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I High Level Application for commissioning & operation

European

XFEL | Outline

Intro/Motivation
= High Level Applications — what's meant and what for?
= High Level Software (HLS) Developments @ EU-XFEL
Control Systems and HLS @ the EU-XFEL
= The Accelerator Control System (CS)
Overall Architecture
The DAQ System
= HLS — a topological view
= HLS — examples
= The Virtual XFEL
Outlook
= Machine optimization using HLS
= Big Data
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European

XFEL

High Level Application for commissioning & operation

Intro/Motivation — the task
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High Level Application for commissioning & operation

European

XFEL

Self-Driving Tesla Was Involved in Fatal Crash, U.S. Says

By BILL VLASIC and NEAL E. BOUDETTE JUNE 30, 2016

\‘,

" ... belief that cputers ca’operate a vehicle more safely than
human drivers."

DETROIT — The race by automakers and technology firms to develop
self-driving cars has been fueled by the belief that computers can
operate a vehicle more safely than human drivers.
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1 = High Level Application for commissioning & operation

European

XFEL| Intro/Motivation — the team

— European XFEL Commissioning =

Thorough Pre-beam Checkout: Detailed pre-beam checkout conducted
from the actual controls panels and verified in the tunnel with Hall probes,
clip-on ammeters, simple tape measures, etc. ensures that the hardware
and software is functioning at a fundamental level prior to beam.

European

XFEL | Lessons learned from LCLS & FLASH

Software Ready for Commissioning: Process automation and data

analysis software fully prepared ahead of time to support commissioning
activities

adno: S

beam paramters throughout.

Machine Layout
Coordination

courtesy Jim Welch, SLAC

XFEL Collaboration Meeting, 08.04.2014 : é weLNoLTZ
Winfried Decking, DESY

Accel. Machine
Controls HLC Physics
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1 High Level Application for commissioning & operation

European

XFEL]CS and HLS @ the EU-XFEL — Architecture

Dominate Accelerator CS is DOOCS
Classical three layer architecture

Emphasize in respect to HLS on middle layer (= DAQ)
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I High Level Application for commissioning & operation

European
XFEL]CS and HLS @ the EU-XFEL — Architecture
jddd / Karabo-GUI Applications
Generic user interface (Rich Clients)
builders/engines  Matlab
* Jddd: Java « Python 3.4/ QT

« Karabo-GUI: Python 3.4/ QT

Java

Control Systems / Protocols
DOOCS, TINE, EPICS, Karabo

Middle Layer Servers
C++ (03, 11, 14)

Frontend Servers
C++ (03)
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High Level Application for commissioning & operation

European

XFEL

DAQ Data Access Framework

Data JDDD/ MATLAB/
GUI JDAQ | Octave

&> ——4

CS and HLS @ the EU-XFEL —the DAQ

C/C++

Interface
——————————

Other
Applications

uoneoiddy

/
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Cluster Layer _
Server < %)
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Central Shared o
| Memory
Fast Slow
Collector | Collector ,
N | : ' J
File 1/0
= TCP PLC PLC PLC 3
Fast ADC, Fast ADC, Fast ADC, S|OV\; slovx; slovx; =
Shared Memor M
y Camera Camera Camera ADC ADC ADC c
Multicast S
= Fast, bunch-synchronous data Slow data (fixed rate or event-based) =
RPC
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High Level Application for commissioning & operation

European

XFEL
InjectorM | | Main Linac

CS and HLS @ the EU-XFEL —topological view

Bunch Compressor

Collimation
: Beam Distribution

500

1000
Injector
3000 —— 50
Bunch Compression
» Timing, MPS
= Bunch Pattern Server Undulators

» Orbit displays, ORM
» Laser heater

» Feedbacks » Energy Management
. = Interfaces to cryogenic
» Emmitance ...

Energy measurements
Chicane setup

Longitudinal Diagnostics Wavelength control, tappering, ...

TDS GMDs
RF Tweak .

Kicker control
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1 High Level Application for commissioning & operation

European

XFEL

CS and HLS @ the EU-XFEL —topological view

Bunch Compressor

InjectorM A
¢ ‘ Main Linac

Collimation
: Beam Distribution

500
1000

Bunch Compression

Injector

Extensively covered Undulators
by Matthias S.

some words
on magnets

will have a look at the
energy management
all parts exist
should just work
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High Level Application for commissioning & operation

European

XFEL

CS and HLS @ the EU-XFEL — HLS examples

Bunch Compressor

InjectorM | Main Linac

Collimation
: Beam Distribution

500
1000
3000
3500 50
Bunch Compression

some words

on magnets
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1 High Level Application for commissioning & operation

European

XFEL|HLS examples — Magnet Middle Layer

Magnet Sequencer Magnet
Display(s) (File Manager) Energizer

: Chicane
Magnet Middle
Server
Layer Server
o |
by 1 o
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(Laenge 240m) v v =
‘ D 32 02 (Mops)
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High Level Application for commissioning & operation

European

XFE

HLS examples — Magnet Middle Layer

High Level Controls Machine Library is.o9

Namespaces Classes Files ‘ Examples ‘

M ag n ets High Level Controls Machine Library Documentation )LE LAYER SERVER

The High Level Controls Machine Library contains several classes for easy access to components and param

p OWe r S l and classes are found in namespace hlc.

To use the library, include the single header file hic_machine.h and link your code against this library and the HLC utility library (-lhic_machine -lhic_util).

rs of the various supported accelerators (currently FLASH, XFEL, VXFEL).All functions

Usage

.
I | lyS I C aI The application typically creates a single instance of the hle::Machine class. This can be done by constructing one of its specializations (hlc::Flash, hic::Xfel, or hlc::VirtualXfel) directly:

hlc::xfel machine;

.
I I I Ste ad ( Alternatively, the hic::get_machine() function can be used to create a hic::Machine object specialized according to a string parameter:

auto machine = hlc::get machine("/XFEL.DIAG/BLUB")

<>

LOh>
a
@
«

The function uses some heuristics to infer the machine from the string; typical control system addresses work just as well as simple strings like "FLASH" or "VXFEL". 5.05| MeV/c
Once a machine object has been obtained, it can be used to construct objects related to this specific machine, or to retrieve information or component lists.
Classes

The HLC machine library models several accelerator components and concepts as classes: hlc::Magnet, hic::BPM, and so on. You cannot construct objects of these classes directly because they are
abstract — special implementation classes like hic::GenericMagnet do the actual work. Instead, special factory methods on the Machine object can be used to obtain objects. For example,

2>

>
>

= |

hlc::Flash machine;
auto magnet = machine.get magnet("DLIDUMP"); Al

is much easier to use and read than:

\et magnet (machine, "DIIDUMP");

Here's a list of the available classes and their factory methods:

Class Factory Method scription
hic::BPM hic::Machine::get_bpm() Beam position monitor i
hic::BeamLimit hic::Machine::get_beam_limit() Beam limit on the bunch pattern server CYCJS
hle::ChargeMonitor i i jet_charge_monitor() Charge meonitor (toroid or BPM)
hic::EnergyGaininfo get_energy_gain_info() | Access object for the LLRF energy gain server
hic::LaserController | hic::Machine::get_laser_controller() Photoinjector laser controller (shutter etc.)
hic::Magnet hic::Machine::get_magnet() Magnet (corrector, quadrupole, ...)

Example: Retrieve and use magnet list

Determine the current machine from a string, obtain a list of magnets, and print all currents:

— : e = = . [ DR NARAR AR RAR
auto machine = hlc::get_machine("XFEL // Mlso werks with "/TTF2.DIAG/..." or similar strings R
auto magnets = machine->get magnet . i 1. 148 2. 245 3. 38 4.
std:icout << 'Found " << magnets.size() << ' magnets for machine ° =M TS (]
<< machine->get name() << ":\n"; ——
(const auto &magnet : magnets)
std::cout << magnet->get_name() << ": " <<
std::to_string(magnet->read current_sp()) << " A\n";
}
- i i = >
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1 High Level Application for commissioning & operation

European

XFEL

‘® [ ] magnet_ml_server.xml XFEL.MAGNETS/MAGNET.ML/BK.24.11/
—
X MAGNET MIDDLE LAYER SERVER
al | 1 | Groups| [ Main Controls | Full Controls | Calibration | Information |
BK.24.11
CKX 23 11 Generalized field calibration
gggg:} Polynomial (0): <generalized field> = c0 + ¢1'1 + c2*I"2 + G3*I"3 + c4"I"4 + ¢51"5
CKY.24.11 upward ramp downward ramp
SOLA.23.11 _ _
SOLB.23.11 function: [Polynomial |~ | function: [Polynomial |+ |
ch = -1.73586E-3 T ch= 1.95712E-3 T
cl= T7.09254E-2 T/A cl= T7.09325E-2 T/A
I I t - . c2= 1.98619E-5 T/AM2 c2= -1.41062E-5 T/AM2
yS e reS I S C u rVe [ c3d = -1.21857E-3 T/AM3 c3d= -1.21729E-3 T/A*3

HLS examples — Magnet Middle Layer

= 1.05555E-5 T/A"4 = -1.12812E-5 T/AM

ke e p traC k’ u Se b Oth c5=  -4.48346E-5 T/A"S ¢5=  -4.49868E-5 T/A"S
branCheS [|Invert field

[T Generalized Field vs. Current

Cycling o e

0.1 o

006 —
002

00 L
-0 .06 L
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-0.18

. -1. 0. 08 1. 18 20 25 3 35 4
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High Level Application for commissioning & operation

European

=

HLS examples — Magnet Middle Layer

High Level Controls SQL Library is.1os
Namespaces ‘ Classes ‘ Files. ‘ Examples ‘

High Level Controls SQL Library Documentation LAYER SERVER

The High Level Controls SQL Library contains several generic classes for easy access to an SQL database via ODBC and some specialized functions for interfacing with the MCADB configuration I
database in particular. All functions and classes are enclesed in namespace hlc. The single header file hic_sqgl.h contains all necessary definitions.

Note

For information on build/system requirements and on database configuration, please refer to the Requirements and Configuration section.

Examples

Tilt angle: 0.0 deg

Direct SQL access with data access functions

The main steps for connecting to the default database, sending a query, and retrieving data using the get_column() family of functions:

// Open database connection and send query
glpatabase dbj
:8qlQuery guery = db.send_guery("SELECT NAMEl, Z FROM MCADB.XFEL_LONGLIST");:

e(query.feteh())

std::string namel = query.get column_as i

double z = query.get_colum double

std::cout << namel << ": " << z << std::endl;

}

Direct SQL access via data binding

The main steps for connecting to fl efault database, sending a query, and retrieving data using the bind_column() family of functions:

// Open database connection and send query
SglDatabase db;

glouery query = db.send guery("SELECT NAMEL, Z FROM MCADB.XFEL LONGLIST");

// Bind column; to variables
char namel[64

query.bind . cclun" _char(1l, namel, sizeof(namel});
double z;

query.bind_column_double{2, &z, sizeof(double));

// Retrieve data

while(true)
{
// Clear fields that might contain NULL values
namel[0] = 0;
rO u p al 5

std::cout << namel << ": " << z << std::endl;

}

D atab aS e Retrieving a component list

The main steps for connecting to the default database and retrieving the component list of the European XFEL:

/! Open database connection and retrieve component list
:SqlDatabase
qlComponer

List list;

::string err_msg = list.read_from_db_with_backup(db, "XFEL");
if (lerr msg.empty())
{

cerr << "Component l:Lst could not be read from database:\n"
cerr << err_msg <<

t:cerr << "The list has bcen read from a backup file instead.\n\n";

int num components = list.components .size();
int num flags = list.flag names .size();

// List available flags
td::cout << "Found " << num flags << " flags:\n";
(const std:sstring Aflag s list.flag pnames )
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High Level Application for commissioning & operation

European

XFEL
|njeCt°"M - | Main Linac

CS and HLS @ the EU-XFEL — HLS examples

Bunch Compressor

Collimation
: Beam Distribution

500
1000
3000
3500 50
will have a look at the
energy management
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1 High Level Application for commissioning & operation

European

XFEL|HLS examples — Linac Energy Control

No energy management in Injector and Linac 1 (no spare klystron)
= Energy setup using sum voltage server (“physical knob”)

No spare klystron in Linac 2 ...

= put dedicated modules - some headroom

One klystron as spare in Linac 3

= |nvestigate impact off different usage scenarios

GUN A1 AHT 4

BCO Linac 1 BC1 Linac 2 BC2 Linac 3
130MeV Xax 700MeV Xax 2.4GeV XaXS  17.5GeV
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High Level Application for commissioning & operation

European

XFEL|HLS examples — Linac Energy Control

lterative adjustment of voltage ] Enominal — ) ¢l AV w;
per station respecting individual AV = 1] (w;)
station capacity i

el

0.25
no spare / klystron 10 off ‘ |
oz A M AN A s A A AR
M 1F 17 W
| 1
=015 | !
— S | [
= = | inital voltage
8 . <1 01 m:il. vo'ltt‘:gge
E n0m|na| corrected voltage
— — —uncorrected failure|. | 0.05 ‘
: : corrected failure
0 i i i i i i i i ) % 10 20 . 40 s 6 0 8 %0
0 10 20 30 40 50 60 70 80 90 module no. module no.
module no
E‘? 5 T T T T T T T T 2 i 1
= . . B I
L : FE 1
i : | II - /'I 0.8
> T A
] : = 0 f / | -
. = | / A
o . = / / | ~
1 2 N S £ |/ | / L/"/ I\ /f/ 08
S : Tar / L~
© : w ‘ [ | /
c : o | / 0.4
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© : i |/
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1 High Level Application for commissioning & operation

European

HLS examples — Linac Energy Control

Optics mismatch at end of

Linac vs. failed RF station || ==t~ 1 A configuration with all stations in operation at

.| —%— spare inthe middle ||

—swaremne  f@UCEd VOItage (red) is most favorable in
. termsof:

R W RS Y 0 Optics mismatch for random station failure
S o W N R Reduced average power per station

: ; ; : ‘
2 4 6 8 10 12 14 16 18 20
failed klystron no.

operation without spare spare at the end

spare in the middle

relative energy deviation [%]
[
=)
relative energy deviation [%]
1
=
relative energy deviation [%]
I
=)

~154
-20

-20 -20
-30

-25 . _95. i

30 = 30
1
100
Kiyst 9 Klyst 0
ySHorino: position [module no.] YSHORINO: position [module no.] Klystron no. 0
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I High Level Application for commissioning & operation

European

XFEL | HLS examples — Linac Energy Control

This recipe has been implemented in C++ based middle layer
server: Linac Energy Control

First tests in Virtual XFEL worked out well

[ ] $ XFEL_EnergyControl.xml XFEL_SIM.RFLINAC_ENERGY_CONTROL/*/
—— Print
XFEL ENERGY CONTROL
XFEL
L[ Ener, ain per module L] Total ener; ain
1 L1 L2 L3 Bhod —reray ealn (5000 e
Energy SA1: 151.0 613.9 2323.7 13676.3 175 160007
14000
Energy SA2: 151.8 6223 2353.9 13664.4 1507 12000-{
2 10000
Energy SA3: 154.1 645.2 2436.6 13822.0
100 8000
Keep section energy OJ 75, 6000~
Section On / Off |_| 1 | | o 4000
: 2000
SA1 SA2 SA3 25 0ot LU AL RS AR RRRARL AR RIRY AR A SN A AR AR NARLIE AR LAY AL A AN AN PRAR R LR A ARAA A

Set Energy: 1266656 12068 .8 TE558 8 0-7 T T T T T T T -2000-7 T T T T T T
et 16000.0 16000.0 16200.0 GUN.M M2A4L2 M4A7LI M2A11L3 M1A15L3 M4.A18BL3 M3A22L3 M2A26.L3 GUN.I1 M2.A4L2 M4ATLI MIATIL3 M2A15L3 M1A1I9L3 M4.A22L3
Stations: |_| AllON/ OFF

Show sal | saz | sAa3 Al ShowsSection: | Al | 11 | w1 [ 2 [ 1 |
(=) C et JC IC et JC JC JCIC IC I I I IC I IC IO I IC I I IC IC IC 10
AH1I ATL3 = A2113
RF running RF running RF running
@ stationok (3 FSMON (O) FSMERROR (J) Mask (D stationOK (3 FSMON (O) FSMERROR () Mask (@ stationoK (J) FSMON () FSMERROR () Mask
SA1 SA2 SA3 SA1 SA2 SA3 SA1 SA2 SA3
Energy: 17.0 18.0 17.0 Energy: 714.0 750.7 759.4 Energy: 680.0 714.9 723.2
Ampl SP: 17.0 18.0 17.0 Ampl SP: 714.0 750.7 759.4 Ampl SP: 680.0 714.9 723.2
LLRF Ampk: 17.0 LLRF AmplMax: 800.0 LLRF Ampl: 714.0 LLRF Ampl Max: 840.0 LLRF Ampl: 680.0 LLRF Ampl Max: 800.0
| M | urr | | Fw | LRF |
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High Level Application for commissioning & operation

European

XFEL|] The Virtual XFEL — The idea

Programs SASE Control

High Level
Servers

o Energy Management and Optics Measurement and Machine State Control (Sequencing,
Orbit display, bumps 9y 9 : P : (Seq 9

Bunch compression matching Bunch Patterns)

: Peak Current : Energy Profile
Orbit Control Optic Sequencer
Control P Rf control q
J
Middle layer servers for ‘fast’ components | Middle layer servers for ‘slow’ components |
SASE
Intensity
Device servers which produce data for each bunch in pulse train | Device servers for ‘slow’ components |

8th Hard X-ray FEL Collaboration Meeting 24.-26. October 2016, Pohang - 0> weLmuoLTz

| DESY |

Raimund Kammering, Machine Controls Group, DESY oY | ASSOCIATION



High Level Application for commissioning & operation

European

XFEL| The Virtual XFEL — The idea

Orbit display, bumps
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High Level Application for commissioning & operation

European

XFEL

The Virtual XFEL — The idea

Orbit display, bumps

1. calculate orbit for given optic

4. Display orbit
+

modify by bump program *
6. new currents to
optic server 5. write new currents

3. send orbit data / /
to DAQ/orbit server

/ 2. write orbit to BPM server
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High Level Application for commissioning & operation

European

XFEL] The Virtual XFEL — Overview

S Virtual XFEL System Overview

Orbit & Toroid
I Server, Process, Display, ... Display

- ActioniScript

D STETEELAD R Energy Display| Toroid Display Orbit Display Magnet Display Bump Tool
Active connection

In-active / not implemented

Manual link

<- writes to

Currently playing

Bolko
M Elena
W Josef
H Lars

W Markus
W Olaf

W Pedro
W Raimund
W Sascha
W Torsten
W Tim

W Viadimir
W Winni Magnet Energizer
W Yuhui

W Al

<- writes to

rpc_test
Watchdog

MainTaskbar Timing Server

LLRF Controller Toroid Server BPM Server Power Supply Server
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High Level Application for commissioning & operation

XFEL|] The Virtual XFEL — Summarizing

The VXFEL us to:

Test the network and data throughput

Tests of the Timing System and Bunch Pattern Handling

Is the test bed for all High Level Software

Test naming conventions and prepare server configurations
Port software from the VXFEL 1:1 to the XFEL

Develop and test display concepts and displays

The VXFEL or only partly allow to:

Test hardware
Do full featured physical simulations

(for more see e.g.: ICALEPCS 2015 TUD3004)
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European

XFEL ] Outlook — Machine Optimization using HLS

High Level Application for commissioning & operation

At FLASH a SASE optimization is done by operators
To get optimal performance within shortest time machine driven

procedures might be faster

First tests using OCELOT have been done at FLASH

How it works Ed .
XFEL

Python script

from ocelot.utils.mint.mint import Optimizer, Action, TestInterface
from flash1_interface import FLASH1Machinelnterface, FLASH1DeviceProperties
#from Icls_interface import LCLSMachinelnterface, LCLSDeviceProperties

dp = FLASH1DeviceProperties()
mi = FLASH1Machinelnterface()

opt = Optimizer(TestInterface(), dp)

opt.log_file = "test.log’

opt.timeout = 1.2

seq1 = [Action(func=opt.max_sase, args=[ [H10SMATCH','H12SMATCH'], 'simplex'] ) ]
seq2 = [Action(func=opt.max_sase, args=[ ['V14SMATCH''V7SMATCH'], 'simplex’ ] )]
seq3 = [Action(func=opt.max_sase, args=[ ['Q13SMATCH','Q15SMATCH'], 'simplex’ ] )]

opt.eval(seq1)
#opt.eval(seq1 + seq2 + seq3 + seq4 + seqb)
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For optimization is necessary initial SASE signal

To check repeatability of the optimization techniques we repeated
the same experiment after resetting correctors to initial values
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I High Level Application for commissioning & operation

European

XFEL ] Outlook — Machine Optimization using HLS

Needed interfaces (DOOCS) for EU-XFEL already exist

Integration in existing HLS landscape should be easy

OCELOT developers started to work in close collaboration with HLS
team
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I High Level Application for commissioning & operation

European

XFEL | Outlook — Big Data

EU-XFEL will produce TB per day of pure machine data
A good part of this is available via the DAQ

But also the CS infrastructure itself will provide a very large amount
of diagnostic data (e.g. TBs of log files)

We evaluated Apache Spark on several data sets

First results look promising
APACHE
Spoer,.

8th Hard X-ray FEL Collaboration Meeting 24.-26. October 2016, Pohang -
Raimund Kammering, Machine Controls Group, DESY



High Level Application for commissioning & operation

European

XFEL| Summary

Much could not been covered! P——
1 x-ray pulse per train i

B vonn somy sooen e i ]
Timing system, multi-beam line operation e

Full pulse train (27000 plis)
2700 x-ray pulses per train . L |

= see e.g. http://doocs.desy.de - UTCA Development

Machine Protection System
= see e.g. ICALEPCS 2013 TUCOCAO1

Matlab tools

= see e.g. www.desy.de/fel-beam > Talks

Libraries

= http://xfel-wiki.desy.de/Control_system

Feedbacks
= seee.g. ICALEPCS 2013 THPPC121

e ] e
= b
T
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http://doocs.desy.de/
http://www.desy.de/fel-beam

I High Level Application for commissioning & operation

European

XFEL| Summary

We got a good team focusing exclusively on the high level view
This focused on architecture, concepts and common algorithms

to develop, test and implement libraries with common high level
functionality

With the Virtual XFEL we have a great environment to do prior
test and debug high level software

Many servers and tools have been created this way and we:

Thank you for your attention!
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