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Videa na Youtube


https://www.youtube.com/@GPUProgrammingWithTNL

TNL, Template Numerical Library

TNL = Template Numerical Library - www.tnl-project.org

» numericka knihovna pro moderni paralelni architektury
nabizi jednotné rozhrani pro vicejadrova CPU a GPU
vyvijena v C++ a vyuzivajici modernich vlastnosti C++17
~ 300,000 fadek kodu a dokumentace

dostupna pod MIT licenci

afiliovany projekt sdruzeni Numfocus (www.numfocus.org)
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TNL, Template Numerical Library

» Knihovna je dostupné na Gitlabu
» https://gitlab.com/tnl-project/inl

> tnlcxx je nastroj pro jednodussi kompilaci s TNL
» https:/gitlab.com/tnl-project/tnlcxx

» Knihovna obsahuje nékolik modulu:

» TNL-MHFEM - Mixed-Hybrid Finite Element Method
» TNL-LBM - Lattice Boltzmann method
» TNL-SPH - Smoothed-Particle Hydrodynamics


https://gitlab.com/tnl-project/tnl
https://gitlab.com/tnl-project/tnlcxx
https://gitlab.com/tnl-project/tnl-mhfem
https://gitlab.com/tnl-project/tnl-lbm
https://gitlab.com/tnl-project/tnl-sph

TNL, pole a vektory

N S

Sprava paméti je v TNL feSena hlavné pomoci poli a vektora.

Pole je reprezentovano Sablonovou tfidou Array:

template< typename Value = double,
typename Device = TNL::Devices::Host,
typename Index = int >

class TNL: :Containers::Array { ... };

kde

> Value je typ prvkd ukladanych v poli
» Device fika, kde ma byt pole alokovano

» TNL::Devices: :Host pro CPU a systeomovu pamét
> TNL: :Devices: :Cuda pro GPU kompatibilni s CUDA
> TNL::Devices: :Hip pro GPU kompatibilni s HIP

» Index je typ pro indexovani prvku pole
> ukazka kédu


https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/002-Arrays-and-memory-management/src/01-array-constructors.cu

TNL, pole a vektory

» Vektor je reprezentovany tfidou vector se stejnymi Sablonovymi parametry.

» Podporuje vyrazové sablony (expression templates, ET) pro algebraické
vektorové vyrazy.

Napf. vyraz

X = d+2b+ 3¢
Ize vyhodnotit s pomoci Blas/Cublas pomoci kédu:

cublasHandle_t c_h

1 . _ny

2 cublasSaxpy(c_h,N,1.0,a,1,x,1); // —> x = a

3 cublasSaxpy(c_h,N,2.0,b,1,x,1); // —> x = x + 2 % b
4 cublasSaxpy(c_h,N,3.0,¢c,1,%x,1); // —> x = x + 3 * C

S pomoci ET v TNL je to mnohem jednodussi

1 X

a+ 2 b+ 3 *x c;

... a efektivnéjsi !



ET pro vektory

» ET je proxy objekt pro vektorovy vyraz
» umoznuje tzv. lazy evaluation
» j—ty prvek vyrazu je vypocCitany, az kdyz je pfifazovan, t.

1 ET[ 1 ] =al 11 + 2 bl 11 + 3 = c[ 1]

» na CPU by pak vyhodnoceni vyrazyu probéhlo

1 for( int i = 0; i < n; i++ )
2 x[i]=al[i]+2 xDb[i]+3*cl[il];
3 // . = ET[ i ] o

» to vyZaduje pouze jeden zapis do X misto tfech zapist a dvou ¢éteni jako u
Blasu



ET pro vektory

Test scitani vektord: x += a + b + c.

CPU GPU

Size | BLAS TNL cuBLAS TNL

BW BW Speed-up BW BW Speed-up
100k 19.3 41.5 2.2 194.7 236.5 1.21
200k | 19.7 417 21 228.3 277.6 1.21
400k 17.3 35.9 2.1 218.3 330.9 1.51
800k | 11.7 193 1.6 233.3 370.6 1.58
1.6M 104 17.0 1.6 249.6 403.4 1.61
32M | 10.2 17.3 1.7 266.6 444.8 1.66
6.4M 10.2 17.3 1.7 276.6 471.3 1.70

BW = efektivni datovéa propustnost v GB/s,
testovano na GPU Nvidia P100 (16 GB HBM2 @ 732 GB/s, 3584 CUDA jader)
a Intel Core i7-5820K (3.3GHz, 16MB cache).



ET pro vektory - priklady

ET v TNL podporuje nasledujici operatory a funkce:

>
>

v

operatory: + — * / += -= x= /=

funkce: sign abs sqgrt sin cos tan asin acos atan sinh cosh
tanh asinh acosh atanh exp log pow

minima a maxima: minimum  maximum

porovnavani: == !=

porovnavani po slozkach: equalTo notEqualTo less lessEqual
greater greaterEqual

redukce: sum min max dot all any argMin argMax
ET a redukce:


https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/003-Vectors-and-magical-ET/src/02-et-operators.cu?ref_type=heads
https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/003-Vectors-and-magical-ET/src/03-et-functions.cu?ref_type=heads
https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/003-Vectors-and-magical-ET/src/04-et-min-max.cu?ref_type=heads
https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/003-Vectors-and-magical-ET/src/05-et-comparisons.cu?ref_type=heads
https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/003-Vectors-and-magical-ET/src/06-et-elementwise-comparison.cu?ref_type=heads
https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/003-Vectors-and-magical-ET/src/07-reductions.cu?ref_type=heads
https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/003-Vectors-and-magical-ET/src/08-et-and-reductions.cu?ref_type=heads

Parallel for

Pro obecnéjsi algoritmy je Casto potfeba pouzit funkci parallelFor:
namespace TNL::Algorithms {

1

2

3 template< typename Device >

4 void parallelFor( int begin, int end, Function f );}

Toto je zjednoduSena deklarace parallelFor.



Lambda funkce v C++

Lambda funkce v C++ jsou uzite¢né pokud potfebujeme vlozit
> kod,
» data a proménné,

do existujiciho algoritmu.

1 auto f = [ <data and variables> ] ( int idx ) mutable { <piece of code> };



Lambda funkce v C++

template< typename LambdaFunction >
void forLoop (int begin,

int end,

LambdaFunction function

for( int i1 = begin; 1 < end; i++)
function( 1 );

int main( int argc, charx argv([] )
{
int+ data = new int[ 10 ];
auto f = [=] ( int idx ) mutable{
datal 1 ] = i;
}i
forLoop( O, 10, £ );
delete[] data;

)



Lambda funkce v C++

template< typename LambdaFunction >
void forLoop (int begin,
int end,

for( int
functi

LambdaFunction function

i = begin;

on( i

)i

int main( int argc,

{

intx data
auto f =
datal[
}i
forLoop (
delete]]

= new int]|

=1 (
i] =

0, 10,
data;

int idx ) mutable{

i;

£

char+ argv/(]

)i

i < end;

10 1;

i++)

)

)

B T Y N N

int main( int argc,

{

int+ data

for ( int
data |

delete ]

char~ argv/[]

= new int[ 10 ];
i = begin; 1 < end;

i] =
data;

i;

)

i++

)



Lambda funkce v C++

template< typename LambdaFunction >

1
2 void forLoop( int begin, int end, LambdaFunction function )
3 {

4 for( int i = begin; i < end; i++ ) function( i );

5 }

6

7 int main( int argc, charx argv[] ) {

8 TNL: :Containers: :Vector< int > .( 10 );

9 std::cout << "Capturing by value:" << std::endl;

10 auto f_value = [=] ( int idx ) mutable {

11 B i1=o0;

12 bi

13 forLoop( 0, 10, f_value );

14 std::cout << v << std::endl;

15

16 std::cout << "Capturing by reference:" << std::endl;
17 auto f_reference = [&] ( int idx ) mutable {

18 B ii-=o;

19 bi

20 forLoop( 0, 10, f_reference );

21 std::cout << v << std::endl;



Lambda funkce v C++

Pfedpokladejme nyni, Zze vektor v je alokovany na GPU:

1 TNL: :Containers: :Vector< int, _ > v( 10 );



Device

Host

GPU
Global memory

©
i)
©
o]
AN
AN
1
1
! '
1
1
1
1
|
1
| - >
! @ N e
' 2 g4 O o )
o K e 0]
' N 110 4 €
" © B oo %
_ 0 55 2
' > T
1
1
1
1
1
1
1
1
1

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



Device

Host

GPU
Global memory

M

i)

(o]

T

AN

AN
1
1
! '
1
1
1
1
"
1
1 {a} WJ
1 ISR @]
' > 5 N =
" 2 g4 9 o
o K \ 0

| Al sO* m
! C ttt -—
" O e g a
1 %.l.l T
1
1
1
1
1
1
1
1
1
1

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



Device

Host

GPU
Global memory

©
i)
©
o]
AN
AN
1
1
! '
1
1
1
1
|
1
| - >
! @ N e
' 2 g4 O o )
o K e 0]
' N 110 4 €
" © B oo %
_ 0 55 2
' > T
1
1
1
1
1
1
1
1
1

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



Device

Host

GPU
Global memory

©
i)
©
o]
AN
AN
1
1
! '
1
1
1
1
|
1
| - >
! @ N e
' 2 g4 O o )
o K e 0]
' N 110 4 €
" © B oo %
_ 0 55 2
' > T
1
1
1
1
1
1
1
1
1

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



Device

Host

1

1

1
" "
| 1
1 W _

Vi
| 2k "
1 C — y_
1 _ m _
1 - : _
_ & B <3
[
" 3 o ol|lo!
| © O 5 N e .
_ = L Al N - =
' o A 7] | - =
_ © > x o
_ NE R o .
1 - i . _
| b oSO
1 a t _
1 d C _
" A< % "
| 1
_ AN X
_ 1
_ -_—-
T e
R I
................ _

Pmmm e mmmm e "
| N |
| 1
| 1
| 1
" "
| 1
_ >
1 — a — nrv _
" 55 5
1 S 2 M £ !
" 2 vl N “~ T 0 m "
1 P A) 4 O * L& _
| & 53w 7 |
| (G T !
| 1
| 1
| 1
| 1
| 1
| 1
_ 1
1
1
1



Device

Host

1

1

1
" "
| 1
1 y _

Vi
" wA ¢ "
1 C — y_
1 _ m _
1 ; : _
_ & B <3
[
" 3 o ol|lo!
| © O 5 N e .
_ = L Al N - =
' o A 7] | - =
_ © > x o
_ TR S o
1 - i . _
| b oSO
1 a t _
1 d C _
" A< % "
| 1
_ AN X
_ 1
_ -_—-
T e
R I
................ _

Pmmm e mmmm e "
| N |
| 1
| 1
| 1
" "
| 1
_ >
1 — a — nrv _
" 55 5
1 S 2 M £ !
" 2 vl N “~ T 0 £ "
1 P A) 4 O * L& _
| & 53w 7 |
| (G T !
| 1
| 1
| 1
| 1
| 1
| 1
_ 1
1
1
1



Device

Host

Vector& v_ref

A data

GPU
Global memory

int* data

Vector v {

CPU
int size}
Host memory



S

Resenim je pouziti Vectorview:

template< typename Value = double,
typename Device = TNL::Devices: :Host,
typename Index = int >

class TNL: :Containers: :VectorView { ... };

> VectorView (resp. ArrayView) ma témeér identické rozhrani jako vector
(resp. Array).
» Neprovadi alokaci a dealokaci paméti, spravovana data jsou sdilena.
» Daji se pouzit pro:
» obaleni dat alokovanych mimo knihovnu TNL,

» rozdéleni jednoho vektoru do vice mensich,
» predavani dat mezi CPU a GPU.


https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/002-Arrays-and-memory-management/src/06-array-view.cu?ref_type=heads
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S

Resenim je pouziti Vectorview:

template< typename Value = double,
typename Device = TNL::Devices: :Host,
typename Index = int >

class TNL: :Containers: :VectorView { ... };

> VectorView (resp. ArrayView) ma témeér identické rozhrani jako vector
(resp. Array).
» Neprovadi alokaci a dealokaci paméti, spravovana data jsou sdilena.
» Daji se pouzit pro:
» obaleni dat alokovanych mimo knihovnu TNL,

» rozdéleni jednoho vektoru do vice mensich,
» predavani dat mezi CPU a GPU.


https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/002-Arrays-and-memory-management/src/06-array-view.cu?ref_type=heads
https://gitlab.com/tnl-project/gpu-programming-with-tnl/-/blob/main/data/004-Parallel-for-and-lambda-functions/src/03-parallelFor.cu?ref_type=heads

Podobné knihovny

» Thrust, rocThrust - C++ knihovny inspirované STL knihovnou pro
programovani GPU

» Kokkos - C++ programovaci model pro vyvoj portovatelnych aplikaci pro
rizné HPC architektury

» SYCL - je standard navrzeny skupinou Khronos Group definujici abstrakci pro
vyvoj aplikaci nad riznymi HPC platformami


https://docs.nvidia.com/cuda/thrust/index.html
https://github.com/ROCm/rocThrust
https://github.com/kokkos/kokkos
https://www.khronos.org/sycl/

AXPY priklady

axpy je rutina knihovny Blas pocitajici vyraz
y=axX+}y.
Ukazeme se jeji implementaci v riznych knihovnach:
» CUDA
» Thrust

» Kokkos
> SYCL


https://gitlab.com/oberhuber.tomas/paa-examples/-/blob/master/axpy/cuda.cu?ref_type=heads
https://gitlab.com/oberhuber.tomas/paa-examples/-/blob/master/axpy/thrust.cu?ref_type=heads
https://gitlab.com/oberhuber.tomas/paa-examples/-/blob/master/axpy/kokkos.cpp?ref_type=heads
https://gitlab.com/oberhuber.tomas/paa-examples/-/blob/master/axpy/sycl.cpp?ref_type=heads

	TNL

