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 CUDA is a parallel computing
platform and application
programming interface (APl) model
created by Nvidia.

« The CUDA platform is designed to
work with programming languages
such as C, C++, and Fortran.

 CUDA SDK support for different
compute capability (Kepler,
Maxwell, Pascal, Volta, Turing...)
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Memory controller, caches and interconnect
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NVIDIA Volta
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250 W 300 W

Passive

CUDA, DirectCompute,
OpenCL™, OpenACC




ROOT provides all the functionalities needed to deal with big data
processing, statistical analysis, visualisation and storage.

It is mainly written in C++ but integrated with other languages such as
Python and R.

MINUIT, now MINUITZ2, is a numerical minimization computer program
originally written in the FORTRAN programming language by CERN staff
physicist Fred James in the 1970s.
The program searches for minima in a user-defined function with respect
to one or more parameters using several different methods as specified
by the user.

are mainly methods used to either find zeroes
or local maxima and minima of functions in MINUIT.

The new MINUIT is an optional package (minuit2) in the ROOT release.
As of October 2014 the latest version is 5.34.14, released on 24 January
2014.

Data Analysis Framework

l ROOT:Minuit2::GenericFunction l
A

| ROOT:Minuit2::FCNBase |

A

I ROOT::Minuit2:-FumiliFCNBase I

A

| 'ROOT:Minuit2:: FumiliChi2ZFCN |

ROOT::Minuit2::FumiliStandard
Chi2FCN
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B « Energy efficient ALUs
K — Many, long latency but heavily

* Require massive number of
threads to tolerate latencies
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 Lasso®& ik (least absolute
shrinkage and selection operator)
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Regression shrinkage and selection via the
Lasso, Robert Tibshirani, J. R. Statist. Soc.
B(1996) 58, No. 1, pp.267-288
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Model selection for amplitude analysis B. Guegan, J. Hardin, J. Stevens and M. Williams,
arXiv:1505.05133
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Table 3.1: Geometry, properties and latency of the memory hierarchy on the
Volta, Pascal, Maxwell and Kepler architectures. All data in this table are mea-
sured on PCI-E cards.

Volta V100 Pascal P100  Pascal P4 Maxwell M60 Kepler K80

GV100 GP100 GP104 GM204 GK210

Global memory Memory bus HBM2 HBM2 GDDR5 GDDR5 GDDR5
Size 16,152 MiB 16,276 MiB 8,115 MiB 8,155 MiB 12,237 MiB

Max clock rate (f) 715MHz 3,003MHz 2,505 MHz 2,505 MHz

Theoretical bandwidth 900GiB/s J32GiB/s 192 GiB/s 160 GiB/s 240 GiB/s

Measured bandwidth 750GiB/s Pp10GiB/s 162 GiB/s 127 GiB/s 191 GiB/s
Measured / Theoretical Ratio 83.3% 69.6% 84.4% 79.3% 77 .5%

) - > 4

Dissecting the NVIDIA Volta GPU Architecture via Microbenchmarking, Zhe Jia, Marco Maggioni,
Benjamin Staiger, Daniele P. Scarpazza, arXiv:1804.06826
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Quasi Newton | Upgraded in future version of Rookit MAE LA
— BB REREA . 255 B IR AR * OptimLib
SGD (mini-batch gradient descent) * nlopt
Momentum * .
Nesterov
Adagrad
Adadelta
RMSprop
Adam
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Adamax
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Included in future version of TMVA
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