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Typical hardware configuration
Tesla modular structure
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HARDWARE



The typical machine

e Hybrid super-machine can be build at home.
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Our test machine

* We have end-user class PC equipped with:
= Intel CPU i7 920C (4-cores, HT)
" Tesla C1060 (thanks to courtesy of NVIDIA)
= NVIDIA GTX 295 (dual GTX285, SLI with Tesla)
= 12 GB RAM (DDR3, 1066 MHz)
= Price <2000kS
= Power Consumed <200W
* Our model has approximate speed:

CPU+Tesla+GTX = 44.8 + 933 + 1788 = 2.8 Tflops



Hardware view

e Let’s take a closer look how such a GPU is built.
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Hardware view

* Memory organization
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How to start
Where to get CUDA
Installing under Windows/Linux

INSTALLATION



How to start with CUDA

Buy the device (we got Tesla 1060 for free)

Plug in PCI-E*'® capable motherboard

Install drivers for your platform

Install CUDA-SDK/Toolkit

Write/use the proper software

* Compile!
nvcce

* Debug!
cuda- gdb

* Profile!
cuda- pr of



How to install CUDA

[wWindows] [Linux] [MacOs]

Windows

Developer Drivers for WinXP (197.13)

‘ 32-bit

Developer Drivers for WinVista & Win7 (197.13)

64-bit

Notebook Developer Drivers for WinXP ‘ gE_E:t
. e : 32-bit
Notebook Developer Drivers for WinWista & Win7 &4-bit
Getting Started Guide for Windows
Release Notes
CUDA C Programming Guide
CUDA C Best Best Practices Guide
CUDA Toolkit OpenCL Programming Guide
OpenCL Best Best Practices Guide
® C/C++ compiler OpenCL Implementation Notes
® CUDA Visual Profiler 29-hit CUDA Reference Manual
® OpenCL Visual Profiler 64-bit API Reference
® GPU-accelerated BLAS library - PTX ISA 2.0
® GPU-accelerated FFT library Visual Profiler User Guide
& Additienal tools and documentation Visual Profiler Release Notes
Fermi Compatibility Guide
Fermi Tuning Guide
CUBLAS User Guide
CUFFT User Guide
License
N . 32-bit
NWIDIA Performance Primitives (NPP) library ‘ 64-bit |

[CULA: GPU-accelerated LAPACK libraries

[download|[mare info

[NVIDIA Parallel Nsight for Visual Studio

[mare info

e http://developer.nvidia.com/object/cuda_3 0 downloads.html

Linux
Developer Drivers for Linux (195.36.15) ‘ 22:E:E |
Getting Started Guide for Linux
Release Notes for Linux
CUDA C Programming Guide
CUDA C Best Best Practices
Guide
CUDA Toolkit OpenCL Programming Guide
OpenCL Best Best Practices
® C/C++ compiler Guide
® cuda-gdb debugger OpenCL Implementation Notes
® CUDA Visual Profiler CUDA Reference Manual
® OpenCL Visual Profiler AFPI Reference
® GPU-accelerated BLAS library PTX ISA 2.0
® GPU-accelerated FFT library CUDA-GDB User Manual
® Additional tools and documentation ual Profiler User Guide
Visual Profiler Release Notes
Fermi Compatibility Guide
Fermi Tuning Guide
CUBLAS User Guide
CUFFT User Guide
License
‘CUDA Toolkit for Fedora 10 ‘ P |
R . . 32-bit
CUDA Toolkit for RedHat Enterprize Linux 5.3 54-bit
‘CUDA Toolkit for Ubuntu Linux 9.04 ‘ EQE:E |
‘CUDA Toolkit for RedHat Enterprise Linux 4.8 ‘ gz:E:E |
‘CUDA Toolkit for OpenSUSE 11.1 ‘ 22:E:E |
CUDA Toolkit for SUSE Linux Enterprise Desktop 32-bit
11 64-bit
P . 32-bit
NWIDIA Performance Primitives (NPP) library 64-bit

[cuDa Fortran from PGI

|dc',\-nlcad |mc:re info

[cuULA: GPU-accelerated LAPACK libraries

[download [mare info

GPU Computing SDK code samples

32-bit
64-bit

Release Notes for CUDA C
Release Motes for DirectCompute
Release Motes for OpenCL

CUDA Occupancy Calculator
License

NWIDIA OpenCL Extensions

Compiler_Options
D309 Sharing

D3D10 Sharing

D3D11 Sharing

Device Attribute Query
Pragma Unroll

[cuDA Fortran from PGI

[download [mare info

GPU Computing SDK code samples and more

download

Release Notes for CUDA C
Release Notes for OpenCL
CUDA Occupancy Calculator
License

NWIDIA OpenCL extensions

Compiler_Options
D309 Sharing

D3D10 Sharing

D3D11 Sharing

Device Attribute Query
Pragma Unroll




e http://developer.nvidia.com/object/cuda_3 0 downloads.html

Linux

‘Developer Drivers for Linux (195.36.15)

[wWindows] [Linux] [MacOs]

Windows

sa-bit |oTx 1SA 2.0 Guide i
. r filer User
a bra al Proll Notes
Vl‘::ated BLAS I Y \\,lln‘;t:la‘ Profiler %ﬁt:: “C;;mde |
erated FFT library ntation Fermi Compatidt!

o GPU-accel tools and docume Cermi TUNING Gu&d:
CUBLAS User Guld€
CUFFT User Guide

License

D309 Sharing
D3D10 Sharing
D3D11 Sharing

NWIDIA OpenCL extensions

e
D3D11 Sharing
Device Attribute Query
Pragma Unroll

Device Attribute Query

Compiler_Options
Pragma Unroll

I



CUDA installation outline

Install under Windowz Install under Linux
e StepO: e StepO:
= Download driver and toolkit = Download ,run” file
° Step 1 e Step 1:
= |nstall NVIDIA Driver = Run installer
o Step 2:

= |nstall CUDA Toolkit



Installing driver for Windows

e Install drivers for your operating system

NVIDIA Display Driver v197.45 - International Package &J
e

MVIDIA Display Driver v197.45 - International =5
B —

Please enter the folder where you want to save the
@2_ NVIDIA driver files. If the folder does not exist, ; :
it wil be created far you. @5 Please wait while the files are saved to your computer.
= When complete, the driver installation will start.
Extraction path:

| IVIDIA\DisplayDriver\197.45\WinVista_Win7_&4\Internationa

0K | Cancel ‘

31%

B Sterowniki karty graficznej NVIDIA dla systemu Windows Vista [64-bit] =R =8|

Sterowniki karty graficznej NVIDIA dla systemu Wmd /

Trwa instalowanie skkadnikdw sterownika...




Installing toolKkit for Windows

e |Install NVIDIA CUDA Toolkit

License Agreement

—
NVIDIA CUDA Toolkit - InstallShield Wizard ‘ [

Choose Destination Location

Select folder where satup will inztall f§

NVIDIA CUDA Toolkit - InstallShield Wizar_ =5

Imztall MWIDA CLDA Taal Ready to Install the Program

CACUDA, The wizard iz ready to beqin inztallation n
NVIDIA CUDA Toolkit - InstallShield Wizard =5
Click Install to begin the installation. Setup Status *
If you want to review or change any of " i,
the wizard.
@ Y accent the teims of the bcer MHYIDIA CUDA Taalkit is configuring paur new software installation.

Install for Linux

4

/

a




CUDA demo examples
CUDA tools

Compiler Configuration
The ,,Hello World” program

CUDA SOFTWARE



CUDA Demo Examples

e Demo programs can be found for example in:
/opt/cuda

* To compile all the demo programs:
cd /opt/cuda
make

* After compilation, demos can be found in:
/opt/cuda/sdk/C/bin/linux/release



Compiler and tools

CUDA compiler driver:

" nvcc

CUDA code front end:

= cudafe

CUDA profiler:

= cudaprof

CUDA assembler:

" ptxas

CUDA configuration:
= /opt/cuda/bin/nvcc.profile



TOP

LD _LIBRARY_PATH += $(TOP)/1ib:$(TOP)/extools/lib:/opt/cuda/1ib64 ..

PATH

INCLUDES

LIBRARIES

CUDAFE_FLAGS
OPENCC_FLAGS
PTXAS_FLAGS

nvcc.profile

= $(_HERE)7i%e

+= $(TOP)/open64/bin:$(TOP)/bin:

+= "-I$(TOP)/include" \
"-I$(TOP)/include/cudart" $( _SPACE_) \
"_-I/opt/cuda/sdk/C/common/inc" $( SPACE )

=+ $(_SPACE_) "-L$(TOP)/1ib$( TARGET_SIZE )" \
-lcudart



How to compile CUDA program

* In order to compile CUDA program:
= Write your source file as mysrc.cu
= Compile it:

nvcc mysrc.cu -o myProgram

* You can use many options, i.e.:

Tne
" ——compiler-options "-Wall -02"



Hello World, CUDA!

* Prepare a simple test program for CUDA:

#include <cuda.h>
int main ( int argc, char **argv ) {
return O;

}

* And compile it:

$ nvcce hello.cu —o hello

e And run it:

$ ./hello




CUDA program structure

Vector addition example

Grids, blocks and threads organization
Matrix multiplication example

Tiling and more details on programming
Memory types and shared data

Matrix multiplication optimization

PROGRAMMING



CUDA program structure

Header | Classical C

section | NVIDIA extension

CUDA kernel
functions

Classical
C-functions

Main program
Kernel invocations




CUDA program structure
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CUDA program workflow
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CUDA program workflow
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CUDA program workflow
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CUDA program workflow

Header

Section

CUDA kernel
functions

Classical
C-functions

Main program

Kernel invocations

I

et

Main program

Prepare data
on HOST

N

~ Allocate memory
on GPU device

L. o

Send data
from HOST to DEVICE

g

[ Call computations 1

0

Send data
from DEVICE to HOST

A

Host

Execution

N\

J

DATA

GPU

L

-

@
'ﬂ DATA

H@%!

3|




CUDA program workflow

Header

Section

CUDA kernel
functions

Classical
C-functions

Main program

Kernel invocations

I

Main program

Prepare data
on HOST

N

" Allocate memory
on GPU device

o

Send data
from HOST to DEVICE

g

[ Call computations ]

0

Send data

Host

Execution

from DEVICE to HOST \/J

L

DATA

GPU

L

-

@
‘ﬂ DATA

H@%!

3|

J H@%! }éﬂ H#@%!




CUDA C-program structure

e Each C program written for CUDA has some
extensions of standard C language

#include ...
#include <cuda.h>

__global__ void kernl1 (...){... }
__global__ void kern2 (...){ ... }

int func (...){... }

int main (int argc, char **argv ) {
a =func(...);
kern2 <<< 32, 16 >>> (...);
cudaSyncThreads();
return O;




Notation vs location

e CUDA introduces few new prefixes to C:

Prefix Target location

__host only host code (default)
__global host or device
__device device only

e Also:




Vector aadition example

e Lets look how CUDA works using simple vector
addition example.

e Assume we have two vectors:
= hostA=[1,5,3,2,0,8,86,9, 7, 10];
= hostB=19, 4, 5, 5, 6,-3,-2,-6,-5,-1 ];

e We want to calculate:
= hostC = hostA + hostB



Vector addition CUDA example

e Solution is trivial in classic C:

#define SIZE 10

int main() {
int hostA[SIZE] ={1,5,3,2,0,8,6,9, 7,10 };
int hostB[SIZE]1={9, 4, 5, 5, 6,-3,-2,-6,-5,-1 };
int hostC[SIZE]={0};
int i;

One single loop

for(i=0; i< SIZE; i++ ) th |
Wi dS adn

hostC[i] = hostA[i] + hostB]i];

indexing variable
return O; |

}



n CUDA example

source file: vecadd.cu *
#include <stdio.h>
#include <cuda.h>




source file: vecadd.cu nEUDA example

#include <stdio.h>
#include <cuda.h>

#define SIZE 256




source file: vecadg,é{j 0 nEUDA example

#include <stdio.h>
#include <cuda.h>

#define SIZE 256

int main() {




source file: vecadg,é{j 0 nEUDA example

#include <stdio.h>
#include <cuda.h>

#define SIZE 256

int main()ll{
float *hostA = calloc(SIZE,sizeof(float));




source file: vecadd.cu on CUDA example

#include <stdio.h>
#include <cuda.h>

#define SIZE 256

int main() {
float *hostA = calloc(SIZE,sizeof(float));
bat *hostB = calloc(SIZE,sizeof(float));

at *hostC = calloc(SIZE,sizeof(float)); =




source file: vecadgx,ﬁ ik on éUDA example

#include <stdio.h>
#include <cuda.h>

#define SIZE 256

int main() {
float *h'ostA = calloc(SIZE,sizeof(float));
oat *hostB = calloc(SIZE,sizeof(float));
at *hostC = calloc(SIZE,sizeof(float));
t(hoI tA); set(hostB); // filling vectors with some data

|

£




r'source file: vecadgA ik on CUDA example

#include <stdio.h>
#include <cuda.h>

#define SIZE 256

int main() {
float *hostA = calloc(SIZE,sizeof(float));
oat *hostB = calloc(SIZE,sizeof(float));
yat *VLostC = calloc(SIZE,sizeof(float));
at(hostA); set(hostB); // filling vectors with some data

at *devA,*devB,*devC:

£




/* source file: vecadd.cu */ Vector addition CUDA example
#include <stdio.h>

#include <cuda.h>

#define SIZE 256

int main() {
float *hostA = calloc(SIZE,sizeof(float));
float *hostB = calloc(SIZE,sizeof(float));
float *hostC = calloc(SIZE,sizeof(float));
set(hostA); set(hostB); // filling vectors with some data
float *devA,*devB,*devC;

L **) &devA, SIZE * SiZGOf(ﬂoat) ),
L **) &devB, SIZE * sizeof(float) );
A **) &devC, SIZE * sizeof(float) );

CUDA library function



/* source file: vecadd.cu */ Vector addition CUDA example
#include <stdio.h>

#include <cuda.h>

#define SIZE 256

int main() {
float *hostA = calloc(SIZE,sizeof(float));
float *hostB = calloc(SIZE,sizeof(float));
float *hostC = calloc(SIZE,sizeof(float));
set(hostA); set(hostB); // filling vectors with some data
float *devA,*devB,*devC;
cudaMalloc((void**) &devA, SIZE * sizeof(float) );
cudaMalloc((void**) &devB, SIZE * sizeof(float) );
cudaMalloc((void**) &devC, SIZE * sizeof(float) );

cudaMemcpy(devA,hostA,SIZE*sizeof(float), );
cudaMemcpy(devB,hostB,SIZE*sizeof(float), );
S



/* source file: vecadd.cu */ Vector addition CUDA example
#include <stdio.h>

#include <cuda.h>

#define SIZE 256

int main() {
float *hostA = calloc(SIZE,sizeof(float));
float *hostB = calloc(SIZE,sizeof(float));
float *hostC = calloc(SIZE,sizeof(float));
set(hostA); set(hostB); // filling vectors with some data
float *devA,*devB,*devC;
cudaMalloc((void**) &devA, SIZE * sizeof(float) );
cudaMalloc((void**) &devB, SIZE * sizeof(float) );
cudaMalloc((void**) &devC, SIZE * sizeof(float) );

cudaMemcpy(devA,hostA,SIZE*sizeof(float), );
cudaMemcpy(devB.,hostB.SIZE*sizeof(float), );
V

} !

CUDA kernel invocation



/* source file: vecadd.cu */ Vector addition CUDA example
#include <stdio.h>

#include <cuda.h>

#define SIZE 256

int main() {
float *hostA = calloc(SIZE,sizeof(float));
float *hostB = calloc(SIZE,sizeof(float));
float *hostC = calloc(SIZE,sizeof(float));
set(hostA); set(hostB); // filling vectors with some data
float *devA,*devB,*devC;
cudaMalloc((void**) &devA, SIZE * sizeof(float) );
cudaMalloc((void**) &devB, SIZE * sizeof(float) );
cudaMalloc((void**) &devC, SIZE * sizeof(float) );

cudaMemcpy(devA,hostA,SIZE*sizeof(float), );
cudaMemcpy(devB,hostB,SIZE*sizeof(float), );
VecAdd<<<1,256>>>(devA,devB,devC);

cudaMemcpy(hostC,devC,SIZE*sizeof(float), );

} N



/* source file: vecadd.cu */ Vector addition CUDA example
#include <stdio.h>

#include <cuda.h>

#define SIZE 256

int main() {
float *hostA = calloc(SIZE,sizeof(float));
float *hostB = calloc(SIZE,sizeof(float));
float *hostC = calloc(SIZE,sizeof(float));
set(hostA); set(hostB); // filling vectors with some data
float *devA,*devB,*devC;
cudaMalloc((void**) &devA, SIZE * sizeof(float) );
cudaMalloc((void**) &devB, SIZE * sizeof(float) );
cudaMalloc((void**) &devC, SIZE * sizeof(float) );

cudaMemcpy(devA,hostA,SIZE*sizeof(float), );
cudaMemcpy(devB,hostB,SIZE*sizeof(float), );
VecAdd<<<1,256>>>(devA,devB,devC);

cudaMemcpy(hostC,devC,SIZE*sizeof(float), );

print(hostC); // now we have data calculated in hostC vector



/* source file: vecadd.cu */ Vector addition CUDA example
#include <stdio.h>

#include <cuda.h>
#define SIZE 256

I/ kernel definition
__global __ void VecAdd( float* A, float* B, float* C ){

}

int main() {
float *hostA = calloc(SIZE,sizeof(float));
float *hostB = calloc(SIZE,sizeof(float));
float *hostC = calloc(SIZE,sizeof(float));
set(hostA); set(hostB); //filling vectors with some data
float *devA,*devB,*devC;
cudaMalloc((void**) &devA, SIZE * sizeof(float) );
cudaMalloc((void**) &devB, SIZE * sizeof(float) );
cudaMalloc((void**) &devC, SIZE * sizeof(float) );

cudaMemcpy(devA,hostA,SIZE*sizeof(float), );
cudaMemcpy(devB,hostB,SIZE*sizeof(float), );
VecAdd<<<1,256>>>(devA,devB,devC);

cudaMemcpy(hostC,devC,SIZE*sizeof(float), );

print(hostC); // now we have data calculated in hostC vector



/* source file: vecadd.cu */ Vector addition CUDA example
#include <stdio.h>

#include <cuda.h>
#define SIZE 256

I/ kernel definition
__global __ void VecAdd( float* A, float* B, float* C ){

Cli] = Ai] + BIi[;
}

Int main() {
float *hostA = calloc(SIZE,sizeof(float));
float *hostB = calloc(SIZE,sizeof(float));
float *hostC = calloc(SIZE,sizeof(float));
set(hostA); set(hostB); //filling vectors with some data
float *devA,*devB,*devC;
cudaMalloc((void**) &devA, SIZE * sizeof(float) );
cudaMalloc((void**) &devB, SIZE * sizeof(float) );
cudaMalloc((void**) &devC, SIZE * sizeof(float) );

cudaMemcpy(devA,hostA,SIZE*sizeof(float), );
cudaMemcpy(devB,hostB,SIZE*sizeof(float), );
VecAdd<<<1,256>>>(devA,devB,devC);

cudaMemcpy(hostC,devC,SIZE*sizeof(float), );

print(hostC); // now we have data calculated in hostC vector



/* source file: vecadd.cu */ Vector addition CUDA example
#include <stdio.h>

#include <cuda.h>
#define SIZE 256

I/ kernel definition

__global __ void VecAdd( float* A, float* B, float* C ){
inti = threadldx.x;
C[il = Ali] + BIi;

}

Int main() {
float *hostA = calloc(SIZE,sizeof(float));
float *hostB = calloc(SIZE,sizeof(float));
float *hostC = calloc(SIZE,sizeof(float));
set(hostA); set(hostB); //filling vectors with some data
float *devA,*devB,*devC;
cudaMalloc((void**) &devA, SIZE * sizeof(float) );
cudaMalloc((void**) &devB, SIZE * sizeof(float) );
cudaMalloc((void**) &devC, SIZE * sizeof(float) );

cudaMemcpy(devA,hostA,SIZE*sizeof(float), );
cudaMemcpy(devB,hostB,SIZE*sizeof(float), );
VecAdd<<<1,256>>>(devA,devB,devC);

cudaMemcpy(hostC,devC,SIZE*sizeof(float), );

print(hostC); // now we have data calculated in hostC vector



Thread execution

e Now it’s time to look under the hood.

Thread

j

__global__ void VecAdd( float* A, float* B, float* C )
inti =threadldx.x;
C[i] = Ali] + BIiJ;

}

|”

Thread is executing a simple function: , kerne



Multiple kernel execution

e Each thread knows its part of data to calculate

corel core2 core3 cored coreb

Thread Thread Thread Thread Thread
0 1 2 3 4

<& threadldx.x =

it is just a number of a single thread

__global __ void VecAdd( float* A, float* B, float* C ){
inti =threadldx.x;
C[i] = Ali] + B[i[;

}



We avoided loop entirely!

e By the use of many threads we avoided the loop.
e Instead O(n) complexity, we gain O(1)!
 We can execute threads not only in linear fashion.

* Threads can be organized in:
= one dimension: threadldx.x
= two dimensions:  threadldx.x, threadldx.y

= three dimensions: threadldx.x, threadldx.y, threadldx.z

e Limits of the run: x=512, y=512, z=64. j__>



Threads can be run in blocks

* We can go over the limitation of 512x512x64.
e Threads have to be run in blocks.

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

* We can then run multiple blocks.
e Therefore blocks also have to have their ID.



e Threads have their index number in threadldx.

Blocks numbering

e Block have their numer in blockldx variable.

blockldx
BN B Baaan
BN BN BN
e All threads in a block are executed in parallel.

ocks are executed in grids.

| blocks have to have the same dimensions.




Predefined variables: summary

e threadldx

e blockldx

e blockDim

Thread

i

Thread Thread

i B

Thread

i

Thread Thread

i B

Thread Thread Thread

EEEE

Thread

i

3D index of the thread inside the block

2D tuple containing sizes of the grid, expressed by number of blocks



Kernel execution

e Now we can execute threads in few different
configurations.

* Look at the kernel invocation:

kernel <<« ; >>> (1. L
Dimension of the grid Dimension of the block
in blocks [x,y] in threads [x,y,z]
Example:

dim3 gridDim(1,3); dim3 blockDim(2,5);
kernel <<< gridDim, blockDim >>> (...);



Indexing model

* One dimensional array of blocks on grid where
each block has two dimensional array of threads:

UniqueThreadindex =
blockldx.x * blockDim.x * blockDim.y +

threadldx.y * blockDim.x + threadldx.x;

blockldx.x = 0 blockldx.x = 1 blockldx.x = 2

g2

Thread Thread Thread Thread

Thread Thread Thread Thread Thread

INENENENEN BN EN BN BN BN BN BN BN BN BN

Thread Thread Thread Thread Thread Thread Thread

j1,0 §70 §20 §An §nn §1n §7n gqn §An

Thread Thread Thread Thread Thread

blockDim.y

§nn §1n §70 §20 §AO §nn

A

i

Calculate this for example

blockDim.x =5



Indexing model, more complicated

* one dimensional array of blocks on grid where each block has three dimensional array of threads then:

UniqueBockindex = blockldx.x;

) O )

UnlqueThreadIndex blockldx.x * blockDim.x * blockDim.y * blockDim.z + threadldx.z * blockDim.y * blockDim.x +

threadldx.y * blockDim.x + threadldx.x;

* two dimensional array of blocks on grid where each block has one dimensional array of threads then:

UniqueBlockindex = blockldx.y * gridDim.x + blockldx.x;

UniqueThreadindex = UniqueBlockindex * blockDim.x + threadldx.x;

* two dimensional array of blocks on grid where each block has two dimensional array of threads then:

UniqueBlockindex = blockldx.y * gridDim.x + blockldx.x;

UniqueThreadlndex = UniqueBlockindex * blockDim.y * blockDim.x + threadldx.y

* blockDim.x + threadldx.x;

* two dimensional array of blocks on grid where each block has three dimensional array of threads then:

UniqueBlockindex = blockldx.y * gridDim.x + blockldx.x;

UniqueThreadlndex = UniqueBlockindex * blockDim.z * blockDim.y * blockDim.x + threadldx.z * blockDim.y *

blockDim.z + threadldx.y * blockDim.x + threadldx.x;

0oogo

0oo0d || 0oood

00009

0000d || o000




Program results

* Program run for dlfferent configurations:

SIZE = 10 ~/test> vim main.cu

:~/test> make
Invcc main.cu -o main
:~/test> ./main
gridDim(1,1) ©.19 0.87 0.45 0.0

, 0.77 0.71 0.80 0.3
blockDim(3,1) 0.96 1.57 1.25 0.0

<<<1,3>>> :~/test> |

gridDim(2,1) ~/test> .
©.55 0.11 0. . . . 1 0.40 0.19 0.48

blOCkDIm(2’1) 10.87 0.47 0. . ; . 8 .51 0.69 0.14
<<<2 2>>> 1.42 0.58!1. .15:0. : 0 0.00 0.00 0.00
i~/test> '

blockldx U
threadldx 0 1 0 1




.. a8
Summary of the execution model

Source: NVIDIA documentation

e Tesla C1060: Grid

= Max threads per block: 512 Block (0,0)  Block (1,0)  Block (2, 0)

= Max blockSize.x =512

= Max blockSize.y = 512 WMM W s
= Max blockSize.z = 64 J8333333333331

= Max gridSize.x = 65535
= Max gridSize.y = 65535
= Max registers per block: 16k

Block (1, 1)

= Max shared mem per block: 16k

= Total constant memory: 64k

= Max mem pitch / single copy: 256k
= Number of cores: 240

= Number of multiprocessors: 30




f

Transparent scalability

e Threads can start in random order

HKernel Grid

I‘ e Blocks are executed ‘Block 0 Block1 Block2 Block 3
in random order -T--

L

v ) v

* Multiprocessors provides — |pevicewitaasms  Devicewitn 4 sms
S SM 0 SM0 SM 1 sM 2 5M 3
transparent scalability

—— ‘--=

Socks
CBoas Bocks secks  Bock?

v | Source: NVIDIA documen tation




Matrix multiplication

e Lets look how to multiply matrices.

e We want to calculate the matrix P, where:

P=NxM

* For simplicity, we are assuming that matrices are
square and they have equal dimensions.



Classic matrix multiplication

e Here we have a classical matrix multiplication code:

[* simplified notation */

for (i = 0; i < width; i++)
for (j = 0; j < width; j++)

for (k = 0; k < width; k++)

P[il0] += M[i][k] * N[K][j];

/* live version from production code */
void mulMatrixRefFast(pMatrix T, pMatrix A, pMatrix B}
inti, j, k;
Data sum;
for (i =0; i < A=>W; i++){
for (j = 01] = BE=HE S
sum = (Data) 0.0;
for (k = 0; k < A->H; k++)
sum += *(A->T+i*A->H+k) * *(B->T+k*B->H+j);
*(T->T+i*T->H+j) = sum;
}
}
}

width

width

width

width




CUDA matrix multiplication

 First approach: port the code directly into CUDA

[* naive CUDA version */
__global__ void naiveMul( float* P, float* M, float* N, int width ) {

int tx = threadldx.x; // current thread position
int ty = threadldx.y; // in 2D block of threads

float sum = 0.0; /I element computed by the thread

for (k = 0; k < width; k++)
sum += M[ty*width+k] * N[k*width+tx];

P[ty*width+tx] = sum; // element [tx,ty] is now calculated

}

[* run the kernel */
dim3 blockDim( width, width );
dim3 gridDim(1,1);

naviveMul <<< gridDim, blockDim >>> ( P, M, N, width ); // <<< SIZE, 1 >>>




Program discussion

 The code is not using any block index. We are
using only threadldx to determine what data in for
input and what is for output.

* The entire program is using width*width threads:
dim3 dimBlock(width,width)

e Each grid has only one block:
dim3 dimGrid(1,1)

e This is OK for small matrices.
How big could they be in this kernel setup?



Program improvements

e To deal with bigger matrices we have to use more
blocks in a grid.

e Each block will calculate a square part of matrix P.

e Each thread in the block will use blockldx to
determine a tile, and the threadldx to determine
a data cell to operate on.

* Now we have two-level organization:
= blockldx{bx,by} —select a tile
= threadldx{tx,ty} —select a thread in a tile



e We have matrix 4x4 matrix.

How to tile the matrix

P[0,0]

Puo

Peo

P[3,0]

P,

P[l,l]

P[2,1]

P

P[O,Z]

P[1,2]

P[2,2]

P[3,2]

P[0,3]

P[1,3]

P[2,3]

P[3,3]

WIDTH =4



How to tile the matrix

e We have matrix 4x4 matrix.

P[0,0]

Puo

Peo

P[3,0]

P,

P[l,l]

P[2,1]

P

P[O,Z]

P[1,2]

P[2,2]

P[3,2]

P[0,3]

P[1,3]

P[2,3]

P[3,3]

WIDTH =4
TILE_WIDTH = 2



How to tile the matrix

e We have matrix 4x4 matrix.

P [0,0]

Pio

P [0,0]

Puo

P[O,l]

P[l,l]

P[O,l]

P[l,l]

P [0,0]

Pio

P [0,0]

Puo

P[O,l]

P[l,l]

P[O,l]

P[l,l]

WIDTH =4
TILE_WIDTH = 2

Note the
Index change



Tiling by example

* If we have matrix 4x4, tiling it gives 2x2 elements.

Block(0,0)

Block(1,0)
P[O’O] P[1,o1 P[0,0] P[l,O]
P[O,l] P[l,l] P[O,l] P[l,l]
P[0,0] P[l,O] P[0,0] P[l,O]
P[O,l] P[l,l] P[O,l] P[l,l]
Block(0,1) Block(1,1)

WIDTH =4

TILE_WIDTH = 2

We can access each cell
by:

bx * TILE_WIDTH + tx

by * TILE_WIDTH + ty



Matrixtiling . =7 .

e Atileis handled by a single block. '

bx

2
SN z
N\

by
width

Block of threads at [bx,by] Single thread

coordinates in a grid at [tx,ty]
T Im P
~ | |
! |
tx = threadldx.x; 0 . | ! '

ty = threadldx.y;

bx = blockldx.x;
by = blockldx.y;  BRIED T TILE_WIDTH

<€—by —>
1
TILE_WIDTH
width

width width




Improved kernel function

e We can now improve our kernel to use tiling.

/* tiling CUDA kernel*/
__global__ void tilingMul( float* P, float* M, float* N, int width ) {

int row = blockldx.y * TILE_WIDTH + threadldx.y; // row of P and row of M
int col = blockldx.x * TILE_WIDTH + threadldx.x; // column of P and N

float sum = 0.0; /I element computed by the thread

for (k = 0; k < width; k++)
sum += M[row*width+k] * N[k*Width+CO|];

P[row*width+col] = sum; // element [tx,ty] is now calculated

}

/* run the kernel */
dim3 blockDim( width/TILE_WIDTH, width/TILE_WIDTH );
dim3 gridDim(TILE_WIDTH,TILE_WIDTH);

tilingMul <<< gridDim, blockDim >>> ( P, M, N, width );




Changes are small: comparision

e Compare changes we introduced.

__global__ void naiveMul( P, M, N, width ) {

int tx = threadldx.x;
int ty = threadldx.y;

float sum = 0.0;

for (k = 0; k < width; k++)
sum += M[ty*width+k] * N[k*width+tx];

P[ty*width+tx] = sum;

dim3 blockDim( width, width ):
dim3 gridDim(1,1);

naviveMul <<< gridDim, blockDim >>> (P, M, N, width);

__global__ void tilingMul( P, M, N, width ) {

int row = blockldx.y * TILE_WIDTH + threadldx.y;
int col = blockldx.x * TILE_WIDTH + threadldx.x;

float sum = 0.0;

for (k = 0; k < width; k++)
sum += M[row*width+k] * N[k*width+col];

P[row*width+col] = sum;

dim3 blockDim( width/TILE_ WIDTH, width/TILE_WIDTH );
dim3 gridDim(TILE_WIDTH, TILE_WIDTH);

tilingMul <<< gridDim, blockDim >>> (P, M, N, width);

* Now, we can go beyond 16x16 limitation.




Memory access efficiency

 The longest working part of kernel is the loop:

for (k = 0; k < width; k++)
sum += M[row*width+k] * N[k*width+col];
* We have here:
= One floating point multiplication M * N
= One floating point addition sum +=
= We are ighoring integer calculations here
= Two global memory accesses MI...] and NI...]



Memory access efficiency

e So, the ratio between floating point calculations
and corresponding memory access is:

1:1=1.0
e This ratio is called
Compute to Global Memory Access Ratio

CGMA

* In order to speedup our kernel, we have to
maximize CGMA.



Memory speed

e Tesla C1060 has different access speed for each
different memory type.

* Top speed is about 100 GB/s. (cudavemcpydeviceTobevice)
e Our program is slower.

e With CGMA ratio of 1.0
we are below the limit of 25 GB/s.



CUDA memory types

Device

HOST

Grid

Block (0,0)

Block (1,0)

Shared Memory

Shared Memory

e We have seweral types of

memory available

Registers I

Thread(0,0)

Registers I Registers I

Thread(1,0) Thread(0,0)

Registers I

Thread(1,0)

Memory type

Global memory

Shared memory

\ 4 \ 4

A

Global Memory

Local memory

Register memory

—A ||| O |

A

\ 4

Constant Memory

Constant memory

A H|Hd|@|O | =

A

Host:device data transfer

Note: texture memory is not shown here.

e G=grid
e B =block
e T=thread

R =read, W = write access




CUDA variable type qualifiers

* |n our program we can use each memory type.

Variable declaration in C Memory Variable I\{Ien?ory
type Scope lifetime
Automatic variables other than arrays Register Thread Kernel
Automatic array variables Local Thread Kernel
__device_, shared_, int sharedVar Shared Block Kernel
__device_, int globalVar Global Grid Application
__device_, __constant__, int constVar Constant Grid Application

e Shared memory declaration:

Device variables
__device

Host variables

aanestt

__shared  int a;




Type of memory used for now

e Our program is using global GPU memory.

Tesla T10 TPA TPA TPA

4Gbyte memory

Thread Processor Cluster
T10 | (TPC)
TPC PC_ 1
TPC TPC
TPC TPC |
16-kbyte shared memory
TPC TPC
TPC TPC Core || Core || Core || Core || Core || Core || Core

Thread Processor Array
B L1

Thread dispatcher

240 cores




Optimization

e Our program is using slow global GPU memory.

* Now we would like to reduce global memory
traffic and increase CGMA.

* We have to analyze our program and detect
unnecessary memory operations.



* Lets look how our program is accessing data.

Program analysis

P 0,01 P 11,01 P [0,1] P 11,1]
I\/IO,O*NO,O I\/IO,O*NLO IVIO,l*NO,O MO,l*Nl,O
I\/Il,O*NO,l I\/Il,O*Nl,l I\/Il,l*NO,l I\/Il,l*Nl,l
MZ,O*NO,Z MZ,O*Nl,Z MZ,I*NO,Z MZ,l*Nl,Z
IVI3,0*NO,3 MS,O*N1,3 I\/|3,1>I‘NO,3 IVI3,1*N1,3

1 1

1 1

: No,o : N1,o

Mt

1 1

1 1

' Noai Ny,

S

1 1

: No,z i N1,2

Mt

1 1

1 1

| N0,3 : N1,3

\4 \4
______________________ ->
Moo [My0| Mz Mso| | Pon | Fi
Mo,l Ml,l Mz,l M3,1 0, 1)




Program analysis

* Some of memory accesses are repeated.

P 10,0]
1 1 s
1 1 %k
: No,o : I\Il,o Mo,0" No,o
! :
1 1
1 1 7
! No,1 ! I\|1,1 —
i i IVlz,o No,z
1 1
'N.,['N
1 190,21 "V1,2 M, ~*N
: i U 30 Vo3
1 1
1 1
! N0,3 : N1,3
v v
______________________ ->
Moo [My0| Mz Mso| | Pog | Fi
|V|0,1 |V|1,1 |V|2,1 IVI3,1 0) 1)




Memory access optimization

e Now our strategy is to access shared data in
phases.

Threads Phase 1 Phase 2
0,0 | 1,0 ~ ~
M N Sum0’0+— M N Sum0,0+-
T 1 [Msg o*Nsg o+ 1% |Msg o*Nsg o+
0,1 1,1 0 0 ! ! 0,0 0,0 ! i 0,0 0,0
) |\/|SOI0 NSO'0 M51 O*N501 Mso,o Nso,o M51,0*N50,1
0.2.1,2 M N Sum1,0+= M N Sumllo+=
1,0 1,0 M *N + 3,0 1,2 M *N +
03 |13 T1 o0 i ! So,0 NS1,0 ! ! S0,0 'NS1,0
) |\/|51’0 Nsl,o M51 0>I<Ns11 |\/|Sl'0 Nsl,o MSl,O*Nsl,l
0,0[1,0]20[30/[004, Mg, [Ny, [SUMort= My, [Nos [UMont=
o1l11l21l31]loxnla T01 v |i [Msg*Nsg o+ | | Msg ; *Nsq o+
L L L L L L ) |\/|SOI1 NSO'1 |V|Sl 1*N501 l\/lso'1 NSOI1 |V|Sl 1*N501
Mll Nll Sum1'1+= M31 N13 Sum1'1+=
’ ' *Ns, + ’ ~ IMs, . *Ns. o+
T1 1 i , |Msg,"Nsy 4 L 01 NSig
’ Msl’1 N51,1 IVISl 1*N51,1 Msl’1 Nsl’1 M51,1*N51,1

| 4

Time




Explanation

e Matrix tiling with the shared

memory usage and data caching.

int row = blockldx.y * TILE_WIDTH + threadldx.y;
int col = blockldx.x * TILE_WIDTH + threadldx.x;

MsJty][tx] = M[row*width + (m*TILE_WIDTH + tx)];
NsJty][tx] = N[(m*TILE_WIDTH + ty)*width + col)];

<—bx—>

)
{

: 0 ! 1 ! 2 .
| tx |
0 TILE WIDTH
N
m
bx s
£
S
2
| |
| |
| |
Y P R
by o
o
o |—" >y | . ——
[T
__________________ 1 | 9 %
__________________ . = 3
5
=
TILE_WIDTH TILE_WIDTH 1 TILE_WIDTH
width width



Kernel with shared data usage

__global__ void sharedMul( float* P, float* M, float* N, int width ) {

__shared__float MS[TILE_ WIDTH][TILE_WIDTH];
__shared__ float NS[TILE_WIDTHI[TILE_WIDTH];

int bx = blockldx.x; int by = blockldx.y; int tx = threadldx.x; int ty = threadldx.y;

int row = blockldx.y * TILE_WIDTH + threadldx.y;
int col = blockldx.x * TILE_ WIDTH + threadldx.x;

float sum = 0.0; /I element computed by the thread

for (int m=0; m < width/TILE_WIDTH; m++) {
Ms[ty][tx] = M[row*width + (m*TILE_WIDTH + tx)];
Ns[ty][tx] = N[(m*TILE_WIDTH + ty)*width + col)];
__syncthreads();

for (k = 0; k < width; k++)
sum += M[row*width+k] * N[k*width+col];
__syncthreads();

}

P[row*width+col] = sum; // element [tx,ty] is now calculated

}

/* run the kernel */
dim3 blockDim( width/TILE_WIDTH, width/TILE_WIDTH );
dim3 gridDim(TILE_WIDTH,TILE_WIDTH);

sharedMul <<< gridDim, blockDim >>> ( P, M, N, width );




Memory access optimization

e Now our strategy is to access shared data in
phases.

Threads Phase 1 Phase 2
0,0 | 1,0 ~ ~
M N Sum0’0+— M N Sum0,0+-
T 1 [Msg o*Nsg o+ 1% |Msg o*Nsg o+
0,1 1,1 0 0 ! ! 0,0 0,0 ! i 0,0 0,0
) |\/|SOI0 NSO'0 M51 O*N501 Mso,o Nso,o M51,0*N50,1
0.2.1,2 M N Sum1,0+= M N Sumllo+=
1,0 1,0 M *N + 3,0 1,2 M *N +
03 |13 T1 o0 i ! So,0 NS1,0 ! ! S0,0 'NS1,0
) |\/|51’0 Nsl,o M51 0>I<Ns11 |\/|Sl'0 Nsl,o MSl,O*Nsl,l
0,0[1,0]20[30/[004, Mg, [Ny, [SUMort= My, [Nos [UMont=
o1l11l21l31]loxnla T01 v |i [Msg*Nsg o+ | | Msg ; *Nsq o+
L L L L L L ) |\/|SOI1 NSO'1 |V|Sl 1*N501 l\/lso'1 NSOI1 |V|Sl 1*N501
Mll Nll Sum1'1+= M31 N13 Sum1'1+=
’ ' *Ns, + ’ ~ IMs, . *Ns. o+
T1 1 i , |Msg,"Nsy 4 L 01 NSig
’ Msl’1 N51,1 IVISl 1*N51,1 Msl’1 Nsl’1 M51,1*N51,1

| 4

Time




Results comparision
Pros and cons of CUDA programming

SUMMARY AND DISCUSSION



Programs comparision

 Some benchmark results of programs

CPU exclusive run

GPU with global memory

GPU with shared memory

SIZE  TIME [s]

2 9.743286e-08
4 1.494033e-07
8 7.512598e-07
16 5.197445e-06
32 3.879064e-05
64 3.382112e-04
128 3.561758e-03
256 3.198436e-02
512 3.056566e-01
1024 9.015563e+00
2048 8.564798e+01
4096 7.524644e+02

SIZE
2

4

8

16
32
64
128
256
512
1024
2048
4096

TIME [s]

O PP DMNMNDNPEPE U WNDN

.896618e-05
.955391e-05
.000104e-05
.449054e-05
.006258e-04
.920939%9e-04
.319826e-03
.673443e-02
.333204e-01
.062235e+00
.486859e+00
.796577e+01

SIZE  TIME [s]

2 1.689454e-05
4 1.807400e-05
8 1.638880e-05
16 1.720564e-05
32 2.136294e-05
64 3.029413e-05
128 7.786980e-05
256 2.657310e-04
512 2.124511e-03
1024 1.163225e-02
2048 8.727042e-02
4096 6.912488e-01




—

Summary

e Pros and cons of CUDA:

@ Massive parallelizm and enormous speedup.
@ New exciting technology for the masses.

@ Ability to latency hiding.

® Cost effective computational power.

$ Forces to rethink and to rewrite old projects.
$ Low-level programming required.

$ Not standard compliant (OpenCL?)

$ Separated memory space and hardware setup.
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Results comparision

lesost === CPU
GPU Shared Memory

1es02 === GPU Global Memory

1e400 F

Time [s]

le-02}

le-04 |

1e-06 |

Matrix SIZE

1e-08

2 4 8 16 32 64 128 256 512 1024 2048 4096



How nvcc works

cpp A
] | -arch
option
cudafe |
.e
host code |
gpu |
cpp |
| |
cudafe |
|
apu |
cpp |
gpu |
v |
nvopencc #
-Xopencc
" ... | “options
filehash o _J,x
JUUN I : RS N . b oo
H . H i - Epte .
i pixas k— — 4 ptxas — —op—pﬁ:f +""‘“’“
.cubim or pte text
Application independent i ‘—I
device code name fatbin -ext-int-dir
- ——
fathin (embedded fat code data structure) fatbin ( external device code re pository)




Return to CUDA Tools




Installing CUDA under Linux

* On Fedora, Ubuntu, RedHat, SUSE, Gentoo, etc.:

= Download proper file (it usually has .run extension)
 devdriver 3.0 linux 64 195.36.15.run

= Run the file as root, using sh command:
# sudo sh devdriver 3.0 linux 64 195.36.15.run

* Verify your install

= Run the following command:
¥ sude sh devdpsverpBiie d inix. 64 195.36.15.run -i



Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
:“/nvidia> |




Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
:“/nvidia> sudo sh devdriver_3.0_linux_64_195.36.15.run B




Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
" /nvidiar sudo sh devdriver_3.9_linux_64_195.36.15.run

verifying archive integrity. .. OK

Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_6d 195.36.15




Linux CUDA installation

piotac@maon:~ /nvidia

ERROR: You appear to be running an X serwver; please exit & before installing. For
further details, please see the section INSTALLING THE NVIDIAR DRIVER in the
RERDME available on the Linux driwver download page at www.nwvidia.com.

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

ERROR: Installation has failed., Please see the file '/var/log/nvidia-installer.log'
for details. You may find suggestions on fixing installation problems 1n the
RERDME available on the Linux driwver download page at www.nwvidia.com.

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
" /nvidiar sudo sh devdriver_3.9_linux_64_195.36.15.run

verifying archive integrity. .. OK

Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_6d 195.36.15

:“/nvidia> sudo Jetc/init.d/xdm stopl




Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
" /nvidiar sudo sh devdriver_3.9_linux_64_195.36.15.run

verifying archive integrity. .. OK

Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_6d 195.36.15

“/nvidiay sudo setcsinit.d/xdm stop
* Service xdm stopping
lould send signal 15 to 7214,
llould send signal 15 to 7196,

* Service xdm stopped

" /nvidia




Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
" /nvidiar sudo sh devdriver_3.9_linux_64_195.36.15.run

verifying archive integrity. .. OK

Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_6d 195.36.15

“/nvidiay sudo setcsinit.d/xdm stop

* Service xdm stopping
lould send signal 15 to 7214,
llould send signal 15 to 7196,

* Service xdm stopped

:“/nvidia> sudo sh devdriver_3.0_linux_64_195.36.15.run B




Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
" /nvidiar sudo sh devdriver_3.9_linux_64_195.36.15.run

verifying archive integrity. .. OK

Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_6d 195.36.15

“/nvidiay sudo setcsinit.d/xdm stop

* Service xdm stopping
lould send signal 15 to 7214,
llould send signal 15 to 7196,

* Service xdm stopped

" /nvidiar sudo sh devdriver_3.89_linux_64_195.36.15.run
verifying archive integrity. .. OK
Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_6d 19%.36.15




Linux CUDA installation

piotac@maon:~ /nvidia

Please read the following LICENSE and then select either "Accept” to accept the license
and continue with the installation, or select "Do Mot Accept” to abort the

installation.

Do Mot Rccept

License For Customer Use of NYIDIA Sofftware

IMPORTHNT NOTICE -- READ CHREFULLY: This License For Customer Use of
NVIDIA Software ("LICENSE") is the agreement which governs use of

the software of NVIDIA Corporation and its subsidiaries ("NYIDIAR™)
downloadable herefrom, including computer software and associated
printed materials ("SOFTWARE"). By downloading, installing, copying,
or otherwise using the S0FTHRRE, you agree to be bound by the terms
of this LICENSE., If you do not agree to the terms of this LICENSE,
do not download the SOFTHARE.

RECITHLS

NVIDIA Software License




Linux CUDA installation

piotac@maon:~ /nvidia

There appears 1o already be a driver installed on your system (version: 198.42). Hs
part of installing this driver (version: 195.36.15), the existing driver will be
uninstalled. Are you sure you want to continue? ('mo’ will abort installation)

Mo

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

Building kernel module:

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

Install NVIDIA's 32-bit compatibility OpenGL libraries?

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

Validating previous installation:

/var/lib/snvidia/sl2d

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

WARNING: Your driver installation has been altered since it was initially installed;
this may happen, for example, if you have since installed the NVIDIR driver
through a mechanism other than nvidia-installer (such as your distribution's
native package management system). nvidia-installer will attempt to uninstall
as best it can. Please see the file '/war/log/nvidia-installer.log' for
details.

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

Searching for conflicting X files:

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

Searching for conflicting OpenGL files:

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

Installing 'NVIDIA Accelerated Graphics Driver for Linux-x86_64" (195.36.15):

Installing: Jusr/include/GL/glext. h

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

lould you like to run the nvidia-xconfig utility to automatically update your X
configuration file so that the NVIDIA X driver will be used when you restart x7 HOY
pre-existing » configuration file will be backed up.

Yes Mol

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

piotac@maon:~ /nvidia

Installation of the MVIUIA Hccelerated Graphics Driver for Linux-x8b_bd (version:
195.36.15) is now complete. Please update your XFE8GConfig or xorg.conf file as
appropriate; see the file /usr/share/doc/NVIDIA_GL®-1 . 8/RERDME. txt for details.

NYIDIA Software Installer for Unix/Linux Wuw.nvidia. com




Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
" /nvidiar sudo sh devdriver_3.9_linux_64_195.36.15.run

verifying archive integrity. .. OK

Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_6d 195.36.15

“/nvidiay sudo setcsinit.d/xdm stop

* Service xdm stopping
lould send signal 15 to 7214,
llould send signal 15 to 7196,

* Service xdm stopped

" /nvidiar sudo sh devdriver_3.89_linux_64_195.36.15.run
verifying archive integrity. .. OK
Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_b6d 195.36.15

:“/nvidia




Linux CUDA installation

O piotac@maon:~ /nvidia
:“/nvidia> 1s -1

total 41876

—rwxr-xr-x 1 piotao users 42058835 Z201W-UG-15 17:57 devdriver_3.0_linux_b4_195.36.15.runs
" /nvidiar sudo sh devdriver_3.9_linux_64_195.36.15.run

verifying archive integrity. .. OK

Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_6d 195.36.15

“/nvidiay sudo setcsinit.d/xdm stop

* Service xdm stopping
lould send signal 15 to 7214,
llould send signal 15 to 7196,

* Service xdm stopped

" /nvidiar sudo sh devdriver_3.89_linux_64_195.36.15.run

verifying archive integrity. .. OK
Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_b6d 195.36.15

:“/nvidiar sudo setc/s/init.d/xdm start
* Service xdm starting

¥ Sprvice xdm started

:“/nvidia




Linux CUDA installation

O piotac@maon:~ f nvidia -+ X

—rwxr-xr-x 1 piotao users 420588535 Z201W-WG-15 17:57 devdriver_3.0_linux_b4_195.36.15. runs
:“/nvidiay sudo sh devdriver_3.80_linux_64_195,36.15.run

verifying archive integrity. .. OK

Uncompressing NVIDIAR Accelerated Graphics Driver for Linux-x86_b6d 195,36, 15

“/nvidiay sudo setcsinit.d/xdm stop

* Service xdm stopping
lould send signal 15 to 7214,
lould send signal 15 to 7196,

* Service xdm stopped

" /nvidiar sudo sh devdriver_3.89_linux_64_195.36.15.run
verifying archive integrity. .. OK
Uncompressing NVIDIA Accelerated Graphics Driver for Linux—-x86_b6d 195.36.15

“/nvidiary sudo setc/s/init.d/xdm start

* Service xdm starting

* Service xdm started

:“/nvidia> sudo grep EE /var/log/Xorg.d.log

(WY warning, (EE) error, (NI) not implemented, (%7) unknown.

(IT) Loading extension MIT-SCREEM-SAVER

(EE) Failed to load module "dri2" (module does not exist, @)

(EE) Failed to load module "dri" (module does not exist, @)

:“/nvidia> |




Return to CUDA Linux Installation




CUDA Assembler example

nvcc --ptx

e Sample of the code:

piota nﬂvenona ~fdocs/ Lecturesj" NVIDIA- CUDAEJ" code/gpu =/

. ' cernelbMatrixS_S__»
A 1d:41

mu 1.

mu 1.

UlKerneTBMatri =

T T i, v




Return to CUDA Tools




Hardvare view

NVIDIA GTX 295

480 (240 per GPU)

Processor Cores 240 Processor Cores
Processor Clock 1.3 GHz Procesor/Graphics Clock 1242 / 576 MHz
Single Precision floating Single Precision floating
. 933 . 1788
point performance (peak) point performance (peak)
Double precision floating 78 Double precision floating 149
point performance (peak) point performance (peak)
Memory 4 GB GDDR3 Memory 2x896=1792 MB
Memory Clock 800 MHz Memory Clock 999 MHz
Memory Bandwidth 102 GB/sec Memory Bandwidth 223.8 GB/sec
Max Power Consumption 187.8 W Max Power Consumption 289 W (680 W System)
2000 |Speed (Top SP) 2000 Price (PLN)} s Mem (GB)|
1500 6000 4
1000 4000 i
500 - 2000 l 1 1
0 - 0 0 -
TESLA GTX295 TESLA GTX295 TESLA GTX295



Verify installation under Linux

e Checking the CUDA SDK installation

O piotao@maon:~ /nvidia
:“/nvidia> sudo sh iver_3.0_1inux_64_195.36.15 run -1
Yerifying archive 1 0K

The currently installed driver is: 'NVIDIA Accelerated Graphics Oriver for Linux-x86_64"
(version: 195.36.157).

“rnvidia> |}




Look why the programming can be hybrid
80286 and Cell X9i examples

The constant changes of paradigms

The reasons for hybrid programming

INTRODUCTION



Intel 80286 architecture

Intel 80286 architecture
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Cell architecture

Cell Processor Architecture

Dual "configurable"

High speed VO

channels

(76.8 GBytes per

second in total)
Dual 12.8 GByte per
second memory busses
give Cell huge memory
bandwidth. (25.6 GBytes
per second in total)

Source: http://www.blachford.info/computer/Cell/Cell1_v2.html \ EIB (Element Interconnect Bus)

© Nicholas Blachford 2005 is the internal communication system.

A -



The Constant Change

e Paradigms change over the years.

Yesterday

Power is cheap.
Transistors are expansive.
Multiplication is slow.
Load/store is fast.

Complexity level can be vastly
increased

ILP is possible and effective
Increasing clock frequency
Any speedup<1x = FAILURE

Today

Power is expansive.
Transistors are cheap.
Multiplication is fast.
Load/store is slow.

Complexity level can’t be
increased (physical barriers)

ILP is not effective
Increasing parallelism
Any speedup = SUCCESS



The reasons of ,hybrid” - summary

* Numeric calculations can be performed on hybrid
architectures efficiently.

* Many numerical algorithms have the hybrid
structure. The most computationally intensive
components can be accelerated.

e Paradigms change and we have to evade physical
Imitations.

e Hybrid technologies are cost-effective
and power-efficient.



Hardware view

e Hierarchical and modular design

Streaming Processor

TPC TPC TPG TPG TPC TPC (GT200)
SM_[ SM_|[ Sm SM SM =7 | Geometry Controller |
i | SMC |
SM SM
lzmchm lemche
[ [
— o | o == [
SM SM SM 5K EE EE
Texture Units
‘ Texture L1 |
| 1]

Streaming Processor (SP)

Streaming
Multiprocessor (SM)

|  lcache |

Memory




