Is It Here/There Yet?

Real Life Experiences of Generating/Evaluating
Extreme Data Sets Around the World
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Our Background

well, one of many...
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Conventional Particle Acceleration
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(Laser-) Plasma Acceleration

50 nm
30 - 500 fs

800 — 1053 nm 10 mu
45 - 200 J

1000 000 MV / m
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Laser Plasma Acceleration
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Particle-in-Cell Simulations

= Ab initio, electro-magnetic plasmas
= Scaling to the full-size of Titan & Piz Daint
= Gordon Bell finalist 2013
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Data Challenges at Extreme Scale

(also coming to your site! Soon.)
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Typical Post-Processing

generate data

measure or sim.
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K20x GPU (2013), bw :=
6 GByte - 10 Hz steps
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store
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post-process

Summit (ORNL, 2018): ratio 4x “worse” - gap of 10*

PCI-Express: 6 Gbyte/s
1/10 th bw

il

I/O per node:
1/10th-1/200 th bw
— 42 MByte/s (Titan)
— 29 MByte/s (PizDaint)

A. Huebl et al.,, DRBSD-1 - ISC'17 (2017),
DOI:10.1007/978-3-319-67630-2_2, arXiv:1706.00522
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Next-Generation Experiments

generate data

J L

T-ELBE, bw :=
35 GB/s (24/7)

store
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post-process
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When the Bath-Tub is Full... - Site Storage Policies for >1 PB data sets

Site A Site B Site C
Capacity 250 PByte 6 PByte 3 PByte
Capacity/FLOP 2 Byte/FLOP 0.3 Byte/FLOP 10 Byte/FLOP
Bandwidth 2.5 TB/s 100 GB/s (estd.) 40 GB/s
Bandwidth/FLOP 20 uBye/FLOP 5 uByte/FLOP 133 uByte/FLOP
Retention Time 90 days + archive 30 days 00

Which to choose??
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Potential Solutions

and first steps taken
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On-the-fly Compression 72] ~

compression ratio fc
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Human In-the-Loop In-Situ Processing

A. Huebl et al. (2014), DOI:10.1109/TPS.2014.2327392

R. Pausch et al. (2017), DOI:10.1103/PhysReVvE.96.013316

A. Matthes, A. Huebl et al., ISC'16 (2016), DOI:10.14529/jsfi160403
A. Huebl et al., ISC'17 (2017), DOI:10.1007/978-3-319-67630-2_2
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Binning of a spectrogram
Creation of a phase space image
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n
Interactive JIT CUDA/C++/...

__Jupyter CUDA_copy auwsaea) Logout
File Edit View Insert Cell Kernel Widgets Help Trusted xeus-C++1d-cuda O
B+ 3 @ B 4 ¥ MRn B C W Code - =

In [ ]: template <typename T=
__global void copy kernel(T * in, T * out, unsigned int N){
int id = blockIdx.x * gridDim.x + threadIdx.x;
if(id < N)
out[id] = in[in];

our cling
contribution :)

Cling CUDA: S. Ehrig (HZDR, TU Dresden), Diploma Thesis (2018) eeoen N . —
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Data Transfers between Data Centers
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Summary + Outlook

= It's hard to know the right <0.01% beforehand in explorative science
(bleeding-edge experiments and simulations)

= The data will come (sooner than later)

= In-situ techniques (with or without a human) help producing ,good" data sets

=  Moving data is expensive — do it at least asynchronously
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