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,Big Data“ Sgl

_ _ Big Data ...
® Expression coined by and the Next Wave of InfraStress
John R. Mashey John R. Mashey

Chief Scientist, SGI

Technology Waves: OK!

NOT technology for technology’s sake
IT'S WHAT YOU DO WITH IT

But if you don’t understand the trends
IT'S WHATITWILL DO TO YOU —=-—

® Definition today

Big data is a term for
data sets that are so large
or complex that traditional
data processing

applications are J R Mashey, 1998
inadequate to deal with them. [...] (Wikipedia)

,Big Data is such a
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® What is big? simple term, it's not
® 10" 9 Giga = GB/s rate of fast detectors much a clgz;‘c?‘
® 10M2 Tera = 10 TB size of largest harddisks '
® 10M5 Peta = ~1 PB size of photon science data
® 10M8 Exa = 3..12 EB NSA data center Utha
B 10721 Zetta = capacity of harddisk world-wide
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Data-Intense Applications In A\‘(IT
Photon Science and Machine Physics

® Facilities
® PETRAS3
®m XFEL
® Acc. Test Platform ATP: ANKA, FLUTE, ..

® Data-intense methods
® Tomography
® Scattering
® Electron Beam monitoring
n ...

® Detectors
® Commercial cameras
® X-ray detectors
® Fast digitizers

High-speed cameras
(e.g. pco.dymax)

Large-area X-ray
detectors
(e.g. Pilatus 6M)

Custom detectors
(e.g. KAPTURE)
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Detector Rates in Photon Science ﬂ("'
and Machine Physics

Device Rate Rate ADC Beamline
MB/s | TB/8h bit

“CL Base” e.g. pco.dymax
“CL Full” 800 22 4M 16 100 e.g. pco.edge
Pilatus 6M 223 6 6M 20 10-12,5 P11

UFO Camera 1125 31 20M 12 30 PO05/07
KAPTURE 3815 105 4 12+4 500M ANKA
KAPTURE2 15259 419 4-8 12+4 1G

KALYPSO2 4883 134 512 14 5MHz

® CL = Camera Link
® All devices without compression
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AT

Custom DAQ Electronics

~ Modular sensor interface
.=> rapid development for
new sensors

UFO DAQ Platform

"Embedded FPGA

foronlinedata |

analysis Applications: i Geestrach
=> open design + Phase contrast "
= library of tomography P05/07

standard !\P cores

« KAPTURE electron beam
characterization, ATP
see M Caselle,
next session

 High-throughput link At
(PCle, <15GB/s)
=> streaming to

~ GPU for processing DAQ frameworks match

detector performance
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AT

Beamline Automation

® Robots for sample changers
® Sample identification (e.g. by QR code)
® Camera revolver, lenses

® Advanced control systems

m f’_’ | Annual Meeting Matter and Technologies, Darmstadt 31.1-2.2.2017 Institute for Data Processing and Electronics 6
(a]



Tomography Services for Morphology '-\J(IT

® ANKA domain expert collects samples Tl T e e T
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Quantitative Studies of Fly Puparia 75 '-\\J(IT

® Digitalization of 30 million-year-old
phosphatized insects

® Little-known fossil type!
Scanning:

® February 2016: 29 puparia
® August 2016: 1379 puparia

Result: 1408 scanned puparia!
Datasets: ~60 TB

Automation enables
quantitative studies
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“Real-life” Data Rates '-\\J(IT

Karlsruhe Institute of Technology

PETRARS storage system

0 PETRA3 Storage consumption in size (per Beamline)
SQO00TB prorstasaaa biaaaa baaaaa o va b aabaa o oo a o
® Total 800 TB 800TE | Run Period 2015 Run Period 2016
® Mean 300 TB/a | ;0018 |
L
® Max 750 TB/a & 60078
£ 500TB |
N 40018 |
,g 300TB |
O 200TB f
100TB }
O B ) T T T T T T T T
Jul Sep Nov Jan Mar May Jul Sep Nov
for comparison Date
P01l  — P05 m— Pl0 m——
o ANKA P02.1 m—— P06 m— pll
. p02.2 m— P07 m— external
m Total 800 TB (since 2009) e T —
® Mean 150 TB/a P04 PO m—
source: DESY IT
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“Real-life” Data Rates (details)

PETRAS

® Tomography (P05/PQ7)
® Mean 75 TB/a
® Max 300 TB/a (eq. 75h op)

® Imaging / Diffraction (P11)
® Mean 200 TB/a
® Max 370 TB/a (eq. 500h op)

ANKA
® Tomography (TopoTomo)

® Mean 40 TB/a (eq. 42h op.)
® KAPTURE
® Mean 10 TB/a (eq. 1h op.)
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Data Taking Petra3

Logical Dataflow

Sandbox per Beamline

Analysis
ol » GAMMA-PORTAL
i'E "'t iu !-’Fua ﬁ - &
& K\ Q\ ) 0 /} —ﬂ / 1,3/31PB
~10+80 TB ~1,4 PB
Beamline Filesystem Core Filesystem ‘ 1
Days / weeks Several month (> 10) dCaoche
+ ~20 min latency
« Low latency 4 min latency * Very high capacity,
« Low capacity « High capacity tape

Online Processing Data Analysis Archive

Birgit Lewendel | DESY Report | Date | Page 8



Digital Data World-wide ﬂ(".

- : = & i i
Business emails sent - Big Data in Commercial services

3000 PB/year 2012 approach Exascale
(not managed as coherent data level
set) ® NSA Data Center Utah
3-12 Exabytes

® Helmholtz Data
Climate Facebook uploads Federation aims for

DB 180 PB
80 PB/year Exascale storage

IPhones Q1 2017:
78,3M -> 5 EB SSD

Harddisk Q3/2016:
100M -> 800 EB
over 3 years: 7500 EB

Wired 4/2013
http://www.wired.com/magazine/2013/04/bigdata/
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Data Challenges: .\\J(IT
1. Reduce Data as Early as Possible

Adopt pre-processing, reconstruction to detector rates
Avoid user interaction, define workflows

Make use of trigger to filter relevant data

Assess quality of data

Heterogeneous FGPA-GPU computing is very powerful
But tasks are often domain specific

® Solution:
Modularity and frameworks with core functionality
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Tools for GPU Computing: _\\j(lT

The UFO Parallel Processing Framework

Karlsruhe Institute of Technology

Free and open-source Reconstruction

Supports OpenCL parallel hardware Single GPU (GB/s)

Remote DMA access to FPGA electronics 2

Fast pipelined architecture 1,5 1,5

Scheduling across multiple devices and nodes . 1

Introspection interface to Python and other

scripting languages 0,5

Integrated in control systems 0 . - 0,001
ART

Preprocessing Reconstruction
Executed on CPUs Executed on GPUs

acquisition sinogram Storage Segmentation /

flatfield  noise  generation FFT fiter iFFT back meshing
correction reduction projection

© storage of raw data
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® Data analysis is still very time-consuming

® Solutions:

AT

2. Adopt Analysis for Large Datasets

® Huge amount of data

® User often do not have the necessary resources (computers, memory,
software) available in order to process the tomograms at their home
institutions

ology

Verbundforschung:

® Segmentation of tomographic datasets
is usually done manually

s ¢+ Helmholtz-Zentrum
s s Geesthacht

entrum fiir Material- und Kiistenforschung

ANKA

N eoee

® Establish analysis centers at the facilities

® Involve more scientists by
collaborative analysis and open data

aSt‘@‘r ">| Ia
W% TECHNISCHE ‘,
Si5//=\ UNIVERSITAT UNIVERSITAT
U’ DARMSTADT b
= SEIT 1386

of Technology

, , @ @ @Eden
0O Re_evaluate known algonthms W|th Friedrich- anhlllu Um\ ersitdt Jena UNIVERSITY OF Hull
recent computing performance ERERHARD KARLS
UNIVERSITAT
UNIVERSITAT GREIFSWALD ) TUBINGEN
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3D Segmentation Algorithms Q(IT

® Algorithm — requires performance of GPUs
1. Preprocess: Label the segments in some well chosen slices.
2. Start a great number of weighted random walks at each labeled pixel.

3. The number of hits by random walks which were started in the same
segment leads to the probability that a voxel belongs to this segment.

4. Postprocessing using Active Contour Method in 3D.

P Losel, V Heuveline, SPIE 2016, Paper 9784-92
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AT

3. Hierarchical Organization of Datasets

® Long-term archive
have long access times

® Organize large dataset in levels with
decreasing size is needed

® Only metadata is available

===

In data catalogs Visualization 3
Solution: Analysed data 2
® Extend classical metadata

by visualization data Reconstructed data 1
® Develop 3D-visualization

for data catalogs Raw data 0
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WAVE - 3D Web-Visualization

volume visualization

walurne narme: /sara curren wexlure res: 4090 pix

zooming 5 4036
»-axls womed out
-axls
-
v
2:0~0.1
layer
selection
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“Ien = (] r
oo Mo ]
1 HATH
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fray value selectian
]S = |
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Karlsruhe Institute of Technology

——

Interactive 3D visualization
from slice maps

Various levels of resolution
Slice maps

Features: cuts, thresholds,
illumination models , ...




Conclusion .\\J(IT

Karlsruhe Institute of Technology

® Data rates will reach 1PB/a soon
B Exascale data center will come
B Sitill datasets will have different access times

If you really care for your data, organize it properly!
® Online data assessment
® Improve Analysis methods for large datasets

B Scalable data formats with extended metadata
+ scalable visualization

Solutions might not appear automatically
by generic “Big Data” research

Annual Meeting Matter and Technologies, Darmstadt 31.1-2.2.2017 Institute for Data Processing and Electronics 22

DTS



