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SM (Streaming Multpbrocessor)
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256 KB L1 Data Cache / Shared Memory

Tex Tex < NVIDIA.




SIMT Architecture

Singlelnstruction, MultipleThread

wAKin to a singlénstruction multipleRIF 4 6{ La50 | NNJ & LJIN

taxonomy combined with fingrained multithreading.

wSIMT architectures expose a large set of hardware threads, which Is partitione
groups called warps.

w Interleave warp execution to hide latencies.
() Execution context for earch warp Is kept-@hip for fast interleaving.

wWhen scheduled, each thread of a warp executes on a given lane of a SIMD fi
unit.

wEach SM supartition can be thought of as a SIMT engine that creates, manage
schedules, and executes warps of 32 parallel threads.
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Thread Hierarchy

CUDA/ Software Hardware
Grid

oA e g f ek

Thread Block

wThread blocsk are executed on SMs.
w Several concurrent thread blocks can reside on an SM.
w Thread blocks do not migrate.

w Each block can be scheduled on any of the available SMs, In
any order, concurrently, or in series.

Thread wlIndividual threads execute on scalar CUDA cores.

l Scalar CUDA core
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Thread Block Clusters

wFor Hopper GPUs, CUDA introduced an optional level in the thread hierarchylc¢atied Block Clusters

wThread blocks in a cluster are guaranteed to be concurrently scheduled and enable efficient cooperation and data stiaeagd$or
across multiple SMs.

wFor more information on this topic visit GTC sessicgnc H M thH 6 Y ¢! RO VOSR t SNEZNXNY I VvOS hLIIAYAI

Grid
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https://www.nvidia.com/ja-jp/on-demand/session/gtc24-s62192/
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Tensor Memory Accelerator
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Tensor Memory Accelerator
6 KB L1 Data Cache / Shared Memory
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TSUBAME4.0 Compute Node

wGPU : NVIDIA H100 SXM5 x 4
= PCle Genb

wGPU Memory : HBM2e 94GB / GPU _ - EEHT:CPU
wlIntra-node connection: Fully connected by NVLink EEEEE EEEEE ~—— CPU to Mem

wlinter-node connection : InfiniBand NDR200 x 4

DDR 5

AMD Genoa AMD Genoa IEEEI
CPUO CPU1

I x16 PCle Slot ' 100-port Switch 100-port Switch I X16 PCle Slot I

| x16 PCle Slot I PCle Gens PCle Gend | x16 PCle Slot |

X16 X16

H100 H100
GPU GPU

X16 X16

https://www.t4.gsic.titech.ac.jp/hardware
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GPU Computing In a Nutshell

All GPU programming models follow this pattern

Program flow and resource
allocation Is managed by the

CPU
5FaF 39 Dt! &G1SNYySftfaeg 27 I
Rest of Sequential
CPU Code
G PU Parallelize using CUDA CPU
Programming Mode|

CPU & GPU work together <SAnvVIDIA I



CPU + GPU

wCPU memory is larger, GPU memory has more bandwidth

®wCPU and GPU memory are usually separate, connected by an
/O bus (traditionally P&d)

wAny data transferred between the CPU and GPU will be handled
by the 1/O Bus

wThe I/O Bus Is relatively slow compared to memory bandwidth

wBasically, programmers have to handle explicit data transfer
between CPU and GPU

S T

|

High
Capacity
Memory

|O Bus

OO NN W
OO NN

High Bandwidth
Viemao
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S

CUDA Managed Memory
Simplifed Developer Effort

Without Managed Memory

_/

System Memory

A\

_/

GPU Memory

With Managed Memory

CPU and GPU memories are

combined Into a single, shared pool

Managed Memory

<ANVIDIA. I



Overview of GPU Programming



GPU Applications

https://www.nvidia.com/enus/gpuaccelerategapplications/

SANVIDIA. Products Solutions Industries  For You Shop Drivers Support @

Marketplace Products v  Services v  Applications v+  Partners v  Support Search Marketplace @

Home Enterprise = Applications

Applications

Explore a wide array of DPU- and GPU-accelerated applications,
tools, and services built on NVIDIA platforms. Maximize
productivity and efficiency of workflows in Al, cloud computing,

data science, and more.

Workloads - Search Apps

Al Platforms / Deployment

AR/ VR Display 15 v per page

Agentic Al / Generative Al

Computer Vision / Video
Analytics

Content Creation / Rendering

Show More v

Industries \/ TR I V. N S R DexForce Technoloav SANVIDIA. I
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Leading Applications

https:// developer.nvidia.comhpc-applicationperformance

GB200 B200 RTX PRO 6000 BSE RTX PRO 4500 BSE H100 L40S

Engineering
FUN3D —
0 10 20 40
CPU-Only Nodes Replaced
CPU Server: Dual Genoa 9684x @2.55GHz | GPU Server: NVIDIA Grace with 4x NVIDIA GB200 | FUN3D Benchmark: waverider-20M w/chemistry, CUDA Version: 13.0
Geoscience
RTM
SPECFEM3D
0 10 20 30 40 50 60
CPU-Only Nodes Replaced
CPU Server: Dual Genoa 9684x @2.55GHz | GPU Server: NVIDIA Grace with 4x NVIDIA GB200 | RTM Benchmark: Isotropic Radius 4, CUDA Version: 13.0| SPECFEM3D Benchmark:
four_material_simple_model, CUDA Version: 13.0
Molecular Dynamics
AMBER 152
GROMACS 18
LAMMPS 63
NAMD 18
0 40 80 120 160

CPU-Only Nodes Replaced

CPU Server: CPU Server: Dual Genoa 9684x @2.55GHz | GPU Server: NVIDIA Grace with 4x NVIDIA GB200 | AMBER Benchmark: DC-Cellulose_NVE, CUDA Version: 13.0 | LAMMPS Benchmark: Tersoff,

CUDA Version: 13.0 | NAMD Benchmark: apoal_nve_cuda, CUDA Version: 13.0 | GROMACS Benchmark: STMV, CUDA Version: 13.0
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python’
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C_)penMP C++ | Fortran | Python
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NVIDIA Math Libraries

Linear Algebra, FFT, RNG, and Basic Math

H N T N\ o

CUBLAS CUSPARSE CUTENSOR CUSOLVER CUTLASS

S AV

A

Math AP
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O

O

OpenCV

IMSL

SSSSSSSS

Partner Libraries

A FFmpeg

Geometry Performance Primitives

{A} ARRAYFIRE

Ay

«SditeSparse

CHOLMOD

LA |tools

Sundog"

Software
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Programming the NVIDIA Platform
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void saxpy(int n, float a,
float *x, float *y)

{

for (inti=0;i < n; ++i)

yli] += a*X][i];

saxpy(N, 3.0, x, y);

SAXPY (Y = A*X +Y)

CPU

void saxpy(int n, float a,
float *x, float *y)

{

auto | = std::views::iota(0, n);

.begin(),l.end(), [=](auto i) {
ylil += a*x{il;

saxpy(N, 3.0, X, y);

Standard Language

NVIDIA



SAXPY (Y = A*X +Y)

subroutine saxpy (n, a, X, y)

subroutine saxpy(n, a, X, y) real = a, x(), y()

real :: a, X(%), y(;)

integer :: n, | integer :: n, |
doi=1,n . . .

y(1) = a*x(1)+y(1) y(r)=a»( 1)+ty( I)
enddo

end subroutine saxpy end subroutine saxpy

call saxpy(N, 3.0, X, y) call saxpy(N, 3.0, X, y)

CPU Standard Language

NVIDIA



Programming the NVIDIA Platform

Unmatched Developer Flexibility

Accelerated Standard Languages Incremental Optimization Platform Specialization

Languages &

<3

- OpenAGC

Programming

M Odels More Science, Less Programming nVI DIA®
python’ @
CUDA
O enMP C++ | Fortran | Python
Fortran ~PENIVEE | Py
. . Acceleration Libraries
Libraries &
Frameworks Core Math Communication Data Analytics Al DSLs

GPU CPU Interconnect

Wherever You Run

Workstations On Prem At the Edge
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SAXPY (Y = A*X +Y)

void saxpy(int n,

float a,
float *X,
float *restrict y)

{

#pragma omp parallel for

for (inti=0;]i < n; ++i)
ylil += a*x[il
}

saxpy(N, 3.0, x, y);

void saxpy(int n,

float a,
float *X,
float *restrict y)
{
for (Int1=0; | < n; ++i)
ylil += a*x[i;
}

saxpy(N, 3.0, x, y);

CPU (OpenMP)

OpenACC

NVIDIA



SAXPY (Y = A*X +Y)

void saxpy(int n,

float a,
float *X,
float *restrict y)

{

#pragma omp parallel for

for (inti=0;]i < n; ++i)
ylil += a*x[il
}

saxpy(N, 3.0, x, y);

void saxpy(int n,

float a,
float *X,
float *restrict y)
{
for (Int1=0; I < n; ++i)
ylil += a*x[i;
}

saxpy(N, 3.0, x, y);

CPU (OpenMP)

OpenMP Offloading

NVIDIA
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SAXPY (Y = A*X +Y)

void saxpy(int n, float a,
float *x, float *y)

{

for (Int1=0; | < n; ++I)

y[i] += a*x]il;

saxpy(N, 3.0, x, y);

void saxpy(int n, float a,
float *x, float *y)

INt 1 =
If (1 <n)
yli] += a*X][i];

size = N * sizeof(float);
X = (float *) malloc(size);
y = (float *) malloc(size);

CPU

saxpy (N, 3.0, d_x, d_y);

CUDA

NVIDIA



Standard Language Parallelism



HPC Programming in ISO C++

ISO Is the place for portable concurrency and parallelism

C++17 & C++20

Parallel Algorithms

U Parallel and vector concurrency

Forward Progress Guarantees

U Extend the C++ execution model for accelerators

Memory Model Clarifications

U Extend the C++ memory model for accelerators

Ranges

U Simplifies iterating over a range of values

Scalable Synchronization Library

U Express thread synchronization that is portable ar
scalable across CPUs and accelerators

Preview support coming to NVC++

std:: mdspan

U HPCoriented multtdimensional array abstractions.

U Preview Avallable Now

RangeBased Parallel Algorithms

U Improved multdimensional loops

Extended Floating Point Types

U Firstclass support for formats new and old:
std::floatl6 t/float64 t

Senders/Recelvers

0

Linear Algebra

U C++ standard algorithms API to linear algebra
U Maps to vendor optimized BLAS libraries

U Preview Available Now

MDArrayand SubMDSpan

U Expands the capabilities of C+#4BSpan

U Preview Available Now

Standardized mechanism for asynchrony in the C++
standard library

Simplify launching and managing parallel work acros:
CPUs and accelerators

Preview Avalilable Now

<ANVIDIA. I



SAXPY

void saxpy(int n, float a, float *x, float *y)
NVC++ can complile Standard C++ algorithms with the parallel 1

execution policies auto | =

.begin(), i.end(),
An NVC++ commarlthe option,-stdpar Is used to enable [:[i]](iitc;&[{i]-
GPUaccelerated C++ Parallel Algorithms o y ’

All data movement between host memory and GPU device
memory Is performed implicitly and automatically under the

control of CUDA Managed Memory saxpy(N, 3.0, X, y);

NVIDIA



HPC Programming In ISO Fortran

ISO Is the place for portable concurrency and parallelism

Preview support available now in NVFORTR

Fortran 2018 Fortran 202X

Fortran Arraylntrinsics

- NVFCI’RTRO’:T]N 20'?2 et e ki E DO CONCURRENT Reductions
U Accelerateanatmu N a LJIS2 aLINBI R2 X 1 NVEORTRAN 21 11

U  REDUCE subclause added
DO CONCURRENT 0 Support for +, *, MIN, MAX, IAND, IOR, IEOR.
;

4 NVEORTRAN 20,11 Support for .AND., .OR., .EQV., .NEQV on LOGICAL values
U Auto-offload & multtcore

CoArrays

U Not currently available
U Accelerated cearray images

<ANVIDIA. I



SAXPY

subroutine saxpy (n, a, X, y)
real :: a, x(%), y(:)

Integer :: n, |
NVFORTRAN can compi@concurrent
. . . y(1)=ax( 1)+ty( 1)
An NVFORTRAN commamee option,-stdpat Is used to
enable GPtaccelerateddo concurrent
end subroutine saxpy

All data movement between host memory and GPU device

memory Is performed implicitly and automatically under the
control of CUDA Managed or Unified Memory

call saxpy(N, 3.0, X, V)

NVIDIA



Standard Language Parallelisgh. Xy P un X

C++nvc++, Fortran:nvfortran

- stdpar=gpu - Standard language parallelig/h ~ 1 0" NVIDIAGPU | 1 P u X
- stdpar=multicore - bInYET CPW I 1T FPwuXr

- Minfo=stdpar X W=t SAbOTThPRBUY" EpOp X OAJ . S6

- gpu=... - GPUE. XX 1thpBUJ «6O®@

- std=c++20 . std::views::iota() Or=-0CcCT
$ nvc++ -stdpar=gpu - Minfo=stdpar + std=c++20 saxpy.cpp

b+L5L! |t/ [/ 2YLAEfSNAR ! aSNQa DdzA RS

NVIDIA
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Incremental

A Maintain existing
seqguential code

A Add annotations to
expose parallelism

A After verifying
correctness, annotate
more of the code

Why Developers Lov®penACC

Single Source

A Rebuild the same code
on multiple architectures

A Compiler determines
how to parallelize for the
desired machine

A Sequential code is
maintained

Low Learning Curve

A OpenAC@ meant to be
easy to use, and easy tc

learn

A Programmer remains in
familiar C, C++, or
Fortran

A No reason to learn low
level detalls of the
hardware.

<ANVIDIA. I



SAXPY

void saxpy(int n,

float a,
Similar to OpenMP CPU code float *X,
#pragma omp ... ->#pragma acc ... float *restrict y)
Additional description about data transfer {
for (int1=0; I < n; ++i)
y[i] += a*X][i];
}

saxpy(N, 3.0, X, y);

NVIDIA



SAXPY

subroutine saxpy(n, a, X, Y)
real :: a, Y(:), Y(})

Similar to OpenMP CPU code integer = n, |
$ omp .. ->I%acc...
Additional description about data transfer _
do I1=1,n
Y (1) = a*X(1)+Y(1)
enddo

end subroutine saxpy

call saxpy(N, 3.0, X, y)

NVIDIA



Parallel Directive

void saxpy(int n,

float a,
*
Parallel directive with loop directive marks the region for float *X’ |
parallel execution and distributes the iterations of the loop. float *restrict y)
{
parallel
for (Int1=0; | < n;++1){
yli] += a*x[if;
;
;

saxpy(N, 3.0, x, y);

NVIDIA



Kernels Directive

void saxpy(int n,

float a,
. . . .. float *x,
The compiler will analyze the loops and parallelize those If it . |
finds safe and profitable to do so. float *restrict y)
{
kernels
If the compiler decides that the loop Is not parallelizable, it for (inti=0;1i < n; ++i) {
will not parallelize the loop. y[i] += a*x]il;
}
}

NVIDIA



Kernels

Kernels vs. Parallel

Parallel

A Compiler decides what to parallelize with directionA Programmer decides what to parallelize and

from user
A Compiler guarantees correctness

A Can cover multiple loop nests

communicates that to the compiler
A Programmer guarantees correctness

A Must decorate each loop

<ANVIDIA. I



Loop Directive

void saxpy(int n,

float a,
float *Xx,
Must be contained within a®@penACCompute region float *restrict y)
(either a parallel or a kernels region) {
Allows the programmer to give additional information and/or o | loop |
optimizations about the loop for (nt1=0;1 < n; ++) {
independent : 3T yli] += a*x[i];
seq : win “ }
collapse m. o > ;
gang/vector : 3
X

NVIDIA



Data Clause

void saxpy(int n,
float a,
float *x,

Used with parallel / kernels directive |
float *restrict y)

{
Define data movement between host and device copy copyin
copyin  : parallel x we« Wt CPU>GPU for (Inti=0;1 < n; ++1){
copyout : parallel x> Wt CPU<GPU yli] += a*x[i];
copy copyin p copyout ¥ ]
create : GPUl 1 A3 Oz ]

NVIDIA



Data Directive

void saxpy(int n,

float a,
float *X,
float *restrict y)
Defines a lifetime for data on the device beyond individual {
loops
for (int1=0;1I < n;++){
5dNRAyYy3 (KS NBIA2Yy REGE Aa 5aasydNimid¥ s26y8R 08 & G(KS
accelerator }
}
Data movement between host and device
copyin  : O. K x w« Wt CPU>GPU data
copyout : AO. K x Wt CPU<GPU {
copy copyin p copyout X saxpy(N, 3.0, X, y);

create : GPUl 1 A3 Oz }

NVIDIA



CUDA Managed Memory

void saxpy(int n,

float a,

float *x,

float *restrict y)
Handling explicit data transfers between the host and device {
(CPU and GPU) can be difficult

for (int1=0; I < n; ++){

The NVIDIA HPC Compilers can utilize CUDA Managed ylil += &}
Memory to defer data management ;

}

Dynamically allocated memory would be under control of
Managed Memory with an appropriate compiler flag (
gpu =mem:managed)

NVIDIA



OpenACE . XXy P n X

C:.nvc, C++nvc++, Fortran:nvfortran

- acc=gpu . OpenAC® ~ 1 0" NVIDIAGPUI 1 Pun X

- acc=multicore - bIMYET CPW I T FPwW®Xr
- Minfo=accel ¢ X W=t SAbOTThPRBUY" EpOpx OAJ . S6
- gpu=... - GPUE. XX 1hpBYJ ~Om

- gpu=mem:managed : CUDA Managed Memory = 3

$nvc -acc=gpu ! gpu=mem:managed - Minfo=accel saxpy.c

DdzA R S
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Z
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SAXPY (Y = A*X +Y)

CUDA
~_global  wvoid saxpy(int n, float a,
float *x, float *y)
{
| | INt 1 = threadldx.x + blodkDim.x * blockldx;
void saxpy(int n, float a, if (i < n)
float *x, float *y) vlil += a*x[il:
{ )
for (inti=0;i < n; ++i) }
y[i] += a*X]il;

} size = N * sizeof(float);
X = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (&d Xx, size);
cudaMalloc (&d vy, size);

saxpy(N, 3.0, X, y); cudaMemcpy(d X, x, size, cudaMemcpy HostToDevice );
cudaMemcpy(d vy, vy, size, cudaMemcpy HostToDevice );
saxpy <<< N/128, 128 >>> (N, 3.0, d_x, d_y);
cudaDeviceSynchronize 0;
cudaMemcpy(y, d vy, size, cudaMemcpyDeviceToHost );

CPU CUDA

<ANVIDIA I



GPUD“ xm o b

CPU GPU

wGPW CPUT wyx Emn |
w O. K :CPU w GPU (H2D)
WwGPW . Kn CPU w

GPUI TT D g

wY O. K :GPUT wy CPU (D2H)
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SAXPY ~ global void saxpy(int n, float a,

float *x, float *y)

{
Int 1 = threadldx.x + blodkDim.x * blockldx:

if (1 <n)
yli] +=a*x[if;

size = N * sizeof(float);
5 X = (float *) malloc(size);
Y 4. K y = (float *) malloc(size);

cudaMemcpy(d_x, X, size, cudaMemcpy HostToDevice );
cudaMemcpy(d_vy, vy, size, cudaMemcpy HostToDevice );
saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);
cudaDeviceSynchronize ();

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost );

NVIDIA



SAXPY

GPUOA 3 z

NVIDIA

__global  void saxpy(int n, float a,
float *x, float *y)

{

Int 1 = threadldx.x + blodkDim.x * blockldx:

If (I <n)
v[i] += a*x]i];

size = N * sizeof(float);

X = (float *) malloc(size);

y = (float *) malloc(size);
cudaMalloc (&d x, size);
cudaMalloc (&d vy, size);

saxpy<<< N/128, 128 >>>(N, 3.0, d _x, d_V);
cudaDeviceSynchronize (),

cudaMemcpy(y,

d vy, size,

cudaMemcpyDeviceToHost );



SAXPY ~ global void saxpy(int n, float a,

float *x, float *y)

{
Int | = threadldx.x + blodkDim.x * blockldx;
If (I <n)
yli] += a*x[if;
GPUOA 3 Z ]
. K
, size = N * sizeof(float);
0 X = (float *) malloc(size);
Y 4. K y = (float *) malloc(size);

cudaMalloc (&d x, size);
cudaMalloc (&d v, size);

cudaMemcpy(d_x, X, size, cudaMemcpy HostToDevice );
cudaMemcpy(d_vy, vy, size, cudaMemcpy HostToDevice );

cudaDeviceSynchronize ();
cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost );

NVIDIA



SAXPY

GPUOA 3 z

. K
b. KuRr
Y O. K

NVIDIA

__global  void saxpy(int n, float a,

{

float *x, float *y)

Int 1 = threadldx.x + blodkDim.x * blockldx:

If (I <n)
v[i] += a*x]i];

size = N * sizeof(float);

X = (float *) malloc(size);

y = (float *) malloc(size);
cudaMalloc (&d x, size);
cudaMalloc (&d vy, size);

cudaMemcpy(d_x, X, size, cudaMemcpy HostToDevice );
cudaMemcpy(d_vy, vy, size, cudaMemcpy HostToDevice );
saxpy<<< N/128, 128 >>>(N, 3.0, d _x, d_V);

cudaMemcpy(y,

d vy, size,

cudaMemcpyDeviceToHost );



SAXPY

GPUOA 3 z

. K
b. KuRr

NVIDIA

__global  void saxpy(int n, float a,

{

float *x, float *y)

Int 1 = threadldx.x + blodkDim.x * blockldx:

if (1 <n)
yli] +=a*x[if;

size = N * sizeof(float);

X = (float *) malloc(size);

y = (float *) malloc(size);
cudaMalloc (&d x, size);
cudaMalloc (&d vy, size);

cudaMemcpy(d X, X, size, cudaMemcpy
cudaMemcpy(d v, v, size, cudaMemcpy
saxpy<<< N/128, 128 >>>(N, 3.0, d X, d_vy);

cudaDeviceSynchronize

0);

HostToDevice );
HostToDevice );



GPUb . K n void saxpy(int n, float a,

float *x, float *y)

{
INt | =
if (1 <n)
yli] +=a*x[i];
1v x GPU n AXyx \l OR ™ ]
1v x GPU mn AXY " 1v ¥ X\ O
threadldx.x . Thread ID within the block
blockDim.x . Dimensions of the block size = N * sizeof(float);
blockldx.x - Block index within the grid x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (&d x, size);
blockDim.x = 8 (8 threads/block)x cudaMalloc (&d vy, size):
threadldx.x threadldx.x threadldx.x

ol1/2/3lal5/6/7|0l112/3l4l5|6!/7/0/1/2/3/4!5|6|7| X

cudaMemcpy(d_x, X, size, cudaMemcpy HostToDevice );
\ y A y A v / cudaMemcpy(d_y, vy, size, cudaMemcpy HostToDevice );
blockldx.x =0 blockldx.x = 1 blockldx.x = 2 Saxpy<<< N/128, 128 >>>(N, 30’ d_X, d_y),

cudaDeviceSynchronize ();
cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost );

NVIDIA



wWhich thread will operate on the red element?

Array Index

Local thread ID

| nt

Global Thread ID

1 2 5 7|8 9 10111213151617181920212223
threadldx.x = 6
1|2 5 7|O12345|3701234567
\ )
blockDim.x = 8 A
blockldx.x =1
threadldx.x + blockldx.x * blockDim.x
6 + 1 * 8 ;
14:

<ANVIDIA. I



Execution Configuration __global__ void saxpy(int n, float a,

float *x, float *y)

{
Int | = threadldx.x + blodkDim.x * blockldx;
if (1 <n)
yli] += a*x]i];
<<<number_of blocksblock size>>> )

Block_sizeshould be multiple of 32 size = N * sizeof(float);

X = (float *) malloc(size);

Forblock sizegood numbers to start with would be 128 or y = (float *) malloc(size);
256 cudaMalloc (&d X, size);

cudaMalloc (&d v, size);

cudaMemcpy(d_x, X, size, cudaMemcpy HostToDevice );
cudaMemcpy(d_vy, vy, size, cudaMemcpy HostToDevice );
saxpy (N, 3.0, d_x, d_y);

cudaDeviceSynchronize ();
cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost );

NVIDIA



Execution Configuration
2D x GPW . Ku

wBlock size (shape of block) can be defined IR 3D

I <ANVIDIA.

__global  void MatAdd (float A[N][N], float B]N][N],
float C[N][N])

{
Int 1 = threadldx.x + blodkDim.x  * blockldx.x
INt | = threadldx.y + blodkDim.y * Dblockldy.y
If ( | <N&&J<N)
Cli]0] = Al 1]0] + Bl 105
}

dim3 sizeBlock (16, 16);
dim3 numBlocks ( N/ sizeBlock.x , N/ sizeBlock.y );
MatAdd <<< numBlocks , sizeBlock >>>(A, B, C);



(0,0)

YKApD BIACPpO" | WAXBIACP D

dim3 sizeBlock  (16,16)

(0,0)

(1,0) (2,0)

[[usis)

(1,1) (2,1)

(1,2) (2,2)

Yk Ap ID plockldx )

dim3 sizeBlock  (32,8)

(0K0) (1,0)

(0,1)

0,2 = (1,2)

(0,3) (1,3)

(0,4) (1,4)

(31,7)

| n A X ID threadldx

)




__global  void saxpy(int n, float a,

CUDA Managed Memory : float %, float *y)

Int 1 = threadldx.x + blodkDim.x * blockldx;
if (1 <n)
yli] +=a*x[i];

A single pointer value enables CPUs and GPUs to access a
single Managed Memory pool

size = N * sizeof(float);

GPU programs may access Managed Memory from GPU and
CPU threads concurrently without needing to create separate

allocations ¢udaMalloc () ) and copy memory manually
back and forth¢udaMemcpy*() )

CUDA APIs to allocate Managed Memory
(cudaMallocManaged () )

saxpy<<< N/128, 128 >>>(N, 3.0, X, y);
cudaDeviceSynchronize ();
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__global  void saxpy(int n, float a,

CUDA Managed Memory : float %, float *y)

Int 1 = threadldx.x + blodkDim.x * blockldx;

if (1 <n)
yli] +=a*x[i];
}
CUDAVlanagedMemory may not always have all the
Information necessary to make the best performance
decisions related to unified memory size = N * sizeof(float);

ThecudaMemPrefetchAsync  API Is an asynchronous API
that may migrate data to reside closer to the specified
processor

cudaMallocManaged (&x, size);
cudaMallocManaged (&y, size);

saxpy<<< N/128, 128 >>>(N, 3.0, X, y);
cudaDeviceSynchronize ();
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NSIGHT SYSTEMS

System profiler

Key Features:
Systemwide application algorithm tuning
Multi-process tree support

Locate optimization opportunities

Visualize millions of events on a very fast GUI timeline
Or gaps of unused CPU and GPU time

Balance your workload across multiple CPUs and GPUs

CPU algorithms, utilization and thread state
GPU streams, kernels, memory transfets,

Command Line, Standalone, IDE Integration

OS: Linux (x86, Power, Arm SBIRArg, WindowsMacOSXhost
GPUs: Pascal+

Docs/product: https://developer.nvidia.com/nsightystems
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I Registers Per Thread: 48
6 UniformShift 10.241 ps GPU O 3.86058s Local Memory Per Thread: 0 bytes
7 generate_seed_pseudo 1.274 ms GPU D 3.86202s Local Memory Total: 193,986,560 bytes
8 gen sequenced 11.872 ps GPU O 3.86343s Shared Memory executed: 0 bytes
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9 UniformShift 9.856 ps GPU O 3.86344s Theoretical occupancy: 62.5 %
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Bottom-Up Wiew = | Process [9695] vmd_LINUXAMDE4. 11 (3 of 19 threads)

T Filter... = 99.82% (23,260 samples) of data is shown due to applied filters.

Symbal Name 5E|%: % Module Name
v VolumetricData:compute_volume_gradient() 20,14 /home/jchns/vmd/src/gtcbuilds/vrnd_LINUXAMDEL.11
v VolumetricData:compute_volume_gradient() 20,14 /home/jchns/vmd/src/gtcbuilds/vrnd_LINUXAMDEL.11
w BaseMoleculesadd volume_datalchar const®, double const®, double const®, double const®, double const®, int, int, int, float™) 12.30 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDEL 1
w YMDApp:melecule_add_volumetric(int, char const®, double const®, double const®, double const®, double const®, int, int, int, float™) 12.30 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDEL 1
w obj_segmentation{veid®, Tcl_Interp™, int, Tel_Obj* const®) 12,30 /home/johns/vmd/src/gtcbuilds/vrmd_LINUXAMDE 1
[Max depth] 18,30 [Max depth]
w BaseMoleculenadd_volume_data(char const®, float const®, float const®, float const®, float const®, int, int, int, float®, float®, float®) 1.84 /home/jchns/vmd/src/gtcbuilds/vrnd_LINUXAMDEL.11
w MolFilePlugin:read_velumetric(Maolecule®, int, int const™) 1.84 /home/jchns/vmd/src/gtcbuilds/vrnd_LINUXAMDEL.11
w VMDApp:moelecule_load(int, char const®, char const®, FileSpec const™) 1.24 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES. 11
w text_cmd_moel(void®, Tel_Interp®, int, char const™) 1.84 Jhome/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES. 11
w TcllnvokeStringCommand 1.84 Jhome/jehns/vmd/src/gtcbuilds/vmd_LINUXAMDES, 11
w TclEvalObjvinternal 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES. 11
v TclExecuteByteCode 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES. 11
v TclCompEvalOby 1.84 /home/jchns/vmd/src/gtcbuilds/vrnd_LINUXAMDEL.11
w TclEvalObjEx 1.24 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES. 11
w Tcl_RecordAndEval Obj 1.84 fhome/jehns/vmd/src/gtcbuilds/vmd_LINUXAMDE4 11
v TclTextInterp:evalFile(char const™) 1.84 Jhome/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES, 11
v VMDApp:logfile_read(char const™) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES. 11
v VMDreadStartup(VMDApp™) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES. 11
[Max depth] 1.84 [Max depth]
O 7 10ca7022d6 513 Sfusr/libbd/libcuda.so.390.25

obj_segmentation(void®, Tcl_Interp®, int, Tcl_Obj* const™) 344 /home/jochns/vmd/src/gtcbuilds/vrnd_LINUXAMDE4.11
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