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Cosylab in short i

J Innovator and global leader in software for the world’s
most complex, precise and advanced machines

m Particle accelerators, nuclear fusion, radio-telescopes
B Atomic force microscopes, real-time single-seed classification

] Founded in 2001. Now 300 people (250 FTE engineering)

JHQ in Slovenia with branches and teams in Switzerland, USA, China,
Japan, Sweden, South Korea, Ukraine

1 Reliability, PA/QA, careful integration
m [SO 9001 Quality management systems - Requirements
m |SO 13485 Medical devices - Quality management systems

m [SO 14971 Medical devices - Application of risk management to medical
devices
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Cosylab (OSYLAB

1 World leader in System Integration and Software for particle
accelerators for research and cancer therapy

® 43% market share

) Selected references:

B Accelerators: FAIR (Darmstadt), LHC,
White Rabbit (CERN), SwissFEL (PSI)
LCLS/LCLS-II (SLAC)

m Neutron sources: SNS (Oak Ridge),
ESS (Lund)

i (OSYLAB

CONTROL SYSTEM LABORATORY
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m Cancer therapy: MedAustron (Austria),
HIMM (Lanzhou, Chma)z it

iBNCT (Japan),

Astronomy & Astrophysics: ALMA
Munich, Atacama Desert),
Cerro Amazones) CTA (C rerenkov

Telescope Array)

Fusion: ITER (Cadarache)

1 3 ’5. Stanford Linear Accelerator Center

4/Advanced Photon Source - APS at
6. Fermi National Accelerator Labor.

7.Varian medical systems (US)
14

8. Los Alamos National Laboratory - LAl
9. Indiana University (US;

1 5 10 Natlonal Instruments-NHUS)
- -Spallation Neutron Source - SNS (US)
1?_N nal Radio Astronomy Observatory - NI

13.Thomas Jefferson National Accelerator Facili
14. Brazilian Synchrotron nghtlabo(au\%
15. Atacama Large Millimeter Array - Al
16.Fisheries and Rural Development, Zagreb ((
17. Cividec Instrumentation GmbH (AT)

18. EBG MedAustron (AT)

19. Sinchrotrone Trieste - ELETTRA (IT)

20. Kyma (IT)

21. Instituto Nazionale di Fisica Nucleare - INI
22. CERN - European Organization for Nuclear R
23. Paul Scherer Institut - PSI (CH)

24.Linde tachnik (CH)

25. Maatel Sdcientific Instrumentation (FR)

26. Xenocs (FR)

27 French Awrruc Energy Comrmslon (FR)

Reactor - ITER (FR)
£y European Synchrotron Radiation Fadility - ESRF (FR)

30. bioMérieux (FR)

31. Synchrotron Soleil (FR)

32. Atos Origin (FR)

33, lon Beam Applications - IBA (B)

Cosylab
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2 Slovey\él%mnronmemal Agency - ARSOB’)Q;
73. Thg Surveying and Mapping Authority of the ’Eﬁc‘crsnmn GURS'
al Veterinary Administration- VURS \
ation Technologies - I-TECH (SI) \
76. Electronic Institute Milan Vidmar -EIMV (SI) \
77.5l ian Ministry of the Environment and Spatial
¥ Fl’MBO o ‘ 78. Smart Com (SI)
&4 )
46. Siemens (DEB‘Z(
47. ACCEL (DE)
48. Electron acceler: ELSA (DE)|
49. Helmholtz Zentrs erlin fur Materialj
50. European Molecular Biology

jTsinghua University (CN)

fnstitute of Modern Physics, Chinese Acade S,
84. Southwestern Institute of Physics - SWIP, I du (CN) £
51. Physikalisch-Technise 35 Shanghai Institute of Applied Physics, Chmese Academy of
gg {:en:g:jk AG Jena (I " g? ‘I"‘oha}v‘\g A&elerator(l).;)bolatory (KR)

orschungzentrum Kal iroshima University
54. Dortmunder Elektrone: '332 @W%)ZS 24 88 nsiutefor Molecular Scence ()
55. Deutsches Elektronen-Synchrotron DESY (DE! en (JP)
5? Eunopean Southern Observatory ESO (DE)

e (DI
ratory EMBL(DE)
undeshnstalesemn PTBI(DE) | 2

90 Repic Corporation (JP)

5 ft fur (DE) - Nichizou Denshi Seigyo Kabushi isha (JP)

58. Feinwerk-und-Messetechnik GmbH (DE) 9l Japan Atomic Energy Research Institute - JAERI (JP)

59. Imtech Vonk (NL) 93. High Energy Accelerator Research Organisation - KEK (JP)

60. Kernfysisch Versneller Instituut - KVI (NL) 94.The University of Tokyo (JP)

61. Danfysik (DK) 95. Hitachi Zosen (JP)

62. European Spallancn Source (SE) 96. Japan Synchrotron Radiation Research Institute - JASRI (JP)
63. MAX-lab, Lund University (SE) 97. NSRRC -National Synchrotron Radiation Research Center (TW)
64.J. Stefan Institute (SI)

98. Raja Ramanna Centre of Advanced Technology - RRCAT (IN) ‘I 00
65. Hidria (SI) 99. Australian national nudear research and development organisation - ANSTO (AU)
66. ISKRATEL (SI) 100. Australian Synchrotron - AS (AU)

67. National Research Centre "Kurchatov Institute" (RU)
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Cosylab Switzerland GmbH i

J Foundedin 2014

1 Staff: 15 experts

m 1 computer scientist
m 7 engineers (2 PhD)

m 1 mathematician

m 5 physicists (1 PhD)

m 1lawyer

] Sites:

m Technopark Aargau,
Brugg (main office)

m Meyrin (Geneva)

] Projects and domain knowledge:
m SKA
m SwissFEL, SLS, PANDA at PSI
m Proton therapy for cancer treatment
m QualySense, industrial automation
®m Quantum

] Focus:
m Control systems

m Integration & synchronization of
heterogeneous devices

m Fast real-time control, synchronization
m SW engineering

Cosylab Switzerland



The SKA and its challenges
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H

The technological challenges

m Complexity
0 Biggest radio telescope up to date
0 Long baseline interferometer arrays
0 Data from clusters of single telescopes / antennas sent around the globe
0 Enormous amount of data to be processed
B Telescope management
0 Equipment orchestration
O Monitoring

m Data handling — (~300PB/year)
0 Transfer across globe
01 Storage in data centers
B Computational needs —~300 PFlops
B Time synchronization and event correlation

0 Local cluster synchronization and proper event time-stamping — at the cluster processor
0 Global time synchronization & correlation



The organizational challenge EnE (05 AB

- — !_Af)
- B e =
= o ® iR

e o— pmm g o= B o wm & @

Ly O @®irap

>

¥

5

L
) i
< B -

1 Many people

a:
Comram
o WS s
==
-

..... s m= W & - s oo =« @ [] Different cultures
ZRan 14 Ll <« . o & 4] = o s
B, e s LunD s . I
— - @ = N iz, o R - J Same goal!
= A D e— ] =

,.. :y 2 "‘,.1"‘:
| & ?E
- b H = t
S

i 4 3
é!)’% _3

LY
0@
P u@

?

i
H
i

=
l5©

“ A
¥

il

f

}
(O

N

Cosylab Switzerland and SKA 7


http://ska-sdp.org/sites/default/files/attachments/overview_of_ska_project_and_current_status_1.pdf
http://ska-sdp.org/sites/default/files/attachments/overview_of_ska_project_and_current_status_1.pdf
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The longevity challenge

J Construction

m 8 years construction (SKA1)
m + 7 years (SKA2)

] Decades of operations -> Knowledge Management!

Careful planning and choice of technological solutions,
upgrade strategies and application (software) life-cycle
management is essential



Relevant Cosylab Experience B (OSYLAB

1 Astronomy and astrophysics
m ALMA Common Software
m ESO E-ELT Core Integration Infrastructure Software
m Cherenkov Telescope Array

J TANGO

m A free, open source and object-oriented Distributed Control Systems
framework
m Cosylab Experience
[0 SOLARIS Synchrotron, Poland

0 MAX IV Synchrotron, Sweden
[0 ONERA wind-tunnels, France
[0 NICA - Nuclotron-based lon Collider fAcility, Dubna, Russia
J Timing & Synchronization
m Event based & time distribution systems experience:

OO Micro Research Finland (MRF) Event Based systems used on particle accelerators
(European Spallation Source, PAL-XFEL, Solaris, MedAustron, etc)

O IEEE 1558 Precision Time Protocol
0 CERN WhiteRabbit time distribution
0 GPS synchronized timestamping and clock signals

Cosylab Switzerland and SKA 9



The organizational & longevity challenge i

] ITER CODAC (Control, Data Access and Communication) use-case
m https://www.iter.org/mach/Codac
m Since 2009 Cosylab has been contracted by ITER to engineer, maintain & evolve the core software Control
System framework for one of the world’s largest collaborative scientific projects
(J Similar organizational challenge as SKA!

m ~100 organizations world-wide use CODAC to build sub-systems that will all come together at the ITER site in
Cadarache, France

m Research institutions & industry alike

J Strong emphasis on:

m Standardization, both of software distribution and hardware catalog
Well defined and documented processes
Complete life-cycle management
Obsolescence planning
Documentation, training materials and hand-on training workshops
m User support (engineering users)

] Setting similar infrastructure for CTA now

Cosylab Switzerland and SKA


https://www.iter.org/mach/Codac

SKA work by Cosylab Switzerland
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Bridging phase i
] EPFL has funded 2 FTEs

J From June 2021 to March 2022
1 Alexander Soderqguvist E P : I
m M.Sc. Electrical Eng, Embedded systems I

m 8 years exp. in control systems

1 Ivana Novak
m M.Sc. Physics, Astronomy
m 5 years exp. in control systems

Works on SKA with Observation Management and Control (OMC)

Software dev. follows practices from Scaled Agile Framework (SAFe)
® Planning is done on quarterly basis

B Business owners assign business value to features

m Features are distributed over the teams

Y.
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First Program increment BIEn (OSYLAB

- Joined CREAM team (©)))
0 Eelc_all_ dlblyjl_ll NlAIIIE\linZItCaI_IIy CR E A M
. Vi ] )
m Part of OMC Agile Release Train TEAM
. FOCCUS OInS: | P Local M dC | (LMC
O t i itori t o | PROVIDED BY
R e e e basod angaatso o MO 22 SAFE" | scALED AGILE-

] Achievements %
m SKA onboarding, PI10 inspect and Adapt and PI11 ku bernetes

planning events

SAFe (Scaled Agile Framework) PO/PM certification
DevOps technologies (docker, kubernetes, Gitlab)
PyTango

Prototype integration of Pulsar Search (PSS)

Cosylab Switzerland and SKA 13



SQUARE KILOMETRE ARRAY 0]

Operator < Execution Tool

[ Observation ] Sa . 7

-— = /
2 g s
Telescope % =
Monitor and Control =
Operations/Analyst [ Central
Queries and \
Commands R / \ -
~» Monitoring, v J
ALchiving, Evertks g )| centrar | | Science
2|ar':ns ; Synch. / Sign al 4 Data
_)in);grrﬁ;ggnowith o Dloized Processor Data Processor ODA
EMS TBD Timing astrgr;?;mcal products
Engineering ( ) ;) —
Management Network
System Manager [ Networks ]
—
— : Courtesy of
[ Infrastructure (power, building management system, weather station, RFI detector) ] Sonja V?/CiC

www.skatelescope.org [ Square Kilometre Array [ @SKA telescope [@) /SKA_telescope [f] SKA Organisation @ YouTube The Square Kilometre Array 14




Central Signal Processor (CSP)

Mid.CBF:

Telescope Monitor & Control

 Master Server + 780 TALON Boards

* Intel Stratix10 SoC (ARM processor + FPGA)

CSP.LMC

Visibilities
* >
TANGO S/w on embedded processors. P———— i
5 Sci
e > S PSS beams > Pulsar Search Candldates> %'z?:e
Mid.PSS: L and Processor
Beamformer | psT
 Master Server + 500 LRUs Deams o pyisar Timing PST Data.
« Compute Nodes (CPU, GPU, FPGASs) > VLBl
. . . VLBI beams equipment
« 3 PSS Pipelines running on the same Compute T ———
Node.
Mid.PST:

« Master Server + 16 LRUs (CPU + GPUs)

www.skatelescope.org [ Square Kilometre Array [ @SKA telescope [@) /SKA_telescope [f] SKA Organisation @ YouTube The Square Kilometre Array

Additional equipment: network switches, PDUs, UPS

Courtesy of
Sonja Vrcic
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Prototype of PSS integration

1 PSS Control problem

m Runs computations on GPUs and

FPGASs, need dedicated access to
hardware

Uses non-standard OS

Command line tool that runs
indefinitely, inter process
communication with UNIX signals

) Solution

Open reverse shells on PSS OS
Run LMC SW on standard container

Use multi threaded design to allow
multiple concurrent access points
to PSS

Cosylab Switzerland and SKA

Host OS: Ubuntu 18.04

PSS.CTRL

Ubuntu 18.04 container
Pytango runtime
Device server process

Ubuntu 18.04 container
Simulated Cheetah
Reverse shell processes

i

PssCtriDevice
(LongRunningComman: dDevice)

RunPipelineCommand
(LongRunningCommand)

Bind mount, with Unix domain sockets:

« /var/run/tango/cheetah.sock

« /var/run/tango/cheetah_ctrl.sock

LongRunningComman: dDevice
(SKABaseDevice)
InitComman d

(SKABaseDevice.InitCommand

worker_thread:
while True:
Comman d = CQ.get(Block=True)
Comman d.do()

\ 4

QueueManager
—Queue—» Commani dQueue
borting
Set
AbortCommands
(ResponseComman d)

RunPipeline.do():
worker_thread = threading.Thread(
target=cm.run_pipeline)
worker_thread.start()

Wait for process_id to be set

PssCtriComponentManager
(BaseComponentManager)

16



https://app.diagrams.net/?page-id=Qi8NOsg0Q3bhBLvVf3gP&scale=auto#G1yWP0IAyJDdeMt24PivcQTC5qPSu0oEDP
https://app.diagrams.net/?page-id=6Wfe8cZRvnLJwkRi5BPX&scale=auto#G1f70jqvXJ1SbAlvijxyUNYqF5Z5xWiZhE

Next program increment e

Potential features to work on:
1 SP-1514 Refactoring of CSP.LMC part 3 - Master/Control Refactoring

] SP-1515 CSP.LMC fault detection and handling
1 SP-983 CSP_Low.LMC Sub-array

1 SP-1367 Rudimentary control of the Cheetah pipeline via PSS.LMC



Cosylab Switzerland & SEAO BB (OSYLAB

CSL CH is the ideal partner of SKA
Mentality, know-how, and experience perfectly match!

Switzerland is already contributing to the OMC SW development
Budget on top of proposed financing for SKA-1 construction

Switzerland offered one entire agile team for the OMC as in-kind

Creation of a dedicated Swiss team for SKA Telescope Management and
Element Monitoring & Control

Cosylab Switzerland and SKA



THANK YOU!

Cosylab Switzerland GmbH
Web: www.cosylab.com

e (OSYLAB



