igh ata ate Processing and Analysis nitiative (

Helmholtz PNI Centres

DESY Hamburg FZ Jilich
FZ Karlsruhe HZG Geesthacht
GSI Darmstadt HZB Berlin

Work Packages
WP1: Data Management (DESY, HZB)
e Standardisation and Data Formats
e Data Access Strategies
e Data Lifetime Management and Archiving

WP2: Real-time Data Processing (GSI, KIT)
e Real-Time Data Assessment with Parallel
Computing
e Analysis Methods and Applications
e Data Processing with Dedicated Hardware

WP3: Data Analysis, Modeling, and Simulation (FZJ)

Close co-operation with PanData ODI

R. Gehrke, QV ,,Big Data“, KIT, April 19, 2013
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: Data Management

Data Format Standardisation
—  NeXus / HDF5

Application definitions: Scattering
) Tomography =
DeS.Ig!'\ .& - Macromolecular Crystallography
Definition

! Unique method-specific

X-Ray Absorption Spectroscopy
view on experiment data

X-Ray Microfluorescence

NeXus API for high data rates (C++ and Python)

Implementation Data Collector Software (flexible link between NeXus and the data sources)

Dialog with detector vendors (e.g. Dectris)
Connection with CDM (Common Data Model, SOLEIL/ANSTO)
te Data Access

Authentification

Misc.

-

Rem

o

Archiving
Common web based data management portal Strong overlap
Authorisation = with PanData
Remote computing (&Software repository) activities

Data Policy

ﬁ HELMHOLTZ
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NeXus implementation — Step 1 — NeXus API

E. Wintersberger

=  Anew NeXus C++ library, exclusively based on HDF5
= Purely object-oriented interface
= Python bindings

= External filters support ) i

High Data Rate Initiative fir

_ _ W Photonen, Neutronen und lonen | ﬁ”i??o*éﬂﬂgu..-.
= Coordinated with NIAC sl . i iy

= Code on “Google Code”

1. Libraries =

The PNI libraries are closely related to each other as shown in the image below. The
basement is Libpniutils which provides the fundamental data types and classes. On top of
this applications and 11bpninx are build.

| Home

| L:Jber uns

il “eranstaltungen

| Aktuelles | python
Arbeitspakete

”Publikat\onen bmdlng C++ apps and

Status: s boemes ] libpninx libraries

All Milestones reached - libpniutils (C++)

libpniutils - utility library

CDMA: Common data model architecture, SOLEIL, DESY, ANSTO
= Abstraction layer between files and applications
= DESY implemented Python bindings

. “ . ﬂ HELMHOLTZ
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NeXus - Accompanying Measures

HDF5-Group
Framework for precompressed Data = funded by DECTRIS/PSI

External Filter Interface - funded by DESY - to be finished May 2013
* Eiger Detectors using custom compression

New version will be used in autumn release of MATLAB

Facility
Detector % i»

vendors

‘ — Libdetector.so/dll

Users Matlab,
MBIt
.“‘7 IgorPro,
etc.
DECTRIS

Open API for new Pilatus and Eiger Detectors (allow to intercept the data stream)

. “ . ﬁ HELMHOLTZ
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NeXus Implementation — Step 2 — NeXus Data Server

. J. Kotanski
Status: All Milestones reached

Configuration DB

: NeXus
EXperIment Comp., Datasrc . .
Control Client CEmELIEen
Server
onfig., control, data Configuration
Sardana Confie., control, dat .
Client
Digital User Office DB
Administrative info.
Tango Servers < NeXusWriter >
Online File Archive
VME, TCP/IP, GPIB, RS232
Server dCache

. “ . ﬁ HELMHOLTZ
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Remote Access: Web Portal

*In co-operation with PanData

Authentification®

Status: In Progress

Web-Portal
Umbrella
ICAT
dCache

Web Access
Authentification
Metadata Catalogue
Data Archive

Desy specific

Door

[Umbrell

1

Web-Portal
Authorization

et )

Data Catalogue*

y-Portal under construction
Testphase finished

[ DCache]

Desy specific

Mass storage

implemented (compilation of meta data in progress)

NFS 4.1 consolidated

R. Gehrke, QV ,,Big Data“, KIT, April 19, 2013

Remote Data access
(Remote computing)

DESY
PanData
PanData
DESY
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X4 PCle Link @ 2.0 GB/sll

DMA driver and GUI

: Real-time Data Processing (FPGA)

FPGA based Hardware for data acquisition and analysis
Case 1: High speed camera demonstrator for SR tomography applications (KIT)
(2.2 Mpixel, 12 Bit, 340 frames/s, preprocessing, DMA transfer)

External handshaking
trigger sequences

CMOsSIS
configuration

SP interface
& FsSM
¥
2%
a Trigger & CMOsIS o
82 | Timestamp Fsmis e " el
‘? : :

eade

H
(trig. and readout info)

block for PCle 2.0

ransceiver and

16 lines [
(Lvps) B
@ 480MHz [§
DDR3
memory
controller

CMOSIS
Pixel Sensor

External DDR3
512 MByte 64 Bit data

FPGA Function Blocks

®  Reconstruction server
& online monitor

Storage

Up to 2 GB/s

Cable length A

PCle Gen2 lane x4
host board

® |PE Camera

CMOSIS
Silicon Pixel Sensor
on FMC

Samtec extender
(FMC-HighPinCount)

FPGA Virtex-6 A o

o § Xilinx ML605
Evaluation
board

‘ PCle x4 2 slot-Backplane

10m.. &

PCle Gen2 lane x4
target board

Case 2: Si(Li)-Compton Polarimeter Readout (GSI/SPARC)
(Replace NIM/VME by custom

designed FPGA hardware)

R. Gehrke, QV ,,Big Data“, KIT, April 19, 2013

Status: All Milestones reached
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: Real-time Data Processing (GPU)

GPU based data analysis (system layout, benchmarking, demonstrators)
Case 1: Fast reconstruction of tomography data (filtered back projection) (KIT)
(demonstrator with 12 CPU cores and 6 Nvidia GTX580 Fermi-GPUs
- 24 Gbyte input data to 11 Gbyte output in some ten seconds)
Case 2: to be defined (MX, SAXS)

I Sample Reconstruction Station ﬂ("'
— SuperMicro 7046GT-TRF (Dual Intel 5520 Chipset) Isample Data-set ) 3 ﬂ(IT
| CPU: 2 x Xeon X5650 ( total 12 cores at 2.66 Ghz) Porose polyethylene grains in a conical plastic holder ol
GPUs: 2 x GTX 580 + 4 x GTX580 External
Memory: 96 GB / 12 DDR3 slots (192GB max) Sample Data Set:
Number of Projections: 2000
PCle 2x16 (8 GB/s) 2 x GTX 580 s Resolution of Projections: 1776x1707
Measured bandwidtl 4 x GTX580 . .
eCie 2x10 5 ol :2222:: il ' fotal Size: 2468
PCle 2 x16 (8 GB/s): PCle External ™ Resulting 3D Image:
PCle 2 x16 (8 GB/s): j— SAS Raid 2:SFFeoss SR 10T o000 Fesolution, il
ArecaARC-1o0x LTI 1 g Ghje Total Size: 11GB
PCle 2 x4 (2 GB/s): " 1|(l3|(832;59{|5ta|3\let
PCle 2 x4 (2 GB/s): SSD Raid Sote Doty Required Operations:
4 x C300, 1420 MB/s Camera PCO Data |/O- 35GB
PCle 1x4 (1 GB/s): ﬁ' Erame Grabbor <t edge Filtering: ~ 0.6 TFlop
rus 3‘98 ‘ ‘ Back Projection: ~ 53.0 TFlop
erver ,
58,9 E%’zra" Maximum Performance Estimation:
GPU Desktop Opteron 6176 (~ 110Gflops) ~ 10 minutes
HDD 1/O (~ 50 MB/s) ~ 15 minutes
779

Xeon X5650

0 100 200 300 400 500 600 700

800 900

time (seconds)

Status: All Milestones reached
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Parallel Computing Framework (UFO)

Status: In Progress

Load balancing + management
(CPU < GPU < frame grabber / Single < double precision)

| SPTIIRL,
TR
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: Data Analysis, Modeling, and Simulation

Status: In Progress

Current activity at DESY (co-operation with MPI Golm)
Prototype: Directly Programmable Data Analysis Kit
(DPDAK)

L ]
o Max-Planck-Institut
fiir Kolloid- und Grenzflidchenforschung

DPDAK Dema o) T
Hle Miew Export
= s B
Plugins | Display Globals |
Image Logger

Image Path: =
fhomefbenackeivorksp | Browse

Sequence

Line Integration

Plugin controls

tegger id
DPDAK: ST processing..
DPDAK: STap Processing.
DPDAK: Start processing...
DPDAK: Stop pracessing.

Python based Framework and Plugins,

GUI for data flow setup

At present: Implementation of part of the GISAXS data
evaluation workflows

ﬁ HELMHOLTZ
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Remaining HDRI activities in POF-2

Advancing the UFO parallel Computing Framework

e Features: automatic Scheduling and Optimization, GUI

* Content: New algebraic reconstruction algorithm for tomography data
Using UFO for application with streamed data

* Integration with DAQ hardware platform

Harmonization of Web Portals...

NeXus (Standard Data Format) Implementation at DESY, KIT, HZG, HZB

Data Server & Configuration Server, DESY Petra Ill beamlines P02, P03

ANKA/KIT image beamline - Tomography

NeXus Tools
MPI support for NeXus API
Fuse Filesystem for NeXus Files
Adding new HDF5 features to NeXus API (external filters...)
Benchmark tools for NeXus API
Dissemination of NeXus at the Helmholtz Centers
ﬁHELMHOLTZ
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HDRI Activities in POF-3 (preliminary topics)

Quality Assurance for Scientific Software

Concurrent Computing at beamlines with high data rate detectors
(Multithreading, MPI, OMQ) (realtime reduction and visualization)

NeXus Application Definitions

Training of Users

Workbenches and Workflow Management (DPDAK, DAWN)
Web-Portal assisted remote computing

Scalable computing solutions
(Clusters of GPU nodes)
Common infrastructure for beamlines (DAQ) and Computing (Analysis)

ﬂ HELMHOLTZ
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Role of HDRI

NIAC
(NeXus)

PanData ODI
(Umbrella, Icat)

HDF5-Group
(HDF5)

PSI/Dectris
(Detectors)

Ansto/SOLEIL
(CDMA)

Matter & Technology
(ARD, Detectors, LSDMA)

HDRI

)

DESY/MPI Golm
(DPDAK)

Experiments (DESY, KIT, HZB, HZG)

Implementation of data related issues at the Helmholtz Centers’ Experiments on the
basis of own and third party developments

R. Gehrke, QV ,,Big Data“, KIT, April 19, 2013
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