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Direct simulation of physical phenomena

Points for direct simulation.
1. Increased computing power

2. Possibility of a comprehensive description of the phenomenon, if its
physics is known; application of fundamental conservation laws

3. Possibility of virtual testbed organization — virtual computational
environment where natural processes, external excitations, technical
objects are simulated

4. Possibility to provide wide possibilities of modeling: object parameters,
external conditions, extreme scenarios, etc.



Direct simulation of physical phenomena

Merits of direct simulation.

1.
2.

No scale effect in model experiments

Accurate knowledge of environment state and characteristics of
discovered objects

Any experimental conditions, including extreme ones, or those that
cannot be reproduced under the conditions of a model experiment

Significant difference in the cost of organizing and conducting an
experiment



Direct simulation of physical phenomena

Problems of direct simulation.
1. Direct simulation is not just computation
2. As any experiment, it imposes
1. Planning
2. Control
3. Interaction
4. Recording
3. Additional needs to models and algorithms

Interactive control and visualization of the direct simulation process



Components of direct simulation

1. Solution decomposition by physical processes in mathematical
representation

2. Multi-window graphical visualization toolkit independent of the computing
environment

3. Time synchronization system with interactive control of computational
model parameters

1. Mathematical modeling itself
2. Automatic control
3. Graphical visualization of results
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Outline

Defining the range of tasks to be solved.

1. Designing and staging a direct computational simulation

1.1. Differential models or finite volume methods

1.2. Small spatial differences and time increments

1.3. Non-stationary spatial phenomena in time domain

2. Decomposition of computational processes and computer architecture
2.1. Establishing resource-intensive nonstationary processes

2.2. Real-time applications or engineering tasks

3. Examples and peculiarities of research and application problems

3.1. Corpuscular mechanics and storm hydromechanics of a ship




Software tools 1

Algorithmic problem statement
Two variants of direct simulation.

A. Resource-intensive computing process is optimized only for maximum
efficiency and computation speed.

a.1. The number of graphic and control procedures, which can be suspended
as needed, is reduced.

B. Direct computational simulation with realization of complex physical and
mathematical models in real time.

b.1. Numerical arrays are optimized to describe the simulated objects and the
surrounding continuous environment.

b.2. Interactive control options are expanding.



Software tools 2

Decomposition of computational processes by execution time

Given the multi-threaded execution of mathematical models themselves,
breaking the computational process is fundamentally impossible,
however, each clock cycle of a computational simulation can be
limited to a relatively small quantum of time.

1. Variant A — graphical operations with interactive control are performed
at moments of suspension of execution of key mathematical models.

2. Variant B — all operations are executed in parallel by using
iIndependent interval timers in parallel computing threads.



Software tools 3

Variant A — single flow of execution, control and visualization.

Separation of procedures in successive quanta of time
long WaitTime(

long wait, /I delay for independent interrupt processing

bool( *inFree )() = null, // free function of the computational experiment

long work = 0 ); /I control time to execute the calculation cycle [us]
Examples:

WaitTime( wait ) — Sleep function analog ( s ) with processing of interactive requests
WaitTime( wait, inFree ) — math model call inFree with time interval us

WaitTime( wait, inFree, work ) — cyclic startup with time-controlled execution with pause for
control queries and presentation of results.

WaitTime — creates a continuous cycle of the computational experiment, time intervals can be
reconfigured by exiting the cycle InFree()=false.
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Software tools 4

Variant A — time samples to optimize and accelerate calculations

long StartTime, /I computer start time of the whole program

RealTime, /I current execution time of the inFree procedure within WaitTime
GetTime(), /I query the exact time in milliseconds (GetTickCount)
ElapsedTime(); // querying the program runtime(usec)

Depending on the performance of the computer's CPU, to create comfortable
conditions for interactive control and obtain a relatively smooth frame-by-
frame sweep without affecting the computational experiment, it is

necessary to dynamically adjust the parameters of the control procedure
WaitTime( wait,inFree(),work ).



Software tools 5

Variant A — interactive experiment control queries

byte Window::WaitKey() /I stop and waiting of new symbol from keyboard
byte Window::GetKey() /I querying and selecting a symbol without stopping the program

byte Window::ScanKey() // symbol polling without stopping and without sampling from the
queue

byte Window::ScanStatus() // getting associated keys code from buffer
Instead of the usual system prompts to the keyboard, it is possible to bind the
main loop of interactive requests to a specific graphical window.

Thus, the simplest version of the software environment for the computational

experiment is implemented. It is possible to dynamically adjust the speed
of calculations.



Software tools 6

Variant B — parallel threads for mathematical modeling, graphical visualization
and interactive control.

1. The real-time experiment must initially corresponds the performance of
the computer in terms of the amount of computation.

2. Taking into account the need to work in an environment with many
heterogeneous interrupts, it is possible to use object-oriented
programming methods using virtual procedures to speed up
development..

3. Interrupt handling is partly formalized, however, in OOP, it is advisable for
the developer to have an open Window-Place code for choosing
procedural "inheritances", or modifying it.



Software tools 7

Variant B — interval timer in OpenGL environment.

virtual Windowé& Window::Timer() /[ virtual procedure for timer processing
Windowé& Window::SetTimer( usec, bool( *inFree )()=null ) // interval and transaction
Windowé& Window::KillTimer() Il timer reset

The use of the interrupt tool when calling free transactions inFree (), and Iin
reverse sequences of calls over Virtual, allow you to automate the
recovery of the graphical context of OpenGL.

1) Using virtual multiplies the program's executable code due to the automatic involvement
of a huge library LibStd++
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Software tools 8

Variant B — similar processing of interrupts from external devices.

virtual Place& Place::Draw() /[ virtual procedure of image update

virtual Place& Place::Mouse( x,y ) /l motion in the field of graphical area

virtual Place& Place::Mouse( state, X,y )  // reaction when the cursor keys are pressed
virtual bool Window::KeyBoard( byte ) /l virtual procedure input from keyboard

Place& Place::Draw/( bool(*inDraw)() ) Il reference to the external rendering process
Place& Place::Mouse( bool(*inPass)( int,int) ) /I external processing

Place& Place::Mouse( bool(*inPush)( int,int,int ) ) /[ interrupt from mouse

Windowé& Window::KeyBoard( bool( *inKey )( byte ) ) /] registration of a free interrupt
handling module to respond to keyboard input of commands or data.

Derived class Place — rectangular fragment inside the Window

15



Contraction of computational simulation

1 — Continuum-corpuscle kinematics;
2 — Wave dynamics;
3 ~ Ship hydrodynamics in heavy sea.

Algorithms variants :

1 — research of 3D models of tensor mathematics;

2 + algorithms of nonstationary and nonlinear wave dynamics;

3 = synthesis of numerical models in ship hydromechanics in heavy sea.
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Continuum-corpuscle kinematics

1 — research on numerical models of three-dimensional tensor mathematics

— :
C:\Users\Khram\Vasily\Khram X Dipoles Array in Space

<<<- BMAEO-KOHQUDYpALMA —>>>

& Crnocof usobpameHMA KOPNYCRYJHE: KOHTYPH
) . SKCNEePUMEHT: AMHAMMKA HESABMCHMMHX KOPIYCHKYI
, HanpaejieHue nortora: Bmecrte = 0.10,0.10,0.00
| PeBpa u OCHM eOMHMYHON pasMEeTHH: HeT 6, 5, 4
d ;"'-‘ TMpUTAKEHMEe/ OTTAIKMEAHME YACTHIL: DJagKasd CBASb
BHewHuii HaGerawommii NOTOK: CBOBOOHO MSMEHAETCH

Dipole MomemupoBaHHue
B3aHMHOMN JHHAMHKH
MHOMKECTBA AKTHBHHX JHIONEH

<npobeir> PacKpacKa SUIIOIEeH

7] <ctrl>+<npobem> BEKTOPH CKOPOCTH

i <shift>+<npoben> obbeMHaA ceTRa

v ~ o (1-9)*8 kommuecrso yacTul * B Kybe

F4 HACTPOH KA SKCIEPUMEHTA
F1 KpaTKaa CIPaBKa

- . <IMouse*rMouse> noBopoT | cMenieHue
é[I/IHaMMY\a Kopnycxyf[- C y4éTOM MACCH M MHEPLMM / SATH>a St bonnns e

JIOBOS anTH}K?HMH P adoc <shift>+<crpenru> BIIPABO \BJIEBO
BexTOpE TeueHMI: BESBAHHHEE + BUIVMEE

% <CTpeNKHu> pasBopoT cieHH OpenGL

OKXpy)awmuit NOTOK CBOBOOHO MSMEHASTCHA f e e i
R[64]={-0.5,0.3,0.7}, Vv={0.0,0.0,-0.0} delta={-0.02,0.03,0.01} CEuistec s o
[puc:953/cuer:399806] : T= 04741"22 = 38.11% A =
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Algorithms of nonlinear wave hydrodynamics
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Computational simulation development

~ synthesis of numerical
models in ship
hydromechanics in
heavy sea.

The text console is used, and
only in it you can output
information from the
independent block of
execution of mathematical
models.

f2 5
r_’.- LLitopmMoBan MOpexoAHOCT Kopabna (BIMMCAMTENLHEIR SKCMepUMEHT)

MlTopMOBasA MOPeXOOHOCTb KOpabsa (BBHUMCIIMTEJIbHEN SKCIEPMMEeHT)
JNeuuurpan, KopabBiecTpoMTeNbHEl MHCTUTYT \ CaHkT-IeTepSypT, ToCyNapCTBEHHBIA YHUBEPCUTET
HaydYHOo-MHXeHepHOe ofmMecTBO CYLOCTPOMTEIeM MM H.KprutoBa,
[IOACEeKLMA MOPEeXOJIHHX KadeCTB Kopablid B WLTOPMOBEIX YCJIOBUAX

>>> T'-5 mymccep A.H.Tynomnes
>>> { L=17.28, B=3.33, T=0.68, 00'\dd=0cm }"0.68 K(a.62<umn[60]>66.0d) Statum{ 4 }

BomHa: L= 25 M, T= 4.0", A=0.60 C= 6.2 M/c, i C 5=3. -46] = {207 -138} ™
BEOb & 40 M, 5.1", 0.48 7.9 Mm/c, c -36]
Baj: 60 M, 6.2", 0.36 9.7 m/c, . =301

Time 10'59" + 0.50" €l =0.9,=0.0,=0.3 B 0. -0.00 | X 0°17
Speed 19.9y3(0.79=3.9L) W:{ -1.6,-0.0,-0.1 .72 0.69 -0.00 | Y -0°37
Volume 15 << 10 VW { 0.0,-0.0,1.0 .00 -0.00 1.00 | Z 46°37
Surface 54 << 48 ! .
Floatable 44 << 41 .
uCenter 1.7 »>> 1.5 -- 0.5 Gravity.z

h 1.20 >> 0.95 -— uM 55.5 >> 44.4 inMass:

A Kypc( 8 )samannemi => 46.0°<0.0> 45.0°
kped 0.7°, mmddepent -1.8°
CxopocTb 19.9 us 20.0 ysyob



Computational simulation development

P— =
| B AkcoHomeTpuueckuii Bua Kopnyca kopabaa u npoduneii MOpckux BoH

StwW:0,6/4"0
$80:0,5/5"1

SW:0,4/6™2

| Ship I[lemeBoe npoeKTHpOBaHHE,
TEOPHSA H IITOPMOBAs
MOPEXOJHOCTHh Kopabiis

i

..] ! L ‘:' -
F1 - kparkas cnpaBka i Hb-f
F2 sanuce B popmare «Vessel».obj
F3 Bubop ¥ YTeHHe HHOro Kopnyca
F4 napamerpH Kopnyca/KapTHHKH
F8 ruppoMexaHHKa LUTOPMOBAHHA

§ « YnpasieHnue xonoMm Kopabis »
<8/2> + nBa yana Bunepéy/obpaTHo
<T7/9> + pymb BieBo/npaso noxbopra
<4/6> + pym6 BieBo/BnpaBo Ha 6opT
<1/3> + gpeH 30° Ha NeBHA/NpPaBH i
<b5/Alt> pyns npaMo/Tark gepxaTh
<0> CTON MAIIHHA

§ « HacTpoiiku MoZeTHpOBaHHSA »
<Tab/Space> 3arpacKu/KOHTYPH
<Gtrl/+Shift> 3agepxra HIH cTOol
<crpesku " leftMouse>opueHranua
<+Shift*rightMouse> cmemeHue
<+Ctrl* (roll)> madpHOCTH, HAKIOH
<Del>+<Shift> ucxomuu# 0630p
<BkSp> ocTaHOBKAa BONHEHHA

Time 04'37" + 0.50"

Speed 20.0 or 20.0 ysx qﬁ/) 3012

Fr 0.79 ~ 3.9 mmm - 1964
Volume 15 << 15 M /A\ /}\?\ X\ 0.29
Surface 54 << 53 M Q/X\ - p M A /%Y\ OV\

Floatable 44 << 44
Metacenter 1.7 << 1.7
b2 el 2

Y \ X/Y/Z
v -0.23
+1.5/+0.3

 +1.4/+04

(=] X
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~ Video-graphics

+ characteristics setting,
~ship propulsion and
“maneuvering control.

- On the graphs: heaving, rolling

" and pitching, inside the hull

' constant and variable centers,
stability parameters...



Computational simulation development 3

I
' Kopabab 1 TPOXOWAANLHBIE WITOPMOBBIE CTPYKTYPLI MOPCKMX BONH — [m]

Tpoxomnanaﬂme BOJIHE: MOIEJMPOBAHUE TUAPOOUHAMUKM HA TEOPETUUECKOM BoJHeHum StW:5,5/8m"0
‘ [aBneHue C BONHOBEMM M XOIOBEMM MOTOKAMM BOIE 880:7,5/10m"0
’ Kypc 33.8°, apeitd -1.8°, cxopocrs 11.0 ysmos (Fr=0.14, Lw/L=0.13) SW:5,4/12"0

Group structure of
intensive trochoidal
waves.

P = n W

BIK «Ymamoi»-1155 StW:9,5/8™0
{ BOK-1155, "Ymanoit" } $80:7,5/1074Q
[JaByieHue C BOJIHOBEIMM M XOHOBEMM [MOTOKAMM BOIR SW: 5, %/ 12

NOtN

The second graphical
window shows ship
behavior in heavy sea. It
permits to maneuver
between wave crests with
different speeds and
courses Tine 10'06" + 0.50"

o o
Speed 12.2 or 16.0 ysn 35 L A
Fr 0.16 ~ 0.2 moos A /A &
Volume 7148 << 7322
Surface 3027 << 2953 2 \/ )Q ‘2»»/

4
2 ‘x _’
Floatable 2018 << 2079 ¥ e
Metacenter 3.8 << 3.7 2.2/4
3 ] TR

h 1.0 << 1.0

9%03 15"

<= 2391 { 05'14"-02"}
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Conclusion

1. The minimum necessary tools for controlling a direct
computational simulation are presented
2. The requirements for designing a direct computing simulation

based on the architecture of high-performance computing
system are formulated

3. Versions of direct and virtual interactive interfaces based on
parallel architecture and OpenGL graphics environment are
proposed

4, Examples of application of new tools for problem solution

environment (PSE) development are presented



Thanks for attention

[57 Kopa6nb 1 TpoxonaansHbie WIopMoBble CTPYKTYpbl MOPCKMX BOAH

TPOXOD[ILEJ'[EHHIE BOJIHEI: MOISJIMPOBaHUE TUIPOIMHAMUKM Ha TEOPEeTHUYEeCKOM BOJIHEHMM
APXM:MEI[OBEI TpagueHTH Ha CKJIOHAX BOJIH: BCE MEeCTs BUIOB KauKM

Kypc 45.0°, mpeitdp 0.0°, cxopocTe 5.7 ysmos (Fr=0.20, Lw/L=0.26)

o e 1L 2
= =

Sreces o 15.0 5
zopeea -V ysa
FE 020 ~ 0.3 mmm
Uplume 14029 << 13314
Burface 3012 << 3715 _
:fiaatable 2450 << 2259
~Metacenter 2.0 << 1.8

h 1.0 << 0.8

\ Y N >
2022 amrycr 10, cpema 13°55'53" <= 1924




