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CUDA is a powerful development
platform for parallel computing



Parallel Computing Platform
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GPU Accelerated Libraries

“Drop-in” Acceleration for Your Applications

NVIDIA cuBLAS NVIDIA cuRAND

'Y 8 [EVLA|tools

Vector Signal GPU Accelerated Matrix Algebra on
Image Processing Linear Algebra GPU and Multicore

libjacket

Sparse Linear Building-block C++ STL Features
IMSL Library Algebra Algorithms for CUDA for CUDA



http://code.google.com/p/thrust/downloads/list

NVIDIA® Nsight™ Eclipse Edition
Power of GPU Computing + Productivity of Eclipse

CUDA-Aware Editor Nsight Debugger Nsight Profiler
® Automated CPU to GPU code refactoring ® Simultaneously debug of CPU and GPU ® Quickly identifies performance issues
® Semantic highlighting of CUDA code ® Inspect variables across CUDA threads ® Integrated expert system
® Integrated code samples & docs ® Use breakpoints & single-step debugging ® Automated analysis

® sSource line correlation



CUDA exposes several hardware
features that are not available
with other APIs



Unified Virtual Addressing

Easier to Program with Single Address Space

No UVA: Multiple Memory Spaces UVA : Single Address Space
System GPUO GPU1 System GPUO GPU1
Memory Memory Memory Memory Memory Memory

I .




GPU-aware MPI

Support GPU to GPU communication through standard MPI interfaces
without exposing low level details to the programmer (make MPI
Implementations aware of GPU pointers)

e.g. enable MPI_Send, MPI_Recv from/to GPU memory

Made possible by Unified Virtual Addressing (UVA) in CUDA 4.0

MVAPICH2, OpenMPI, IBM Platform MPI

Code without MPI integration Code with MPI integration
At Sender:
cudaMemcpy(s_buf, s_device, size, cudaMemcpyDeviceToHost); At Sender:
MPI_Send(s_buf, size, MPI_CHAR, 1, 1, MPI_COMM_WORLD); MPI_Send(s_device, size, ...);
At Receiver: At Receiver:
MPI_Recv(r_buf, size, MPI_CHAR, 0, 1, MPI_COMM_WORLD, &req); MPI_Recv(r_device, size, ...);
cudaMemcpy(r_device, r_buf, size, cudaMemcpyHostToDevice);




Hyper-Q / Dynamic Parallelism

Hyper-Q Dynamic Parallelism
Less Back-Forth, Simpler Code

FERMI
1 Work Queue

 CPU  Fermi GPU CPU  Kepler GPU
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GPU Callable Libraries
Direct Access to BLAS and other Libraries from GPU Code

+
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Source files compiled separately to create independent object files
Linker creates GPU Callable Libraries and links with CUDA code



Kepler Enables Full NVIDIA GPUDirect™ RDMA

System System
Memory GDDRS GDDRS GDDRS GDDRS Memory
Mmemory. Memory. Memory. Memory.
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® GPUDirect RDMA is a general approach and can also be used in conjunction with
other PCle devices (eg. flash memory devices)




CUDA opens up to new languages
and new hardware platforms



CUDA Compiler Contributed to Open Source LLVM

Developers want to build ek Lareysee
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front-ends for
Java, Python, R, DSLs

Target other processors like
ARM, FPGA, GPUs, x86
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Enabling More Programming Languages

CUDA Python
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Platform Independent Libraries on Top of CUDA

* HEMI: Fully Portable C++ GPU Computing

* Functions compile and run on either CPU or GPU
¢ C++ classes can be used on CPU and GPU
* Simplified memory management ]

* Minimize platform-specific code NVCC RRaEEREd Bnananne
compiler 3anenan shamemis

i GPy

HEMI KERNEL (solve) (ficat *out, float *n, int N} { ..}

HEMI KERNEL LAUNCH(solve, gDim, bDim, 0, 0, output, input, N);

github.com/harrism/hemi

https://developer.nvidia.com/content/developing-portable-cuda-cc-code-hemi
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OpenACC Directives

Sr Easy, Open, Powerful

« Simple Compiler hints

 Works on multicore CPUs & many core

Program myscience GPUs
... Serial code ...
I$acc  region
dok=1,nl OpenACC «  Compiler Parallelizes code
doi=1,n2 Compiler
... parallel code #. Hint
eggdo * Future Integration into OpenMP
enaao
e standard planned
End Program myscience http://www.openacc.org

Your original
Fortran or C code

SANVIDIA. Elslamn
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http://www.openacc-standard.org/

Summary <A

nvibia
® CUDA is a powerful development platform for parallel

computing

Smart compilers, Libraries of common routines, Integrated development
environments (IDEs) , Profiling, correctness-checking, and debugging

® CUDA exposes several hardware features that are not
available via other APIs

® Open Compiler Architecture and Compiler SDK play a very
important role to broaden the GPU platform (see next
presentation)
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Thank you.
Questions?

Axel Koehler
akoehler@nvidia.com
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