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GPU χ 
NVIDIA H100

Å PCI I/F

Å ШІЕ ϱрЌТϴ˔І

Å Giga Thread Engine

Å SM τ ϬᶤϤ ϥІϾЅв˔ж

Å DRAM I/F (HBM3, HBM2e)

Å  SM̋ PCI I/F ΤϣϯϼЈІᴦ σЮ
Яз (ДНϱІЮЯз, Тй˔ЭНА
ТϮ)

Å L2 cache (50 MB)

Å  SM ΤϣϯϼЈІᴦ σ R/W ϺаА
Єв

Å SM (Streaming Multiprocessor)

Å ˮ ˯ФкЈАЂʺH100 : 132



SM (Streaming Multi-processor)

Å м˔ФІϾЅв˔ж

Å гИАЕ▄ם
Å INT32: 64 ᾤ

Å FP32: 128 ᾤ

Å FP64: 64 ᾤ

Å TensorCore: 4 ᾤ

Å Other units
Å LD/ST, SFU, etc

Å йЅІЌ (32 bit): 64K ᾤ

Å Ặ ЮЯз/L1 ϺаАЄв: 256 KB

Å Tensor Memory Accelerator



SIMT Architecture

ωAkin to a single-instruction multiple-Řŀǘŀ ό{La5ύ ŀǊǊŀȅ ǇǊƻŎŜǎǎƻǊ ǇŜǊ CƭȅƴƴΩǎ 
taxonomy combined with fine-grained multithreading.

ωSIMT architectures expose a large set of hardware threads, which is partitioned into 
groups called warps.

ωInterleave warp execution to hide latencies.

ωExecution context for earch warp is kept on-chip for fast interleaving.

ωWhen scheduled, each thread of a warp executes on a given lane of a SIMD function 
unit.

ωEach SM sub-partition can be thought of as a SIMT engine that creates, manages, 
schedules, and executes warps of 32 parallel threads.

Single-Instruction, Multiple-Thread
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ÅAkin t o a single- inst ruct ion mult iple- dat a (SIMD) array processor per 
Flynnôs t axonomy combined wit h f ine- grained mult it hreading.

ÅSIMT archit ect ures expose a large set  of  hardware t hreads, which is 
part it ioned int o groups called warps.

ÅInt erleave warp execut ion t o hide lat encies.

ÅExecut ion cont ext  for each warp is kept  on-chip for fast  int erleaving.

ÅWhen scheduled, each t hread of  a warp execut es on a given lane of  a 
SIMD f unct ional unit .

ÅEach SM sub-part it ion can be t hought  of  as a SIMT engine t hat  creat es, 
manages, schedules, and execut es warps of  32 parallel t hreads.

SIMT Archit ect ure
Single-Inst ruct ion, Mult iple-Thread

SIMD back-end

Warps available for 

scheduling

Warp 0

Warp 1
é

Warp N



Thread Hierarchy
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Thread Hierarchy

ÅA CUDA kernel is launched on a grid of  
t hread blocks, which are complet ely 
independent .

ÅThread blocks are execut ed on SMs.

ÅSeveral concurrent  t hread blocks can reside 
on an SM.

ÅThread blocks do not  migrat e.

ÅEach block can be scheduled on any of  t he 
available SMs, in any order, concurrent ly or in 
series.

ÅIndividual t hreads execut e on scalar CUDA 
cores.

Thread

Thread Block

Thread Block

Thread Block

Grid

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

SM

Device

Scalar CUDA core

CUDA/ Software Hardware

ωA CUDA kernel is launched on a grid of thread blocks, 
which are completely independent.

ωThread blocsk are executed on SMs.

ωSeveral concurrent thread blocks can reside on an SM.

ωThread blocks do not migrate.

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

ωIndividual threads execute on scalar CUDA cores. 



Thread Block Clusters

ωFor Hopper GPUs, CUDA introduced an optional level in the thread hierarchy called Thread Block Clusters.

ωThread blocks in a cluster are guaranteed to be concurrently scheduled and enable efficient cooperation and data sharing for threads 
across multiple SMs.

ωFor more information on this topic visit GTC session ώ{снмфнϐΥ ά!ŘǾŀƴŎŜŘ tŜǊŦƻǊƳŀƴŎŜ hǇǘƛƳƛȊŀǘƛƻƴ ƛƴ /¦5!έ.
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Grid

Thread Block Clust ers

ÅFor Hopper GPUs, CUDA int roduced an opt ional level in t he t hread hierarchy called Thread Block Clust ers.

ÅThread blocks in a clust er are guarant eed t o be concurrent ly scheduled and enable ef f icient  cooperat ion and dat a 
sharing for t hreads across mult iple SMs.

ÅFor more informat ion on t his t opic visit  GTC session [S62192] : ñAdvanced Perf ormance Opt imizat ion in CUDAò.

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Grid

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block

Thread Block Cluster Thread Block Cluster

https://www.nvidia.com/ja-jp/on-demand/session/gtc24-s62192/


GPU ϸ˔Киם“χ Ϧ

ωCPU Υ GPU τϽзАЖϬ

ωἇ σ ψ Giga Thread Engine

Thread Block Thread Block Thread Block Thread Block

Thread Block Thread Block Thread Block Thread Block

Grid



GPU ϸ˔Киם“χ Ϧ

ωУкАϼϬ SM τᶤϤ ο

ωᶆУкАϼψ῀Μτ τםʺ“ם“ χ σΰ

ω1 νχУкАϼψ  SM τϘθΥϣσΜ

ω1 νχ SM τ УкАϼΥᶤϤ οϣϦϥάρψΚϥ

Thread Block Thread Block Thread Block Thread Block

Thread Block Thread Block Thread Block Thread Block

Grid



GPU ϸ˔Киם“χ Ϧ

ωSM χІϾЅв˔жΥм˔ФϬ CUDA Ѐϯτ

ωм˔Ф: 32 ІйАЖχΤθϘϤ

ωУкАϼϬм˔Фτ ᶤʺם“ᴦ σм˔ФϬἋ CUDA Ѐϯ
τᶤϤ οϥ

ωм˔Ф τ 32 ІйАЖψ ṍΰο α Ϭם“

ωᶆм˔Фψ῀Μτ ΰοם“

ω αУкАϼ χм˔Фψʺ ꜘ τ ṍβϥάρϜᴦ

Thread Block



GPU ϸ˔Киם“χ Ϧ

ωSM χІϾЅв˔жΥм˔ФϬ CUDA Ѐϯτ

ωм˔Ф: 32 ІйАЖχΤθϘϤ

ωУкАϼϬм˔Фτ ᶤʺם“ᴦ σм˔ФϬἋ CUDA Ѐϯ
τᶤϤ οϥ

ωм˔Ф τ 32 ІйАЖψ ṍΰο α Ϭם“

ωᶆм˔Фψ῀Μτ ΰοם“

ω αУкАϼ χм˔Фψʺ ꜘ τ ṍβϥάρϜᴦ

Thread Block
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GPU ϯ˔Ϻχ ᴟϬ ρΰσΜФкϽжЬрϽЯДи

Kepler, CC3.5

192 cores /SM

Pascal, CC6.0

64 cores /SM

Maxwell, CC5.0

128 cores /SM

Ampere, CC8.0

64 cores /SM
Hopper, CC9.0

128 cores /SM



TSUBAME4.0 Compute Node

ωGPU : NVIDIA H100 SXM5 x 4

ωGPU Memory : HBM2e 94GB / GPU

ωIntra-node connection: Fully connected by NVLink

ωInter-node connection : InfiniBand NDR200 x 4

https://www.t4.gsic.titech.ac.jp/hardware



GPU Computing in a Nutshell
All GPU programming models follow this pattern

Application Code

+

GPU CPUParallelize using CUDA 
Programming Model

Only Critical Functions
Rest of Sequential

CPU Code

5ŀǘŀ ϧ Dt¦ άƪŜǊƴŜƭǎέ ƻŦŦƭƻŀŘ ǘƻ ǘƘŜ Dt¦

Program flow and resource 
allocation is managed by the 

CPU

CPU & GPU work together



CPU + GPU

ωCPU memory is larger, GPU memory has more bandwidth

ωCPU and GPU memory are usually separate, connected by an 
I/O bus (traditionally PCI-e)

ωAny data transferred between the CPU and GPU will be handled 
by the I/O Bus

ωThe I/O Bus is relatively slow compared to memory bandwidth

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

High 
Capacity

Memory

Shared Cache

High Bandwidth 
Memory

Shared Cache

$ $ $ $ $ $ $ $

$ $ $ $ $ $

$ $ $ $ $ $

IO Bus

GPUCPU



CUDA Managed Memory
Simplifed Developer Effort

Without Managed Memory With Managed Memory

Managed MemorySystem Memory GPU Memory

CPU and GPU memories are 
combined into a single, shared pool



Overview of GPU Programming



GPU Applications
https://www.nvidia.com/en-us/gpu-accelerated-applications/

1800 ӟ χϯФзϾ˔ЄдрΥ GPU τ ᴂ

https://www.nvidia.com/en-us/gpu-accelerated-applications/
https://www.nvidia.com/en-us/gpu-accelerated-applications/
https://www.nvidia.com/en-us/gpu-accelerated-applications/
https://www.nvidia.com/en-us/gpu-accelerated-applications/
https://www.nvidia.com/en-us/gpu-accelerated-applications/
https://www.nvidia.com/en-us/gpu-accelerated-applications/
https://www.nvidia.com/en-us/gpu-accelerated-applications/


Leading Applications
https:// developer.nvidia.com/hpc-application-performance



Programming the NVIDIA Platform
Unmatched developer flexibility

Accelerated Standard Languages Incremental Optimization Platform Specialization

Acceleration Libraries

C++ | Fortran | Python

Core Math Communication Data Analytics AI DSLs

GPU CPU InterconnectHardware

Libraries & 
Frameworks

Languages & 
Programming 

Models

PCs Workstations On Prem Cloud At the Edge

Wherever You Run



NVIDIA Math Libraries
Linear Algebra, FFT, RNG, and Basic Math

CUTLASScuBLAS cuSPARSE cuTENSOR cuSOLVER

cuRAND cuFFT Math APIAMGX



Partner Libraries



Programming the NVIDIA Platform
Unmatched Developer Flexibility

Accelerated Standard Languages Incremental Optimization Platform Specialization

Acceleration Libraries

C++ | Fortran | Python

Core Math Communication Data Analytics AI DSLs

GPU CPU InterconnectHardware

Libraries & 
Frameworks

Languages & 
Programming 

Models

PCs Workstations On Prem Cloud At the Edge

Wherever You Run



SAXPY (Y = A*X + Y)
Standard Language (C++)

void saxpy(int n, float a, 
           float *x, float *y)
{
  for  (int i = 0; i  < n; ++i)
    y[i] += a*x[i];
}

...
saxpy(N, 3.0, x, y);
...

void saxpy(int n, float a, 
           float *x, float *y)
{
  auto i = std::views::iota(0, n);

  std::for_each(std::execution::par,
                i.begin(),i.end(), [=](auto i) {
      y[i] += a*x[i];
  } );
}

...
saxpy(N, 3.0, x, y);
...

CPU Standard Language



SAXPY (Y = A*X + Y)
Standard Language (Fortran)

subroutine saxpy(n, a, x, y)
  real :: a, x(:), y(:)
  integer :: n, i

  do i = 1, n
   y(i) = a*x(i)+y(i)

  enddo

end subroutine saxpy

...

call saxpy(N, 3.0, x, y)

...

subroutine saxpy (n, a, x, y)
  real :: a, x(:), y(:)
  integer :: n, i   

  do concurrent ( i  = 1 : n)
    y( i ) = a*x( i )+y( i )
  enddo

end subroutine saxpy

...

call saxpy(N, 3.0, x, y)

...

CPU Standard Language



Programming the NVIDIA Platform
Unmatched Developer Flexibility

Accelerated Standard Languages Incremental Optimization Platform Specialization

Acceleration Libraries

C++ | Fortran | Python

Core Math Communication Data Analytics AI DSLs

GPU CPU InterconnectHardware

Libraries & 
Frameworks

Languages & 
Programming 

Models

PCs Workstations On Prem Cloud At the Edge

Wherever You Run



SAXPY (Y = A*X + Y)
OpenACC

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
#pragma omp parallel for

for  (int i = 0; i  < n; ++i)
    y[i] += a*x[i];
}

...
saxpy(N, 3.0, x, y);
...

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
#pragma acc parallel loop copy(y[:n]) copyin(x[:n])
  for  (int i = 0; i  < n; ++i)
    y[i] += a*x[i];
}

...
saxpy(N, 3.0, x, y);
...

CPU (OpenMP) OpenACC



SAXPY (Y = A*X + Y)
OpenMP Offloading

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
#pragma omp parallel for

for  (int i = 0; i  < n; ++i)
    y[i] += a*x[i];
}

...
saxpy(N, 3.0, x, y);
...

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
#pragma omp target teams loop map(tofrom:y[:n]) 
map(to:x[:n])
  for  (int i = 0; i  < n; ++i)
    y[i] += a*x[i];
}

...
saxpy(N, 3.0, x, y);
...

CPU (OpenMP) OpenMP Offloading



Programming the NVIDIA Platform
Unmatched Developer Flexibility

Accelerated Standard Languages Incremental Optimization Platform Specialization

Acceleration Libraries

C++ | Fortran | Python

Core Math Communication Data Analytics AI DSLs

GPU CPU InterconnectHardware
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SAXPY (Y = A*X + Y)
CUDA

__global__  void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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

CPU CUDA

void saxpy(int n, float a, 
           float *x, float *y)
{
  for  (int i = 0; i  < n; ++i)
    y[i] += a*x[i];
}

...
saxpy(N, 3.0, x, y);
...



Standard Language Parallelism



HPC Programming in ISO C++
ISO is the place for portable concurrency and parallelism

C++23 And Beyond

Senders/Receivers

ü Standardized mechanism for asynchrony in the C++ 
standard library

ü Simplify launching and managing parallel work across 
CPUs and accelerators

ü Preview Available Now

Linear Algebra

ü C++ standard algorithms API to linear algebra

ü Maps to vendor optimized BLAS libraries

ü Preview Available Now

MDArray and SubMDSpan

ü Expands the capabilities of C++23 MDSpan

ü Preview Available Now

C++17 & C++20

Parallel Algorithms

ü Parallel and vector concurrency 

Forward Progress Guarantees

ü Extend the C++ execution model for accelerators

Memory Model Clarifications

ü Extend the C++ memory model for accelerators

Ranges

ü Simplifies iterating over a range of values

Scalable Synchronization Library

ü Express thread synchronization that is portable and 
scalable across CPUs and accelerators

Preview support coming to NVC++

std:: mdspan
ü HPC-oriented multi-dimensional array abstractions.

ü Preview Available Now

Range-Based Parallel Algorithms

ü Improved multi-dimensional loops

Extended Floating Point Types

ü First-class support for formats new and old: 
std::float16_t/float64_t



SAXPY

ωNVC++ can compile Standard C++ algorithms with the parallel 
execution policies

ωAn NVC++ command-line option, -stdpar, is used to enable 
GPU-accelerated C++ Parallel Algorithms

ωAll data movement between host memory and GPU device 
memory is performed implicitly and automatically under the 
control of CUDA Managed Memory

void saxpy(int n, float a, float *x, float *y)
{
   auto i = std::views::iota(0, n);

   std::for_each(std::execution::par,  i.begin(), i.end(),
      [=](auto i) {
      y[i] += a*x[i];
   } ) ;
}

...
saxpy(N, 3.0, x, y);
...

Standard Language Parallelism (C++)



HPC Programming in ISO Fortran
ISO is the place for portable concurrency and parallelism

Fortran 2018 Fortran 202x

Fortran Array Intrinsics
ü NVFORTRAN 20.5

ü Accelerated matmulΣ ǊŜǎƘŀǇŜΣ ǎǇǊŜŀŘΣ Χ

DO CONCURRENT
ü NVFORTRAN 20.11

ü Auto-offload & multi-core

Co-Arrays
ü Not currently available

ü Accelerated co-array images

DO CONCURRENT Reductions
ü NVFORTRAN 21.11

ü REDUCE subclause added

ü Support for +, *, MIN, MAX, IAND, IOR, IEOR.

ü Support for .AND., .OR., .EQV., .NEQV on LOGICAL values

Preview support available now in NVFORTRAN



SAXPY

ωNVFORTRAN can compile do concurrent

ωAn NVFORTRAN command-line option, -stdpar, is used to 
enable GPU-accelerated do concurrent

ωAll data movement between host memory and GPU device 
memory is performed implicitly and automatically under the 
control of CUDA Managed or Unified Memory

subroutine saxpy (n, a, x, y)
  real :: a, x(:), y(:)
  integer :: n, i   

  do concurrent ( i  = 1 : n)
    y( i ) = a*x( i )+y( i )
  enddo

end subroutine saxpy

...

call saxpy(N, 3.0, x, y)

...

Standard Language Parallelism (Fortran)



Standard Language Parallelism Ѐ˔ЖχРиЖ
NVIDIA HPC SDK

ωC++: nvc++, Fortran: nvfortran 

ω- stdpar=gpu    : Standard language parallelism Ϭ ῟τΰʺNVIDIA GPU ΰΪτРиЖ

ω- stdpar=multicore  : ЫиЎЀϯ CPU ΰΪτϜРиЖᴦ

ω- Minfo=stdpar   : ςχϢΞτ ᴟήϦθΤτḩβϥʺЀрОϱж ЮАЈ˔ЅϬ ꜘ

ω- gpu=...    : GPU Ѐ˔Ж τḩβϥ ⇔Ϭ◙

ω- std=c++20    : std::views::iota()  Ϭ►Ξθϛτ

$ nvc++ - stdpar=gpu - Minfo=stdpar ¦std=c++20 saxpy.cpp

b±L5L! It/ /ƻƳǇƛƭŜǊǎ ¦ǎŜǊΩǎ DǳƛŘŜ 
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html

https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html


OpenACC



Why Developers Love OpenACC

Single SourceIncremental

ÅMaintain existing 
sequential code

ÅAdd annotations to 
expose parallelism

ÅAfter verifying 
correctness, annotate 
more of the code

Å Rebuild the same code 
on multiple architectures

Å Compiler determines 
how to parallelize for the 
desired machine

Å Sequential code is 
maintained

Low Learning Curve

Å OpenACC is meant to be 
easy to use, and easy to 
learn

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

Å No reason to learn low-
level details of the 
hardware.



SAXPY

ωSimilar to OpenMP CPU code

ω#pragma omp ... - > #pragma acc ...
ωAdditional description about data transfer

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
#pragma acc parallel loop copy(y[:n]) copyin(x[:n])
  for  (int i = 0; i  < n; ++i)
    y[i] += a*x[i];
}

...
saxpy(N, 3.0, x, y);
...

OpenACC



SAXPY

ωSimilar to OpenMP CPU code

ω!$ omp ... - > !$acc ...
ωAdditional description about data transfer

subroutine saxpy(n, a, X, Y)
  real :: a, Y(:), Y(:)
  integer :: n, i

  !$acc parallel loop copy(Y(:)) copyin(X(:))
  do i=1,n

   Y(i) = a*X(i)+Y(i)
  enddo
  !$acc end parallel
end subroutine saxpy

...
call saxpy(N, 3.0, x, y)
...

OpenACC (Fortran)



Parallel Directive

ωParallel directive with loop directive marks the region for 
parallel execution and distributes the iterations of the loop.

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
  #pragma acc parallel  loop copy(y[:n]) copyin(x[:n])
  for  (int i = 0; i  < n; ++i) {
    y[i] += a*x[i];
  }
}

...
saxpy(N, 3.0, x, y);
...



Kernels Directive

ωThe compiler will analyze the loops and parallelize those if it 
finds safe and profitable to do so.

ωIf the compiler decides that the loop is not parallelizable, it 
will not parallelize the loop.

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
  #pragma acc kernels  copy(y[:n]) copyin(x[:n])
  for  (int i = 0; i  < n; ++i) {
    y[i] += a*x[i];
  }
}

...
saxpy(N, 3.0, x, y);
...



Kernels vs. Parallel

Kernels Parallel

ÅCompiler decides what to parallelize with direction 
from user

ÅCompiler guarantees correctness

ÅCan cover multiple loop nests

ÅProgrammer decides what to parallelize and 
communicates that to the compiler

ÅProgrammer guarantees correctness

ÅMust decorate each loop

When fully optimized, both will give similar performance.



Loop Directive

ωMust be contained within an OpenACC compute region 
(either a parallel or a kernels region)

ωAllows the programmer to give additional information and/or 
optimizations about the loop

ωindependent : ᴟᴦ

ωseq         : ⱳם“

ωcollapse    : и˔Ф ›

ωgang/vector : ᴟ

ωΧ

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
  #pragma acc kernels copy(y[:n]) copyin(x[:n])
  #pragma acc loop  independent
  for  (int i = 0; i  < n; ++i) {
    y[i] += a*x[i];
  }
}

...
saxpy(N, 3.0, x, y);
...



Data Clause

ωUsed with parallel / kernels directive

ωDefine data movement between host and device

ωcopyin   : parallel ӽᵫ◐Ⱳτ CPU -> GPU

ωcopyout  : parallel ӽ Ⱳτ CPU <- GPU

ωcopy    : copyin  ρ copyout  χ

ωcreate  : GPU τЮЯзϬᶎ

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
  #pragma acc parallel loop copy (y[:n]) copyin (x[:n])
  for  (int i = 0; i  < n; ++i) {
    y[i] += a*x[i];
  }
}

...
saxpy(N, 3.0, x, y);
...



Data Directive

ωDefines a lifetime for data on the device beyond individual 
loops

ω5ǳǊƛƴƎ ǘƘŜ ǊŜƎƛƻƴ Řŀǘŀ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ άƻǿƴŜŘ ōȅ ά ǘƘŜ 
accelerator

ωData movement between host and device

ωcopyin   : Д˔Ќ ӽᵫ◐Ⱳτ CPU -> GPU

ωcopyout  : Д˔Ќ ӽ Ⱳτ CPU <- GPU

ωcopy    : copyin  ρ copyout  χ

ωcreate  : GPU τЮЯзϬᶎ

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
  #pragma acc parallel loop present(x, y)
  for  (int i = 0; i  < n; ++i) {
    y[i] += a*x[i];
  }
}

...
#pragma acc data  copy(y[:N]) copyin(x[:N])
{
  saxpy(N, 3.0, x, y);
}
...



CUDA Managed Memory

ωHandling explicit data transfers between the host and device 
(CPU and GPU) can be difficult

ωThe NVIDIA HPC Compilers can utilize CUDA Managed 
Memory to defer data management

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

void saxpy(int n, 
           float a, 
           float *x, 
           float *restrict y)
{
  #pragma acc parallel loop
  for  (int i = 0; i  < n; ++i) {
    y[i] += a*x[i];
  }
}

...

  saxpy(N, 3.0, x, y);

...



OpenACC Ѐ˔ЖχРиЖ
NVIDIA HPC SDK

ωC: nvc, C++: nvc++, Fortran: nvfortran 

ω- acc=gpu   : OpenACC Ϭ ῟τΰʺNVIDIA GPU ΰΪτРиЖ

ω- acc=multicore  : ЫиЎЀϯ CPU ΰΪτϜРиЖᴦ

ω- Minfo=accel   : ςχϢΞτ ᴟήϦθΤτḩβϥʺЀрОϱж ЮАЈ˔ЅϬ ꜘ

ω- gpu=...   : GPU Ѐ˔Ж τḩβϥ ⇔Ϭ◙

ω- gpu=mem:managed : CUDA Managed Memory ̔͂ ᴟ

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

b±L5L! It/ /ƻƳǇƛƭŜǊǎ ¦ǎŜǊΩǎ DǳƛŘŜ 
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html

https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html
https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html


CUDA



SAXPY (Y = A*X + Y)
CUDA

__global__  void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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

CPU CUDA

void saxpy(int n, float a, 
           float *x, float *y)
{
  for  (int i = 0; i  < n; ++i)
    y[i] += a*x[i];
}

...
saxpy(N, 3.0, x, y);
...



GPU ם“χṁ σ Ϧ

ωGPU ψ CPU Τϣχ Ὲπ ⌠

ω Д˔Ќ : CPU Τϣ GPU τ  (H2D)

ωGPU ϸ˔Ки : CPU Τϣ

ω Д˔Ќ : GPU Τϣ CPU τ  (D2H)

CPU GPU

GPU πם▄

Д˔Ќ

GPU ϸ˔Ки

ṍ

Д˔Ќ



SAXPY

ωGPU ЮЯзᶎ

ω Д˔Ќ

ωϸ˔КиṞ

ω ṍ

ω Д˔Ќ

__global__ void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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

CUDA



SAXPY

ωGPU ЮЯзᶎ

ω Д˔Ќ

ωϸ˔КиṞ

ω ṍ

ω Д˔Ќ

__global__ void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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

CUDA



SAXPY

ωGPU ЮЯзᶎ

ω Д˔Ќ

ωϸ˔КиṞ

ω ṍ

ω Д˔Ќ

__global__ void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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

CUDA



SAXPY

ωGPU ЮЯзᶎ

ω Д˔Ќ

ωϸ˔КиṞ

ω ṍ

ω Д˔Ќ

__global__ void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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

CUDA



SAXPY

ωGPU ЮЯзᶎ

ω Д˔Ќ

ωϸ˔КиṞ

ω ṍ

ω Д˔Ќ

__global__ void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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

CUDA



GPU ϸ˔Ки

ω1 νχ GPU ІйАЖχ ϬṜ

ω1 νχ GPU ІйАЖΥʺ1 νχ χ Ϭ

ωthreadIdx.x  :  Thread ID within the block

ωblockDim.x   :  Dimensions of the block

ωblockIdx.x   :  Block index within the grid

__global__  void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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

Χ0 1 2 3 4 5 6 7

blockDim.x = 8  (8 threads/block) χ

blockIdx.x = 0 blockIdx.x = 1 blockIdx.x = 2

threadIdx.x

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

threadIdx.x threadIdx.x

Global thread ID



Global Thread ID

ωWhich thread will operate on the red element?

Array index

Local thread ID

blockIdx.x = 1
blockDim.x = 8

threadIdx.x = 6

i nt i  = threadIdx.x  + blockIdx.x  * blockDim.x ;
      =     6       +     1      *      8    ;
      = 14;



Execution Configuration

ω<<< number_of_blocks, block_size >>>

ωBlock_size should be multiple of 32

ωFor block_size good numbers to start with would be 128 or 
256

__global__ void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);
x = (float *) malloc(size);
y = (float *) malloc(size);
cudaMalloc (& d_x , size);
cudaMalloc (& d_y , size);
...

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



Execution Configuration

ωBlock size (shape of block) can be defined in 1D - 3D

__global__ void MatAdd (float A[N][N], float B[N][N], 
float C[N][N])
{
   int i  = threadIdx.x  + blodkDim.x  * blockIdx.x ;
   int j = threadIdx.y  + blodkDim.y  * blockIdy.y ;
   if ( i  < N && j < N )
      C[ i ][j] = A[ i ][j] + B[ i ][j];
}

...

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

...

2D χ GPU ϸ˔Ки



УкАϼ ЫАСрϽʺІйАЖ ЫАСрϽ

dim3 sizeBlock (16,16)

(0,0) (1,0) (2,0)

(0,1) (1,1) (2,1)

(0,2) (1,2) (2,2)

УкАϼ ID (blockIdx )

dim3 sizeBlock (32,8)

(0,0) (1,0)

(0,1) (1,1)

(0,2) (1,2)

(0,3) (1,3)

(0,4) (1,4)

(0,0)

(15,15)

(0,0)

(31,7)

ІйАЖ ID (threadIdx )



CUDA Managed Memory

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

ωGPU programs may access Managed Memory from GPU and 
CPU threads concurrently without needing to create separate 
allocations (cudaMalloc () ) and copy memory manually 
back and forth (cudaMemcpy*() )

ωCUDA APIs to allocate Managed Memory 
(cudaMallocManaged () )

__global__ void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);

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

saxpy<<< N/128, 128 >>>(N, 3.0, x, y);
cudaDeviceSynchronize ();



CUDA Managed Memory

ωCUDA ManagedMemory may not always have all the 
information necessary to make the best performance 
decisions related to unified memory

ωThe cudaMemPrefetchAsync  API is an asynchronous API 
that may migrate data to reside closer to the specified 
processor

__global__ void saxpy(int n, float a, 
                      float *x, float *y)
{
  int i = threadIdx.x + blodkDim.x * blockIdx;
  if (i < n)
    y[i] += a*x[i];
}
...

size = N * sizeof(float);

cudaMallocManaged (&x, size);
cudaMallocManaged (&y, size);
...
cudaMemLocation loc_dev;
loc_dev.type = cudaMemLocationTypeDevice;
loc_dev.id = 0;
cudaMemPrefetchAsync(x, size, loc_device, 0);
cudaMemPrefetchAsync(y, size, loc_device, 0);

saxpy<<< N/128, 128 >>>(N, 3.0, x, y);
cudaDeviceSynchronize ();

Prefetch



NVIDIA Developer Tools
- Nsight Systems -



NSIGHT SYSTEMS
System profiler

Key Features:

Å System-wide application algorithm tuning
Å Multi-process tree support

Å Locate optimization opportunities
Å Visualize millions of events on a very fast GUI timeline

Å Or gaps of unused CPU and GPU time

Å Balance your workload across multiple CPUs and GPUs
Å CPU algorithms, utilization and thread state

GPU streams, kernels, memory transfers, etc

Å Command Line, Standalone, IDE Integration

OS: Linux (x86, Power, Arm SBSA, Tegra), Windows, MacOSX (host)

GPUs: Pascal+

Docs/product:https://developer.nvidia.com/nsight-systems 

https://developer.nvidia.com/nsight-systems
https://developer.nvidia.com/nsight-systems
https://developer.nvidia.com/nsight-systems
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