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LLEJIUN
PABOTDI

BU3SYAJINSALINSA

Co3paTb NporpaMMHbIN
UHCTPYMEHT, KOTOPbIN NO3BOJINT
VBEeNNYUTb 3aPPeKTUBHOCTD

pa3pa60TKM UNCNEHHOIO MEeTOoda.

NMAPAJUIEJIbHAS
PEAJINZALINA

MpoBecTn aHannU3 NPUMEHNMOCTHU
reTeporeHHbIX CUCTEM ANA
pa3pbIBHOro MeToaa YacTul,




NMOAO3ANAYU
NMAPANITIENIbHOU PEANTU3ALIUA

AHAJIN3

MNpoBegeHne aHanusa
cyllecTBylWmnx Mmoguduxkauumm

Ha npegMeT uenecoobpasHoCcTuU

UCMNONb30BaHUA reTeporeHHbIX
crcTEM. 2 TEXHONOruun
Bboibop 1 usyveHue
TeXHONorum ans
NOCTUXEHUS
PEAJIU3ALUA NnoCTaBMeHHOW uenu

MoaroTtoBka Kopa
NpPorpamMmsl, peanusyioulemn
reTeporeHHbl noaxon ons
PMY



BblbOP

TEXHOJIOI' W intel'

OpenCL

OpenMBOPK ANd HanucaHusa KOMMbOTEPHbIX
nporpamMm, CBA3aHHbIX C NapasnnenbHbiMU
BbIYMCNEHUSAMM Ha Pa3/INYHbIX 4

rpa¢ounydecknx (GPU) 1 ueHTpanbHbIX
npoueccopax (CPU), a Takxe FPGA. '

OpenCL pa3spabaTbiBaeTcsa U
noaaep>XXmMBaeTcss HeKOMMepPYeCKnM
KoHcopunymom Khronos Group

KHRCONOS

NVIDIA.




BblbOP

TEXHOJIOI' W intel'

OpenCL

OpenMBOPK ANd HanucaHusa KOMMbOTEPHbIX
nporpamMm, CBA3aHHbIX C NapasnnenbHbiMU
BbIYMCNEHUSAMM Ha Pa3/INYHbIX

rpa¢ounydecknx (GPU) 1 ueHTpanbHbIX ’
npoueccopax (CPU), a Takxe FPGA. '
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ObecneymBaeT BO3IMOXHOCTb
NCMNONb30BaTb NapannenbHble BblYNCAEHUN

C nomMoLubto Be6-nHTEPDHENCOB. nVIDIA
®




AHAJINS
AJITOPUTMA

PA3PbIB
MOOANDPUKALUA
C OKHOM

Npeonornyeckm ocHOBaH Ha MeTogax Tuna
«4yacTtunua-cetka» [ Particle-In-Cell.

MEPECEYEHUE



AHAJINS
AJITOPUTMA

B paccmaTpuBaemMoM BapuaHTe
anroputMa yganocb BblaeNnuTb
cnepyouiue atanbl, KOTopble
npeacTaBnsalOT UHTEpec Npu
napannenbHoOu peanusaLuu.

caBuvur UEHTPOB
YACTUL

B Hauane KaXgoro wara npoucxoauT
cCMelleHne YacTuu, 6e3 yyeTta cocenen.

MOCTPOEHUE
HABOPA HACTWL

MocTpoeHue Habopa NPoUCXoanUT Ha aTane
MHUUManNM3aumum Mmetona 1 BbiNONHSAETCH
OOMH pas.

MEPECTPOUKA
YACTULL

OCHOBHOM 3Tan wara.
OcyuiecTBngaeTcs nepecTtpomnka 4acTull,.



AHAJINS
AJITOPUTMA

PA3PbIB

BblcOoTa KaXka0u YacTuLbl KNagetca paBHOM
OTHOLUEHMIO MaccChbl, NonaBLWen B OKHO, K

naoLwann oKHa.

NMEPECEYEHUE

NMEPECTPOUKA
YACTUL

OCHOBHOM 3Tan wara.
OcyuwecTBngaeTcsa nepecTtpomnka 4acTull,.

ocTpoenne Habopa NPOUCXORMT Ha aTane o
NocTpoerme Habopa NPOUCXOAUT Ha aTane B Hauane Kaxaoro wara npoMcxoauT
MHMUManMIaum MeToLa M BbINONHACTCA ~ .:
i pa . cmeweHne yactuy 6es yuera coceaeit.
OL MM d3.



NMOA3AAOAHU
BU3YAJIUSALUN

TEXHOJIO'MMA

OnpepeneHne Habopa
®YHKLMOHANbHbIX TpeboBaHUA U
BblI6GOP COOTBETCTBYIOLWEN UM

TexHonorm4yeckon 6assl OBbYYEHME
NPUNOXeHUs
> N3yyeHune
TeXHONornum gns
peanusauuu
npoaykTa
CO3AAHME
Pa3paboTka NnpuUnoXeHus ¢
YY4ETOM UTEPATUBHOIO
TECTUPOBaHUS U
BO3MOXHOI0O NOMNOAHeHus PEJIN3
MHOXECTES MogrotoBka penusa
GYHKLMOHANbHbIX nensoﬁ Be csm -
TpeboBaHMM P P

6a30BbIM
dyHKUMOHANOM



BbIBOP TEXHONOIMMu

SA30BbI HABOP
TEXHONOT M

5 El 15

HTML5 CSS3 JavaScript

CTaHOapTU3UPOBaHHbIV A3bIK Tabnuubl ons 3agaHna LBETOB, 93blK cUueHapueB ans
pa3sMeTKu JOKYMEHTOB LWPUNDTOB, PaCrONOXeHUS NHTEPaKTUBHOCTH
BO BceMupHomn naytuHe. oTaenbHbIX 610KOB U T 4. BebO-CcTpaHuL,.



BblIBOP TEXHONTOTUW
@ React

n | .
’ u@dc

nporpamMmHasga nnatpopma,
OCHOBaHHaga Ha gBuXxke V8,

TpaHcnunpytowem JavaScript .
B MalUUHHbIN KOS, @ SOCk@t.lO

three.js

5 El 15 !

HTML5 CSS3 JavaScript

A3blK cUeHapueB ans
NUHTEPaKTUBHOCTU
Beb6-cTpaHuL,.




0-0
0 - 0.19999999980000033

PEJIN ey

40/ *  0-0.5999999994000009

(o *  0-0.7999999992000013
55 - 0.9999999990000017
0 - 1.1999999988000019
Pe3ynbTaToM pa3paboTku S S W
0 -~ 1.5999999984000026

ABNAETCA NMPpUNoXeHue, - + 0~-1.799999998200003
KOTOpOE€E NMOJIHOCTbIO
yOOBNETBOPAET STEP DATA
NoCTaBNEHHbIM 251 Particies com
TpeboBaHUsM. 0.6883112919282628  Static grid cell size
2.0000365807959497E-9 Computational error
2.0000365807959497E-9 Average computational error
230
2.2199999999999966 Right point r
2.1199999999999988 Loft point g
0.0564189584111945 Tim |

0.0112837916822389

METHOD DATA

REVERSESTEP initial prof

DISCONTINUOUS

PARTICLE METHOD @ @




PEJIN3

MOAVJib AJid BBOOA
HAYAJIbHbIX OAHHDbIX

[aHHbIK MOAYNb OTBEYaeT 3a
MHTEepnpeTaLuno HavanbHbIX
OAaHHbIX ANng paboTbl YUCNIEHHOro
MEeToa, UX aBTOMaTUYECKYIO
BanMaauuno U PeHOepPUHr
Pa3/IMYHbIX TUMNOB 3/1EMEHTOB.

DISCONTINUOUS
PARTICLE METHOD

CxT +
01

ENDTIME -
Boundary time

WINDOW RADIUS FACTOR +
1982987289579957

DECISIONS SET -

Decisions set on how particles influence
each other

O Original (inc.fluid)
O Original (gas)

O Developing (no birth)
(®) Developing (birth)

MIN BIRTH RADIUS +
0.3

HEIGHT FACTOR +
09

AFFECTING DISTANCE +
1

SINGLESET -
Use only one set of particles for calculations

[:] Use only one set of particles for ...

ABTOMaTu4yeckas
npoBepkKa BanngHoOCTU
Ha4vanbHbIX AaHHbIX ONS
TEKCTOBbIX NONEen

SELECT accouuunpyertcs
B TOM Ynucne n c
byHKUMAMU

Moppoep>XuBaeTt Bce
Heob6xoaunmble TUMbI
nosiem BBoga



DISCONTINUOUS
PARTICLE METHOD

0 - 0.5999999994000009
0 - 0.7999999992000013
55 - 0.9999999990000017
— 22 - 1.1999099968000019

0 - 1.59999989884000026

-‘/ . .o-i.msseasmoooc

STEP DATA

242 Pparticles count
0.6883112919282628 Static grid co
0.3206516310136709 Computational error
0.24575420757533917 Average computational error
68 P. with max error
3.759999999999964
2.8899989999999824 Left point
0.44159964774661487 Time
0.00864789047896559 Tau

Right point

METHOD DATA

REVERSESTEP Initial profile

Helght 1.2007215872325999

Radius 0.22567583341910255

X 2.9641445635931603
Y 0.8000000000000001
Averaging “window™

Computational error  019907152759942726

Restructure info

accDelta: 0.22754614909448465affDistance: 0.22567583
341910255Restruct type: Affecting particle:
Decisions

232 delta Is greater than max delta (0.0394863122996079
2); velocity Is less than current (1.2075538269896269); rvd |
s 0; added to set: 155: deita is equal to max delta (0.0513516
6683820502); velocity Is equal to current (1.2907215872326
039); rvd Is 0; added to set: 157: delta is equal to max delta
(0.051351666838205134); velocity is equal to current (1.290
7215872325899); rvd Is 0; added to set: 167: deita Is less tha
n max delta (-0.06770306417866917); velocity is greater tha
n current (1.9999999980000023); rvd Is 0; added to set: 0

Will be restructuredas -1
Gridcell 41

Pre-sorted by static grid

Indexes: 44; 45; 231; 232; 46; 47; 233; 234; 55; 56; 57,58, 6
6; 67; 77, 78; 68; 69; 79; 80;

@ose

#56

1.2907215872325999

Height

Radius 0.22567583341910252

X 2.9641445635931603
Y 1
Averaging “window*

Computational error  0.19907152759942726

Restructure info

accDelta: 0.22754614909448442affDistance: 0.22567583

341910252Restruct type: Affecting particle:
Declsions

233: delta is greater than max deita (0.0394863122996078
6); velocity Is less than current (1.2075538269896287); rvd |
s 0; added to set: 156: deita is equal to max delta (0.0513516
66838205134); velocity Is equal to current (1290721587232
5999); rvd Is 0; added to set: 158: deita is equal to max delta
(0.05135166683820491); velocity is equal to current (1.2907
215872325999); rvd Is 0; added to set: 168: delta Is less tha
n max deita (-0.06770306417866923); velocity is greater th
an current (1.9999999980000032); rvd Is 0; added to set: 0

Will be restructuredas -1
Gridcell 42

Pre-sorted by static grid
Indexes: 44; 45; 231; 232; 46; 47; 233; 234; 48; 49; 235, 23
6; 55; 58; 57; 58; 59; 60; 66; 67; 77; 78; 68; 69; 79; 80; 70; 71;
81;82;

TRIANGULATION CORE CYLINDRICAL CORE

Helght 1.9999999980000032

Radius 0.22567583341910252

X 3.4831992946100345
Y 1
Averaging “window"

Computational error  0.3206516310136709

Restructure info

accDelta: 0.22754614909448442affDistance: 0.22567583
341910252Restruct type: birth, but too small distance 0.033
85153208933461Affecting particle: 57

Decisions

67: delta Is equal to max delta (0.051351666838205134); ve
locity is equal to current (1.9999999980000023); rvd Is 0; a
dded to set: 169: delta Is equal to max delta (0.05135166683
820491); velocity Is equal to current (1.999999338000003
2); rvd Is O; added to set: 179: delta Is equal to max delta (0.0
51351666838205134); velocity Is equal to current (1.999999
9980000032); rvd is 0; added to set: 157: deita is less than
max delta (-0.06770306417866923); velocity Is less than cu
rrent (1.2907215872325999); rvd is 0; added to set: 3

Will be restructuredas -1
Gridcell 52

Pre-sorted by static grid

Indexes: 55; 56; 57; 58; 59; 60; 66; 67; 77; 78; 68; 69; 79; 80;
70; 71; 81; 82; 88; 89; 99; 100; 90; 91; 101; 102; 92; 93; 103; 10
4;

POINTS CORE



| DISCONTINUOUS
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S——————————— UHOUKATOP BPEMEHU
o vmccotioo2s U3ABEPLLEHHOCTU METOA

UHamMKaTop co3aaH C MOMOLLbIO Tara
<canvas/> onMcaHHOro B cTaHgapTe
HTML 5.



DISCONTINUOUS

PARTICLE METHOD

OTNAAYUK SHAYEHUN
e XOOA METOAA

06883112919282628 Static grid cell size
0.3206516310136709 computational error

0.24675420757533017  Average computations rro Mo3BonsieT oTCNeXuBaTb AaHHble,Kak oblme ong MeToaa,

08 7 with max artor TakK U AUHaAMUYeCKUe 3Ha4YeHa ang Ka>kaoro wara.
3.759999999999964 Right point

2.8899999999999824 Left point
0.44159964774661487 Time
0.00864783047896559 7.

METHOD DATA

REVERSESTEP nitial profile



| DISCONTINUOUS

PARTICLE METHOD

KOHTPOJIJIEP BbINOJTHEHUSA
BbIM\UCJTEHUN

MpunoXxeHne NO3BONIAET COBepLUaTb Ka>kablX LIar nocnenoBaTesibHO npu oTnagke.
OOoNoNHUTENbHO, €CTb BO3MOXHOCTb 3anNyCTUTb /[ OCTAaHOBUTb aHMMaLUIO Xopa BblYUCIIEHUMN.

> D



DISCONTINUOUS

PARTICLE METHOD

TPOKUHT
SQJIEMEHTOB

Mo3BongeT nony4vyaTtb
nHpopmMauuio no
KaXOMY 3/1IeMEHTY Npu
HaBeaeHUuU

Ona pasnnyHbiX aaep
OTPUCOBKMU YKa3blBaeTCH
COOTBETCTBYIOLLUM
Habop A OMEHOB

Positioninarray 56

Helght 1.2907215872325999

Radius 0.22567583341910255

X 2.9641445635931603

Y 0.6000000000000001

Averaging “window"™

Computational error  019907152759942726

Restructure info

accDelta: 0.22754614909448465affDistance: 0.22567583
341910255Restruct type: Affecting particle:

Decisions

232 delta Is greater than max delta (0.0394863122996079
2); velocity Is less than current (1.2075538269896269); rvd |
s 0; added to set: 155: delta is equal to max delta (0.05135%6
6683820502); velocity Is equal to current (1.2907215872326
039); rvd Is 0; added to set: 157: delta is equal to max delta
(0.051351666838205134); velocity is equal to current (1.290
7215872325899); rvd Is 0; added to set: 167: deita Is less tha
n max deita (-0.06770306417866917); velocity is greater tha
n current (1.9999999980000023); rvd Is 0; added to set: 0

Will be restructuredas -1
Gridcell 41

Pre-sorted by static grid

Indexes: 44; 45; 231; 232; 46; 47; 233; 234; 55; 56; 57,58, 6
6; 67; 77; 78; 68; 69; 79; 80;

Qoes

#56

wray 57
Helght 1.2907215872325999
Radius 0.22567583341910252
X 2.9641445635931603
Y 1
Averaging “window*
Computational error  0.19907152759942726

Restructure info

accDelta: 0.22754614909448442affDistance: 0.22567583

341910252Restruct type: Affecting particle:
Declsions

233: delta is greater than max deita (0.0394863122996078
6); velocity Is less than current (1.2075538269896287); rvd |
s 0; added to set: 156: deita is equal to max delta (0.0513516
66838205134); velocity Is equal to current (1290721587232
5999); rvd Is 0; added to set: 158: deita is equal to max delta
(0.05135166683820491); velocity is equal to current (1.2907
215872325999); rvd Is 0; added to set: 168: delta Is less tha
n max deita (-0.06770306417866923); velocity is greater th
an current (1.9999999980000032); rvd Is 0; added to set: 0

Will be restructuredas -1
Gridcell 42

Pre-sorted by static grid
Indexes: 44; 45; 231; 232; 46; 47; 233; 234; 48; 49; 235, 23
6; 55; 58; 57; 58; 59; 60; 66; 67; 77; 78; 68; 69; 79; 80; 70; 71;
81;82;

R 0.2256

X 3.4831992946100:

Y 1

Averaging “window
Computational error  0.32065163101

Restructure info

accDelta: 0.22754614900448442alfDistance: 0.2251
341910252Restruct type: birth, but too small distance 0.033
85153208933461A fecting particle: 57

Decisions

67: deita Is equal to max delta (0.051351666838205134); ve
locity is equal to current (1.9999999980000023); rvd Is 0; a
dded to set: 169: delta Is equal to max delta (0.05135166683
820491); velocity Is equal to current (1.999999938000003
2); rvd Is 0; added to set: 179: delta Is equal to max delta (0.0
51351666838205134); velocity Is equal to current (1.999999
9980000032); rvd is 0; added to sel: 157: deita is less than
max delta (-0.06770306417866923); velocity Is less than cu
rent (1.2907215872325999); rvd Is 0; added to set: 3

Will be restructuredas -1
Gridcell 52

Pre-sorted by static grid

Indexes: 55; 56; 57; 58; 59; 60; 66; 67; 77; 78; 68; 69; 79; 80;
70; 71; 81; 82; 88; 89; 99; 100; 90; 91; 101; 102; 92; 93; 103; 10
4;



j DISCONTINUOUS

PARTICLE METHOD

BbIBOP AQPA
OTPUCOBKMU

Mo3BoNgeT NepeKkntyYnUTb PEXUM
BU3yann3aLmm JOMEHOB

TRIANGULATION CORE CYLINDRICAL COR



PEJIN3

Ka)xpgoe agapo gng oTpUCcoBKU
co3JaeTcs C NOMOLLbIO
HacnegoBaHUa 6a3oBOro
knacca Core.

Heobxogounmo nepeonpenennTb
cnenyrowmm Habop yHKLUUN.

static setHover ( ...)
static setStatic (...)
setDomains ( domains )
createNewkEs ()
showEEs ( endldx )
hideEEs ( startldx )

_draw ()

| DISCONTINUOUS
PARTICLE METHOD




PEJIN3

Ka)xpgoe agapo gng oTpUCcoBKU
co3JaeTcs C NOMOLLbIO
HacnegoBaHUa 6a3oBOro
Knacca Core.

Heobxogonmo nepeonpenenntb
cnenyrowmm Habop yHKLUUN.

static setHover ( ...)
static setStatic ( ...)
setDomains ( domains )
createNewkEEs ()
showEEs ( endldx )
hideEEs ( startldx )

_draw ()

| DISCONTINUOUS
PARTICLE METHOD

JS

HacTpouka
CLIeHbI

ref={ (scene) => this.scene = scene }
cfg={ CFG.scene }
onintersect={ (e) emitter.emit( ... ) }
enableCoreSwitcher={ false }
enableTracker={ true }>
key="mycluster">
core={
RenderingCores.Point } />
core={
RenderingCores.Cylindrical } />
core={
RenderingCores.Triangulation } />
>



OOMOJIHEHUE [P
O THangulation core

BpeMeHHble 3aTpaThbl Ha
MPEUNOXEeHUe No Bu3yannsaumm
ayauo (.mp3) dpanna coctaBuUIn
2 OHA.

MogknyeHmne cueHbl 3aHa10
OKOJ10 5 MUHVYT.

S - AUDIOVISUALIZATION "~ " . - .
- e '.Lorem iPsum d;Ior sit arﬁ'eg conséttetur ;dipiscind elit. ) B - i ) .
" - Prgjn ac convallis leosin porttitor mass#. Orci variys natoque = .
) " genatibu¥ et magnisdis parturient mohtes, nascgtur  * n
" b , fidiculds mus. Vesgibulum'id aliquet sepien. . . 4
DISCONTINUOUS . = i 4 - - a . . :
PARTICLE METHOD - - i Lmv mwow | . .,
[m} - o
o o -



ﬂO"O"HEHME CYLINDRIC

Pe3ynbTaT BUOEH Ha 3KpaHe
OQHOBPEMEHHO CO 3BYKOBbIM
PAOOM, B TOM YUCE Ha
COBpPEMEHHbIX MOBUNbHbIX
YCTPOUCTBAX U KOMMblOTEPAX C
BCTPOEHHOW BUOEOKAPTOM

POINT

.............

~~~~~~~~~~~~~~~~~~~

.................

| DISCONTINUOUS
i PARTICLE METHOD

TRIANGULATION
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