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< Major Changes to Software

A Must rethink the design of our
software

A Another disruptive technology

A Similar to what happened with cluster
computing and message passing

A Rethink and rewrite the applications,
algorithms, and software

A Numerical libraries for example will
change

A For example, both LAPACK and
ScalLAPACK will undergo major changes
to accommodate this
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A Fork-join, bulk synchronous processing 1
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< Parallel Tasks in LU
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£ PLASMARedesign LAPACKScaLAPACK

ICLOr"
Parallel Linear Algebra Software for  Multicore Architectures

A Asychronicity
A Avoid fork -join (Bulk sync design)

A Dynamic Scheduling
A Out of order execution

A Fine Granularity
A Independent block operations

A Locality of Reference
A Data storage &Block Data Layout

Lead by Tennessee and Berkeley similar to LAPACK/ScaLAPACK as a community effort
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< Future Computer Systems

A Most likely be a hybrid design

A Think standard multicore chips and
accelerator ( GPU9

A Today accelerators are attached
A Next generation more integrated
AI nt éearrabgee In 2010 EEEEREEEEN
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~. Hardware to Software Trends

Hardware Software
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INCREASE IN EXTRACT * DLSWP E ﬂ TR .
PARALLELISM PARALLELISM o ] @ ] .,EF.NE ;%T
Hybrid / Heterogeneous Designs LI pEPENDENCIES -
DGEMM E @ [ A A
INCREASE IN . Extracting parallelism from the BLAS routines “
COMMUNICATION Multicore + GPUs REDUCE + HETEROGENEITY-AWARE ALGORITHMS

COST (vs COMPUTATION) COMMUNICATION « INNOVATIVE DATA STRUCTURES
« PRECONDITIONING TO REDUCE PIVOTING
« MIXED PRECISION ALGORITHMS

@ The MAG MA PrOjeCt [ Matrix Algebra on GPU and Multicore Architectures |

- create LA libraries for the next-generation of highly parallel, and heterogeneous
processors

- to be similar to LAPACK in functionality, data storage, and interface

- to allow effortless port of LAPACK-relying software to take advantage of the new
hardware

- to run on homogeneous x86-based multicores and take advantage of GPUs (if
available) Slide 9/ 16
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= Hybrid Computing

» Match algorithmic requirements to architectural strengths of the
hybrid components
Multicore : small tasks/tiles
Accelerator: large data parallel tasks

Algorithms as DAGs Current hybrid CPU+GPU algorithms
(small tasksttiles for multicore) (small tasks for multicores and large tasks for GPUs)
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@« e.g. split the computation into tasks; defin
for other large data parallel tasks; proper schedule the tasks execution

» Design algorithms swarhc hwesb fhailitdeeduto n-twrdng 0
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< NVIDIAGeForce GTX 280

A NV|D|ASpeak Processing Core
A 240 stream processors o |
. o e ]
A Generic speak
A 30 processing cores
A 8 SIMD functional units per core Shared Cix Data

A 1 mul-add (2 flops) + 1 mul_pecfunctional ynit(2 flops/cycle)
A Best case theoretically: 280 mul-adds +er cycle
A 1.3 GHz clock

A 30*8*(2+1)*1.33=933 Gflop/s peak

A Best case reality: 240 mul-adds per clock
A Just able to do the mul-add so 2/3 or 624 Gflop/s

A All this is single precision

A Double precision is 78 Gflop/s peak (Factor of 8 from SP; exploit mixed  prec)
A 141 GB/s bus, 1 GB memory
A 4 GB/s via PCle (we see: T = 11 us + Bytes/3.3 GB/ s)

A In SP SGEMM performance 375 Gflop/s
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““MAGMAversion 0.1 performance

QR factorization in single precision arithmetic, CPU interface

Performance of MAGMA vs MKL MAGMA QR time breakdown
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GPU : NVIDIA GeForce GTX 280 (240 cores @ 1.30GHz) GPUBLAS : CUBLAS 2.2, sgemm peak: 375 GFlop/s
CPU : Intel Xeon dual socket quad-core (8 cores @2.33 GHz) CPUBLAS: MKL 10.0 , sgemm peak: 128 GFlop/s

[ for more performance data, see http://icl.cs.utk.edu/magma ]
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- Single Core and GTX280
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GPU : NVIDIA GeForce GTX 280 GPUBLAS : CUBLAS 2.2, s/d gemm peak: 375/ 75 GFlop/s

CPU : Intel Xeon dual socket quad-core @2.33 GHz CPUBLAS: MKL 10.0 , s/d gemm peak: 17.5/8.6 GFlop/s




c

ICLOr"

MAGMASoftware

Available through MAGMA'shomepage
http://icl.cs.utk.edu/magma/

Included are the 3 one -sided matrix factorizations
lterative Refinement Algorithm (Mixed Precision)
Standard (LAPACK) data layout and accuracy
Two LAPACK:style interfaces

A CPU interface: both input and output are on
the CPU

A GPU interface: both input and output are on
the GPU

This release is intended for single GPU
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«-  Cholesky on multicore + multi-GPUs

» Hardware
A1OST: Two socket - dual core AMD Opteron 1.8GHz,
2GB memory
MOEVICE:
14 GPU TESLA C1070 1.44GHz
1 240 computing cores per GPU
4GB memory per GPU

I Single precision floating point performance (NVIDIA
PEAK): 4.14 Tflop/s

I Memory bandwidth: 408 GB/s
I System interface: PClexpress
» Preliminary results on single precision
» RAM limitations on HOST prevented runs on larger sizes
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Single Precision- Choleskyon
Multicore + Multt GPUs
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