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The European XFEL — An X-ray Free Electron Laser
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17.5 GeV
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The European XFEL — An X-ray Free Electron Laser
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Figure 4.2 Schematic of XFEL facilities. Electron bunches are emitted from a low-emittance gun (LEG) irradiated by
picosecond laser pulses. They are then accelerated in a short LINAC (LINAC 1), compressed longitudinally using one or
more bunch-compressor magnet chicanes (BC), then further accelerated using a much longer LINAC (LINAC 2) before
entering a long undulator, typically a few hundred metres in length. The SASE process along the undulator produces
highly intense x-ray pulses with durations of the order of 50 fs. The electrons are deflected after the undulator using a
bending magnet and subsequently dumped.

Courtesy R. Feidenhans'l
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Light Sources around the World

As the map shows,
there are none
in the entire continent
of Africa, and only one
in Latin America.

I BN 0 European XFEL _ . _
Courtesy: International Science Council

https://twitter.com/ISC/status/1246005021155655680/photo/1


https://twitter.com/ISC
https://twitter.com/ISC
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The European XFEL — Key Parameters

600 us T
oS 99,4 ms urstilode

Electron Energy 8.5—-17.5GeV N g
Photon energy 0.26 - >25 keV y /I
Pulse duration 2—100 fs /\ ! !
Seeding As a special mode Specific electron & x-ray beam delivery pattern
Follows from pulsed RF system
# of pulses 27000 /s Trains of e-/x-ray pulses
# of FELS 3 Max. = 2.700 per train / 27.000 per sec
# of instruments 7

High average brilliance

Start of operation 2017 Feedback & time and space stabilization
Dedicated pulse delivery

] | European XFEL
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The European XFEL — An Exceptionally Strong X-ray Free Electron Laser
exit hole: 13ym

Drilling with XFEL beam )

through 50 mm of steel in 26 seconds

0.00um_ 8

There’s many single-shot experiments at the i
EuXFEL: samples are destroyed with one
FEL pulse and need to be replenished.

Also means: all diagnostics, detectors, etc., B
need to work accurately and be correlatable ®

for every single pulse

>

Courtesy Harald Sinn
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The European XFEL — Science Case — Molecular Movies

Optical Laser Pump Pulse

Particle injection

X-ray pulse

Diffraction pattern

X-ray Probe Pulse

Up to 3520 images/s 10 times per second, with ps timing accuracy
Up to ~ 15GB of data/s

I B Y European XFEL
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Scientific instruments

FXE (Femtosecond X-ray Experiments)
Ultrafast dynamics of liquids and solid matter

Combination of spec. & scat. techniques

MID (Materials Imaging & Dynamics)
CDI from nano-structured samples

XPCS of nanoscale dynamic

SQS (Small Quantum Systems)
Ultrafast dynamics of atoms, ions & clusters

Combination of spec. & coh. scat. techniques

] | European XFEL
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SPB/SFX (Single Part., Bioimaging, & SFX)
Coherent diffraction imaging from single part.

Serial fs nano-crystallography

HED (High Energy Density science)
Ultrafast dynamics of highly excited matter

Combinations of scattering, diff. & spectroscopy

SCS (Spectroscopy & Coherent Scattering)
Ultrafast dynamics of complex solids

Combination of hr-inelastic spec. & coh.scattering

SXP (Soft X-ray Port)

Flexible port combining intense and tunable soft
X-rays with versatile optical laser capabilities
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The European XFEL — Complexity x 7 — Can change weekly!

Controls
[
- Sampledelivery
X-ray optics Refresh & reposition
Shape x-ray pulse samples
in space & spectrum

600 s

> 99.4ms
JWW —-

Photon diagnostics =

Measure
x-ray pulse properties

Detectors / DAQ

Take and store large number
of large data data sets

Optical laser

Excite sample systems

Data Analysis
Analyse immense amounts
of data

IT Infrastructure
] | European XFEL
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The European XFEL - A Data Perspective

Free-electron lasers

o

8
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Synchrotron 3rd generation
light sources 3
(=]
o
S
=)
2nd generation x
L 1st generation 4 g Intel Core i7
g o Intel Core 2 Quad
38 Intel Pentium 4
2 Intel Pentium
Modern X-ray tubes x
Intel 8086
Intel 4004

x 100 000

First X-ray tube

=== Relative peak brilliance (first X-ray tube = 1)
Number of transistors in processors

] | European XFEL
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The development of light source facilities
has been faster than the increase in
computer processing capacity (i.e.,
Moore’s Law)

We see this in the amount of data
generated. For EUXFEL this can be
multiple PetaByte/week. The Data
Acquisition System is implemented in
Karabo, as are the starting points of the
online preview systems which support
near-realtime processing of >3kHz
Mpixel images .
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The European XFEL in Software

At the facility approx. 50 people (out of 450
employees) are tasked with writing software

Our software can produce up to 5 PB of data per
week

Our software can use more than 10,000 cores, 100s
of GPUs and terabytes of RAM simultaneously

Given these numbers, sustainable software
engineering thus can make a difference in the
facility’s environmental footprint
Not to mention that better software gives better
scientific advances in fields like biophysics, and
material science

] | European XFEL

S. Hauf- 8th EIROforum School on Instrumentation, Garching, Germany, May 13th
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The European XFEL in Software

At the facility approx. 50 people (out of 450
employees) are tasked with writing software

Our software can produce up to 5 PB of data per
week

Our software can use more than 10,000 cores, 100s
of GPUs and terabytes of RAM simultaneously

Given these numbers, sustainable software
engineering thus can make a difference in the
facility’s environmental footprint
Not to mention that better software gives better
scientific advances in fields like biophysics, and
material science

In total in EUXFEL repositories alone: >400k lines of code

] | European XFEL
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Beamline layout and experiment stations

Diagnostic data from the

HED Hegres: accelerator is important
s clectron tunnel € electron switch . .
Materials Imaging
phOtOn tunnel ® electron bend MID and Dynamics for experlment anaIySIS
nunnI  undulator B electron dump B o ondimors and

" four instruments Brldges between DOOCS
o “/ and Karabo are collaboratively

\Co i . .
‘st \\\\\\\\\\\\“ EXE omiosscond maintained with DESY and
Xs3

=l MU ® SPB andBiomoregesang facilitate transfer between

iy, SFX SeriatLan-nrtaosecond
"H”.., Crystallography the tWO Systems

@ = ] xsDU2

SQS Syerns "
DOOCS

Spectroscopy &
SCS Coherent Scattering

linear accelerator SASE 2 SASE 1 SASE 3
for electrons (10.5, 14.0, 17.5 GeV) 0.05 nm - 0.4 nm 0.05 nm - 0.4 nm 0.4 nm - 4.7 nm

] | European XFEL
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Beamline layout and experiment stations

s clectron tunnel € electron switch
photon tunnel ® electron bend

iuummnm  undulator I electron dump

—
\\\\\\\\\\\\\\\\

iy

DOOCS

linear accelerator SASE 2 SASE 1 SASE 3

for electrons (10.5, 14.0, 17.5 GeV) 0.05 nm - 0.4 nm 0.05 nm - 0.4 nm 0.4 nm - 4.7 nm

Rather stable control and DAQ needs

] | European XFEL

High Ene
HED pensity Soence

Materials Imaging

M I D and Dynamics

Optional space for
two undulators and
four instruments

Femtosecond
FXE X-ray Experiments

Single Particles, Clusters,

SPB and Biomolecules and
Serial Femtosecond

SFX Crystallography

Small Quantum

SQS Systems

S roscopy &
SCS Cgmeetrent chttering
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Diagnostic data from the
accelerator is important
for experiment analysis

Bridges between DOOCS

and Karabo are collaboratively
maintained with DESY and
facilitate transfer between

the two systems

Rather flexible control
and DAQ needs
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Beamline layout and experiment stations

memmmm—— clectron tunnel € electron switch

s photon tunnel ® electron bend

iuummnm  undulator I electron dump

< /0— |

—
\\\\\\\\\\\\\\\\

XxS3
I ————— O

DOOCS

linear accelerator
for electrons (10.5, 14.0, 17.5 GeV)

SASE 2

0.05 nm - 0.4 nm

SASE 3

0.4 nm - 4.7 nm

SASE 1
0.05 nm - 0.4 nm

Rather stable control and DAQ needs

I B Y European XFEL
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Materials Imaging

M I D and Dynamics

Optional space for
two undulators and
four instruments

Femtosecond
FXE X-ray Experiments

Single Particles, Clusters,

SPB and Biomolecules and
Serial Femtosecond

SFX Crystallography

Small Quantum

SQS Systems
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# properties

26914.0
28103.0
32013.0
192656.0
274426.0
233216.0
121905.0
268688.0
258094.0

205557.0

267424.0

306817.0

Total 2215813.0

Rather flexible control

and DAQ needs

# devices

16395.0

16
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Karabo connects it all - Example: MID

* Keycompoenentsto look out
forin all topics:

* Timeserver:a central
communication point for
timing information

*  Bespoke MHz imaging
detectors

* Commercial cameras

* Fastdigitizers

* Large Beckhoffloops,
ofteninterconnected via
middlelayer devices and
interlock conditions

*  Processing pipelines,
e.g. detector calibration

I B Y European XFEL

17
10 Hz burs

* =

Time server

15 GB/s

eventdrivegn
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Karabo - Architecture

Central Message Broker (Control and slow data)
AMQP on RabbitMQ

Event driven:
Data propagates through the system when
values change — push not poll

Message driven: \

Signal — Slot paradigm \\ .
Asynchronous core, synchronous p

convenience in middleware [Q Mo

1
boost

I . European XFEL d —

R4




Karabo: Automation and High Data Rates S. Hauf- 8th EIROforum School on Instrumentation, Garching, Germany, May 13th 19

Karabo - Architecture

Central Message Broker (Control and slow data)
AMQP on RabbitMQ

Event driven: 2 =eP2
Data propagates through the system when Operators accustomed to a control_
; system that polls data, may need time to
values change — BliSHiRGHPON ‘ adjustto, and trust event driven data. Is  ( _j.oem
| ; everything working, even if it does not 1akes
Message driven: \ update once per second?

Signal — Slot paradigm
Asynchronous core, synchronous
convenience in middleware [( L e

I . European XFEL d —
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Pong-likevisualization of control system messages over
the network.Based onanidea by Mike Smith, using
IS W 0 European XFEL logstalgia,and contentfrom placeit.net
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Karabo - Architecture

pipeline (p2p) connections (scientific/large) (
Scatter/Gather/Copy/Distribute
Block/Drop on congestion
TCP
Also GUI Server — GUI client
Capable of saturating a 10G line

Dynamic, discoverable topology
No central database instance

GUI Server: ,
Gateway to the Control system Q 1

boost

I . European XFEL d

S. Hauf- 8th EIROforum School on Instrumentation, Garching, Germany, May 13th
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Metrics in Influx: > 240 Billion
Increase per month: ~ 10 Billion

Karabo — Data Logging using the Influx Time Series Database

Datalogging vs. Data Acquisition

*  Datalogging is continous for slow (broker) data

» It is done by default

» For all devices

» Internal data product for maintenence
*  Data Acquisition is ,run“ based

» Explicitely started

» Includes large and fast data

» Subselection of slow data

» Data product for facility users

» Multiple PB per week per instrument

Karabo dataloggers
*  Proprietary text-based format
* Influx Time-series based

@ [} StateGraph_SA3_XTD10_VSLIT/MOTOR/BLADE_TOP_state
Trendline
v XK 2
in Karabo
DevicelD | SA3_XTD10_VSLIT/MOTOR/BLADE_TOP | S h0W| ng
time evolution
oFF | 4 te ¥ ofdevice
MOVING “  state.
CHANGING | +
DISABLED |
¥
“ INTERLOCKED | @
ERROR | o
G _Production o
INIT |
waming trur t | FXE + SPB + SCS + HED « Quick Stat Device ld | PLC
Q FXE Status Overview SPB Status Overview HED Status Overview ~ SCS Status Overvi 1w
UNKNOWN |, Compomest SummaryStaius |Detaillinks | Gomponemt | SummaryStatus DetailLinks  Component
- im _wamwne| | __ wamunclwoton
® ets ~ DOCAlerts DOC Alerts DOC Alerts
2021-06-1306:11:33 & L FastADC % HED FastADC Timing Sync al jert & 5CS FastADC Timing Syn
One Week @ Mo glerts ALERTING for 2 days A far ALER
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S ~~ B BunchDecoder Sta XGM DOOCS-karabo bridge Staty
Data Operatl on ALL OK ALL XGM OK '
Center (DOC) main ry—
5

Grafana panel. Most
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Time Server
-w c
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Karabo — C++, Karabo Bound, and Karabo Middlelayer APIs

ol ;- boost I Python Bound API Middlelayer API

« Event driven
« Asynchronous
» Self-descriptive

¢ Common, hierarchical

data container

supporting attributes
on leafs: Karabo Hash
* Binary and XML

serialization
« Extensible: core +

“Devices"

European XFEL

C++14 and Boost
Smart pointers
Template-heavy
Boost.asio
Eventloop based
Devices are threads
on a single server
Aimed at high-
performance devices

Exposes C++ APlvia -

Boost.Python .
Devices are separate
processes .

Was aimed at p2p

heavy devices which
e.g. need numpy .
Not always pythonic

Python asyncio
Decorators annotate
Karabo structures
Emphasis on
interaction with other
devices

Pythonic
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Karabo — C++, Karabo Bound, and Karabo Middlelayer APIs

ol ;- boost I Python Bound API Middlelayer API

« Event driven
« Asynchronous
» Self-descriptive

¢ Common, hierarchical

data container

supporting attributes
on leafs: Karabo Hash
* Binary and XML

serialization
« Extensible: core +

“Devices"

European XFEL

C++14 and Boost
Smart pointers
Template-heavy
Boost.asio
Eventloop based
Devices are threads
on a single server
Aimed at high-
performance devices

Exposes C++ APl via + Python asyncio

Boost.Python * Decorators annotate
Devices are separate Karabo structures
processes * Emphasis on

Was aimed at p2p interaction with other
heavy devices which devices

e.g. need numpy * Pythonic

Not always pythonic

Will use in the
Automation Hands-
On
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Common Example: Concurrent Motion

From Bluesky documentation

Other systems:
- Bliss e.g. motor_group

# Move motorl to 1 and motor2 1@ units in the positive direction relative - Sardana: moveMuItipIe
# to their current positions. Wait for both to arrive.
RE(bps.mvr(motorl, 1, motor2, 10))

from ophyd.sim import motorl, motor2

- Karabacon: MotorGroup

Karabo Middlelayer

[2]: motors = [await connectDevice(motorId) for motorId in motorIds]
: for device, position in zip(motors, positions):
device.targetPosition = position
futures.append(device.move())

.: await gather(xfutures)
: await waitUntil(lambda: all(dev.state != State.MOVING for dev in motors))[

] | European XFEL
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Common Example: Concurrent Anything...

Motion

[2]: motors = [await connectDevice(motorId) for motorId in motorIds]
for device, position in zip(motors, positions):
device.targetPosition = position
futures.append(device.move())

: await gather(xfutures)
: await waitUntil(lambda: all(dev.state != State.MOVING for dev in motors))}]

Power Supplies
for device, voltage in zip(mpodGroups, voltage):
device.voltage = voltage

futures.append(device.on())

await gather(xfutures)
await waitUntil(lambda: all(dev.state == State.ON for dev in devices))fj

Instantiation

for serverld, classId, deviceld, config in offlineDevices:
futures.append(instantiate(serverId, classId, deviceId, config))

Europe await gather(xfutures)

26



Karabo: Automation and High Data Rates S. Hauf- 8th EIROforum School on Instrumentation, Garching, Germany, May 13th

Common Example: Concurrent Anything...

Motion

[2]: motors = [await connectDevice(motorId) for motorId in motorIds]
: for device, position in zip(motors, positions):
device.targetPosition = position
futures.append(device.move())

.: await gather(xfutures)
: await waitUntil(lambda: all(dev.state !'= State.MOVING for dev in motors))l

Karabo Middlelayer prefers using Python "primitives” where possible over domain specific extensions.

- Learn once — use often
- futures.append(device.on())

await gather(xfutures)
await waitUntil(lambda: all(dev.state == State.ON for dev in devices))}

Instantiation

for serverld, classId, deviceld, config in offlineDevices:
futures.append(instantiate(serverId, classId, deviceId, config))

NN B U0 Europe await gather(xfutures)

27
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The Karabo Ecosystem — Usage of the three APIs

Middlelayer API frequently has the
most expressive syntax coupled
with shortest “time-to-market”.

C++ and Python Bound are actively
maintained and new devices are still
being implemented, especially in
high-performance fields.

] | European XFEL
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The Karabo Ecosystem — Usage of the three APIs

Middlelayer API frequently has the

C++ and Python Bound are actively
maintained and new devices are still
being implemented, especially in
high-performance fields.

] | European XFEL

# projects

300 1

100 4
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_____ The concise and expressive syntax is

" EuXFEL Controls group, and MDL is also Ve
~— the API that most device developers are
most accustomed to.

—— +usually preferred by developers in the Lot
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Karabo - The Karabo GUI
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Karabo - The Karabo GUI

Separate Python Package, well . [

matched to the framework e e L =
PyQt5 * -
Connects to Karabo via the GUI- - B
server (tcp, p2p) R

T 0
Extensible via ,gui-extensions* Pouamasd
Distinguishing features: S . "
“ GUIl scene builder - s
* Projects to logically group o e

devices, scenes and macros Y rr— X

] | European XFEL
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Karabo - The Karabo GUI
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2584m 1.9e-08 mba @ St:r: Piziions -o.<r>“5iso.5 005,05
. 1000 - Stop Positi 0.05,0.5 0.05,0.5
devi ces, scenes and macros =k mono | o sl 3 31
V20020G 1200
Use DAQ 4 v AcquisitionTimel:
1.9e-08 mba) Control Acquisition Time v
; 0 Average Values v
I B 0 European XFEL : ‘ . Contolvelocity =)
Bidirectional v

Comment
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Karabo Hardware Devices — an incomplete list of what is supported

+ Data Logging * OceanOptics

 Baslervia Aravis

* Data Acquisition » Genicam « GENTEC

+ Gui Server + GreatEyes Tetronix

* Alarms & Notification « PIMTE3 * LeCroy

* RecoveryPortal « Andor Zylar, ... « MCS Beam Stab.

* Motor Configurator Shimadzu HPvx

Scan Tool

«  Wiener MPOD * Huber
+ Keithley + K2
« Agilant « Julabo
+ Keithley
* Lakeshore

I B Y European XFEL

* via Beckhoff PLC integration
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Karabo: Ongoing Developments

Move to RabbitMQ and AMQP ‘/

BhRabbit

RDMA - 80% IB link speed%,

ZULIP / puthor
Elog |ntegrati0n MDL on Pypl
— | Authenticating & Authorizing Web API
- 0 {REST:API}* - elasticsearch
GUI side Authentication and Authorization ELK Stack for System Logs
2024 2025

] | European XFEL
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Feeling the Data Pressure — Investments in Data Reduction

Data Producedin CW46 2021 — All Data Systems Working _
EuXFEL can easily produce 1PB of data per

Total Data Migrated for the Currently Active Proposal

week
& PB
s g Simply buying more disks is not an option
4 PB Major investments in Data Reduction accross

the full data stack
Before data is written to disk
» RDMA will enable smarter algorithms
offloaded to distributed hists
After data is on disk and as part of analyisis
Automated procedures and
o ] online feedback to
11/20 11/21 11/22 11/23 eXperimenta“StS

FXE Max: 332 TB Current: 332 TB SPB Max: 1.42 PB Current: 1.42 PB

MID Max: 3.26 PB Current: 3.26 PB HED Max:92.4TB Current: 0.0321TB . o
= S0S Max: 947 TB Current: 94.7 TB == SCS Max: 21.5TB Current: 13.2 TB E. Sobolevetal.: Data reduction activities

at European XFEL: early results

3PB

ZPB

1PB
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Summary

Karabo is a flexible SCADA framework with a modern event-driven and asynchronous core.
3 APIs with individual strengths
State of the art condition logging using the Influx Time Series database
Highly scalable, and no central database authority required
Integrated design: Control, Automation, Data Acquistion, and Analysis

The Karabo GUI is closely matched to the framework
Can flexibly visualize all data types the framework provides
Synoptic views (scenes) without coding
Extensible

Hands-On Session: Machine Learning and Automation

In order to access the virtual machines used during these sessions,
sign in here using "Helmholtz AAI* as authentication choice:
https://visa.xfel.eu/login

I . European XFEL )
Please do so by Wednesday evening!


https://visa.xfel.eu/login
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Karabo and Large Language Model: towards Al assistants

Add Al generated documentation

LLMS aS COde docu mentation aSSiStantS Overview 4 Commits 3  Pipelines 3 Changes 23
*  System prompt to ask Al to add or update documentation to % | Compare | develop v and | Iatest version v

code using a diff format that doesn’t require counting lines o omn e e _

. . pinhaill v [5 src/devices/DataAggregator/ApplicationMonitor.hh  [3

* Works well to batch-document code lacking most B> sreldevice.. tahggredato ——

documentatlon : :DDET{-.:M::WKHH long unsigned int cpu_total_time;

| BooKKeeper. };

*  Karabo agnostic, available at https://github.com/European- 3 DataAccessor.hh

5 DataAggregator.hh

XEEL soon

5 DataDispatcher.hh
5 Datalntegrator.hh
5 DataMonitor.hh

LLMs as coding assistants

5 DataReducer.hh

*  GPT4 was not trained on Karabo code at the time of tests ) Defs.hh

*  System prompts describing the MDL API and the scene model oo o s frperenr T e pefaer Rumetie £
SUffICG % Formatter.hh publitcs _ . : tion At

*  lterative approach, feeding exceptions back into the model ',,mpwggh:h m——

*  https://syncandshare.xfel.eu/index.php/s/kt6Nb SjJfMg7Pf5  © scheasternn

9 SlowData... llector.hh

5 StatisticsBuilder.hh
9 Summarizer.hh

9 TrainDat... 2ceiver.hh

I N European XFEL e e e ApplicationMonitor{const karabo::util:-Hash® config);



https://github.com/European-XFEL
https://github.com/European-XFEL
https://syncandshare.xfel.eu/index.php/s/kt6NbSjJfMg7Pf5
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« scene: will create a device provided scent top of the J code

« finalize: will write t je { test

er [ v ip Th) | 1 the « riac K ke il da ol ( tuch t | y b and

interfa ! i en in ng w Iw he co 10 v nd a manua be re )
Write a Karabo Middlelayer Device that mor the read-back paramete )y Ka yama N y JcCuum pumg
The midd device connect Vi thernet to the RS485 rial port the pump
Th ommun i iroto rea Ll 1 | Modbu Ty
The midd yer d 1 should g i ) y Lhe 0 " ) 1-only rame J ol f pumj
trip counter, T ) Infi 1 Fact , Trig nt 1 Invert tat Trif f 1 juency (Higt
I 1 Frequ y (Low), Trip 11 1 t p inf 1 Vi g tput re

1put WE D( ) | 1) w provid ( )M 18 1€ 1 ter nt | t t [ 1 | € Am| €
Th 1ld be exo ] nl Karabe per R mber 1t} iny K b 1T 0D cam
Th nly user | v i f juration ir t LTl i i 1d P the serial rte
ind a ] Int 1 f £ ‘ These ti ) K ) oper
' J pymodbu yython module 1mp Ler rt [ cp modt




	Slide 1: Karabo: Scientific Supervisory Control and Data Acquisition - Automation and High Data Rates
	Slide 2: Karabo: Scientific Supervisory Control and Data Acquisition - Automation and High Data Rates
	Slide 3: The European XFEL – An X-ray Free Electron Laser
	Slide 4: The European XFEL – An X-ray Free Electron Laser
	Slide 5: Light Sources around the World
	Slide 6: The European XFEL – Key Parameters
	Slide 7: The European XFEL – An Exceptionally Strong X-ray Free Electron Laser
	Slide 8: The European XFEL – Science Case – Molecular Movies
	Slide 9: Scientific instruments
	Slide 10: The European XFEL – Complexity x 7 – Can change weekly!
	Slide 11: The European XFEL - A Data Perspective
	Slide 12: The European XFEL in Software
	Slide 13: The European XFEL in Software
	Slide 14: Beamline layout and experiment stations
	Slide 15: Beamline layout and experiment stations
	Slide 16: Beamline layout and experiment stations
	Slide 17: Karabo connects it all – Example: MID
	Slide 18: Karabo -  Architecture
	Slide 19: Karabo -  Architecture
	Slide 20
	Slide 21: Karabo -  Architecture
	Slide 22: Karabo – Data Logging using the Influx Time Series Database
	Slide 23: Karabo – C++, Karabo Bound, and Karabo Middlelayer APIs
	Slide 24: Karabo – C++, Karabo Bound, and Karabo Middlelayer APIs
	Slide 25: Common Example: Concurrent Motion
	Slide 26: Common Example: Concurrent Anything…
	Slide 27: Common Example: Concurrent Anything…
	Slide 28: The Karabo Ecosystem – Usage of the three APIs
	Slide 29: The Karabo Ecosystem – Usage of the three APIs
	Slide 30: Karabo - The Karabo GUI
	Slide 31: Karabo - The Karabo GUI
	Slide 32: Karabo - The Karabo GUI
	Slide 33: Karabo Hardware Devices – an incomplete list of what is supported
	Slide 34: Karabo: Ongoing Developments
	Slide 35: Feeling the Data Pressure – Investments in Data Reduction
	Slide 36: Summary
	Slide 37: Karabo and Large Language Model: towards AI assistants
	Slide 38: Karabo and Large Language Model: towards AI assistants

