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F-\lR Setting the Scene.... I Il

* FAIR ~4 x the size of existing GSI facility
- non-linear operational complexity increase O(n2) — O(ns) : -';H-Tt“f\_

- efficiency scalling €rar = EuniacEsisis Esis100 Esuper-FRs ECR*EHESR” -+

r SUPER-FRS
J — p-bar
Target

 parallel operation of 5-7 distributed experiments
- lasting typically only 4-5 days, few long-runners
- large potential for cross-talk between users especially while setting-up e
— world-wide unique requirement: facility and key beam parameters reconfigured on a daily basis

* target hall/experiment, energy, ion species, intensity, extraction type/length, ...

NUSTAR

* new challenges w.r.t. GSI.
- operating beyond present beam parameter envelope, x10-100 higher intensities, x10 higher energies
— machine protection & losses/activation become an important issue

- high-intensity and higher-order feed-down effects require machine and beam parameter control well
below the sub-percent level — beyond feed-forward-only (open-loop) modelling and machine
reproducibility

- need to operate FAIR with reduced skeleton crew consisting of only ~5-6 operators (nights &

weekends)
* minimise putting unnecessary stress on crews < ergonomics, human-centric design, (semi-)automation (this talk)

e GSI Helmholtzzentrum fir Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2018-11-28



F_\lR Accelerator Experience & Efficiency
1995-2016: U. Scheeler, S. Reimann, P. Schitt et al.

v | ML L i L L sl = Sl L i T e . ] .
0B ERE R E R R “ %
- M. o . g Many || experiments | |
‘o - long-running “static : :
- experiments ‘ re-configuration ~ 1-2 weeks
o . Y P _, ~ FAIR base-line ) W
== : - UNILAC DOWl-TIma SEIsl8 pown-Tima I : I | | | o w B MM
0_: N F NN F N NN NN N ‘
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 gg‘-‘lﬁ

Based on: U. Scheeler, S. Reimann, P. Schitt et al., “Accelerator Operation Report”, GSI Annual Scientific Reports 1992 — 2015 + 2016 (D. Severin)
https://www.gsi.de/en/work/research/library_documentation/gsi_scientific_reports.htm

N.B. ion source exchanges are factored out from UNILAC & SI1S18 data (~ constant overhead)

Availability: experiments + detector tests + machine development + beam to down-stream accelerators;

Down-time: unscheduled down-time + standby, Operation: accelerator setup + re-tuning

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14

* 2018 operation limitations:
*only % UNILAC (w/o A3 & A4)
*only 1 elementin SIS18




F_\lR FAIR Operational Complexity Challenge

Average Experiment Duration === I
..g ' [N UNILAC Experiments
3 100 Sy
(&) B mean =6.3days
- median = 4.3 days
E . #exp. = 614
S 80 '

60
40

20

oL Hmbie = w B0
0 5 10 15 20 25 30

experiment-days per element

bottom line (1* order):
A) an ‘average’ GSI/FAIR experiment lasts about 5 days
B) FAIR will accommodate about 5-6 parallel experiments
— expect:
unique to FAIR: setup of new beam-production-chain (BPC) about once per day

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14
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F_\lR FAIR Challenges & Constraints

... 31S18 Operation Experience & Efficiency === 1L
« Beam-on-Target figure of merit (FoM) of ~75% — FAIR-BoT (efficiency €_, .):
nmachines
CFAIR -+~ H €; =  €unmwac €sis18°€s1s100° €superFrRs €CR "EHESR “+- -
1
100 e A IR Target
90 T o W Tadures in FARY)
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{only HW failures in UNILAC & SIS18)
~——i— Best Case

(FAIR ~ UNILAC/SIS18 Tailure rales)

80
today
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50

+ new operational challenges:

operating beyond present beam parameter
30 envelope, x10-100 higher intensities, x10
higher energies — machine protection &

beam-on-target efficiency [%]

20 losses/activation become an issue
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F_\l FC2-WG guided by:
‘Power-of-10 Law’ and ‘Lean Principles’ =5 I

* The earlier constraints are included in the design, the more effective the resulting measures

* Drives FCz2-strategy:
A)Continuous improvement - right processes to produce right results & for getting it right the first time
1. commissioning procedures as evolving operation and commissioning standard
2. system integration: determine of what, how and when is needed
B)Prevention of inefficiencies, inconsistencies & wastes by design — 'poka-yoke'/'error proofing' principle

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14
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F_\IR Main FAIR Commissioning & Control
Activities & Strategy since 2015 == I

A)Hardware/Sub-Component into System Integration
into one coherent FAIR Commissioning, Operation and Controls Concept
- devices/functions specified by the MCs & SPL
- priorities on first commonalities, controls prerequisites, and then high-level (machine) specifics
* SPL, MCs, experiment and management consensus and personnel resource driven & required

- vertical & lateral integration into the control system & operation environment
- verified during Hardware Commissioning (HWC), ‘Dry-Runs’ and Beam Commissioning (BC)

* requires input and active participation by both equipment, experiment and accelerator experts

» processes driven by ‘commissioning procedures’, functional requirements, concise interface description between different
equipment groups, accelerator experts and SPLs/MCs

B) FAIR (Parallel) Operation Concepts and Requirements - improve facility efficiency through:
- Improved model based control (aka. Feed-forward) — modular, maintainable and extendable!
* LSA settings supply, quasi-periodic/static operation, beam-production-chain concept, ...
- (Semi-)Automation - faster turn-around and setup times
» Sequencer (Testing, HWC & BC), Beam-Transmission Monitoring, Multi-Turn Injection-, Slow-Extraction Optimisations, ...
- Beam-Based Feedbacks (cycle-to-cycle) — faster setup-times & more precise parameter control
* trajectory, orbit, Q/Q’, slow-extraction spill, optics, ...

C)Physical and SW-Control Room Ergonomics & Human-centred Design — FAIR Control Centre:
- 24h/7 FAIR Operation ist one of the most challenging tasks

- Main-Control-Room should support and not ‘get in the way’ of operation

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14
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F_\'R FAIR Commissioning Procedure

https://fair-wiki.gsi.de/FC2WG/HardwareCommissioning/ =55 I

ardware Commissioning Commissioning with Beam

Iachine

Checkout
D7y - LN S e
I T B2

| HO) /! /! >
- 6 months - 2weeks | Stage A > | Stage B > | Stage C -
~3-6 months '

* Distinguish two forms of ‘commissioning":
» conformity checks of the physical with contractual design targets, D rlve n by
* || commissioning of individual systems & tasks ~ MPLs/equipment group responsibility ‘Com m |SS|O n | ng
B)Commissioning with Beam (BC — “SAT B” ... )
* Focus on tracking beam progress through the along the beam production chain ( -~ FATS & SATS) as
- threading, injection, capture, acceleration and extraction h f_ . I
- Checks conformity of system's controls integration and readiness for Commissioning with Beam p
- check as much control/system functionality without beam as possible
* unavailable devices/systems are at first ignored, noted down, and followed-up at a defined later stage d eS I g n an d Syste m
(" Terminology: Integration
* needs to (partially) repeated after shut-down or longer technical stop with substantial modificat o . )
« initial frequency: 1-2 days every month participation by both equipment,
* Machine-Checkout: intense accelerator performance tests (e.g. machine patrols, magnet/PC hea
+ needs to repeated after every shut-down or longer technical stop experts

A)Hardware Commissioning (HWC — SAT A)
oning | Procedures’ ( -
« Commissioning of beam-dependent equipment
* + 'Dry-Runs': pre-checks at the end of HWC in view of beam operation:
- Machine ist put into a state assuming that beam could be injected into the ring/segment fo r th e CO n Ce ptu aI
* Dry-runs: a rehearsal of the accelerator performance/function, starting typically six month before requires input and active
» frequency increased depending on the outcome of the initial dry-run tests experiment and accelerator
\ * repeated also on the long-term during routine operation of existing accelerators (already existi

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14 9
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F-\lR Commissioning without & with Beam

https://fair-wiki.gsi.de/FC2WG/HardwareCommissioning/ = s ][
https://fair-wiki.gsi.de/FC2WG/BeamCommissioning

Hardware Commissioning Commissioning with Beam A

| | IDW-FIILmS | ICheikI:IUt/\ J/ N.B. not to scale

| U /l >
- 6 months - 2weeks Stage A > | Stage B > | Stage C -

~3-6 months ‘
FAIR-'Day 0’
First
tSplash Events”
in 2025

commissioning details
& ‘what-if-scenarios’
planned in 2.14.17.1

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH  R.Steinhagen@gsi.de, 2018-12-14 10
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F'\lR First Ingredient: Quasi-Periodic Operation I/l
Operation/Control Paradigm =P

« Some important OP boundary conditions:
A) Compared to GSI, FAIR facility size and complexity increases roughly by a factor 4

B) Expect some improvement but '‘Operator' & 'System Expert' will likely remain a scarce resource
(N.B. ~5-6 operators (nights & weekend) < pool of ~35 operators)

* One strategy option: '‘One Operator per Accelerator Domain' vs. 'One Operator per Experiment'

Operator #1 Operator #2  Operator #3 Operator #4

¢ I I I = = = = = = H) @S = = =m = = 4 = = = = = Y ¢u I I I I =N = = = = = = W

Operator #1

Operator #2

A T R R R EREE R

Operator #3

A CEELR T EEER CEER

Operator #4

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14
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F'\'R First Ingredient: Quasi-Periodic Operation II/I
Beam-Production-Chains I=5= 1L

Periodic beam patterns, dominated by one main experiment
— change every two weeks, some run for 2-3 days only:

Unilac | |
2 Sico M e bt
HESR + RIB ext. target (U?¢*) + Biomat

Unilac
SIS18 hhhh,hhhh
SIS100 _ & -
CBM + RIB ext. target (U3*) + AP (LE) e %
| P&l CBM
Pba Targ | FRF
PSO1 yJR FHF
S HE-Cave

TCR1

Ug |ngi|:|agc ',]']',ml wIrr IV ﬂ'ﬂﬂﬂ' L A

FAIR Operational Challenge:
* presently: 2 shifts for setup of 2 accelerators— FAIR target: 1-2 shift(s) for setting up 5 accelerators + tighter loss control
* Main strategy/recipe to optimise 'beam-on-target'":
» quasi-periodic cycle operation: limit major pattern changes by construction <~ beam schedule planning (tools)
* minimise overhead of context switches — smart tools, procedures & semi-automation, e.g. beam-based FBs, sequencer,

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH  R.Steinhagen@gsi.de, 2018-12-14 12
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F_\lR Second Ingredient: (Semi-)Automation
and Beam-Based Feedbacks at FAIR == Il

... optimise routine task so that operation crew talents are utilised/focused on more
important tasks that cannot be automated

Focus priorities on systems that have a big impact on setup, tracking and optimisation:
- ‘biggest bang-for-the buck’ or ‘low-hanging-fruits’*:
* ie. systems that are best understood, require least effort/know-how to integrate/implement
— operationally critical or hard to achieve by-hand:
* e.g. slow-extraction spill control, slow trajectory/focus drifts of beam-on-target
- mitigating drifts that are driven by feed-down effects due to higher-order parameter tuning: e.g. orbit, tune

Examples:

* beam-transmission-monitoring and other actual-vs-reference monitoring systems
— identify, localise and fix failures/near-misses as early as possible

* semi-automated multi-turn/optics/slow-extraction monitoring/correction/... setup
tools — improve facility turn-around and setup times

* classic beam-based feedbacks on trajectory, orbit, tune, chromaticity, etc.
- monitor and maintain tight parameter tolerances

» Seguencer taks — automation of tasks not yet covered by other routine tools
— big time saver for large-scale equipment acceptance/integration tests,
recommissioning, or dry-runs

- N.B. thousands of FAIR devices & machine protection systems that need to be periodically retested/validated 3

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH  R.Steinhagen@gsi.de, 2018-12-14 13
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F.\IR Beam-based Cycle-to-Cycle feedbacks gz =5 1r

Generic Beam Control (focus on use-case) Machine-specific Beam-Based Systems:
[
.5 . _ . i _ _
1. Transmission Monitoring System N 52 $I$18. multi tgrn Injection (N.B. highly non
= trivial, complex subject), Slow-Extraction (k.o.
2 Orbit Control % 8_ exciter, spill-structure, ...)
<5  SIS100: Slow-Extraction (K.0. exciter,
3. Trajectory Control (threading, inj./extr., targets) 5 . spill-structure, ...), RF Bunch Merging and
4. QIGC) Di s & Control $ 5 Compression
. iagnostics ontro = _ ,
J ~/ 0 2. = ESR, HESR & CR: Stochastic cooling,

5. TL&Ring Optics Measurement + Control Schottky diagnostics, ..., thd.
(LOCO, AC-dipole techniques etc.,) Generic:

6. RF Capture and (later) RF gymnastics « Remote DAQ of Analog Signals

(strong impact on HKR migration/operation!)
* Facility-wide fixed-displays, facility &
8. Transverse emittance measurement Machine Status (“Page One”)

* context-based monitoring of controls
and accelerator Infrastructure,

7. Longitudinal Emittance Measurement

9. Transverse and longitudinal feedbacks

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14 14
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F-\IR Some notes on implementation = &= 1

predicted disturbance

Feed-Forward:
b-E actual disturbance
Reference
A Parameter: e.g.
g 3 2 A
FeAinagk' Pré)iegs. —» Energy, Orbit,
Q, Q' ¢, RF etc.
measurement noise
Monitor: +‘z 5 P
PP

* Real-World challenges of FB & (semi-) automation:
(hint: usually control theory or beam physic isn’t the problem)

- second-scale FBs/tools are often already quite sufficient for >90% of problems

- Computers are better than humans for repetitive/quantitative tasks, however: FBs
are essentially only as good as

* beam-diagnostics or machine-parameter measurements they are based-upon

* integration into the controls & operation environment and exception handling
- interfaces, interfaces, interfaces....
- long-term maintenance, upgrades, adaptations, ...
» developer skills that needs to cover multiple domains: acc. HW, BI, RF, Controls, machine
modelling, beam physics, ...

» overall strength depends on the reliability of the weakest link in the chain - however: requires
serious controls integration efforts to become robust/operationally ready (typically 80% of tools
is exception handling of non-conformities)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14
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F_\lR Cycle-to-Cycle Orbit-FB Proof-of-Concept

-

position [mm]

B. Schlei, H. Liebermann, R. Steinhagen I= == 1L

Trending

Trending
| select BPM... | Averaging O Bin Size [bunches): 1000 =3 [ Select BPM... | Averaging [ Bin Size [bunches]: 1000 =
H* e Orbit-FB "off' a == Orbit-FB 'on'
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< —=— GL509DX ';‘ —=— L509DX
-+ G510DX - GS10DX .
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—+ G512DX —— gs120x,| GS07DX)
e
™
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E e GSOZDX = = Egg;gi
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B —— G509DX -2+ — E;ﬂ:gi
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—— G511D0X -3 = L5120X
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-4 -4
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Time [ms]

Time [ms]

>

time

» some workarounds needed, but overall success and results look promising

- need to follow-up: reliability, performance issues related to CO & Bl + detailed
integration before being put into regular operation

- N.B. remaining horizontal oscillation due to uncorrected Ap/p mismatch — radial-loop/Energy-FB

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14
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Cycle-to-Cycle Macro-Spill-FB Proof-of-Concept
F-\l R. Steinhagen, H. Liebermann E --:- ][

- i e ! A i e
- : !

g : : i1l refarence

2 max/me. :

'E ! f — ¢peT-basad)
- © reference

i

P dN/dt spill rate

Fill-to-Fill o/
FB on dN/G
(DCCT-based) ’

] ISR ey G

0.4 gy To00 1200 Tioo 1600 rs.m:l Zoa0 2200 24.90 2600 - 0.4 R )T B T — ! :
-4 300 1000 1200 T400 To00 1200 F000 7200 Faon Zé00

* some workarounds needed, but overall success and results look promising
- need to follow-up: K.O. exciter power-limitation handling (easily for >10 Tm operation)
 Alternative: FB using fast extraction quadrupole or main-quads i i
- Desirable: direct FB signal from experimental detectors animated GIF - link

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH  R.Steinhagen@gsi.de, 2018-12-14 17
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F_\lR Higher-Order Beam Parameter Stability
Example: LHC Tune Feedback Operation

* ... Q/Q’-FBs help mitigating these feed-down effects while allowing OP crews to work on
other more pressing issues — stability of actual observable became secondary

- N.B. BBQ instrumentation is key-ingredient to success
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F_\lR Higher-Order Beam Parameter Stability

Example: Feedback Integration and Operation at LHC === 1L

* trims become de-facto standard to assess the FB and machine performance and to improve
machine modelling (done off-line) — also base-line for FAIR

=] BI- QP FixedDisplay RT-Trims Evolution o & IZ‘
Orbit-FB &
Radial-Loop
Trims (urad)
¢ Tune-FB trims
e Injection
E , . Q'(t)-FB trims
S | . Energy (TeV)
1.Q'(t)-not used on.a day-to-day basis.....4 - | | b
B*-squeeze
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F_\lR Digitization of Analog Signals at FAIR
https://edms.cern.ch/document/1823376/

start deployment 22018 (S1S18), crucial for:

* migration to new FAIR Control Centre (FCC),

« optimisation of commissioning & operation

» automated tracking/isolation of faults («<» post-mortem)
* |ess-biased performance indicator

link: more details

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

e targeted concept
(underlying assumption: scopes/digitizers are cheap,
RF switches are expensive)

~10 €/m 250-500 €/ch. 2-3 k€/ch.

device #1 BMMRS™ ;. WM Front-End
J (FESA, C++)

«Q
device #2 digitizer ~ 0.5 k&/ch. g B
Front-End RS
LL (FESA, C++) JItGIE=E
. — Qo
device #(n) digitizer =4
o
5

device #(n+1) | digitizer [ FrontEnd

oo R FontEne

device #(n+m)

syoeqpas)

permanent monitoring

(error-case, trending, interlocks, beam-based feedbacks, ...)

Controls/
Operation

R.Steinhagen@gsi.de, 2018-12-14 20
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F_\lR Digitization of Analog Signals at FAIR

use-case

In a control room not so far far away...

... likely caused by
_____________ | spurious equipment input

Digitizer are key to monitor all
critical devices that may act upon
the beam!

« continuous actual-vs-reference
monitoring — efficiently

e e localise & isolate faults or rare

events

e complimented by
Archiving System — tracking
of (especially) rare events.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14


mailto:R.Steinhagen@gsi.de
https://edms.cern.ch/document/1823376/
https://fair-wiki.gsi.de/foswiki/pub/FC2WG/FairC2WGMinutes/20170920_Digitizer_Integration_rstein.pdf

Digitization of Analog Signals at FAIR
F-\I R Exagmple: SIS18 Machine Sta?us ) iI= == 1L

F -\lR Accelerator Status :

| SIS18 2018-12-07 15:36:56 (UTC)
B 2018-12-07 16:36:56 (CET)

SIS18_FAST_COOLER_ESRTRANSFER_20181204_ENGRUN  S5IS18_SLOW_HHD_20181130_084227 SIS18_SLOW_HADES_20181206_210727 SIS18_SLOW_HTD_20181203 235223

006 006 06
OAR18+262,0 MeV/u 07A645f1580.0 MeV/u 107A645+1580.0 MeV/u 107A642+950.0 MeV/u
ESR via TE (FAST) HADES (5LOW)
U 04503 U 10506
PILOT BEAM PILOT BEAM
000606 00060060 000606
Timing System:
| L ]
=3000
4E8-
3E8- -2000
2E8-
=1000
1E8-
0EO- =0
-1.25 -1.00 -0.750 -0.500 -0.250 0.00 0.250 0.500 0.750 1.00
in-cycle time [s]
S5E8-
=3000
=2000
S5E8-
=1000
OEO0- == ~0
J{o) zjd’) z%) z%) J%) z%) «% z%) «5&) J@J) 2o . J%) {r&) I z%) J%) z%) ‘)"-';;) z%) {?_d’) z%) e%) J-?-_,)) {5\.'.9) e% \f%) z%) z%) J%) JJ.J)
% % [N % ) %o % % % 5 s % % % AC) < < > > % <5 o) <> % i 2 ? S £ £

% beam intensity [ppp]+ dipole current [A]
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FAIR Archiving System

FAIR

... collect and store all pertinent accelerator data
centrally to facilitate the analysis and tracking of

the accelerator performance as well as its proper
function.

* Combined Archiving and Post-Mortem storage concepts

* Aim at storing maximum reasonable amount of data
- facilitates data mining (performance trends, rare failures, ...)

- key to understanding and improving accelerator performance
- also: use feedback action to improve machine model (data mining)!

Archlvmg

Post-Mortem

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

https://edms.cern.ch/document/1176039/
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| DivisiorOrganization:

Ccsco

| Field of application:

FAIR Project. existing GSI accelerator facility

Version Va5

Prepared by: Checked by: Approved by:

V. Rapp FAIR-C2WG-ALL R. Bar (Controls)

L. Hechler A. Reiter (Bl) R. Steinhagen

R. Steinhagen M. Schwickert (Bi) (FAIR Comm. & Control)
J. Fitzek (CO)
S. Reimann (OP)
P. Schitt (OP)

C. Omet (SIS-100 MP)

I. Lehmann (Machine-Exp.)
D. Severin (Machine-Exp.)
MPLs & MCs*

D. Ondreka (System Planning)

N.B. importance: quantitative
accelerator performance and bug,
transient recording & fault-tracking

indicators
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Sequencer Framework
F—\I Semi-automated Tests for HW and Beam Commissioning I= =1L

HWC and Beam Commissioning require efficient tools for testing
perform initial and acceptance tests, early detection of non-conformities and faults
perform QA and regular re-validation tests

considering size and complexity of FAIR, and limited resources:
efficient and reliable execution and documentation of tests

— Development of a Sequencer framework, as a core part of the FAIR control system to
aid semi-automated testing

Sequencer GUI impression

Open/Load Ne... Load Demos + Selected Sequel
¥ Loaded Sequences: T— mo— "
Sequencer architecture conceptually divided into: SE o T |
. . . e - unknownTaskName  unkn ription
middle-tier sequencer service (run sequences,  oemeseamns B s ’
generate automated reports) i il N - 2 etk o o o o et
the sequences with a subset of tasks (testing stepg = L] e etpion s s st e srippet
. . taskName: " 5 taskName6 et another task
graphical user interface (GUI) program i 4 o || [x 5 srorcraiiame 3 SwreeD
taskName6é Dn
Di
v Detailed Task Status
N . b
Operational experience so far: _ Soaes, commant
was tested and used already since Dry-runs in 201 o S ISR warminge:
as| ir?ﬂ‘: 5 vemu equence
establish process of writing Sequencer tasks paral S N
. i et?;aﬁom Exceptions:
to development (in progress) ’ T
:Ua rent.FutureTask.run(FutureTask.java:266
at ja

rent. ThreadPoolExecutor.runWorker(Thre
>

¢ 5
o @ L7 genera...
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F_\lR The Elephant in the Room ... Status

or: “when will this all be operationally available.”

W

SALARIES = Moge ¢

HUGHER @ypy . MoRE |

STAFF
MORE STeF < yore
Hoee SALAgigs

REQUIRED

REDUCgp — LESS MONEY
FHHDM aummgu.a

GSI Helmholtzzentrum fir Schwerionenforschung GmbH
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F _\l R Control System Architecture Stack == 1L

Not exhaustive...

Prese ntaﬁon l|( Beam h [ .Bgam. } LSA l { Generic n [ Eixeu H
: Based Diagnostic Applications Cantrol Display
1

|
Ti e r Applications | Applications {Settings, Trim, ...} Applications. Applications.

(( = T )
=)
= JaVan Legacy Maching Scheduli
UNILAC Controls Specific Sequancer el
(( JAVA Applications Applications AeEsEn
- ) " !
= -~
— SWIng i A

Middle Tier + — e RS

Diagnostic 2 | Application | i
e || e | )| & || e S
p OWG rf u I Systemn ysiam | Semvces AU ystem
servers IFRERT ) e !
| REST | 11 | FESA MASP Controls DB
Interface | aT™ | I RBAC Directory {Masker Accel. LSA DB
( Service | I Service Status Processor) FESA DB
____________
<> Java b -
— -
FESA FESA Legacy Hardware Timing Master
equipment control equipment control equipm. control Interlock Clock Master
Reso u rce Ti e r software software software System Timing Generator

Front-end
Controller

FESA |

WR switches

_ Equipment Equipment Layer

\\\3\0\’ ‘ | | ) C .
Standard 3 tier model; distributed OO system

Modular design with well defined interfaces
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Topics vs. Resources & Staging
FAIR R. Bar & R. Steinhagen == 1K

topic started
topic active

BC-Stage B,
BC-Stage C,
Machine Availability
Anlysis, adv. beam
parameters optimisation, FAIR
performance model, optimisation,

40.0

P e jie CO Resource Profile, R. Bar et al.

hl:gﬁt:g?ean! FC2 105 person-years
(as defined sit™* ' (missing)
2025 ACO:
(as defined in o | 203 person-years

‘&\N‘" &\N‘“ &\Nb d‘\n‘“ &\4\ &\(\ &\*3 d‘\);\ &\*3’ &\*3‘ &\*3’ C?\,@ &\’3 &\’3 &\'3 c?\’»q &\'19 &\'19 &\'19 Ck\q? &\'1? &\'1? &\'ﬁ” c?\'l? &\"D‘ 61’\'1:1‘ &\'1:P c?\& &'1:5 (51'\'9 &\"D (2\'1:5 &"b’ &\'Lh &\'L d_\"b (Q\'f’ &\'15’ &\'f’ d_\'f’ Web Fac|||ty
Overview ("Page-1"), Web Developments, Fixed Displays, MASP GUI, Beam Requestor GUI,

lonSource GUI

Ak
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FAIR

Total:

language:
java:
cpp:
ansic:
legacy __p,  fo0:
systems python:
sh:
fortran:
asm:
php:
pascal:
ada:
yacc:
perl;
el
awk:

GSI/FAIR

Development Effort Estimate

Total Estimated Cost to Develop

CERN

Control System Effort & Cost Comparison

GSI/FAIR <> CERN (COCOMO I -based)

== 1L

M.B. here:
3.2MSLOCs Min: 12.0MSLOCs sLOCS total physical Source Lines of Code
SLOCS language: SLOCS FTE person-year (Full-Time-Equivalent)
1236810 (38.38%) java: B618862 (71.80%) acconding to COCOMO (1)
990110 (30.73%) cpR 2592078 (21.599) costs intern:
452455 (15.28%) ansic: 558217 (4.65%) 1 FTE = average salary = 50 kEUR/year ([overhead = 2.40)
160651 (4.99%) python: 129863 (1.08%) costs extern;
155864 (4.96%%) sh: 53927 (0.45%%) 1FTE = average salary = 160 kEUR/vear (overhead = 2.40)
74152 (2.30%) ada: 14382 (0.12%)
49298 (1.53%) perl: 13609 (0.11%%) genemated using David A, Wheeler's 'SLOCCount’.
30226 (0.94%) php: 12506 (0.10%)
17493 (0.54%) o 3556 (0.03%)
7662 (0.249%) mi: 2052 (0.02%%)
1177 (0.04%) tel: 1780 (0.019%)
1113 (0.03%) jsp: 1302 (0.0195)
917 (0.03%) csh: 968 (0.01%)
285 (0.01%) yace: 959 (0.01%%)
105 (0.00%) awk: 328 (0.000%)
exp: 281 (0.009%)
fortran: 72 (0.00%%)
sed: 11 (0.0094)
ruy: 71(0.00%) N.B. FTEs are very rough estimates with
large error bars for a project of this size... !l
871FTEs 3320FTEs 9 proj
- in-lack of better tools at least qualitative
104MEUR 305 MEUR scaling, relations and order of magnitude

GSl code base (SVN)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

ratio of kKSLOCs

W java;
ansic:
W python:
W fortran:
u php:
W ada:
W perl:

awk:

CERN code base (SVN)
ratio of KSLOCs

mcpp Wjava WCpp

50 ansic: W python:
sh: msh: ada:
asm: o perk: php:
pascal Hcs: mi:

¥ yacc: Wl WS

W ick Wcsh:  Byacc:

R.Steinhagen@gsi.de, 2018-12-14
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F_\lR FAIR Control Centre (FCC)

https://edms.cern.ch/document/1821654/

Requirements & Conceptual Design — primary goals:

* provide sufficient room for the operation of the existing and enlarged GSI/FA ili
* includes control of technical infrastructure, cryogenics, and storage-rin y tightly interwined
with acclerator operation ' —
* establish functional relationships between MCR & ancillary rooms
* validate/check w.r.t. FAIR Commissioning & Control concept

* validate/check whether input for building planner is feasible and consistent with DIN/ISO norms
* Keep within set budget __af A

FCC estimated “ready” for HWC starting 2022 (+ backup option)
Open issues:
* OP-readiness (notably UNILAC) to move to new FCC building

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14
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Prajekt: Neubau Fair Contral Centre (FCC} Terminkonzept - VORABZUG (7] g Al |

Projektnummer:  181B_065 FCC
Auftraggeber: GS| Helmholtzzentrum filr Schwerionenforschung GmbH Stand I5A0H01E

o e 201820192020 2020%2021%2022%2023%
""" RS et e e s s S
% j E ﬁ 555
: e : . i
- 1l i I I A
= - P
1l Hia i il Hitle
..... detalled LI i i il
z = L
- I g i e i
=== ‘ E -
] S : EIHRTIEDL LI SO
e permits etc. EHEEL Y L e
(Z-Bau, LP4) HEEIHE it i
= e i A i L
8 . detailed AL il il
= = execution 313 I I —+ 333 I
il L i

start constructlon

SESE=2Es
[S8E=sas

E - ~November 2022:
q FCC MCR :
|z i CO Infrastructure
| tendering (LP6+7) e Installation/ :
- i\, _commissioning
] 7 N IREIN ] IINERIIRITELIR
. ~October 2020: -+ 6m
—
i

S1S100 HWC construction: (LP8)

HEHEEEREHEL lEiiIiIil!iiiEiiiELﬁIil

EHEHEECECEEE

.. from local control rooms

[ 1 1 1 1
!...\.............. [ ssianie = R — oo —

MARRTAR AL A ———

I | EEEs e e e e e e e e e e e e e e e e e e e e e e g
W e e e
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F_\lR II_:F"Ah\IZI/-\:; (Srgggtrol Centre (FCC)

GSI Helmholtzzentrum flir Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2018-11-28
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F_\lR FAIR Control Centre (FCC)

LPh2/3 concept

EXFERMENTIERHALLE

GSI Helmholtzzentrum flir Schwerionenforschung GmbH

Ralph J. Steinhagen, r.steinhagen@gsi.de, 2018-11-28
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F_“R FAIR Control Centre (FCC)

Co-use by Accelerator and Experiments

| | | | | | |
N - e L ol | | | | | | |
i A B R R X TR r ) i i i i
| (1 ey i e iy | |
| U] hudezatflache TGA ['L | i i | i i
Atika + 19.99 , ' [ . max. B-Plan = 154.00 I
S | TH] e — e AR A =R ) R S e e e A S S = S e e
| | | | |
[ — | | | |
| ~— Shodhing | | [
0G4+ 1530 T L
|| Blrabereich
| Basprechung | \ i
0B3+11.56 ool Cooooodl ','»‘__:.
|| Buranensich L
r | Batprachirg I g
| || e
OG2+782 M1l | (T aaTe T e
s r -~
|Blrobersen - A - ; 0 it R | e T poAar, |
Basprachung NUSTAR & i 1 ] ; VA
0G1+4108 IR
EG 000 = 134.00

Unifeideberaich Servamaum Kilhszenirate | frgeerisga | G -2.00 = 132.00 _ _
e = l = ! Siand 12.08.13
| |
RN 5 £
d . ) (1€ <1(0]0 -
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F_\'R FAIR Control Centre (FCC)

Architectural View/Context

agn/campus development

GSI Helmholtzzentrum fir Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2018-11-28



F_\l FCC Main Control Room Floor

... work in progress

= VA B |

Hilcha Y Pa=enramm HER EEYJ.‘#:E{QI:!I—! ! I Taae Kriserdaum —{ B
M A BeawEchi 2 (§ B0 m? Besguch I0-1EFEEEen Bedrietaln
— 10 Persares B 2w Matching
= 195 F
._' ... L T 1 '!\'C, W } HLS
T | | B fl-m* S | P
— i T L LT r— 3 ) , _:.?ZE;..H.. T
= 1 i qordinalor
HKR - = -
G4 m? ”Ld L
L en  [fHLS 4 m® —EGm 3
|| Machine : H:‘! Besprectiung gioll snt [|Bm L Syarct-y
[N IE (I = Rpdo Pred. |
Development Bl A vt f
(Re-)Commissioning il Sk |
,'."{':‘ Besprechung 5 !
~3-16 people - i 050 Pasepkd
primary/regular ! P o
Operation i o
(also night) ' —
+ ; I
small experiments i R
e.qg. typ. 10 people o - =
Storage-Ring T 1
Experiments —— | St
i ——
8 — 16 people ; i , | | E
wWeH J wok  |[wen' feus b= ! - Ly
Bm | 18 m* " ! T
4 ';"'l": 1 = I = A 1 : i
| T i —
_ CT] i e M - A
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F_\IR FCC Primary-User Concept

Main Control Room — Interior View (100° view angle)
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F_\IR FCC Primary-User Concept

Main Control Room — Visitor View #1

=== Il

h—. :
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FAIR Control Centre (FCC
F—\l Mechanical Console and Fixec(l Dis ) ' === 1K
-Display Pre-Design

\@ T//: e Cryogemcs

technical infrastructure

experiments/

_ % ) | NS commissioning [#24
experiments/ / : e S J -
commissioning

cooling water

- electrical/IT outlets
(floor tanks)

David See et al.
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F-\lR Summary

* FAIR basics from a commissioning & operation point of view:

- Facility size quadruples — non-linear operational complexity increase O(n2) — O(ns)

- 5-7 parallel experiments + typically lasting only 4-5 days — world-wide unique requirement: reconfigure facility on a daily basis
- new challenges w.r.t. GSI:

» x10-100 higher intensities, x10 higher energies — machine protection & losses/activation become an important issue

* machine and beam parameter control on the sub-percent level —beyond static feed-forward (open-loop) machine modelling and machine reproducibility
* have to be able to operate FAIR with reduced OP skeleton crew of ~5-6 operators — minimise unnecessary stress on OP crews

* FCa-strategy driven by:
- Continuous improvement process

* commissioning procedures as evolving operation and commissioning standard
* system integration: determine of what, how and when is needed

- Prevention of inefficiencies, inconsistencies & wastes by design — ‘poka-yoke'/‘error proofing' principle (example: digitizer/fault isolation)
* Main Optimisation Strategies:

- Improved model based control: quasi-periodic operation, beam-production-chain concept, ... - LSA operationally deployed since 2018
- Beam-Based feedbacks and (semi-)automated setup tools are key ingredient for efficient operation and commissioning
- optimise and automise routine task so that OP talents are utilised/focused on more important tasks that cannot be automated

» actual-vs-reference monitoring system, semi-automated setup tools, classic beam-based feedbacks, and Sequencer to automate tasks not yet covered by other tools
* requires serious controls integration efforts and resources (~3 - 12 MSLOCs)

- Basic control system functionality to be implemented by 2025 (still challenging task) — be patient

- Efficiency improving (semi-)automation is planned and scheduled but lacks implementation resources — be even more patient
» constructive skilled contributions/resources are welcome ...

* FAIR Control Centre and Main Control Room on track — expect installation/commissioning by Q1/2023

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH R.Steinhagen@gsi.de, 2018-12-14
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Thank Youl

Merry Christmas!

&
a successful 2019!
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F-\lR References =P

HIC4FAIR'15 (Hamburg):
— “Options for Parallel Operation” — link

HIC4FAIR’16 (Rheingau):
- “FAIR Commissioning & Control WG - Status & Strategy Update” — link

- “Machine Experiment Interface - 2nd Iteration” — link

Special FC2WG & FCC Projectgroup Info-Meeting’17

- “FCC - FAIR Control Centre -- Concepts, Requirements & Next Steps”
- link

- K. Berkl: “Neubau - FAIR Control Centre — FCC” - link

MAC'18 - Machine Advisory Committee: “FAIR Commissioning & Control
WG Status” — link

... more documentation (Google: ‘FC2WG’). FC2-WG Homepage,
Presentations & Minutes
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F-\|R FAIR Commissioning Procedures =1

* Develop a (initial/re-)commissioning and operation strategy:
- memorandum of understanding between stake-holders (spLs, MCs, AP, BI, CO, RF, ...)

» define when, where and how the individual accelerator systems should fit in
identify and define missing procedures, equipment and tools, e.g.:

 define, check the need or priority of applications vs. 'use cases'

» define, check integration and interface between specific equipment and CO/
OP environment

— focus first on commonalities across then specifics within individual accelerators

« MPLs/MCs define pace & resources of how fast to achieve the above

dissemination/knowledge transfer from groups that constructed and performed
the initial HW commissioning to the long-term operation

* training of operational crews (physics, operation, tools, ...)
scheduling tool for technical stops to follow-up possible issues found

*Procedure aims not only at the initial first but also subsequent re-commissioning e.g.
after (long) shut-downs, mode of operation changes and/or regular operation

GSI Helmholtzzentrum fir Schwerionenforschung GmbH Ralph J. Steinhagen, r.steinhagen@gsi.de, 2018-11-28
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FA

vertical/horizontal

controls integration:

settings supply
(LSA-based)

control room

visualisations/tools:

controls code base

application devs
outside controls:

experiment client
composition:

accelerator
operation:

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

GSI/FAIR

ACO (alone) bears full responsibility for controls
core infrastructure, vertical and horizontal
integration

notable exception: Bl & partially: Ring-RF

Beam-Production-Chain, Pattern and flexible
Beam-Process- & Timing concepts

- different lab-specific implementations

only few (legacy-type) Java/Swing dependencies
JavaFX as primary workhorse for applications
strong Java/C++ community

very small Python community

(= serious maintenance issues)

evaluating: C++/Qt & WebAssembly

3.2 Million SLOCs
~10% to be replaced legacy

only a few CO-type devs outside ACO: 3 B,

2 SYS, 3 OP (beginner)

ACO: 2 (+1) JavaFX + 2 Java-Swing-only devs
1 web-based app developer (OP)

vast majority running less than a week
require (presently) typically 1-2 days to setup

GSiI: pool of about 20 operator (2-3 Ops/shift)
FAIR: 5-6 acc. Ops/shift + 1-2 Cryo-/TI-Ops/shift
very-low degree of automation: predominantly
manual tuning based on analog hardware

Accelerator Controls Commonalties/Differences
GSI/FAIR — CERN

CERN

Equip. groups responsible for vertical HW & SW integration
CO responsible for controls core infrastructure and some
lateral systems (timing, LSA, Oasis, Alarms, ...)

OP et al. heavily involved in horizontal integration & control
room apps development

Super-Cycle, Hypercycle & semi-static Timing concepts

- different lab-specific implementations

massively invested into Java & Swing (500+ apps)
custom web-based technologies/tools

JavaFX projects now frozen - discontinued
strong Java & Python community

evaluating: Python/Qt & WebAssembly

12 Million SLOCs

est. total: > 100 FTESs (Be-BI, BE-CO, BE-ICS, BE-OP, BE-RF, BE-ABP, ...)
producing the bulk of useful (often rapid-prototyped) tools
second-job of many operators and EICs

nearly all groups have their own SW section with their
application developer

long-running experiments (weeks ... months, ie. @ LHC)
less overhead w.r.t. machine setup vs. beam-on-target

pool of about 90+ operators/EICs (+ Cryo/T1 Ops)
high degree of automation, beam-based tools, modular
system design, ...

R.Steinhagen@gsi.de, 2018-12-14
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