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Problematika

e Spektrometricky vyskum
e Spektralne Ciary
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Problematika

e Spektrum = sucet spektralnych Ciar

° S(V) — ZVT]—>T]’ Peak(v, an . n/)

* Nezavislé v -> paralelizovatelné



Problematika

e Spektralne Ciary su modelované pomocou:

* Artimetickych funkcii — Lorentz, Gauss

* Integralnych funkcii — Voigt, HTP

 \lypocCet integralnych funkcii vyuziva aj Faddeejovej funkciu



Problematika

* Rozlisenie a pocet spektralnych cCiar
e Odlisna forma spectra
* Mnozstvo nameranych dat



Extréemy
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* Priklad atmosferického spektra
* Misia IAS| - zlozenie atmosféry
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* Tisice spektier za noc
* Analyzované real-time

Spactrum rodiance (W/(m2.srm=1))
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e Rozlisenie 50 hodnot
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Problematika

* Fitovanie — poloautomatika
e Casovo naroéné uréovanie jednotlivych zloZiek
* Cas vypoctu spektra, odozva

e Kazdé zrychlenie sa pocita - GPU



Struktlra programu

* \/lypocitava grafy, ktoré LabVIEW zobrazi

e Jadro problému

LabVIEW Rozhranie Vypoctova kniznica

Zabaleny 1/O "Rozbali" 1/0, Vykond pozadovany

zavola vypocet vypocet v
s nastavenymi odkazovanej pamati

parametrami
DLL




Struktlra programu

[ Peaks Synthetizer 2017 -
| File Edit Operate Tools Window Help
Peak shapes: Peak param: Input  OutputData  Output-Fit
0 Lorentz 0shape
1 Gauss 1 center . . Options  samples return Ser  return Par
2 Voigt i Auto Peak Gen?  Table Control 0 & [1w000 = 1 0
3 Humlicek 3 surf. [CJorF/on count/s center amp./sur. wD wi d0 w2 d2 eta nu_VP A
4 Rauthian 4wD  (HWHM) value 1 05 1 001 001 o start Plot?
2 Racthiank{ oy (R sigma 2 1 05 001 001 001 . 004 |5 errorout P4 OFF/ON
§ Galatry gl Peak Parameters
-Hum 01 =) 0.01 H|o o |0 Hjjo al [ o a1 Hjjo = -~ =
9eta g 006 & o |
10 nuVC v source
11 beta < > ~
12 vMP
13 sample v
R Tab Contrel jg Time SerTime ParTime Serge Time LBtime 0ld Int SerInt Parlnt  Sergelnt  2017Int  LBlInt [ 4| Fime Il sy
XY Graph  |432 3 7 4 53 0.2129 0.2129 0.2129 02129 0.2129 0.9936 | | [Amplitud [l Y|4 10 uector
1D Y vector
Jrofile name Parameters Mechanism 20 array of |
N sD* VO Correlation E
Joppler 1 No  No No
orentz 2 No Mo No
oigt 3 No No No
jalatry 4 No  Soft No
tautian 4 No  Hard No
lelkin-Ghatak & No  Hard No 3 017 E
ipeed-dependent Voigt 5 Yes No No = =
= ar
jpeed-dependent Galatry [ Yes Soft No E ? -
ipeed-dependent Nelkin-Ghatak é Yes Hard No i = H
jpeed-dependent Rautian [3 Yes Hard No Serge H
Jartmann-Tran 7 Yes Hard Yes —~
orrelated SD asymmetric Rautian-5obelman 8 Yes Combination Yes E2 -
fartially correlated SD Keilson-Storer 8 Yes Combination Yes

2t Vyer Vi 1

rther details and citations. All profiles except the simple Lorentz profile include the Doppler broadening effect.

fependent; VC = velocity changes due to collisions.

pr these profiles are all given in the quadratic (q) form of the speed dependence; for hypergeometric models the
rameters I', and I, (or 4, and A,) are replaced by an amplitude factor and a parameter that is either p, the power-
giving the dependence of the broadening on the relative speed, or g, which describes the power-law dependence

Jlecular potential on the intermolecular distance.
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CUDA

* Grafické API

e Postavené nad C/C++

e Zamerané na programovanie viaknami
* Jadra-Kernely



CUDA

-ivoid VoigtH5(const int index, const double *xi, double *yi, const double x8, const ¢ -__global  wvoid VoigtH5(const double *xi, double *yi, const double %@, const double
{ {
double z_real = M_SgrtLln2 * (xi[index] - (x@ + d@)) / wD;
double z_img = (w8 / wD) * M_Sqrtln2;
double wvrz, vri;

int myTndex = blockTdx.x * blockDin.x + threadIdx.x;

double z_real = M_SgrtLn2 * (xi[myIndex] - (x@ + de)) / wD;
double z_img = (w8 / wD) * M_Sgritln2;

wofz(z_real, z_img, &vrz, &vri); double vrz, wvri;

yi[index] = s * vrz * (1 / wD} * M_SqrtlLn2oPi;
1 wofz(z_real, z_img, &vrz, &vri);
yi[myIndex] = s * wrz * (1 / wD) * M_SqrtLn2oPi;

ffao..
VoigtH5<<<groupsize,blockSize»»>(gpu_xs, gpu_ys, shape, s, wD, w@, d@);



Implementacia

* Kniznicné vyriesenie Faddeejevovej funkcie => CERNLib
* Vlastné riesenie Faddeejevovej funkcie
* Porovnanie rieseni



Implementacia

* \lypocet funkcii z vodu
* V(x;0,Y) = ffoooG(x’; o)L(x — x';y)dx'

Profily jednotlivych funkcii pri 10k bodoch, plocha =1

Lorentz Gauss Voigt e e e HTP




Implementacia

* \/Seobecna schéma vypoctu 2 spésobmi

* Minimalizacia rézie, opatovnych vypoctov
* RozSirenie kniznice viacerymi sp6sobmi

e Zachovana algoritmicka zlozitost



Nasadenie

* Nasadenie prebehlo uspesne bez vacsich uprav
* PIna implementacia HTP funkcie



Nasadenie

 Zrychlenie pri vSetkych pouzivanych funkciach
 Zlozité vypocty zrychené ~10-nasobne



Testovanie

. , ;v 1 FUNKCIA
Priemerné ¢asy vypoctu func.
. —e—CPU —8—GPU PEAK GPU FUNC
HTP pre 10”3 az 1076 bodov. o
600
CPU =i7-6700 @ 3.4 - 4.0Ghz >0
400
GPU = GTX 750 Ti »
200
100
0 n 3 _— —
1000 5000 10000 50k
——CPU 0.6 3.1 6 30.4
—8— GPU PEAK 0.8 0.9 13 36

GPU FUNC 19 2 25 4.8



Testovanie

Priemerné Casy vypoctu 1000
funkcii HTP na danom
mnozstve bodov.
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Testovanie

Priemerné casy 1000 vypoctov
Faddeevovej funkcie starou a

novou funkciou.
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Testovanie

TEST KOREKTNOSTI

A mpliude - CPL s Ampliude - GPL
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Dal$ie kroky

* Dodatocna optimalizacia

e Zavedenie rieSenia do programu pozivaného medzinarodnou
spektrografickou komunitou



Dal$ie kroky

* \/lyuzitie rozhrania a rychlejsieho vypocCtu na automatické skumanie
vysledkov



Prinosy prace

e Zrychlenie odozvy pri zlozitych vypoctoch
» Otvorenie novych moznosti na automatizaciu prace s datami
* Nadobudnuté skusenosti s GPGPU



Dakujem za pozornost



