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WELCOME TO THE JUNGLE!

The challenges of data-driven science at high rates

Michael Bussmann
Helmholtz-Zentrum Dresden — Rossendorf

—




DATA-DRIVEN SCIENCE (NOT JUST ANOTHER ML TALK)

A common misconception is that data
mysteriously contains or creates
knowledge. We know better than this.

Knowledge
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BIG DATA IS ALL ABOUT THROWING STUFF AWAY

= The amount of scientific data grows

= As do data rates

Knowledge

=  Scientists need to understand their data
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ALL SCIENCE IS DATA DRIVEN & DATA IS GROWING FAST

e N

\ / The scientific workflow stands as it is.

But it has become HPC-dependend.

We have (not yet) embraced this!
é_—
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RADIATION THERAPY OF TUMORS

44% of all Particle Accelerators worldwide are used for Radiotherapy

Michael Bussmann, HZDR



FROM BASIC RESEARCH TO CLINICAL THERAPY

= — / Oncoray is the
__mmunnm L L Wl German National Center for

T .
R »L-!—‘:Z-' . Translational Cancer Research

located in Dresden
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Radiation Research
in Oncology
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RADIATION THE

RAPY OF TUMORS WITH ION BEAMS
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8 X-Ray Beams 2 lon Beams
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RADIATION THERAPY OF TUMORS WITH ION BEAMS

("

HPC Tasks

Real-time 4D multimodal tomography
Real-time 4D dosimetry

8 X-Ray Beams 2 lon Beams
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PARTICLE ACCELERATORS CAN BECOME HUGE...
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... 50 LET’S MAKE THEM SMALLER ...
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U. Masood

U Masood, M Bussmann, et al. Applied Physics B 117: 41-52 (2014)
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... AND SMALLER ...
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Metal Foi?

S D Kraft, ..., M Bussmann, etal. NJP 12: 8. 085003 (2010)
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WITH HIGH POWER LASERS'

DRACO ngh Power Laser @ HZDR
1 Petawatt peak,power (30 J laser energy in 30 fs)




LET’S DO SCIENCE WITH COMPUTERS!

\ Simulatiory

Hypothesis

Experiment Prediction
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SIMULATING A SPHERICAL TARGET
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SIMULATING LASER PLASMA ACCELERATORS ON GPUS

le3 E 2013 Finalist
F Gordon Bell Prize
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M Bussmann, et al. Proceedings of SC13, 5-1 (2013)
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FROM CUDA TO EVERYTHING (INTEL, AMD, IBM, ARM, ...)

PICon GPU

hierarchical domain decomposition, data flow See next talk by
management & events, containers, common algorithms

Andreas Knupfer on

MEPHISTO
mallocMC

performance-portable parallel memory
kernels management

CUDA, OpenMP, ... m

E Zenker,..., M Bussmann, Lect. Not. in Comp. Sci. 9945: 293-301 (2016)
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FROM CUDA TO EVERYTHING (INTEL, AMD, IBM, ARM, ...)
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E Zenker,..., M Bussmann, Lect. Not. in Comp. Sci. 9945: 293-301 (2016)
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WE ARE (AS ALMOST EVERYBODY) MEMORY-BOUND

A O eE e e LT T T T TP P PP PR PP PR PPPPPRPRREE 5if"|g|E F:'rE'fif-iﬂ'ﬁ [ ]

Intel MIC double precision _

floating point efficiency
=t el B =t
4= o e = Pl = (a3}
£ $R2 £ O£ £ =R £
|

[edd
==

=
=
o

Interlagos Power8 Haswel| KED Malive K0

E Zenker,..., M Bussmann, Lect. Not. in Comp. Sci. 9945: 293-301 (2016)
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WHAT WE NEED FROM HPC

= Task- + Data-parallelism
= Accelerator programming
= Performance portabilty

= Near-data computing

Michael Bussmann, HZDR



LET’S DO SCIENCE WITH COMPUTERS!
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LASER CONTRAST
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2D VS. 3D SIMULATIONS — PREDICTIVE CAPABILITIES
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P.Hilz,..., M Bussmann, et al., Nat. Comm. to be published (2017)

Michael Bussmann, HZDR



2D VS. 3D SIMULATIONS — RESOURCES
= 1 x2D3V: ~300 GB, 130 GPUhrs
= 1 x3D3V: ~250 TB, 500.000 GPUhrs

Michael Bussmann, HZDR



LEADERSHIP

% OAK RIDGE |2 tece e TREE
National Laboratory | COMPUTING FACILITY Search

GOt ABOUT OLCF  LEADERSHIP SCIENCE COMPUTING RESOURCES  CENTER PROJECTS  SUPPORT MEDIACENTER SUMMIT  SC15

= 60 MCPUh E
ORNL INCITE nghllght' iR

TITAN TARGETS TUMORS =3

e
INCITE
Researchers atthe German research laboratory Helmholtz-Zentrum Dresden Rossendorf are using Titan to

understand and control new methods for particle acceleration that could have big impacts on laser-driven tumor
removal.
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WHAT WE NEED FROM HPC

Task- + Data-parallelism

Accelerator programming
= Performance portabilty

= Near-data computing

= All your nodes

= All your compute time

= Error bars (cap?)

Michael Bussmann, HZDR



LET’S DO SCIENCE WITH COMPUTERS!
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DATA NEEDS TO BE STORED FOR LATER ANALYSIS
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COMPRESSION IS NEEDED, BUT NEEDS TIME
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WE NEED BYTES/S FOR OUR FLOPS/S

FEATURE TITAN SUMMIT
Application Performance Baseline l 5-10x% Titaﬂl
Number of Nodes 18,688 ~4. 600
Node performance 1.4TF =40 TF
File System 32 PB|1 TE/s JLustre 250 PB_GPFS“’
Peak power consumption 7 MW 15 MW

Michael Bussmann, HZDR PAGE 30



VISUALIZATION IS NOT ANALYSIS, BUT IT HELPS

In-situ 3D visualization on Piz Daint @ 20 TB/s
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A Matthes, ..., M Bussmann Supercomp. Frontiers & Innovations 3: 4. 30 (2016)
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GREAT SCIENCE TAKES A PHD THESIS (>= 3 YEARS)

c)

4 } —Experiment
=—Simulation

= 4 Pbytes of data
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LET’S DO MORE SCIENCE!

“Overall , this is an outstanding proposal. The HPC resources requested are appropriate.
The Pls should try to reduce the data requirements and try to find a solution that is
technically possible for CSCS.”
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WHAT WE NEED FROM HPC

= Task- + Data-parallelism = Long-term access

= Accelerator programming = Data analysis workflows
= Performance portabilty

= Near-data computing

= All your nodes

= All your compute time

= Error bars (cap?)

= Pbytes of disk space

= Ultrafast I/0O

= Real time visualization

Michael Bussmann, HZDR



AT HIGH LASER POWERS, INSTABILITIES OCCUR
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J Metzkes, ..., M Bussmann, et al., NJP 16: 2. 023008 (2014)
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LET’S DO SCIENCE WITH X-RAY LASERS!

m 4

European

« XFEL
Experiment Prediction >/
é_d
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LOOKING INTO TARGETS WITH X-RAYS

Michael Bussmann, HZDR PAGE 37






X-RAY SCATTERING TELLS US ABOUT INSTABILITIES
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T Kluge, ..., M Bussmann, et al. PoP (1994-present) 21: 3. 033110 (2014)
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HELMHOLTZ BEAMLINE FOR EXTREME FIELDS (HIBEF)

s clectron tunnel € electron switch
photon tunnel @® electron bend

lnmmm  undulator 1 electron dump
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5":5 rimng
linear accelerator SASE 2 SASE 1 SASE 3
for electrons (10.5, 14.0, 17.5 GeV) § 0.056 nm - 0.4 nm 0,05 nm - 0.4 nm 0.4 nm - 4.7 nm
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HELMHOLTZ BEAMLINE FOR EXTREME FIELDS (HIBEF)

Basic design Bunch of constraints

« use roof plate of radiation bunker « beam paths of other instruments
for laser installation « all infrastructure (crane, air, ...)

« option for external laser building « safety rules, transportation paths
with tunnel link into hall « optical stability

Experimental room (1), control room (2)
and laser lab (3)

View of experimental area
« inner surface ca. 95 m’
« wall thicknesses 0.5- 1 m

Michael Bussmann, HZDR PAGE 41



HELMHOLTZ BEAMLINE FOR EXTREME FIELDS (HIBEF)

s clectron tunnel € electron switch ﬁ oy
High-en
I —— - I P I g | HED I'H;'.

photon tunnel

lnmmm  undulator

Up to MHz image rate @ 16 Bit, 108 pixels

o

“ 1 week of experiments ~ 100 k€
-

linear accelerator SASE 2 SASE 3
for electrons (10.5, 14.0, 17.5 GeV) § 0.056 nm - 0.4 nm 0.4 nm - 4.7 nm
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EXAMPLE X-RAY DETECTOR (PAUL-SCHERRER INSTITUTE)

= 6 MB per readout & module
= 2 kHz readout frequency

= 32 modules

» 384 GB/s data rate
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WHAT WE NEED FROM HPC

= Task- + Data-parallelism = Long-term access

= Accelerator programming = Data analysis workflows
= Performance portabilty = Phyte/s image analysis
= Near-data computing

= All your nodes

= All your compute time

= Error bars (cap?)

= Pbytes of disk space

= Ultrafast I/0O

= Real time visualization

Michael Bussmann, HZDR



WE NEED A ‘HOLISTIC’ APPROACH FOR DATA ANALYSIS

Detector Transfer Analysis Visualization
(Reduction)

il S 1
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FROM ASICS TO FPGAS TO GPUS TO ?
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ATLAS @ CERN, Geneva
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CONNECTING THINGS
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GATHERING META DATA & CONTROLLING THE MACHINES

Equipment
Control

Equipment

Equipment

Service
Device
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| e.g. 2D-detectors "“~~<__ | | amamarcrmoee
| (AGIPD, LPD, DSSC)
| & N N

_________ ‘ e.g. calibrationManager,
- configurationManager

Data Storage
Node

Composite

Device

Analysis
Node

e.g. storage of data from e.g. calibrationManager,
runs projectManager, GUI server e.g. complex detector motion

control
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A WHOLE VIRTUAL USER FACILITY

European

Users

- Online monitoring
- Rapid feedback

ADC/Digitizer User home

Train builder PC-Layer Metadata catalogue

. Commerical - Access through metadata catalogue
cameras - Access detector performance data
- Pixel reordering ' - Request calibrated from XFEL.EU
- Tile aggregation <= Raw data - Perform remote analysis at XFEL site
[] repository isgﬁsr:‘n final analysis
v Online cache l
=lr Online {
’ '\ >
Vi Offline

- Calibration processing
- Calibration application

- Monitor calibration data
- Organize calibration sets

B
—_—
Detector experts
- User (near) online processing c
- Scientific analysis (preliminary)
- Rapid feedback for experiment X
: Rapid feedback Scratch space
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COMMON FPGA/GPU HACKATHON @ EUROPEAN XFEL

! >l—uuuu m\“
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WHAT WE NEED FROM HPC

= Task- + Data-parallelism = Long-term access

= Accelerator programming Data analysis workflows

= Performance portabilty Pbyte/s image analysis

= Near-data computing > 99% uptime

= All your nodes »= Resiliance

= All your compute time Virtualization

= Error bars (cap?) Real time scheduling

= Pbytes of disk space = Standardization
= Ultrafast I/0 = Usalbility
» Real time visualization » Knowledge Transfer

Michael Bussmann, HZDR



ITERATIVE PHASE RETRIEVAL + IMAGE ANALYSIS FTW?

/7 N

Experiment Prediction
P

2 ym titanium :
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THE PROBLEM WITH IMAGES (WHY XFEL ISN’T CERN)

Past Future

Facility

Analysis

S — Offsite

Size Data
Michael Bussmann, HZDR PAGE 53



THE PROBLEM WITH IMAGES (WHY XFEL ISN’T CERN)

Past Future

Facility

Analysis

Knowledge Extraction

Time

Offsite
Size Data
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THE PROBLEM WITH IMAGES (WHY XFEL ISN’T CERN)

Past Future

Facility

Analysis

Knowledge Extraction

Offsite
Size Data
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NEARLY IMPOSSIBLE TO RETRIEVE PHYSICS FROM DATA

B o
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START TO END SIMULATIONS WITH SIMEX_PLATFORM

Photon Source Photon Waveauide  Target/Sample Detection Photon Data Analysis
XFEL Lenses Single porticles Spectroscopy Structure determination
Synchrotron Mirrors Solids, surfaces Imaging Electronic structure
Optical Laser Liquids Transport
Pump-probe Plasmas Relaxation &
, Thermodynamics

' | A«m dn

C Fortmann-Grote, ..., M Bussmann, et al., Proc. NOBUGS 29-34 (2016)
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REALTIME START TO END SIMULATIONS FOR DATA ANALYSIS

collapse
Z i macro-
o o o o o o o o o o o o 6/ Y‘i‘ - . -
a | ~ electron [ | P
| I ._d dellsity - R | l,
I 1. ¢ | ®-
L [EE] ®-
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| | .:n | § _é | .—» .__ .-.
| EU XFEL Hi 3D3V
shot data | = particle-in-cell
| . _ orSIMEX | ek
(WPG/SRW)
wave front XFEL-plasma
description interaction
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MORE COMPUTING FOR LESS DATA

Facility

Analysis

Computing effort

Knowledge Extraction
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WHAT WE NEED FROM HPC

= Task- + Data-parallelism = Long-term access = HPC science workflows

Long-term development

= Accelerator programming Data analysis workflows

Software engineering

= Performance portabilty Pbyte/s image analysis

= Near-data computing = >99% uptime = Testing, prototyping
n Al your nodes » Resiliance = Validation / verification
= All your compute time = Virtualization = Data lifecycle care

= Error bars (cap?) Real time scheduling

= Pbytes of disk space = Standardization
= Ultrafast I/0 = Usability
» Real time visualization = Knowledge Transfer

Michael Bussmann, HZDR



BUT CERN WORKED SO WELL!

A focused community

Michael Bussmann, HZDR PAGE 61



FUSION, MATERIAL SCIENCE, ASTROPHYSICS, ...

Michael Bussmann, HZDR PAGE 62



BIOLOGY, PHYSICS, MATERIAL SCIENCE, ...
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HOW MANY SHARED RESOURCES DO YOU COUNT’?
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HPC FOR DATA-DRIVEN SCIENCE

Are users & facllities ready for this?

Michael Bussmann, HZDR



WELCOME TO THE JUNGLE!

= Task- + Data-parallelism = Long-term access = HPC science workflows

Long-term development

= Accelerator programming Data analysis workflows

Software engineering

= Performance portabilty Pbyte/s image analysis

= Near-data computing = > 99% uptime = Testing, prototyping

= All your nodes » Resiliance = Validation / verification

= All your compute time = Virtualization = Data lifecycle care

= Error bars (cap?) = Real time scheduling = HPC as a discovery tool
= Phytes of disk space = Standardization * Human in the Loop

= Ultrafast I/0 = Usability = HPC for everybody

= Real time visualization = Knowledge Transfer * HPCaaS?
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