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Overview

 Programming environments
— NVIDIA CUDA
— AMD Stream
— BrookGPU / Brook+
— RapidMind Platform
— PGI Accelerator Compilers

 Middleware and support libraries
e Math libraries

« Applications and application-specific libraries



NVIDIA CUDA

Parallel computing architecture and programming model
— Unified hardware and software specification for parallel computing

Massively hardware multithreaded
— GPU = dedicated many-core co-processor

General purpose programming model

— User launches batches of threads on the GPU (application controlled
SIMD program structure)

— Fully general load/store memory model (CRCW, arbitrary resolution)
— Simple extension to standard C
— Mature(d) software stack (high-level and low-level access)

Not another graphics API
— Though graphics API interoperability possible



CUDA hardware overview

Streaming Processor (SP) Streaming Multiprocessor (SM)
Thread Processor (TP)

Multi-banked
Register File
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TP Array Shared Memory

up to 30 SMs per chip




Compiling CUDA for GPUs

Generic

Specialized

Target device code




Kernels, threads and blocks

« Parallel kernels composed of many threads
— All threads execute the same sequential program

e Threads are grouped into thread blocks

— Cooperation within block via fast, shared memory and hardware
synchronization barrier

— Blocks are virtualized multiprocessors
— All blocks must be independent, implicit barrier between kernel

launches
e Runtime support API Thread t  Block b
— cudaMalloc(), cudaMemcpy(), cudaFree() § ot .. B

— cudaGetLastError() %




Example: Vector addition kernel

Device Code

// Compute vector sum C = A+B
/[ Each thread performs one pair-wise addition

__global __ void vecAdd(float* A, float* B, float* C)

{
Inti= threadldx.x + blockDim.x  * Dblockldx.x ;
C[i] = Ali] + BIIJ;

}

Int main()

{

/I Run N/256 blocks of 256 threads each
vecAdd<<< N/256, 256>>> (d A, dB,d O,



Example: Vector addition kernel

// Compute vector sum C = A+B
// Each thread performs one pair-wise addition

__global  void vecAdd(float* A, float* B, float* C)
{
inti= threadldx.x + blockDim.x  * Dblockldx.x
C[i] = All] + BII];
J Host Code
iInt main()
{

/I Run N/256 blocks of 256 threads each
vecAdd<<< N/256, 256>>> (d A, dB,d C);



AMD Stream

e See presentations by Dominik Behr later today



RapidMind Platform overview

Software development platform for both multicore
and stream Processors

— Multicore CPUs, Cell BE and GPUs

— New: OpenCL

— http://www.rapidmind.net

Embedded within ISO C++
— No changes to toolchain, compilers etc.

Portable code

— But exposes platform-specific functionality to allow fine-tuning if
needed

Company acquired by Intel in late August
— RapidMind Platform continues to be available



RapidMind Platform features

« SPMD data parallel programming model
— Data parallel arrays
— Programs return new arrays

— Programs may have control flow, may perform random reads from
other arrays

— Subarrays, ranges, ...

o Collective operations
— Map, reduce, gather, scatter, ...



RapidMind Platform example




PGI Accelerator compilers

e Portland Group PGI 9.0

— Includes an Extended Preview of the PGI Accelerator Fortran and
C99 compilers

— Supports x86_64 and CUDA-capable GPUs
— Linux systems
— http://www.pgroup.com/resources/accel.htm

e Approach
— Add OpenMP-style compiler directives to crucial code sections
— Recompile with appropriate compiler settings
— Compiler splits data and maps nested loops to GPUs



PGI Accelerator compilers

Example: Simple Fortran matrix multiplication



Disclaimer

« All of the following is subjectively biased
— Based on news posted to gpgpu.org

— If you miss your application, library, paper, submit it
 http://gpgpu.org/submit-news

 GPU computing Is pretty widespread now
— Google ,your field of research + CUDA*

e Some slides courtesy of
— Mike Houston, Mark Harris, Stefanus DuToit, John Owens



Overview

 Programming environments

 Middleware and support libraries
— CUDPP
— Thrust
— .NET
— Java
— Autoparallelization tools
— Close to the hardware

e Math libraries

« Applications and application-specific libraries



CUDPP motivation

e Challenge: Libraries

e What are the...

— ...fundamental parallel algorithms?
— ...fundamental parallel data structures?
— ...methods to bring them together?

o Goal: library of fundamental data parallel primitiv
and algorithms
— With best-in-class performance and efficiency
— For data-parallel (many-core) GPUs

e Result: CUDPP

€S



Horizontal vs. vertical development

CPU

App App App
1 2 3

Programming System
Primitives

Hardware

GPU
(Historical)

Primitive Libraries
(Domain-specific,
Algorithm, Data
Structure, etc.)

Programming System
Primitives

Hardware

GPU
(CUDPP Goal)



CUDPP

 Library of high-performance parallel primitives
for GPUs
— Written in C for CUDA
— Runs on all CUDA-capable GPUs
— Support for Windows, Linux, and OS X

e Collaboration between UC Davis and NVIDIA

— John Owens (UC Davis)
— Shubho Sengupta, Yao Zhang, Andrew Davidson, Stanley Tzeng

— Mark Harris (NVIDIA)

* http://code.google.com/p/cudpp



CUDPP

Current in CUDPP

— (Segmented) scan, stream compact
— Radix sort, sparse matrix-vector multiply
— Random number generation

In progress
— Parallel reduction, more sorts, graphs, trees

Open Source under BSD License



CUDPP design principles

 Performance
— Provide fundamental primitives with best-of-class performance

e CUDPP functions run on the GPU on GPU data
— CUDPP doesn’'t handle allocation or data transfers

« Modularity
— Easily include primitives in applications
— Library can be linked to other applications

— Code from the multiple abstraction levels can be re-used (e.g.
kernels, or cta-level  device  functions, in addition to library-
level calls)



Thrust

o Thrust: A Template Library for CUDA Applications
— Transformations, reductions, scans, sort, etc.
— Interface similar to the C++ STL (containers and iterators)
— Developed by NVIDIA, Apache 2.0 license
— http://thrust.googlecode.com/



NET and JAVA

« CUDA.NET, CAL.NET, OpenCL.NET
— GASS GPU based Advanced Supercomputing Solutions
— .NET binding for CUDA/CAL/OpenCL applications
— .NET or Mono (Windows and Linux)
— Free-no-gquestions-asked license (at least for noncommercial use)
— http://lwww.gass-Itd.co.il/en/products/

 JCUDA
— By the same company
— JAVA bindings for CUDA



Autoparallelization

e F2C-AccC:
— Fortran to CUDA source-to-source translator
— Intended to aid with manual code transformations

— Developed by the Advanced Computing Department of the
National Oceanic and Atmospheric Administration

— http://www-ad.fsl.noaa.gov/ac/Accelerators.htmi

o PardAll
— HPC Project company (France)
— Autoparallelization and vectorization effort
— http://www.hpc-project.com/



Close to the hardware

e Barra
— Sylvain Collange et al., Université de Perpignan
— Modular functional simulator of the G80 architecture
— http://gpgpu.univ-perp.fr/index.php/Barra

e GPUocelot

— Gregory Diamos et al., Georgia Institute of Technology
— Low-level CUDA simulator, Valgrind-like memory checking
— http://code.google.com/p/gpuocelot/

e decuda

— Wiladimir J. van der Laan, University of Groningen
— Disassembler for CUDA
— http://www.cs.rug.nl/~wladimir/decuda/



Overview

 Programming environments
 Middleware and support libraries

e Math libraries
— ACML-GPU
— CUBLAS and CUFFT
— MAGMA
— LAPACK
— Matlab
— Sparse Matrix Vector Multiply
— ODEs, iterative solvers

« Applications and application-specific libraries



ACML-GPU

e Stream-accelerated version of ACML
e Windows and Linux, Fortran and C

e Supported routines
— SGEMM and DGEMM

e Standard ACML-BLAS interface (just re-link)

e Automatically switches between CPU and GPU (small
problem sizes)

« Automatically scales across several GPUs (large
problem sizes)



CUBLAS and CUFFT

Interface modeled on BLAS and FFTW

Three ways to use (similar for CUFFT)

— Explicit management of device memory and data transfers
« cublasMalloc(), cublasDgemm(), cublasGetMatrix()

— Implicit
» "Thunking": copy-compute-readback in one call
— From within standard CUDA device code

Fortran and C bindings
Good subset of BLAS level 1, 2 and 3
Requires CUDA-capable device

— GT200 and better for double
— http://lwww.nvidia.com/cuda



MAGMA

Dense linear algebra on heterogeneous CPU+GPU systems
— GPU backend requires CUDA

ldea and goal

— ,To address the complex challenges of the emerging hybrid
environments, optimal software solutions will themselves have to
hybridize, combining the strengths of different algorithms within a single
framework.”

— Keep all resources in the system equally busy by automatic scheduling
and load balancing

Small subset of BLAS2 and 3 implemented, continuous ly
expanded

Innovative Computing Lab (UTK), University of Coimbra (PT), UC
Berkeley, University of Denver

— http://icl.cs.utk.edu/magma/index.html



LAPACK

e CULA by EM Photonics

e Basic edition
— LU, QR and singular value decomposition, least squares
— Limited to single precision
— Public beta (preview release) available now

e Premium edition

— More functionality, double precision, support
— To be released at NVIDIA GTC'09 (Sep 30)

« Commercial edition
— Redistribution rights, direct support

e http://www.culatools.com/



Matlab

Jacket
— http://www.accelereyes.com

Libra
— http://www.gpusystems.com

GPUmat
— http://www.gp-you.org

All essentially based on operator overloading
— Easy to use
— Feature sets vary
— Commercial licenses (trials available)



SpMV

« Rajesh Bordawekar and Muthu Manikandan Baskaran (IBM)
— Linux, CUDA
— http://lwww.alphaworks.ibm.com/tech/spmv4gpu

 Nathan Bell and Michael Garland (NVIDIA)
— Linux and Windows, CUDA
— http://forums.nvidia.com/index.php?showtopic=83825
— Upcoming Supercomputing 2009 paper

e Luc Buatois, Guillaume Caumon and Bruno Lévy (Inria, F rance)
— Block-CSR for symmetric sparse matrices
— Windows (Linux possible), Stream and CUDA
— http://alice.loria.fr/publications/papers/2008/CNC/Buatois_et_al CNC.pdf



Misc. Math libraries

« CULSODA
— Livermore LSODA ODE solver for CUDA
— http://code.google.com/p/culsoda/

e Sparse iterative solvers
— Acceleware (commercial license)

— http://lwww.acceleware.com/index.cfm/our-products/linear-
algebra-solvers/



Overview

Programming environments

Middleware and support libraries

Math libraries

Applications and application-specific libraries
— Molecular dynamics

— Electromagnetic and acoustic waves

— Computer vision

— Computational statistics

— Computational finance



Applications: MD

e Folding@Home and OpenMM
— Vijay Pande et al., Stanford University
— F@H: AMD, CUDA and PS3 clients
— OpenMM: CUDA
— http://simtk.org/home/openmm
— http://folding.stanford.edu

« HOOMD-blue!

— Highly Optimized Object-oriented Many-particle Dynamics - Blue
Edition!

— Formerly known as hoomd
— Joshua Anderson et al., University of Michigan, Ames Lab
— http://codeblue.umich.edu/hoomd-blue



Applications: MD

 NAMD+VMD
— University of lllinois at Urbana-Champaign
— Jim Phillips, John Stone et al.
— Executes on GPU clusters (CUDA)
— http://www.ks.uiuc.edu/Research/namd

« ACEMD

— Universitat Pompeu Fabra (Barcelona), Barcelona Biomedical
Research Park, Imperial College London

— CUDA, supports multiple GPUs
— http://www.multiscalelab.org/acemd

« All pretty much open source license



Applications: Waves

 Acceleware
— FDTD electromagnetic solvers
— Reverse time migration for seismic imaging
— Commercial
— http://www.acceleware.com

 EM Photonics
— FDTD electromagnetic wave propagation
— GPU and custom FPGA solutions
— Commercial
— http://www.emphotonics.com




Applications: Computer vision

« GPU VSIPL

— GPU implementation of the Vector Signal Image Processing
Library

— Supports 565 VSIPL functions
— Georgia Tech Research Institute

— Windows and Linux, binary-only static library, separate
redistributable license

— http://gpu-vsipl.gtri.gatech.edu/

e GpuCV
— OpenCV-like interface
— Open source, CeCILL-B license (BSD-like)
— http://picoforge.int-evry.fr/projects/gpucv



Applications: Statistics and finance

« Computational statistics
— R+GPU
— University of Michigan
— Reasonable subset of R functions
— Easy to use, just prefix "gpu" to function name
— GPL
— http://brainarray.mbni.med.umich.edu/brainarray/rgpgpu/

 Computational finance

— OPLib: Elementary Pricing Functions in CUDA/OpenCL and
OpenMP

— Claudio Albanese, LUISS University, Rome
— GPL
— http://www.level3finance.com/



