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Key features
- Complete support for all 152 standard BLAS routines

- Single, double, complex and double complex data
types

- Support for CUDA streams

- Fortran bindings

- Support for multiple GPUs and concurrent kernels
- Batched GEMM API

- Device API that can be called from CUDA kernels
- Batched LU factorization API

Introduction to parallel programming with CUDA training — Institute of Physics Belgrade 18-Feb-2013



High-Performance Computing Infrastructure

for South East Europe's Research Communities

- Performance

GFLOFPS Speedup over MKL
1200 oo e
1000  ----mmmm e e ene e b i e
800 ________________________________________________________________________ 5 """"""""""""""""""""""""""""""""""""""
600 1. _®HBRRB R 4 __________________________________________________________________
3
400 A B8 B &8 REBR g
2
1
0
ZZEZFEEsIpEIgIzIigzz
FECECRSCEIRSiELlRECEY zzrEgEErEgzzrEszizsis
B o B i o BiE i S EidonE L > o Sz o > o S o
) nwoo 0O O0OAaAQ O0 QN NN UJ>-U)II|_UJ>-U)D:|_UJ>-U)D:|_UJ>-U)D:|_
. 2390380508805 aRANAN
Single Complex Double Double
Complex Single Complex Double Double Complex
* 4Kx4K matrix size *MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz
* cuBLAS 4.1, Tesla M2090 (Fermi), ECC on *Performance may vary based on OS ver. and motherboard config
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CUBLAS-Zgemm —MKL-Zgemm

0 256 512 768 1024 1280 1536 1792 2048
Matrix Size (NxN)
.- cuBLAS 4.1 on Tesla M2090, ECC on «Performance may vary based on 0S ver. and motherboard config.

» MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz
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cuBLAS 100 matrices == cUBLAS 10,000 matrices = MKL 10,000 matrices
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Matrix Dimension (NxN)

e cuBLAS 4.1 on Tesla M2090, ECC on ePerformance may vary based on OS ver. and motherboard config.
* MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz
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cufFFT(1)
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- Key features:

1D, 2D, 3D transforms of complex and real data types
1D transform sizes up to 128 million elements

Flexible data layouts by allowing arbitrary strides between
individual elements and array dimensions

FFT algorithms based on Cooley-Tukey and Bluestein
Familiar API similar to FFTW Advanced Interface
Streamed asynchronous execution

Single and double precision transforms

Batch execution for doing multiple transforms
In-place and out-of-place transforms

Flexible input & output data layouts, similar to FFTW Advanced
Interface

Thread-safe & callable from multiple host threads
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cuFFT Single Precision cuFFT Double Precision
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+ Measured on sizes that are exactly powers-of—Z *+MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz
« cuFFT 4.1 on Tesla M2090, ECC on +Performance may vary based on OS5 version and motherboard
« MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 5ix-Core @ 3.33 GHz configuration
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» cuFFT 4.1 on Tesla M2090, ECC on
* MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz

Size (NxNxN)

sPerformance may vary based on OS ver. and motherboard config.
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cuRAND(1)
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- Key features:

- Flexible Usage Model
* Host API for generating random numbers in bulk on GPU

* Inline implementation allows use inside GPU functions/kernels, or in
your host code

- Four High-Quality RNG Algorithms
* MRG32k3a
« MTGP Merseinne Twister
« XORWOW pseudo-random generation

* Sobol' quasi-random number generators, including support for
scrambled and 64-bit RNG

— Multiple RNG Distribution Options
* Uniform, normal, log-normal, Poisson distribution
* Single or double precision
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Double Precision

Uniform Distribution
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cuRAND(2)
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B CURAND XORWOW

B CURAND MRG32k3a

B CURAND MTGP32

H CURAND 32 Bit Sobol

= CURAND 32 Bit
Scrambled Sobol
CURAND 64 Bit Sobol

= CURAND 64 bit Scrambled
Sobol

= MKL MRG32k3a

mMKL 32 Bit Sobol

* cuRAND 4.1 on Tesla M2090, ECC on *Performance may vary based on OS ver. and motherboard config.

* MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz
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