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,Prozessdatenverarbeitung® .\l‘(".

Karlsruhe Institute of Technology

® |at. procedere = voranschreiten

®  Als Prozessdatenverarbeitung [...] bezeichnet man den
Teil der Informatik, der sich mit den Prozessen zur
Uberwachung und Steuerung externer Gerate befasst.

® Gegenstand der Prozessdatenverarbeitung PDV ist die informationstechnische
Verarbeitung der Daten von technischen Prozessen, [...] im Gegensatz zur
herkdmmlichen Datenverarbeitung EDV, in der meist "Burodaten" verarbeitet werden.”
(Wikipedia)

Our mission:

.Develop and advance instrumentation to operate large-scale scientific
experiments. This includes (slow) control, detector readout, online data
processing and data management.”

2 May 2019 Andreas Kopmann | Fachgruppe Prozessdatenverarbeitung Helmholtz Research Field Matter

DTS



Milestones in IT history ﬂ(".

3rd jndustrial revolution New data/digital age?
1970 1979 1983-95 1990 1995 2005
Micro- 68000 Transputers FPGAs GPS (civil use) |Multi-core
processors Occam
1985 1990 2007 2008
GUls Internet / www GPU Science 2.0
CUDA “Collaboration”
1950-60 1961-72 1974 1985 1988 2011
Control Apollo progr. Automatic Real-time OS Computer algebra Industry 4.0
theory  Analog comp. Control RTOS-UH Mathematica
with uC
1985 1995 2000 2002 2007
Relational DBs mysqgl NoSQL Digital Data-intensive
age science
1960 1970 1980 1990 2000 2010
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PDV focus topics ﬂ(IT

0 Online data e Scientific computing e Analysis
management with GPUs environments
Web technologies Hardware-awareness
Databases, Data aggregation Data streaming fOI' !arge datasets
‘ Virtualization, remote access
- a b 3D web visualization

selecteq/NE.

2007 2010 2013
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© Manage data in large-scale experiments

International
coﬂﬁbmaﬁmw

I ey

Complex &
distributed
setup o

DTS

Security
& safety

Contributions
from partners

Various
calibration

5 May 2019

devices

Different data
formats and
databases
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develop’ment
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Slow control
& fast detector
readout
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y and e sources

Pinch magnet

Flux tube for
e from main
spectrometer.

Detector readout ﬂ(".

Karlsruhe Institute of Technology

KATRIN detector IPE DAQ electronics Crate PC Orca

PULCINELLA
electronics

gate valve Ambient-air

electronics

6.0 T (max)

Post-acceleration
electrode

Detector magnet
6.0 T (max)

¥  Vacuum system

a Data rate 125 MB/s eq. 5 Mev/s

® Graphical operation by Orca e
® Scriptable; integrated with slow control I; feapse.

® Flexible
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Event trigger by trapezidoial filters

-

Trapezoidal Filler Simulation, L=6 4us G=200ns Al=56 0us

Ingpit

= P F g | SN S

e i

Firgt-Shaped

e B SRR Unipolar Energy
I STTSTTNTRE S SRS NS
I Trigger

l Bipolar Energy

for Tail Pile-up Reduction

Third glmpud:

Flat-top Length for Peak Pile-up Separation
(phss shaping time)
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by S Enomoto and
D Tschernikhovski
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Karlsruhe Institute of Technology

Slow control

Experimental monitoring
(mostly) with LabView

A Beglarian, H Bouquet Magnet monitor 3D Temperatures
Air Coils HV Detector
E-gun FBM
B LDl —
Tritium loops Magnets

Control system / PLC Vacuum Heating / Cooling

Helmholtz Research Field Matter
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Lab automation

® Test setup for characterization of power
semiconductors (Cheleiha)

DTS

AT

Karlsruhe Institute of Technology
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Archival AT

Karlsruhe Institute of Technology

® All monitoring data is stored in MS SQL
databases

® Access via ZEUS (LabView), C# libraries,

files, etc.
® OPC Server interface for control system
® Conversion of time formats TS Time
W Isolation of databases by replication Sensor 1 Double
® Management of run phases Sensor 2 Double
® Calibration of raw data in the database SEEElr e | Delllols
® Export of standard reports + config information

P Rohr, H Frankrone
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LAN Infrastructure ﬂ(IT

. Karlsruhe Institute of Technology
Update 03/2014 : E-Detector - ... F- Spectron
L ' 3 ] ! l 3 control ro

® Hierarchical network layer for

isolation of services .
® High(er) availability by ring structure N —
® Automated file transfer {

L 5 .' :
. N
452 A-Control room
—
u &8
. IPT Cryo Network [ N Kunka, D Kompalla
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Advancing DAQ 1: -\A‘(IT

How to provide data to international
collaborations?

® Many subsystems with various data formats, some proprietary

® Graphical near-time display required, fast browsing
comparison of different devices

® Web-based; no installation required; for many devices
® Simplify communication on data by unique links to views

® Standard interfaces for applications;
common naming scheme
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Advanced data extraction infrastructure ADEI ﬂ(IT
S Chilingaryan

Integration + interpretation
of all data (slow control)

Extensible early data
quality checks
Uniform interface for
data analysis apps
Web data portal for
the collaboration

® Aggregation techniques
for fast access

® Export in standard formats

Experiment specific
status displays

DTS

13

May 2019

Karlsruhe Institute of Technology

Status displays

e Analysis I
i = : '-:““ ..j;,, g apps I

Web service interface

Processing:
1. Missing samples
2. Aggregation

Andreas Kopmann | Fachgruppe Prozessdatenverarbeitung

Caching database
Mean / Min / Max

1min, 1 hour, ... Automatic processing

http://adei.info
Raw data archives E ﬁ ﬁ
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ADEI roadmap

2007
TOSKA
WT7X coil test

s

New features:

Student work:

2007 2008

£ 14 May2019
a

Neutrino-Exp.

ZRIN

Status display,
detector data

Mobile
devices

2009
KlTcube
Meteorology

'f

Download
manager

Html5
Canvas

2009
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2010

2010
SEVAN Space
weather network

— S~

Aragaté, Armenia

2013
BESS Renew.
energie

R S N
\\ s N\
N

IT

Karlsruhe Institute of Technology

2017
Updates

kaas.kit.edu

KATRIN-as-a-
service

Tan BORA Cloud infrastructure,
go . .
configurable scalable services
Reader .
status display .I I
BORA displays 0
for KATRIN &
BESS
2013 2017

Helmholtz Research Field Matter



(2] Advancing DAQ 2: ﬂ(".

How to compute GB/s in real-time?

Detector application DAQ electronics
Hardware trigger
B 125 MB/s

Computing

KATRIN

148 pixel @ 20MHz
Data rate 6 GB/s

7'3‘--5 red. 50x

Photon science

1-20 Mpixel @ kfps No trigger Comp"fx "
1-10 GB/s reconstruction

15  May 2019
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Computing platforms for online applications -\&(IT

® Single core age ended in 2005 -> parallel programming is required!
® GPUs are fast, cheap and scalable (up to 4 in a PC)
® GOUs snable TeraFLOP applications: tomography 2TFLOP/GB

’
- Moore’s law and CPU 10000 CPU vs GPU
L '_I'ransis!ors_ .
1o° . Single thread o (thousands) Multi-core
. performance L 1 TFLOP | performance
107 ¢ : LAAYAY/
. .' Single-thraad
10" ¢ % (SpocTy "
; " o
103 ! - . .'I:.lls ;Il E 100
; : - 1Cal owear w
102 - w :: a ;l'\xlp;[lg;lz'
101 E . by F 3 -1 g:g;eruf 10
ol ! % 2007 2008 2010 2012 2014
107 s
P~ ; i i i i ¥ i i —=—Xeon'SP  —e—Xeon/DP Tesla/SP
1975 1980 1985 1990 1995 2000 2005 2010 2015
=i Tesla/DP GeForce/SP === GeForce/DP
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Hardware-aware optimizations

_ _ _ Reference:
® Example FBP / linear interpolation GTX 280, GT200

for different hardware architectures  Uses texture engine

HD 5970, VLIW (+530%)

T 180 Multiple independent operations

S per thread

D 435 GTX 580, Fermi (+100%)

5 Higher kernel performance,

Qo but under-performed texture unit

c 901 GTX 680, Kepler (+75%)

= Low bandwidth of integer instructions,

o but high register count

S 45 -

o) HD 7970, GCN (+95%)

c Balance between high performance

© 0 - texture engine and computing kernels

-g mGTX280 =HD 5970 =GTX 580 Chilingaryan S et al, IEEE TNS (2011) auetos
= GTX 680 mHD 7970 = noopt. Chilingaryan S et al, SBAC-PAD (2019) es wss] {msomn ioasur]
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Ultra-fast X-ray imaging — “UFO Framework” ﬂ(".

Processing of
data streams

(Re-)use of
optimized algorithms
Automatic scheduling
® CPUs, GPUs,
Integration in
® Control system
® Analysis tools

Easy to use for
® Users, Admins,

Karlsruhe Institute of Technology

(!

"?’,j:,, @ python” -- r
|pr0vides interﬁf:ace fér EF?B@

& A Chisters Mony GPUs Moy CPUS

Glib; OpenCL Computat»on dlstnbutoon
GObject Introspection

{ 4
Uses open standards U FOf amework
\ ' o Automatic memory UFO buffer

Ultra-fast X-ray Imaging

management

Graph structure
@ - processing task

Preprocessing Reconstruction
Execautes on CPUs ‘ Executeson GPUs @
RAdngram Smoqra’n ‘—*—“ sm age Sog'nmtmon

acquisition Flat field Noise generation Filter#1 Hltcw) Filter#N
correction reduction

Developers Vogel M et al, Proc HPCC-ICESS (2012)
. : ogelgesang M et al, Proc -
http.//ufo.klt.edu Vogelgesang M et al, Proc ICALEPS (2013)
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Integration with electronics: |, uiar sensor ‘("‘

Smart scientific camera interface i
- => rapid development |
for new sensors

Av. image sensors:

- Embedded FPGA | CMOS 1-20MPixel, 30-5000fos

for online data
analysis
=> open deS|gn

Phase contrast tomography
at PO7/PETRA Il (black)
Partner: HZG

" High-throughput link

with PCle
=> streaming to GPU S
for processing . upto6GB/s i A S
ﬂ 19 May 2019 Andreas Kopmann | Fachgruppe Prozessdatenverarbei ‘rc ’ = — Jf. —
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High performance data transfer Q(IT

Karlsruhe Institute of Technology

® ALPS - Advanced Linux PCI Services:

Event Engine
UFO Camera
DMA Engine
Northwest Logic DMA
Register Access
XV Register List + Dynamic Registrason AP ﬁ "
Maxperg
PCl Data Access F— =0

Plain and FIFO I

S Chilingaryan, IEEE RT2012
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UFO real-time storage system

DTS

Camera PC

t-i'grlr-apeed
Streaming storage
Read: 2.2 GB/s
Write: 2.5 GBls

16 TB, XFS
Sl:ll'tHEil.‘liLwEl 0

Client 1

l Client 2 ‘

lhl FS

IT

Karlsruhe Institute of Technology

Compute
Node 1

Compute
MNode 2

Compute
MNode 3

8TEB 8TB
iSer
iSer
BTB 20TB
Storage Node 1

Raid&: 16 Hitachi TK.300, 28TB

May 2019 Andreas Kopmann | Fachgruppe Prozessdatenverarbeitung

8TB

|

20TB

tar.

2

Raid&: 16 Hitachi TK300, 28TB
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Enabling GPU computing for DAQ systems ﬂ(".

Karlsruhe Institute of Technology

Actions: coordinated by IPE Ultrafast X-ray tomography enabled by GPU computing

® Hardware-aware programming;
orders-of-magnitude speed-up Beamline instrumentation

® Algorithm management with
UFO framework;
broad camera support

® Computing integrated in experimental
environment;

Results for X-ray imaging:

® Reconstruction in seconds

® New methods: e.g. Cine-4D-tomography
® UFOis in Ubuntu and interoperable

® Inuse atKIT, HZG, HZDR, Soleil, ...

Camera station

GPU computing

Scalability of graphic r

g7 max.3QGhitls_ o
RT storage = 000

5000 -
4000 -
3000
2000 -
1000

. . L = 0 ' ' ' ' '
GPU computing is game changer ong-term storage TR s S ererus

for high-rate DAQ applications

12
O
5
C
o
O
e
@
O
c
S
©

Vogelgesang et al., Proc. SPIE 9967 (2016)
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Overview: Software Stack

23

(%)
-
o

UFO master server

IT

Karlsruhe Institute of Technology

Storage cluster

Concert. SoftRaid 1J| iSER
T s
ALPS Python XFS ~
A (;,Vgrge d I._inux :/ Gobject-Introspection =T
l!l_lf?dlgegé > GlPJU'i:mg)ge }:} FastWriter
B $ leP C O |:> Access processing framework Streaming library
Linux PCO drivers II
Camera station
KIRO
> po & C t
e omputin
S OpenCL (—) UFO CIustZr 9

Remote users

May 2019
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Computing roadmap

2010
ANKA,
X-ray cine-
tomography

‘4

“E N

New features:

Student work:

2010

(72}
— 24
o

May 2019

2012
PETRA-3,
Phase contrast

Camera
Driver

(e.g pco)

Cluster

2012

2013
ROFEX, HZDR
Fluid dynamics

g. L ;'1
UFO e ifE
camera 76*90
Control Algebraic
fyStem reconstruction
Concert
Python to CUDA

communication Compiler

2013

2013
uPlV for

Infiniband
communication

Cristallography
Laminography

Andreas Kopmann | Fachgruppe Prozessdatenverarbeitung

thin films

IT

Karlsruhe Institute of Technology

2013
Electron beam
monitoring

]

RDMA
FPGA-GPU

GPU Trigger for
HEP experiments

Helmholtz Research Field Matter



© Advancing DAQ3: QUT
How to organize analysis for large datasets?

“Big datasets are so large or complex that
traditional data processing applications are inadequate” (Wikipedia)

Global Information Storage Capacity ** jaas Nersc: “Data growth is outpacing
in optimally compressed bytes ] Focer. vl muatice Computer growt »

ape asd vityl 8%

& =

Source: Yelick K, LBNL/Nersc

Graph based on
Detector average growth

=—Sequencer

1586 1993
AMNALDG
2.6 exabytes

—~ DIGITAL
il ‘\W

. Processor
DIGITAL

o Memory
0.02 pxabytes

"beginning
of the digital age™

According to Moore’s law: factor 2 every 2a  #eabne

2011 2012 2014

o
L)
o
~

[=]
8
v
>

B

=
]
o
w
4
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m
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Analysis workflow in life sciences

sample
preparation

Solved

\,

-
Reconstruction

3D volume
acquisition

IT

Karlsruhe Institute of Technology

embedding into
PDF document

animation

7~

Time-critical
. Weeks to months

m,‘fl 26  May 2019
a

surface
generation

t

alignment of
object axes

assembling of
components

Andreas Kopmann | Fachgruppe Prozessdatenverarbeitung
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Segmentation of 3D data ﬂ(IT

Karlsruhe Institute of Technology

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.

«”& ey
2 g &‘%%. 3 4
<
Pl like reco.
| req. perform.
of GPUs

P Losel, V Heuveline, SPIE 2016
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casual interpolation



Biomedisa.de
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Visualization of 3D data A“(IT

Karlsruhe Institute of Technology

funded by nQ/aa
Stor

® Fast 3D web visualization of raw data

® Pre-processing; aggregation,
noise filtering, ...

® Progressive loading
® Started to develop collaborative tools

Results: Slicemap
® WAVe library

® NOVA data portal
(demo)
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Visualization of 3D data ﬂ(IT

funded by nQ/aa
Actions: St‘@r

_ o Data catalog for fossils project
® Fast 3D web visualization of raw data

® Pre-processing; aggregation, }ﬂ(" Mowsolss  AStOr  N@VA
noise ﬁltering’ o m;-v- . NMB F2557 Xenomorphia resurrecta

® Progressive loading = onocooo| - . o

@ Started to develop collaborative tools Mgt i 0.8 Mt s 015

Pl vt s ) il Db e i s v

Results:
® WAVe library
® NOVA data portal (demo)

® Fossil study of 1500 samples crgton T A P o i o o _

http://www.fossils.kit.edu

X Lel = 447 LI
Wit factor: 0113

T. van de Kamp et al., Nature Comm (2018)
Review: ,astounding, impressive, important®

D1 31 May 2019 Andreas Kopmann | Fachgruppe Prozessdatenverarbeitung Helmholtz Research Field Matter
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Hierarchical organization of datasets ﬂ(".

Karlsruhe Institute of Technology

® 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

Solution: Analyzed data

® Extend classical metadata Reconstructed data
by visualization data

® Develop 3D-visualization Raw data

for data catalogs
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Conclusion and future directions

1. Data needs to be available at any time

® Challenge: intelligent metadata, aggregation techniques

AT

Karlsruhe Institute of Technology

Don’t store data
and forget

2. Computing needs to be parallel — in best case on GPU

® GPUs are at same price or power 20x faster
® TFLOP applications can be turned online

3. Remote interactive analysis is possible;
large datasets require
® Better analysis
m Efficient computing
® Data management and visualization

33 May 2019 Andreas Kopmann | Fachgruppe Prozessdatenverarbeitung

DTS

GPUs are 5-8a
ahead of CPUs

DAQ systems
be will changed by
parallel computing and
Big Data requirements
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