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cdecl

C gibberist English

int (*(*foo)(void ))[3]

as pointer to function (void) returning pointer to arra

malloc (),

Proc: Cena:
m Prekonat omezeni m Slozitost
m Slaby hardware (Arduino), real-time, m Prace s paméti
slozité a narocné m Debugovani a ovéfeni spravnosti

m CUDA - explicitné



Nas problém:

Zobrazovani pomoci optickych vlaken




Zobrazovani in-vivo

Co se déje uvnitr zivého organismu?

1986

"Adaa’Look qut
EVeryone!
Ti's @ covership!

Life on a microscope slide



Zobrazovani in-vivo

Co se déje uvnitr zivého organismu?

Jak funguje skutecna
neuronova sit'?




Problémy

Co se déje uvniti? Zajimavé je schované
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Problémy

Co se déje uvniti? Zajimavé je schované
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Endoskopy

Colonoscopk\/-‘

8 standard image guide b

single-mode image guide c multi-mode fibre
. oo
( D e Y
XXXXXXX
1 SR O
XXXXXXXAXX
s
.y * <




Endoskopy




Multimodové vilakno a vznik “obrazu”?




Multimodové vilakno a vznik “obrazu”?

+ Interference




Multimodové viakno adaptivni optika

Obratime problém




Experimentalni systém

Neuronal processes §
(axons and dendrites)

)
eep within an adult mouse brain




Transmisni matice optického viakna

m Propojuje vstup a vystup vldkna

m 1812 x 3522 complex float = 32.5GB
m vytvari mfizky pro prostorové modulatory
® nameéfeno za 1.5 minuty

m zpracovani LabVIEW ~ 45 minut



Knihovna



Vypocetni knihovna: flowchart
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MATLAB Coder

MATLAB Coder - dofftTM. prj MATLAB Coder - dofftTM. prj v AR

DD Generate Code GENERATE v  VERIFY CODE

GENERATE ~  VERIFY CODE ® E]

10 function DMDA = dofftTH(Th) 1/%
2 @) ot 2 * Acadenic License - for use in teaching, academic research, and meeting
3| o = 3 * course requirements at degree granting institutions only. Not fo
o WODES = size(Th,3); 4 * government, commercial, or other organizational use.
s 5 =
6 | mask = complex(zeros(768,768, ‘single')); 6 * dofftm.c
7 | mask1 = complex(zeros(768,TMD, ‘single')); 7%
8| mii = floor(81-(TMD-1)/2) + (0:THD-1); 8 * Code generation for function 'dofftTh
9| m alse(size(mask1)); 9 *
10 | minii, :) = true; 10 %/
o =m ) 1
12 a\se(s\ze(mask)), 12 /* Include files */
13 mZAmL\, 1) = true 13 #1 <string.h>
1 m2 = m2(); 14 #1 “dofftT.h"
15 15 #i “dofftTH_emxutil.h*
16 | DMDM = false(768,1024); 16 #i “fFft1.h"
17 | dil = false(1024, 1); 7
18 | dii(128 + (1:768)) = true; 18 /* Function Definitions */
19| DDA = cell(NMODES,1); 19 void dofftTM(const emxArray_creal32_T *TM, emxArray_cell wrap_0 *DMDA)
2 20
2161 for kk = 1:NMODES 21 static creal32_T mask[589824];
2 mask1(m1) = TM(:,:,kk); 22 static creal32_T mask1[49920];
) bluesteinSetup.c 23 FT1 = fft(mask1); () bluesteinSetup.c 23 boolean_T m1[49920];
() dofftTM_data.c 24 mask(m2) = FT1."; () dofftT™_data.c 24 int i0;
) doffTM_emxAPLc 25 FT = fft(mask); () dofftTM_emxAPLc 25 static boolean T m2[589824];
1) doftTM_emxutilc 2 OMDM(:,dii) = (inag(FT) > 0); D) doftTM_emxutilc 26 int i1;
3 doftTM iniialize.c 27 DMDA{KK} = DHOM; 3 doftTM_iniialize.c 27 static boolean T DMDM[7864321;
1) doffTM _terminate ¢ 28 - end () offTM_terminate ¢ 2z Gy G
[ doftTM.c = dofiTM.c: 2y lnt
m: O mic 30 emxArray int32T *ro;
Q) mainc 2 ::: Loop_ub;
j hlueslemSe(uph () bluesteinSetup.h D ome
03 doteTm o 0] doftTM_datah s creals.T tmp_datal4225);
1) doftTM_ emxAPH‘ (1) dofftTM_emxAPLh 35 int trueCount ’
0} dofeTw_emwtith L) doftTM_emxutiLh S static const float Fv0[1625] = { 1.0F, 0.999985291F, 0.999081165F,
1) doffTM _initialize.h L) dofftTM_initialize.h 31 0.999957621F, 0.999924719F, 0.99988234F, 0.999830604F, 0.99976939F,
1) dofftT_terminate.h 1) doftTM_terminate.h 38 o , 0. . , 0 , 0. .
L) dofftT™_types.h (1) dofftT_types.h 39 0.999204755F, 0.999077737F, 0.998941302F, 0.99879545F, 0.998640239F,
() doftTM () doftTM b 40 0.998475552F, 0.998301566F, 0.998118103F, 0.997925262F, 0.997723043F,
) fiwh D fith 41 ©.997511446F, 0.997290432F, 0.097060061F, ©.096820271F, 0.996571124F, |v]
1] mainh Target Build Log | Variables L] mainh Target Build Log | Variables
sh sh
1 Juesdgel® vaiale | T se ] I Jincigenl® varavle T sze ]
O rtw_proj.tmw B Input 0 rtw_pro.tmw & Input
™ single 65 65 x :12544 ™ single 65 x 65 x :12544

 Output B Outp



Pamét a alokace

Nadfizené prostiedi Knihovna
vlastni sprava paméti X snadno alokuje
nevi kolik ma alokovat kdy a jak uvolnit?



Pameét a alokace Il

Jak velkou Alokace
pamét na vysledky paméti vysledki —l

Qvaupnfdm H Vypotet }ﬁ Uklid

Alokace
bufferd

Nastaveni
parametrii

Nastaveni
parametri



Pamet’ a alokace lll

Kam ulozit parametry

Jak velkou Alokace

pamét na vysledky pamiti vysledkii _I
Nastaveni Alokace .
bufferh Q Vstupni data H Vypoéet }ﬁ Uklid
1 vétev

statickd proménna

dllSetParam(parl, par2);
dllGetResultSize (& size);
res = malloc(size x sizeof (float));

Nastaveni
parametri

dllCalculate (res);

Paramerty ve vnéjSim bufferu e
Vnitfni sprava

alokuje vnéjsi prostiedi

size_t parsize = dllParSize();
DLLPAR x params = malloc (parsize);
dllSetParam(params, parl, par2);
dllGetResultSize (params, & size);
res = malloc(size * sizeof (float));

knihovna se stara sama

int32_t ID = dllAllocCalculations();
dllSetParam(ID, parl, par2);
dllGetResultSize (ID, & size);
res = malloc(size * sizeof (float));

dllCalculate (params, res); dllCalculate (ID, res);



Rozhrani

#include <stdint.h>
#include <stddef.h>
#include < h
#include "dlL_api.h"
#include "DMDtoolbox.h

typedef struct {
int32_t mmauzeu *x

_noc .
i modess; /it number of columns
out_nodes;

out_nodes2;

cout_modes

cout_modes2;

pixel_pitch;
wavelength;

threads;

+ganna;
has_plans;
plan_fu, plan_bk;
proj_center[2]

} tnmtPAR_t;

* EROOR co

mef\ne T HVERR\IR HEI’IDRV

ERQ C
:mehue THATERROR - INIT -

idefine THNTERROR, PROPAGATION

#ifdef __cplusplus

extern

#endif

ADDAPT 1nt32_t ADDCALL tmmtGetSettingsSize(void);

ADDAPT void  ADDCALL tmmtCleanSettings(tmmtPAR t rsettings);

ADDAPT int32_t ADDCALL tmmtSetParams(tnmtPAR_t *settings, int32_t input modesl, int32_t output_modesi,
ADDAPT 1nt52. ¢ ADDCALL tamtetPLtchMavelenghi(tntpAR t ssettings, floal pitch, float vavelengih);
ADDAP 1nt32 ¢ ADDCALL tmRtGetParamsToArray(const tamPAR ¢ *settings, (ni32.t pa ;

ADDAPT 1

32_t ADDCALL tmmtCalcAveragedProjection(tmmtPAR t *settings, const uint32_t N, const
ADDAPT i

32_t ADDCALL tmmtCalcProjectionCenter(tnmtPAR_t *settings, const float xavp_far, (nt32_

mtComplex * TM,
*slice_rect);

ADDAPI int64_t ADDCALL tmmtCompressTMSize(tmmtPAR_t *settings, int32.t

sz[4]);

ADDAPT int32_t ADDCALL tmmtCompressTH(tnmtPAR_t *settings, const tnmtComplex * TH, tamtComplex *THC);

ADDAPI int32_t ADDCALL tmmtFTCTM(tnmtPAR_t *settings, const tmm

ADDAPT int32_t ADDCALL tmmtFTcTMInplace(tnmtPAR_t *settings,

ple tantConplex xTHCT);

tnt mmu * mc)

of transm

natrix

KBl struktura s parametry

funkce pro zjisténi velikosti

funkce pro nas taveni a ¢teni parametrd
vypocetni funkce

int32_t thread_c);

float *avp_far, float *avp_dist);



CAS

Testovani a MATLAB



Integrace s MATLABem — 1loadlibrary

m standardni funkce
loadlibrary, calllib, unloadlibrary, libpointer

m MATLAB automaticky vytvofi rozhrani mezi pro volani funkci
loadlibrary(’1ibDll.so’, "header.h’)

m Volani funkci: calllib
[x1,...,xN] = calllib(libname, funcname, argl, ..., argN)

m Pro navrat do poli nutné pouzit libpointer
m Netrivialni pfiprava struktur
m Komplexni &isla?




Integrace s MATLABem — MEX

: Vlastni rozhrani, funkce pro MEX
s enigetator-h C a MATLAB prototyp funkce

FUNCN *dndToolbox: tnmtGenRamp*

. tcommter 1oy zakladni ¢ast chybové zpravy
E . f“: ot ey Sprhs]) kontrola vstupnich parametrt (typ, velikost)
ey ukazatele na data vstupnich poli (mxGetUint8s)
R e pozor na komplexni data
f Eih“:h[‘]m { acettunberofcianents prhala]) 1= settings_size)) vytvofit vystupni proménné a ukazatele na data

2 mexErrMsgIdAndTxt(FUNCN “:prhs*,"Input 1 is not TH manipulator settings®);

zavolat funkci z knihovny

25 if ((nlhs>2)) {

~ o]

2 mexErrMsgIdAndTxt (FUNCN “|:nlhs®,"8-2 output required.”); .
- aktualizovat strukturu s parametry
-

30 tMMtPAR_t * settings = (tmmtPAR_t *) mxGetUint8s(prhs[0]);

o

32 int32_t param[20]; 2 i

S bt aystting, parans m Pro preklad Makefile

H

35 mwSize mdims[2]; B .

E A m Linux: LD_LIBRARY_PATH='.’ matlabs
37 ndims[1] = param[2];

H

H

40 mxArray *mRamp;

41 tmmtComplex *ramp;

p

a3 mRamp = mxCreateNumericArray(2, mdims, mxSINGLE_CLASS, mxCOMPLEX);

as ramp = (tmmtComplex*) mxGetCompl

-

46 if (nlhs >= 2)

5

48 int32_t err = tmmtGenRamp(settings, ramp);

.

50 plhs[1] = mRamp;

=

52 plhs[0] = mxDuplicateArray(prhs[0]);



Integrace s MATLABem - tfida

[classdet TMManpulator < handle

SUNTITLED Summary of this class goes here

m VSechny funkce zaobalené do tfidy

properties (Dependent = true)
Error

m Destruktor pro Uklid

e m Parametry pFistupné pres vlastnosti
= A—_g

Py Poznamky:

e TN m pro znovunadteni knihovny
clear functions

end

nethods
function obj = THManipulator(ini, omi, threads)
if nargin < 1 || isempty(in1)

row/column major vicerozmérna pole
indexovani od 0/1

nargin < 2 11 semptytont)
end B tic;toc
if nargin < 3 || isempty(threads)

[obj.s, obj.e] = tamtSetParans(ini, oni, threads);
obj.UpdateSettings;
end

function delete(obj)
(“delete Manipuator*);
if ~isempty(obj.s)
tmntCleansettings(obj.s);
obj.s = [1;
end
end

function SetPitchWavelength(obj, pitch, wavelengt)
[obj.s, obj.e] = tamtSetPitchWavelenght(obj.s, pitch, wavelengt);



% Shrnuti

Zobrazovani vilaknem MATLAB pro debugovani
m Flourescencéni zobrazovani m srovnani vysledkd vypoctu
hluboko v tkanich knihovna x MATLAB
m LabVIEW = C + CUDA m srovnani vykonnosti
alespon 100 nasobné zrychleni m nutnost pouzit MEX (nékdy)
m DalSi zobrazovaci techniky: m pravdépodobnost padu MATLABu
CARS, SGH 99% (ze zadatku) = 20 %

m Sméfujeme k zobrazovani pohybujicich
se modell
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