.host kinetic energy)

self.gpu potential energy = cuda.mem alloc(self.host potential energy.nbytes)
cuda.memcpy htod(self.gpu potential energy, self.host potential energy)
# PREPARING GPU FUNCTIONS CALL
self.calc coordinates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32, float32))
self.calc speeds gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
self.calc accelerates gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, int32, float32,
float32, float32, float32,
float32, float32, float32, float32))
self.calc kinetic energy gpu.prepare (
arg types=(cuda.DeviceAllocation, cuda.DeviceAllocation,
cuda.DeviceAllocation, cuda.DeviceAllocation,
int32, float32))
# CALCULATION ACCELERATES and KINETIC ENERGY
autoinit.context.synchronize ()
self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates vy,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box_height, self.box depth,
self.current cutting radius)
autoinit.context.synchronize ()

self.calc kinetic energy gpu.prepared call(
self.grid, self.block,
self.gpu_kinetic_energy, self.gpu_speeds_x,
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self.gpu speeds y, self.gpu speeds z,

self.bodies amount, float32(1.0))
autoinit.context.synchronize ()
# TRANSFERRING DATA BACK TO THE HOST
cuda.memcpy dtoh(self.host accelerates x, self.gpu accelerates x)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host accelerates y, self.gpu accelerates y)
autoinit.context.synchronize ()
cuda.memcpy dtoh(self.host accelerates z, self.gpu accelerates z)
autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host kinetic energy, self.gpu kinetic energy)
autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host potential energy, self.gpu potential energy)
autoinit.context.synchronize ()

# Prepare System Energy Plot

self.prepare plot properties ()

self.system energy list[self.iter counter] =\
(sum(self.host kinetic energy) + sum(self.host potential energy))
self.kinetic energy list[self.iter counter] =\
sum(self.host kinetic energy)
self.potential energy list[self.iter counter] =\
sum(self.host potential energy)

self.iter counter += 1

# LOCAL TIMER
local time start = timer()
while self.iter counter != self.steps limit:
# CALCULATING NEW COORDINATES
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates x, self.gpu speeds x,
self.gpu accelerates x, self.bodies amount,
self.box width, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates y, self.gpu speeds vy,
self.gpu accelerates y, self.bodies amount,
self.box depth, self.dt)
autoinit.context.synchronize ()
self.calc coordinates gpu.prepared call(
self.grid, self.block,
self.gpu coordinates z, self.gpu speeds z,
self.gpu accelerates z, self.bodies amount,
self.box height, self.dt)
autoinit.context.synchronize ()
# CALCULATING FIRST PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates y,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING NEW ACCELERATES
cuda.memcpy htod(self.gpu accelerates x, self.host accelerates x)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates y, self.host accelerates y)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu accelerates z, self.host accelerates z)
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu potential energy, zeros(shape=self.bodies amount,
dtype=float32))
autoinit.context.synchronize ()
cuda.memcpy htod(self.gpu kinetic energy, zeros(shape=self.bodies amount, dtype=float32))
autoinit.context.synchronize ()



self.calc accelerates gpu.prepared call(
self.grid, self.block,
self.gpu accelerates x, self.gpu accelerates y,
self.gpu accelerates z, self.gpu coordinates x,
self.gpu coordinates y, self.gpu coordinates z,
self.gpu potential energy, self.bodies amount,
self.distance between bodies, self.sigma,
self.epsilon, self.dt, self.box width,
self.box height, self.box depth,
self.current cutting radius)
autoinit.context.synchronize ()
# CALCULATING SECOND PART of SPEEDS
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds x, self.gpu accelerates x,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds y, self.gpu accelerates y,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
self.calc speeds gpu.prepared call(
self.grid, self.block,
self.gpu speeds z, self.gpu accelerates z,
self.bodies amount, self.dt)
autoinit.context.synchronize ()
# CALCULATING KINETIC ENERGY
self.calc kinetic energy gpu.prepared call(
self.grid, self.block,
self.gpu kinetic energy, self.gpu speeds x,
self.gpu speeds y, self.gpu speeds z,
self.bodies amount, float32(1.0))
autoinit.context.synchronize ()
# TRANSFERRING DATA BACK TO THE HOST

cuda.memcpy_dtoh(self.host kinetic energy,

autoinit.context.synchronize ()

cuda.memcpy dtoh(self.host potential energy,

autoinit.context.synchronize ()
# WRITING VALUES to the ARRAYS
self.system energy list[self.iter counter] =\

(sum(self.host kinetic energy)

self.kinetic_energy list[self.iter counter] =\
sum(self.host kinetic energy)
self.potential energy list[self.iter counter] =\
sum(self.host potential energy)
self.iter counter += 1
global time end = timer ()
print(WExpe;iment Time:")

print ("\tLocal: {0}
global time end

s.".format (
- local time start))

print ("\tGlobal: {0} s.".format (

global time end
# Updating data

- global time start))

self.update data gpu experiment with cutting radius(
system size=system size)

return

# UPDATE DATA GPU EXPERIMENT with CUTTING RADIUS

def update data gpu_experiment with cutting radius(self, system size,

# CONSTANTS
se = 0 # System Energy

Plot index

ke = 1 # Kinetic Energy Plot index
pe = 2 # Potential Energy Plot index

self.iter counter = 0
# UPDATING BODIES
# COORDINATES & SPEEDS

self.host bodies coordinates =\

array (deepcopy (self.
self.host bodies_speeds
array (deepcopy (self.
# SYSTEM ENERGY
average energy per body

global bodies coordinates), dtype=float32)
=\
global bodies speeds), dtype=float32)

=\

self.gpu kinetic energy)

self.gpu potential energy)

+ sum(self.host potential energy))

first try=False):

sum(self.system energy list)/float (self.system energy list.shape([0])

# KINETIC ENERGY

average kinetic energy per body =\
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sum(self.kinetic energy list)/float(self.kinetic energy list.shape[0])
# POTENTIAL ENERGY
average potential energy per body =\
sum(self.potential energy list)/float (self.potential energy list.shape[0])
# SAVING RESULTS
if first try:
# PLOTS
self.subplots[0].plot(self.dt list,
self.system energy list,
color="red", marker="."
)
self.subplots[l].plot(self.dt list,
self.kinetic energy list,
color="blue", marker="."
)
self.subplots([2].plot(self.dt list,
self.potential energy list,
color="green", marker="."

)

self.fig plot.savefig("Tables\\{0}\\Reference plot {0}.png".format (system size))
# VALUES
self.reference average energy =\
average energy per body
self.reference average kinetic energy =\
average kinetic energy per body
self.reference average potential energy =\
average potential energy per body

self.experiment average energy list = list()

self.experiment average kinetic energy list = list()

self.experiment average potential energy list = list()
else:

# PLOTS

self.subplots[0].plot(self.dt list,
self.system energy list,
color="red", marker=".")

self.subplots[1l].plot(self.dt list,
self.kinetic energy list,
color="blue", marker=".")

self.subplots[2].plot(self.dt list,
self.potential energy list,
color="green", marker=".")

self.fig plot.savefig(
"Tables\\{0}\\Experiment {0} plot R {1}.png".format (
system size,
self.current cutting radius))
# VALUES
self.experiment average energy list.append/(
average energy per body)
self.experiment average kinetic energy list.append(
average kinetic energy per body)
self.experiment average potential energy list.append(
average potential energy per body)
# CLEANING PLOTS
plt.close(self.fig plot)
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JOIOATOK '
Jlictuar Moyiis calc_coordinates_cpu_lker mist po3paxyHky koopauHat st CPU

# —*— cod y: UTF-8 —-*-

from numpy import vectorize, apply along axis

def

def

correct position(coordinates, width, height, depth):

function_x = vectorize(lambda x: width + x if x < 0 else x - width if x > width else x)
function y = vectorize(lambda y: depth + y if y < 0 else y - depth if y > depth else y)
function z = vectorize(lambda z: height + z if z < 0 else z - height if z > height else z)
# Step through left&Right borders

coordinates[0] = apply along axis(funcld=function x, axis=0, arr=coordinates[0])
s Front&Back borders

coordinates[1l] = apply along axis(funcld=function y, axis=0, arr=coordinates[1])

# Step thro

# Step throu

Top&Bottom borders
coordinates[2] = apply along axis(funcld=function z, axis=0, arr=coordinates[2])
return coordinates

calc coordinates cpu lker (coordinates, speeds, accelerates, width, height, depth, dt):
coordinates += speeds*dt + 0.5*dt*dt*accelerates

coordinates = correct position(coordinates=coordinates, width=width, height=height, depth=depth)
return coordinates
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JOJATOK T
Jlictuar Moyns calc_speeds_cpu_lker mist po3paxyHky mBuakocted Ha CPU

def calc speeds cpu_ lker(speeds, accelerates, dt):
return speeds + 0.5%accelerates*dt



#_x
from
from
from
from

def
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JIOJIATOK JT

Jlictuar Moyns calc_accelerate _cpu_lker miis pospaxynky npuckoperb Ha CPU

- coding: UTF-8 —*-

numpy import float32, zeros like

MSD functionality.CPU lKer.calc distance import calc distance components mtx, calc distances mtx
MSD functionality.CPU 1lKer.calc force import calc forces, calc forces_ components

MSD functionality.CPU 1lKer.calc system energy import calc potential energy

calc_accelerate v0l (bodies coordinates, bodies amount, bodies min distance,
sigma, epsilon, width, height, depth
) :
accelerates = zeros like(bodies coordinates)
potential energy accumulator = float32(0.0)
for i in range (bodies amount) :
distances components = calc distance components mtx(coordinates=bodies coordinates,
column_index=i,
width=width,
height=height,
depth=depth
)
distances = calc distances mtx(distances components=distances components)
distances between faces = abs(distances - bodies min distance)
distances[i] = float32 (1)
distances between faces[i] = float32(1)
forces = calc forces(distances=distances between faces, epsilon=epsilon, sigma=sigma)
forces components = calc forces components (forces=forces,
distances=distances,
distances components=distances_components

)

accelerates[0] [1] += sum(forces components[0])

accelerates[1] [1] += sum(forces components[1])

accelerates([2] [1] += sum(forces components[2])

accelerates -= forces components

# Calcu ing Potential Energy

potential energy components = calc potential energy(epsilon=epsilon,
sigma=sigma,
distances=distances_between faces
)

potential energy components[i] = float32(0)

potential energy accumulator += sum(potential energy components)
return accelerates, potential energy accumulator



108

JOIATOK E
Jlictuar Moy calc_force mns po3paxynky cuian Ha CPU

def calc forces(distances, epsilon, sigma):
return 24* (epsilon/sigma) * (2*pow (sigma/distances, 13) - pow(sigma/distances, 7))

def calc forces components (forces, distances, distances components) :
return forces*distances components/distances
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JTOIOATOK €
Jlictuar Moyns calc_distance ms po3paxyHky Bijcraneii Ha CPU

from numpy import sign, sqrt, arange, delete, transpose, \
apply along axis, vectorize, ones, float32, dot, matmul

def calc range components(xl, yl, x2, y2, zl, z2):
return x1 - x2, yl - y2, z1 - z2

def correct range components(rx, ry, rz, width, depth, height):
return rx - sign(rx)*width if abs(rx) > width*0.5 else rx, \
ry - sign(ry)*depth if abs(ry) > depth*0.5 else ry, \

rz - sign(rz)*height if abs(rz) > height*0.5 else rz

def calc distance(rx, ry, rz):
return sqgrt (rx**2 + ry**2 + rz**2)

def calc distance components mtx (coordinates, column index, width, height, depth):
correct x = vectorize(lambda rx: rx - sign(rx)*width if abs(rx) > width*0.5 else rx)
correct y = vectorize(lambda ry: ry - sign(ry)*depth if abs(ry) > depth*0.5 else ry)

correct z = vectorize(lambda rz: rz - sign(rz)*height if abs(rz) > height*0.5 else rz)

range components = transpose ((coordinates[:, column index]) - transpose(coordinates))

apply along axis(funcld=correct x,
axis=0,
arr=range_ components[0]
)
range components[l] = apply along axis(funcld=correct vy,
axis=0,
arr=range components([1]
)
range_ components[2] = apply along axis (funcld=correct z,
axis=0,
arr=range components[2]

)

range_components[0]

return range components

def calc distances mtx(distances components) :
distances = sqrt (matmul (ones (shape=3, dtype=float32), distances_ components*distances components))
return distances
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JIOJIATOK K

JlictuHT Motynis calc_system_energy muist po3paxyHky eHepriii Ha CPU

# —*—= coding: UTF-8

from numpy import float32, ones, matmul

ok

def calc kinetic energy(velocities, m=1):
return (m* (matmul (ones (shape=3, dtype=float32), velocities*velocities)))*0.5/velocities.shape[l]

sigma, distances):

def calc potential energy(epsilon,
- pow(sigma/distances, 6))/distances.shape[0]

return 4*epsilon* (pow(sigma/distances, 12)
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JOJATOK 3
Jlictuar momynss GPU_calc_coords mis po3paxynky koopanHat Ha GPU

# -*- coding: UTF-8 -*-
from pycuda import autoinit
from pycuda.compiler import SourceModule

gpu_calc coordinates kernel = SourceModule ("""
# include <pycuda-helpers.hpp>

# include <math.h>
__device  float correct_coordinate(float coordinate, float box_parameter) {

return fmod(coordinate + box parameter, box_parameter) ;
}

__global  void calc coordinates(float *coordinates, float *speeds, float *accelerates, \
int amount, float box parameter, float dt) {
for (int tid = threadlIdx.x + blockIdx.x*blockDim.x; tid < amount; tid += blockDim.x*gridDim.x) {
coordinates[tid] += speeds[tid]*dt + 0.5%*accelerates[tid]*dt*dt;
__syncthreads() ;
coordinates[tid] = correct coordinate (coordinates[tid], box parameter) ;
__syncthreads() ;

}

iy
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TIOJIATOK U

Jlictuar Moayns GPU_calc_speeds miis po3paxyHnky mBuakocTeit Ha GPU

# —-*- coding: UTF-8 -*-
from pycuda import autoinit
from pycuda.compiler import SourceModule

gpu_calc_ speeds kernel = SourceModule ("""
__global _ void calc_speeds(float *speeds, float *accelerates, int amount, float dt) {

for (int tid = threadIdx.x + blockIdx.x*blockDim.x; tid < amount; tid += blockDim.x*gridDim.x)
speeds[tid] += 0.5%*accelerates[tid]*dt;
__syncthreads() ;

{

}

")
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JIOJIATOK 1

Jlictuar moxyns GPU_calc_accelerates s po3paxynky npuckopenb Ha GPU

# -*- coding: UTF-8 -*-
from pycuda import autoinit
from pycuda.compiler import SourceModule

gpu_calc_accelerates kernel = SourceModule ("""
# include <pycuda-helpers.hpp>
# include <math.h>
__device  float calc dist component(float coordinatel, float coordinate2, float box parameter) {
float dist_component = coordinatel - coordinate2;
if (abs(dist_component) >= 0.5*box parameter) {

}

dist component -= copysignf(l.0, dist component)*box parameter;

return dist_ component;

}

__device  float calc potential energy(float epsilon, float sigma, float body distance) {
return 4*epsilon* (pow(sigma/body distance, 12) - pow(sigma/body distance, 6));

}

__global  void calc accelerates(float *accelerates x, float *accelerates y, float *accelerates_ z,

float depth)
float
float
float
float
float
float

{

dist x 0.0
dist y = 0.0;
dist z = 0.0;

center distance = 0.0;

float *coordinates x, float *coordinates_ y, float *coordinates z,
float *potential energy, int amount, float b_min distance,
float sigma, float epsilon, float dt, float width, float height,

’

faces distance = 0.0;
force = 0.0;

for (int tid_out = threadIdx.x + blockIdx.x*blockDim.x; tid out < amount - 1; tid out +=
blockDim.x*gridDim.x) {
for (int tid_in = tid_out + 1; tid_in < amount; tid_in += 1){

7))

}

Wi

dist x = calc_dist component(coordinates x[tid out], coordinates x[tid in], width);
__syncthreads() ;

dist y = calc_dist component(coordinates y[tid out], coordinates y[tid in], depth);
__syncthreads() ;

dist z = calc_dist component(coordinates z[tid out], coordinates z[tid in], height);
__syncthreads() ;

center distance = sqrt(pow(dist_x, 2) + pow(dist y, 2) + pow(dist z, 2));
__syncthreads() ;

faces_distance = abs(center_distance - b_min_distance);

__syncthreads() ;

force = 24*(sigma/epsilon) * (2* (pow (sigma/faces_distance, 13)) - pow(sigma/faces_distance,

__syncthreads() ;
accelerates x[tid out] += force*(dist_x/center_ distance);
__syncthreads() ;
accelerates_y[tid_out] += force*(dist_y/center_distance);
__syncthreads() ;
accelerates z[tid out] += force*(dist_z/center_ distance);
__syncthreads() ;

accelerates_x[tid_in] -= force*(dist_x/center_distance);
__syncthreads() ;
accelerates_y[tid in] -= force*(dist_y/center_ distance);
__syncthreads() ;
accelerates_z[tid_in] -= force*(dist_z/center_distance);

__syncthreads() ;
// Calculate potential energy between couple of bodies
float potential energy value =\

calc_potential_energy(epsilon, sigma, faces_distance)/amount;
potential energy[tid out] += potential energy_ value;
__syncthreads() ;
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JIOJIATOK I
Jlictunr momynst GPU_calc_kinetic_energy ans po3paxynky kiHetndHoi eneprii Ha GPU

# —-*- coding: UTF-8 -*-
from pycuda import autoinit
from pycuda.compiler import SourceModule

gpu_calc_kinetic energy = SourceModule ("""
__global _ void calc _kinetic_ energy(float *kinetic_energy, float *speeds x, float *speeds_y, float

*speeds_z,
int amount, float m) {
for (int tid = threadIdx.x + blockIdx.x*blockDim.x; tid < amount; tid += blockDim.x*gridDim.x) {
kinetic_energy[tid] = m*0.5%* (pow(speeds_x[tid], 2) + pow(speeds_y[tid], 2) +
pow (speeds_z[tid], 2))/amount;
__syncthreads() ;
}
}

wny
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JIOIATOK I
Jlictuar momynss GPU_calc_accelerates with_rcut.py mis po3paxyHKy NPUCKOPEHb Ha

GPU 3 BukopucTaHHsM pajilycy 0OMexeHHs

# —-*- coding: UTF-8 —*-
from pycuda import autoinit
from pycuda.compiler import SourceModule

gpu_calc _accelerates with r cut kernel = SourceModule ("""
# include <pycuda-helpers.hpp>
# include <math.h>

__device__ float calc _dist component(float coordinatel, float coordinate2, float box parameter) {

float dist component = coordinatel - coordinate2;
if (abs(dist component) >= 0.5*box parameter) ({
dist component -= copysignf (1.0, dist component)*box parameter;
}
return dist_ component;
}
__device  float calc potential_ energy(float epsilon, float sigma, float body distance)
return 4*epsilon*(pow(sigma/body_distance, 12) - pow(sigma/body_distance, 6));
}
__global  void calc accelerates with r cut(float *accelerates x, float *accelerates y,
*accelerates_z,
float *coordinates_x, float *coordinates_y,
*coordinates_z,

float *potential energy, int amount, float b min distance,

float sigma, float epsilon, float dt,

float width, float height, float depth, float r cut) {

float dist x 0.0;
float dist y 0.0
float dist z = 0.0;
float center distance = 0.0;

float faces_distance = 0.0;
float force = 0.0;

’

for (int tid_out = threadIdx.x + blockIdx.x*blockDim.x; tid out < amount - 1; tid out +=

blockDim.x*gridDim.x) {
//potential energy[tid out] = 0.0;
//__syncthreads() ;
for (int tid_in = tid_out + 1; tid_in < amount; tid_in += 1){

dist x = calc_dist component(coordinates x[tid out], coordinates x[tid in], width);

syncthreads () ;

aIst_y = calc_dist component(coordinates_ y[tid out], coordinates_ y[tid in], depth);

syncthreads () ;

aIst_z = calc_dist component(coordinates z[tid out], coordinates_z[tid in], height);

__syncthreads() ;
center distance = sqrt(pow(dist x, 2) + pow(dist y, 2) + pow(dist z, 2));
__syncthreads() ;
faces_distance = abs(center_distance - b _min distance);
__syncthreads() ;
if (faces_distance < r_cut) {
force = 24*(sigma/epsilon)*(2*(pow(sigma/faces_distance, 13)) -
pow(sigma/faces_distance, 7)) ;
__syncthreads() ;
accelerates x[tid out] += force*(dist_x/center_ distance);
__syncthreads() ;
accelerates_y[tid_out] += force*(dist_y/center_distance);
__syncthreads() ;
accelerates z[tid out] += force*(dist_z/center_ distance);
syncthreads () ;

;Ecelerates_x[tid_in] -= force*(dist_x/center_distance);
__syncthreads() ;
accelerates_y[tid in] -= force*(dist_y/center_ distance);
__syncthreads() ;
accelerates_z[tid_in] -= force*(dist_z/center_distance);

__syncthreads() ;

// Calculate potential energy between couple of bodies

potential energy[tid out] += calc_potential energy(epsilon, sigma,
faces_distance)/amount;

__syncthreads() ;

}

}

Wi
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JIOJIATOK K

JlicTuHr Tiporpamu 17t To0y10BU rpadikiB 3aJIEKHOCTI YCEPEAHEHO1 €Heprii Bl paaiycy

00OMEXEHHSA

# —-*- coding: utf-8 -*-
# IMPORTING LIBRARIES
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
# LOADING CSV-FILES with DATA
# Constants
system sizes = [1 000, 10 000]
table name = "System {0} with Cutting Radius.csv"
table shop = [None for in range(len(system sizes))]
counter = 0
for index in range (len(table_shop)) :
table shop[index] = pd.read csv(
table name.format (system sizes[index]),
sep=";",

header=[0, 1])
# SHOW TABLE COLUMNS
for index in range(len(table shop[0].columns)) :

print ("{0}: {1}".format (index, table shop[0].columns[index]))

# COLUMN INDEXES for TABLES

column indexes = [(2, 3, 4),
(2, 5, 6),
(2, 7, 8)1

# CREATING PLOTS

# Constants

plots_amount = 3
plot storage = [None for in range(plots amount) ]
plot_titles = ["Average System Energy per Body (Radius)",

"Average Kinetic Energy per Body (Radius)",
"Average Potential Energy per Body (Radius)"]

y_labels = ["ASEpB",
"APEpB",
"AKEpB" ]

fig width = 20 # 200 - for long plot; 20 - for short plot

fig height = 15

fig dpi = 150

f idx =0 # figure index

ax_idx = 1 # axes index

title font dict = {
"fontname": "Times New Roman",
"fontsize": 12,
"family": "serif"}

axes font dict = {
"fontname": "Times New Roman'",
"fontsize": 11,

"family": "serif"} # 5 - for long plot 11 - for short plot

colors = [(1.0, 0.0, 0.0),
(0.0, 0.3, 0.0),
(0.0, 0.0, 0.9)1]
for shelf index in range(len(system sizes)):
shelf = plt.subplots(plots amount, 1)
for plot index in range(plots amount) :
# FIGURE PROPERTIES
shelf[f idx].set figwidth(fig width)
shelf[f idx].set figheight (fig height)
shelf[f idx].set dpi(fig dpi)
# AXES PROPERTIES
# Title
shelf[ax idx] [plot index].set title(
plot titles[plot index],
fontdict=title font dict)
# X axes preparing
# values
step = 0.1
x axes values =\
list (map (lambda el: round(el, 3),
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np.arange (0,
max (table shop[shelf index] [

table shop]|
shelf index].columns|
column indexes[plot index][0]]].values) + step,
step)))
shelf[ax idx] [plot index].set xlabel (

"Radius",
fontdict=axes font dict)
# shelf[ax idx][plot index].set xticks(x axes values) # for long plot
# shelf[ax idx][plot index].set xticklabels(x axes values) # for long plot
plt.setp(
shelf[ax idx] [plot index].get xticklabels(),
"fontname",
axes font dict["fontname"])
plt.setp(
shelf[ax idx] [plot index].get xticklabels(),
"fontsize",
axes font dict["fontsize"])
plt.setp(
shelf[ax idx] [plot index].get xticklabels(),
"family",
axes font dict["family"])
# Y axes preparing
shelf[ax idx] [plot index].set ylabel (
y labels[plot index],
fontdict=axes font dict)
plt.setp(
shelf[ax idx] [plot index].get yticklabels(),
"fontname",
axes font dict["fontname"])
plt.setp(
shelf[ax idx] [plot index].get yticklabels(),
"fontsize",
axes font dict["fontsize"])

plt.setp(
shelf[ax idx] [plot index].get yticklabels(),
"family",
axes font dict["family"])

# PLOTS

# Average System Energy per Body
if plot index < plots_amount:
shelf[ax idx] [plot index].plot(
table shop[shelf index] [table shop[shelf index].columns[column indexes[plot index][0]]],
table shop[shelf index][table shop[shelf index].columns[column indexes[plot index][1]]],
color=colors([plot index])
# Reference values
shelf[ax idx] [plot index].plot(
table shop[shelf index][table shop[shelf index].columns[column indexes[plot index][0]]],
table shop[shelf index][table shop[shelf index].columns[column indexes[plot index][2]]],
linestyle="--", color=(0.4, 0.3, 0.1))
# SHOW GRID
shelf[ax idx] [plot index].grid()
# SAVING RESULTS on SHELF
plot storage[plot index] = shelf
# SAVING PLOTS
shelf[f idx].savefig("Cucrema {0} Kourennep .png".format (
system sizes[shelf index]))
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JIOJIATOK JI

Jlictunr ¢yHkii, mo Oyaye Tabnuil Ay moOyaoBu rpadikiB 3a1eKHOCTI yCepeTHEHOT

# coding=utf-8
from numpy import floaté64,

eHeprii Bij pajgiycy oOMeKeHHS

array

from pandas import DataFrame, ExcelWriter

def create radius_table (bodies_amount,
radius list,
experiment average energy list,
reference average energy,
experiment average kinetic energy list,
reference average kinetic energy,
experiment average potential energy list,
reference average potential energy,
directory name=""):

# DATA PREPARING
data for table =\
[ [bodies amount,

radius list[index],
experiment average energy list[index],
reference average energy,

experiment average kinetic energy list[index],
reference average kinetic energy,
experiment average potential energy list[index],

reference average potential energy]

# TABLE CREATION
table = DataFrame (

columns=[["",
wn
r

"3 PANIYCOM",
"BE3 PANIVCY",
"3 PANTYCOM",
"BE3 PALIYCY",
"3 PANIIYCOM",
"BE3 PANIVCY"],

"Pagiyc",
"Cepenusi
"Cepenust
"Cepenust
"Cepenusi
"Cepenusi
"Cepenust

"KinexicTe wacTMHOK",

eHepriss Ha YacTMHKY'",
eHepris Ha YacTHMHKY",
KiHeTHMuYHa eHepris Ha
KiHeTHMYHA eHepris Ha
InOTeHIiaNkHa eHepris
noTeHuianeHa eHepris

data=array (array(data for table)),

dtype=float64)

# SAVING TABLES

table name = "System {0} with Cutting Radius"

table.to csv(

JacTuHKy",
JacTuHkKy'",

Ha YacTHMHKY'",
Ha wacTuHKy"]],

path or buf=directory name + table name + ".csv", sep="
table.to excel (directory name + table name + ".xlsx")

return

for index in range(len(radius_list))]

.format (bodies_amount)

;")



