Farewell LabVIEW

It's been a good time!
EKS, H.Brand@gsi.de
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Agenda =51

Modifizierte Version des Vortrags am 6. September 2022 https://indico.gsi.de/event/15599/

Motivation
Status & Zukunft

History
CS
NI Actor Framework
CS++
Publication: FRS-IC
NI Tools

Migration
Python / pykka / PyAcdaq / paho-mqtt
Mosquitto / MQTT-Explorer / Telegraf / InfluxDB
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Motivation === 1L

Following is my personal impression from the past ~5 years.

NI changed the business model

Focus on Automated Test Systems
Mobile Communication, Automotive, Semiconductors
Out of focus
Academics & Research
Service oriented
Subscription based licensing!
Packaging of open source to products, e.g. SystemLink
Reduced quality of support (reported also by others)
Recuded communication with customers (personal experience)
No contact from NI since the Enterprise Agreement was established.
No information about security notifications to GSI since years!
Hardware sales by 3rd-Party distributors with bad consulting

Bad experience with Software Platform Bundle 2021
LabVIEW 2021 / SP1 /f2, RT, DSM are buggy, compared to LV2020.
Bug-fixes announced for LV2022Q3, but not all of them are realy fixing the problems.

Sudden deprecation of products, e.g. https://www.ni.com/pdf/manuals/lv-rt-2022-g3.htmi

LabVIEW 2022 Q3 Real-Time Module 64-bit does not support Modbus 10 server. As a wokaround, you can use
the option of direct communication using the Modbus LabVIEW API.
LabVIEW 2022 Q3 Real-Time Module 32-bit and 64-bit no longer supports Real-Time Trace Viewer. You can use
KernelShark, a similar open source tool, as an alternative.

No insight into LabVIEW Scheduler
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NI Software Licensing ===

NI switched to a subscription model in 2022
Start prices are reduced, but
Increased long-term license cost compared to SSP

Loosing access to LabVIEW if not continued.
There is no free LabVIEW Viewer!
Community Edition does not support all Modules.

Enterprise Agreement until 14. December 2025
And then?

Fallback for GSI/FAIR/HIM

Perpetual Licenses
39 x LabVIEW Full-Development
9 x Control Test Plus

Some Deployment Licenses
Application Builder
Data Logging and Supervisory Control Module
IMAQdx

DIAdem?
IMHO: We are able to freeze any time.
We, HGF, should start a serious discussion soon!
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Status Quo - Vertrag === 1

NI Enterprise Agreement
HGF Rahmenvertrag wurde unter der Federfihrung von DESY verhandelt.
Offizieller Vertragspartner von NI fur die HGF ist stellvertretend das DLR.
In Kraft seit 15.12.2020, Laufzeit 5 Jahre mit festgelegten jahrlichen Lizenzgebihren
https://wiki.gsi.de/NIUser/EnterpriseAgreement
Umfang
Unlimitierter Zugriff auf

ContrO/ TeSt Plus SUIte Enterprise Agreement offers Unlimited Term Seat usage from the following Suite bundles:
Add-Ons, Deploy- und Debug- Core Test Control d-ons
Lize nzen m Ussen 7 USé.tZ | |Ch U ber LabVIEW (Win/Mac/Linux) ADD to Core software: Ii?\‘rl(iet;dvzle:tseoﬁy
LabVIEW NXG Real-Time Module
LabWindows/CVI ADD to Core software: FPGA Modul
s et i it RealTme Mol TestStand ~
das DLR se parat erworben werden. ()| & ADD to Core software:  FPGA NModule Suiteh Executive P Vieless Test
o . © Statechart Module TestStand Requirements Gateway [} Standards
(moglichst im November) B Mathscript RT Moduie Switch Executive ATML Toolkit 3 @
Automotive Diagnostics C d S Requi [
. . . S EC0 Messuremens Caimon AL roaar o
GSI betreibt einen Volumen-Lizenz- & Gl Pover sute

Manager fur GSI/FAIR und HIM et FcerTookt

AADD to Standard: ADD to Standard: ADD to Standard: ADD to Standard: SystemLink

Modulation Modulation NI Veristand NI Veristand

H I J h at einen Ve rtrag m It U ni J ena \S/;.u:: ﬁQ\g::ﬁon \Sﬁasl:;\: So\ldilljlreaﬁon ggréh'loﬂl :; 'I‘lesign Simulation 8{5"(‘;"»\0/1' oi ‘E}[:sign Simulation NI FlexLogger
g Vision Builder Al Vision Builder Al Modulation Modulation NXG Y/eh Mo

- " . . = Motion (Module & Assistant] Motion (Module & Assistant; Sound & Vibratic Sound & Vibrati el ul

Vierteljahrliche Nutzungsberichte an NI & L Bkl et Logo Mndstome Module | RIMGHME Vison Modde |
’ Vision Builder Al Vision Builder Al
o H H H Motion (Module & Assistant)  Motion (Module & Assistant)
ohne Rickmeldung der relativen Anteile in der HGF L et
Lego Mindstorms Module
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Status Quo - Lizenztypen =51

Benutzer basierte Lizenzen (59 am 26.08.2022)

Ein Entwickler kann die SW auf beliebig vielen Rechnern
installieren, aber nur auf einem einzigen Rechner gleichzeitig
benutzen.

Der Volumenlizenzmanager lasst aber eine gleichzeitige Nutzung auf
verschiedenen Rechnern zu, solange die maximale Anzahl noch
nicht ausgeschopft ist, derzeit 1000.

Ob das formal juristisch in Ordnung ist, kann ich nicht beantworten.
Wie die gleichzeitige Nutzung in die Bewertung fur die Zukunft
eingeht, weil} ich auch nicht.

Computer basierte Lizenzen (207 am 26.08.2022)

Beliebig viele Benutzer kdnnen die SW auf einem Computer
benutzen.

Disconnect Lizenzen (9 von 207 am 26.08.2022)
konnen weiterhin gewahrt werden.
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NI Lizenznutzung ===

Anteile / Abteilung Anteile / Abteilung
Computer basiert Benutzer basiert

alla
//‘\

] m2 ®m3 ®m4 E5 W6 m7 E38 mE9 m10
H1l m12 m13 m14 m15 m16 m17 m18 m19 m20 HE]l] m?2 ®m3 E4 E5 6 EH7 E38 E9 E10 ml1l1 m12
H2] W22 W23 M24 m25 m26 w27 m28 m29 w30 13 m14 w15 W16 W17 m18 m19 W20 m21 m22 m23
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Risiken === 1L

Deutliche Preissteigerung beim Ubergang von ICLA zum EA in 2020
HGF Rahmenvertrag gilt fur 5 Jahre
Bei Ausstieg eines HGF Zentrums werden die Kosten auf die verbleibenden aufgeteilt.
Das kdnnte zu einem Ausstiegsszenario mit Dominoeffekt bei Anschlussverhandlungen fiihren.
Welche Preissteigerungen sind zu erwarten?
Inflationsausgleich
Orientierung an der Nutzung der Software im aktuellen Vertragszeitraum
Es ist ein vierteljahrlicher Bericht an NI mit den Nutzungsdaten vereinbart worden.
Mir ist unbekannt, wie daraus ein Preis fir einen Nachfolgevertragszeitraum abgeleitet werden soll.
Kostensenkung erscheint aber unwahrscheinlich.
Kommt kein Anschlussvertrag zustande, werden Listenpreise fallig!

Empfehlung des Koordinierungsausschuss fur Datenverarbeitung
,Das Uberschreiten der Lizenzzahl oder besser formuliert der Zuwachs an genutzten Lizenzen ist fiir die Laufzeit zunachst egal und gewollt, aber am Ende der
Laufzeit sollte es aber keinen Megazuwachs gegeben haben, sonst wird die neue Periode der ULA ab dem 6. Jahr ggf. entsprechend teurer!*
,Generell ist die HGF-Zentren Strategie moglichst die Nutzung von LabView zu reduzieren, das sollten wir fur die Zukunft beriicksichtigen um unangenehme
Uberraschungen nach Ablauf eines evitl. jetzt abgeschlossenen Rahmenvertrags zu vermeiden.*

Risiken durch Anderungen des Geschaftsmodells von NI
NI warb friiher damit, dass kein Marktsegment mehr als 10% des Umsatzes ausmacht.
NI reduzierte auf 6 Geschaftsfelder
Halbleitertechnik, Automotiv, Luft- und Raumfahrt sowie Verteidigung
Elektronik, Energie, Forschung und Lehre
Heute sind es nur noch 4

cals
Emerson to Advance Global Automation Leadership Through Acquisition of NI
https://www.emerson.com/en-us/news/2023/04-emerson-ni-acquisition

GSI Helmholtzzentrum fur Schwerionenforschung GmbH H.Brand@gsi.de, EEL, 2123 24.04.2023 8


https://www.emerson.com/en-us/news/2023/04-emerson-ni-acquisition

Diskussion der Zukunft === 1I

Wie kann das finanzielle Risiko begrenzt werden?
Nicht limitierter Zugriff
Beobachtung der Nutzung und Warnung an die GF bei Uberschreiten ein Limits?
Limitierter Zugriff
Genehmigungsprozess wirde notwendig werden. Beispiel: MS Office in der IT
Budgetierung zentral (EEL) oder durch die Abteilungen bzw. Kostenstellenverantwortliche
Wie kann ein Vendor-Lock vermieden werden?
Benutzen offener Netzwerk-Schnittstellen fir den Fernzugriff und offene Datenformate
Erstellen von Executables
Deployment-Lizenzen fallen nur einmalig bei der Beschaffung an.
Damit konnte man NI SW einfrieren und mit den bereits erworbenen Lizenzen eine Weile tiberleben.

Welche Alternativen gibt es?

Bei GSI/FAIR:
EPICS, Python, PyAcdag/Pykka, Tkinter/QT, FESA/Java, Siemens TIA, Beckhoff/TwinCat, Pures C/C++
NI LV-DSC -> EPICS (ALH/Archiver); InfluxDB
NI-Vision -> OpenCV; Other stuff: Open Source Libraries
NI-RT wird als RT praktisch nicht benutzt. NI-FPGA: Expertise fur FPGA Programmierung gibt es bei GSI.

Community: DOOCS, TANGO, TINE
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Future Demand for LabVIEW@GSI/FAIR
We are save with fallback licenses! =%

Abteilung  Support FDS W FDS L App-Builder DSC DSC-Deploy FPGA Vision Vision-Deploy IMAQdx Control-Test-Plus
Sporadisch
Targetlabor EKS

ENG 3

SHC 1
PHELIX 1

DTL (BV) 1 1

DTL (MT) 1 1

ATP (TL) 1

DEC 1
RRF EKS 1
Total 6 0 3 0 0 0 0 0 0 3
Permanent

EKS 2
VAC 1 1

ENG 3 1

PHELIX 10 1 4 65

MAT 1

DTL(BV) 1 1 2 2
DTL (MT) 2 1 1 2
ATP (TL) 3

SHE-P 14 1 2 3
DEC EKS 1 1 1

Total 35 0 5 1 2 5 4 65 1 9

Status on 13.04.2023
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Konsequenzen bei Abkehr von NI-SW? == 1

Einschrankungen bei der Wartbarkeit vorhandener Systeme

NI Hardware kann weiterverwendet werden, weil sie mit ANSI-C-Treibern ausgeliefert
werden und teilweise Python Bibliotheken zur Verfligung stehen.

Technologiebrliche

Neu-Implementierung von Systemen

Aufbau von Expertise mit alternativen Systemen

Schulung fur das Arbeiten und Entwickeln mit den neuen Systemen

Einsparungen bei Lizenzkosten
Bei Einsatz von Open Source Lésungen

Rolle der Kontrollsystemgruppe der EEL
Probleme in der HGF (Sippenhatft)
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History =51

My first App@GSI

TargetScanner@TargetLab
Pure LabVIEW 5.0 Prof.Dev. in 1999 + Database & Report Generation

Extended support at GSI
LabVIEW Instrument Drivers and Libraries
Control System Applications
Supervision of students as well as Diplom- and Bachelor-Thesis

FPGA
Multi Channel Scaler & Pulse Pattern Generator
TASCA Interlock & Current Measurement
NI-Scope for VITO, CERN

CS Framework in 2001
V1 based on ObjectVIEW
V2 own Core, Network: Queues and TCP/IP
V3 Network: DIM
Special thanks to D. Beck!

LVOOP in 8.5
Originally in 8.2, but dynamic dispatching was not reentrant

NI Actor Framework in LabVIEW 2012
CS++in 2014 @STF
NIM-A: A. State et.al. 2022 The slow control system of the FRS lon Catcher
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History |
CS Framework === 1l

CS Framework

CS is a LabVIEW/DIM based control system framework
multi-threaded, event driven, object oriented and
distributed with SCADA functionality.

An experiment control system can be developed by combining the CS
framework with experiment specific add-ons.

CS is supported on MS-Windows and on Linux (real-time OS Pharlap,
LabVIEW RT)

Artificial object-oriented approach started with LabVIEW 6i

Reference based (VI-Server), Multiple Inheritance like C++
Complex with many recommendations which cannot be enforced.

Network layer: Distributed Information Management (DIM)

Mainly used with Laser (PHELIX, POLARIS), many lontraps
FOPI, RISING, CaveA MotionControl
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History Il
LVOOP - Actor Framework — NI Tools === 1l

Successful Feasibility Study: Mobile Agent
Based on LVOOP (LabVvIEW 8.5)
Diploma Thesis

NI Actor Framework provides simple and efficient design

Released with LV 2012
First application: Gas Flow Control for the COMPACT Detector @ TASCA

Profit from NI maintenance and community developments

Integrate non LabVIEW experts like short term Bachelor & Master
students

CLAD level implementing derived classes using a cooking recipe

Use as much NI Tools as possible
Data Logging & Supervisory Control Module (DSC)
Distributed System Manager (DSM)
TDMS & DIAdem
(Teststand)
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Migration |
CS Framework — CS++ === 1l

Similar feature set as CS Framework based on
LVOOP & Dataflow
Actor Framework

Plan: Extent Actor Framework
Concentration on necessary features for our Control Systems!

Architecture: 3-Layer

CSPP Main (Core, Communication

Protocol, HAL, etc.)

Developer groups

Core Developer:
CS++ core and add-on libraries
Profound LVOOP/AF and CS++ knowledge
Local Developer:
experiment-specific GUI- and Device-Actors
~CLAD knowledge sufficient
User:
Use and/or configuration of Application
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The slow control system of the FRS lon

Catcher

A. State et.al. Nuclear Inst. and Methods in Physics Research, A 1034 (2022) 166772
https://doi.org/10.1016/j.nima.2022.166772

Abstract

The FRS lon Catcher setup at GSI is used for high precision measurements of slowed down exotic nuclei. The current setup
consists of a gas-filled stopping cell, working at cryogenic temperatures for improved gas purity, coupled to a radio-frequency
quadrupole beamline for bunching and pre-selection and a multiple-reflection time-of-flight mass spectrometer for precise mass
measurements. The setup with all its components is controlled by various control systems. The development of a new slow control
system for monitoring, control, and logging of all components of this setup is presented. The slow control is based on the LabVIEW
Actor Framework enhanced by the Control System++ libraries, a highly scalable and extendable platform which is a powerful
tool to create complex messaging schemes from custom events. The implementation and testing of the control system at the FRS

lon Catcher setup is discussed.
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https://doi.org/10.1016/j.nima.2022.166772

NI Tools { =51

Measurement & Automation Explorer
Necessary and useful for NI hardware configuration and test.

LabVIEW
Data Logging and Supervisory Control
Real Time
FPGA

Shared Variables
Distributed System Manager
DIAdem
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LabVIEW Data Logging & Supervisory
Control === 1l

" Built-in networked database for distributed data logging

" Graphical development for HMI and distributed
monitoring and control applications

" Configuration-based real-time and historical trending,
alarms, and event handling

" Classic OPC client and Modbus for data sharing with
third-party devices

" Unlimited tags to connect to NI hardware, PLCs, and
other third-party hardware

" Deployment requires a LabVIEW DSC Module
Run-Time System license
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Distributed System M

Alarm & Event Monitoring
Distributed Process List
Process

Shared Variable List
Selected SV List
Historical Data Trending
Online Monitor/Trending
Processes, (Bound-)SV,

Datalogging and Alarming can-he ;
configured interactively from

DSM.

Sections can be un-/docked

Very useful for adhoc monitoring |
and debugging without explicit |

GUI programming.

GSI Helmholtzzentrum fur Schwerionenforschung GmbH
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Alarme und Ereignisse

Alame anzeigen (3] Ereigricse anzeigen [Bestatoen. Al bestatioen...

8 x

e

\\localhostyCOMPACT

Alarm-/Ereignisname

\\DEPCAS6' COMPACT\ Temperaturs
\\DEPC456\COMPACT\Temperature_1.A

EPC456\ COMPACT\ Temperature_2.A
\\DEPCA56\COMPACT\Temperature
\DEPC456\System\VariableEngine

Wert  Sollwert Auslosezeit Prioritat Beschreibung 2
132737 173 715:36:17.134 1 Temperature is high E
132775 Temperature is high

32734 Temperature is high
137734 Temperature s too high

\WACOMPACT: Loaded process.

Neme
4 ) Meine Systeme
‘l 4 @ localhost
4 [ COMPACT
‘Il » [T} COMPACT Activate

COMPACT_PollingCounter
LUMPAL | _Pollinginterval
COMPACT_Pollinglterations
COMPACT_PollingMede
COMPACT _PollingStartStop
COMPACT _PollingTime
COMPACT_Set-AlarmConfig
TOMPACT_Set-GasFlow
COMPACT_Set-tasun 27
COMPACT_Set-GCF
COMPACT_Set-PressureControl
COMPACT_Set-SwitchBypassRTC
COMPACT_WorkerActor
3 Dewpoint
> Flow_0
3 Flow_1
DD Flow_2
oo 3
MKS64 1 C_hannelStatus_0
MKSE47C_Chani:-'Status_1
MKS647C_ChannelStatu:.?
MKS647C_ChannelStatus_3
4 Pressure
a4 [ Alarms

4 e HI
> @8 Ack
> [ AckType
> deadband
3 Description

HAREE

%
%
%

AAAAE

[ level
» I Log
> OO Priority
» [ Set

> gl HIHD

. i Lo

e

5

> 4k Lolo
+ [ Temperature 0

» [ Temperature 1

» [ Temperature.2

» [ Temperature3

7 Valve_Set 0

7] Valve Set 1

» (78] Valve_State_0_closed

> [EH Valve State 1_open
> b3 COMPACT-DAQ
> b CSPP-Msglogger

> L) CSPP Utilities
« il

Wert

FALSE

] COMPACT_Launch_PressureAlarmMonitor TRUE

Unbekannter Wert
o

-1
Unbekannter Wert
Unbekannter Wert
Unbekannter Wert]
Unbekannter Wert]

(Uniens, et

Unbekannter Wert]
COMPACT
-14,439.9 (In Alarm)

Unbekannter Wert]
Unbekannter Wert
Unbekannter Wert
Ur

ekannter Wert

311 (In Alarm)

Aus Pressic s high
FALSE

0

0.01

Pressure is high
TRUE

600

TRUE

1

FALSE

Aus Pressure is too b
Aus Pressure is low
Aus Pressure is too
323854

1,327.37 (In Alarm)
FALSE

FALSE

TRUE

FALSE (In Alarm)
TRUE

FALSE (In Alarm)

|
Unbekannter Wert

»

Nicht angemeldet

Beobachtungsiste 1

Speicherort Wert Qualitat  Zeitstempel Typ Datentyp  Zugriff
\ocalhost\COMPACT\Dewpoint -14,4399 (In Alarm) In Alarm  20.06.2017 15:36:17  Variable Double Lesen
\\ocalhost\COMPACT\Flow_0 1 Gut 20.06.201711:15:50 Variable Double Lesen/Schreib
Wocalhost\ COMPACT\Flow_1 2 Gut Variable Double Lesen/Schreib
\Wocalhost\COMPACT\Flow_2 33 Variable Double Lesen/Schreib
\\localhost\COMPACT\Flow_3 4 Variable Double  Lesen/Schreib
\\ocalhost\COMPACT\Temperature 0 323854 Variable Double Lesen
\Wocalhost\COMPACT\Temperature 1 1,327.75 (In Alarm) Variable Double Lesen
\ocalhost\COMPACT\Temperature 2 1,327.34 (In Alar 7 Variable Double Lesen
\ocalhost\COMPACT\Temperature 3 132737 (In Alarm)  In Alarm  20.06.2017 15:36:17  Variable Double Lesen
« I v
Historischer Trend 1 a x
: Mﬂ M mﬂggg[ﬁ 05.2017 19:00:36 - 07.05 2017 22:51:30 (Mitteleuropaische Zeit)
31 Clo e
1 (Mo Daa)
295 2 (No Data)
_ 3 {No Data)
»
@ 5]
Ed
25}
25- I ] ] ]
06/05 00:00 06/05 12:00 07/05 00:00 07/05 12:00 ﬂ 3
Auto-Ansicht a x

Speicherort: \Yocalhost\COMPACT \Temperature_0

Aktueler Wert:

32.3854

Neuer Wert:

Double
Zeitstempel: 20.06.2017 15:36:12
Qualitit: Gut
Zugriffsart: Lesen
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06.09.2022

19




LabVIEW SV.lvlib

Same configuration options as DSM plus:

Mass configure Shared Variables Libraries using the
Multiple Variable Editor in LabVIEW.

Export/Import Shared Varibles using CSV-Format.
Deployment to LV-RT-Systems.

File Edt View Project Operate Tools Window Help
hodl xh

P IELN =00

Tems

Files

Project Items.

Paths

"

PR TP

= ) Project UTCSIuproj
% B My Computer
BN

Alarm
Control
Devices

aut
COMPACT-DAQMib

New »
Open

Explore.

Show in Files View [
Add »
Save »
Find »
Show Error Window

Unit Tests »
Deploy

Deploy All

Undeploy

Multiple Variable Editor...

Create Variables...

Create Bound Variables...

Export Variables...

Import Variables..

Analyze V...

Find Project tems...

Amange By »
Expand All

Collapse Al

Remove from Project

Rename... 2

Replace vith a packed library.

Properties

CUser

CAUser
CUser
C\User

CAUser
Cuser|
CUser
CUser|

Y o B @
Find Logging: Logging: Logging: Logging: Logging:  Update Deadband: Alarming: Alarming: Alarming: A'z;"‘Fg’ A‘ESI’.‘Q’ A'L’I'E‘I"“g’
[] InRange Enable Alarms and Events  Data  Resolution Deadband Enable Ensble Data Change Events Event On User Input Only ‘ : :
Enable Name Limit
::x COMPACT PollingCounter [ [&] [&] [&] [&] @] @] [
COMPACT Pollinglnterval & =] ] ] ] ] ] ]
Replace with COMPACT_Pollinglterations = = =] =] =] = | ]
COMPACT PollingMede B & &) &) & ] & &}
COMPACT PollingTime @] =] ] ] ] ] ] ]
[ searchBack Dewpoint 0.000100  0.000000 ] ] HiHi 250.000000
- Flow_0 00001 0.0001 ] [&] [&] [&] ]
[F] Match Case Flow 1 00001 0.0001 ] ] [ [ ]
[Z] Match Entire Cell Flow_2 0.0001 04001 a o ] ] a
] Mark Whole Variable Flow_3 0.0001 0.0001 8 ] = ] a
search In: MKS647C_ChannelStatus 0 ] @] [}
4 All Properties MKSE4TC_ChannelStatus 1 ] ] [
Path MEKS647C_ChannelStatus_2 =] = ]
Mame MKS647C_ChannelStatus 3 ] = [&]
Var Type Pressure 00001 00001 ] [} HIH 750
izz’:i;uhushmg Temperature 0 0.0001 0.0001 B ] HiHi 203
Timestamping Temperature_1 0.0001 0.0001 (=] | HiHi 250
Alias Path Temperature 2 00001 0.0001 ] ] HiHi 200
» Single-Process Ternperature 3 00001 0.0001 ] ] HiHi 172
 Metwork-Published Valve_Set 0 ] [} [} [} @
> RTFFO Valve Set 1 ] [&] @] [&] ]
» Logaing Valve State 0_closed 8 0 B
> Updste Desdband Valve_State 0_open a & a
> Alarming Valve State 1 closed ] [&] ]
> Sealing Valve_State 1_open B (] @]
> Initial Value
> Description
> Security
‘ n

Alarming: Alarming: Alarming: Alarming:

HIHE
Deadband

0.010000

0.0001
001
0.01
001
001

1

HIHE

Alarming: Alarming:  Alarming:
HIHE HIHE HIHE HIHE HL
Priority  Ack Type Area Description Log Enable
] ]
a ]
0 ]
=] ]
a 0
Auto Dewpeint is too...
] [}
a 0
0 ]
] [}
]
a
0
=]
User COMPA... Pressureistoo ...
User Temperature is t...
User Temperature ic t...
User Temperature is t..
User Temperature is t...

]
]
a
a
=]
a

Ooooooo=E
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Measurement & Automation Explorer
Distributed Alarm & Event Filter I=5=1I

¥< COMPACT AZE View - Measurement & Automation E::plurer_IE FERN)

Datei Bearbeiten Ansicht Werkzeuge Hilfe

4 EJ Mein Systemn ﬂ*E Export @ Delete ¢ 7 Hilfe einblenden
. [qll Datenumgebung |
. @ Gerdte und Schnittstellen Computer: DEFC456
4 g Historische Daten

4 Q Citadel 5 Universe Database name: COMPACT
’ New Trace View Filter Settings
Q; COMPACT ASE View i 02052017 10:55:40.000
> 4.4 Skalierungen et Vi | o T E]
s @ Software ) -
End Time: Mo End Tirme
s i VT Drivers ne e | E]
Metzwerkumgebun
> 6 E [ Pty Min (0-1000); Max (0-1000) |
[]5et User
[T Asck Uszer
[ ek Comment
[] Object Mame
[] Description
[ &xrea
Shio
(7 Alarms Only (71 Events Only @) Alarms and Events
@ Filter ! Display
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Measurement & Automation Explorer
Hjistorical Trend Viewer I=5=1I

Datei Bearbeiten Ansicht Werkzeuge Hilfe

a E1 Mein System [E Add/Remove.. [E Import Settings.. (= Export Settings... 3% Archive.. [i+ Exportto Text.. ¥ Exportto DIAdem... P, View Data Set Run... ¢ Hilfe einblenden
(gl Datenurmgebung
ﬂ Gerdte und Schnittstellen : I{ ‘ } ’.I q*; ﬁ) ;5! v 05.05.2017 17-36:58 - 08.05.2017 08:45:31 (Mitteleuropaische Zeit)

4 @ Historische Daten
4 Q Citadel 5 Universe
& COMPACT Trace View
@ COMPACT A&E View
a4 Skalierungen
Sj Software
[l VI Drivers 2925
B3 Metzwerkumgebung

305 [ Temperature 0 (Z77678

28

Axis 1

26.75

255 '

[ I I [
06/05 00:00 06/0512:00 07/05 00:00 07/05 12:00 08/05 00:00 Ll 1l r
= Trace Properties Lﬁ_ Display
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Measurement & Automation Explorer
Distributed Alarm & Event View === Il

72 COMPACT AGE View - Measurement & Automation Explare [E=REER

Datei Bearbeiten Ansicht Werkzeuge Hilfe

4 B3 Mein System n,,; Export Delete ¢ Hilfe einblenden
i+ [@ Datenumgebung
|+ B Gerdte und Schnittstellen [Filter Settings Have Changed)
“ ? gngi:::ZIESDS::erse Object Name Set Time Set User  Ack Time Ack User  Clear Time Clear User  Priority  Area Value Setpoint Description Ack Comment
& New Trace View \\DEPCA56'CO... |20.06.2017 15:41:24.141 | (Nobody) 1 COMPACT  [1327.370874 172.000000 | Temperature is high
@ COMPACT AGE View || |\DEPC456\CO... (20062017 15:41:24.141 |(Nobody) 1 -244.325090 10000000 | Temperature too low
» 8 Skalierungen \\DEPCA56'CO... |20.06.2017 15:41:24.141 | (Nobody) 1 -244 925030 25000000 | Temperature is low
» &) Software \\DEPC456\CO... |20.06.2017 15:41:23.141 |(Nobody) 20062017 15:41:24141 (Nobody) | 20.06.201715:41:24141 |(Nobody) 1 -244 985080 25000000 | Temperature is low Auto-acked
) \\DEPC456\CO... |20.06.2017 15:41:23.141 |(Nobody) 20062017 15:41:24141 (Nobody) | 20.06.201715:41:24141 |(Nobody) 1 -244 985080 10.000000 | Temperature too low Auto-acked
> il MDrivers \\DEPC456'CO... |20.06.2017 15:41:22.142 | (Nobody) | 20.06.2017 15:41:23.141 |(Nobody) |20.06.2017 15:41:23.141 |(Nobody) |1 COMPACT | 1327.370974 173000000  Temperature is high Auto-acked
b BB Netzwerkumgebung \\DEPC456\CO... |20.06.2017 15:41:21.142 |(Nobody) 20062017 15:41:24141 (Nobody) | 20.06.201715:41:24141 |(Nobody) 1 COMPACT 1327745544 250000000 | Temperature is high Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:20.142 |(Nobody) 20062017 15:41:21.142 (Nobody) | 20.06.201715:41:21.142 |(Nobody) 1 -244 985080 10.000000 | Temperature too low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:20.142 |(Nobody) 20062017 15:41:22.142 (Nobody) | 20.06.201715:41:22.142 |(Nobody) 1 -244 985080 10.000000 | Temperature too low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:20.142 |(Nobody) 20062017 15:41:22.142 (Nobody) | 20.06.201715:41:22.142 |(Nobody) 1 -244 985080 25000000 | Temperature is low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:20.142 |(Nobody) 20062017 15:41:21.142 (Nobody) | 20.06.201715:41:21.142 |(Nobody) 1 -244 985080 25000000 | Temperature is low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:17.142 |(Nobody) 20062017 15:41:20.142 (Nobody) | 20.06.201715:41:20.142 |(Nobody) 1 COMPACT 1327370874 173.000000  Temperature is high Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:17.142 |(Nobody) 20062017 15:41:20.142 (Nobody) | 20.06.201715:41:20.142 |(Nobody) 1 COMPACT 1327745544 250000000 | Temperature is high Auto-acked
\\DEPCA56'CO... |20.06.2017 15:41:16.141 | (Nobody) 1 COMPACT 1327338734 200000000 | Temperature is high
\\DEPC456\CO... |20.06.2017 15:41:16.141 |(Nobody) |20.06.2017 15:41:17.142 (Nobody) | 20.06.2017 15:41:17.142 | (Nobody) 1 -244 985080 25000000 | Temperature is low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:16.141 |(Nobody) |20.06.2017 15:41:17.142 (Nobody) | 20.06.201715:41:17.142 |(Nobody) 1 -244 985080 10.000000 | Temperature too low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:16.141 |(Nobody) |20.06.2017 15:41:17.142 (Nobody) | 20.06.201715:41:17.142 |(Nobody) 1 -244 985080 10.000000 | Temperature too low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:16.141 |(Nobody) |20.06.2017 15:41:17.142 (Nobody) | 20.06.201715:41:17.142 |(Nobody) 1 -244 985080 25000000 | Temperature is low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:15.141 |(Nobody) 20.06.2017 15:41:16.141 (Nobody) | 20.06.201715:41:16.141 (Nobody) 1 -244 985080 25000000 | Temperature is low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:15.141 |(Nobody) |20.06.2017 15:41:16.141 (Nobody) | 20.06.201715:41:16.141 |(Nobody) 1 COMPACT 1327745544 250000000 | Temperature is high Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:15.141 |(Nobody) |20.06.2017 15:41:16.141 (Nobody) | 20.06.201715:41:16.141 |(Nobody) 1 -244 985080 10.000000 | Temperature too low Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:14.141 |(Nobody) 20062017 15:41:15.141 (Nobody) |20.06.201715:41:15.141 |(Nobody) 1 -244 985080 25000000 | Temperature is low Auto-acked
\\DEPC456\CO... | 20062017 15:41:14141 |(Nobody) 20.06.201715:41:16.141 (Nobody) | 20.06.201715:41:16.141 (Nobody) 1 COMPACT 1327370874 173.000000  Temperature is high Auto-acked
\\DEPC456\CO... |20.06.2017 15:41:14.141 |(Nobody) |20.06.2017 15:41:15.141 (Nobody) | 20.06.201715:41:15.141 (Nobody) 1 COMFACT 1327338734 200000000 | Temperature is high Auto-acked -
gFiH:er Q;Display|
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DIAdem Navigator

HIEETECITT TR e S e S ERRSICIES)

File Find View Settings Window Help

I |
.EEE s T XS
z e N SeE

AR K-

A BE B o

External Data

MNAVIGATOR a

sa'ew
—_—

Level Property

<Enter a property> =

Data Portal: Internal Data lz‘

E o Ja 0BT

<Enter a value>

0110011
VIEW E |< Link search conditions with AND or OR>

= - %8 My DataFinder
X 2 @ Search Areas
@I LabVIEW Data
ANALYSIS ]IE MNational Instruments
]IE DlAdem 2017 (32-bit) Examples
My Computer (%)

n
| aellls. |
(=]

REPORT |- D

fra ]

- Dell

- IDE

- Intel

-] Mational Instruments Downloads
-] MIFPGA

)
H
H
H
H
H-] Programme
H
H
H
]

-5 Programme (x86)
- Sun

e O O IO O o O O O e

; -

5 LV2016Data
5 LV2017Data

5 AppBuilderCache
F5 CSPP-Settings

| File Browser f Search Results /

Channel Preview

Automatic display is not active
or the channel cannot be displayed.
Use the context menu to control the

display.

[= exampLe -
=-fi EXAMPLE

ol

m

----- B Moise 4
..... i Noise_5
=-§igs Results_Moise data |
..... fEC StatisticsText
----- f'** Res_Moise 1
----- f'* Res_Moise_ 2 ||
..... [ Res_Moise_3
..... 5123 Res_Moise 4
----- [ Res_Moise_5 T
=-{izz Room temperatures
") Temperature_1 i

Structure /i List f
= Base Properties
MName EXAMPLE

Description DIAdem standard example channels
Index 1
Source Mame EXAMPLE
Channel preview
terminated.
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DIAdem VIEW }

TN i SRR .. . b EEMEIES
File View Insert Settings Window Help
L1 . !
TEE O = B SRR AN DRI e 2N 3 R
MNAVIGATOR. % )l'll - @ 0 {F ‘ = _ E v+~ = = | - {:\‘ \/J:| Data Portal: Internal Data lz‘
N~ 4
w50 4
M}@’ EE = OF | [E exaveiE 3
FER 0o~ =-Jig EXAMPLE
view  []] e0 Br | | - 112 Time
I — 107 B 5123 Speed
fx 54 o T T T T — | B 12 Rpp
=) 1 e
ANALYSIS D% 000 =-ff Noise data
- 9®&s0004FF R fM) Noise_1
I e R e e e I s ffV Noise_2
1000 : : : : : i
Z200
Sien
%120 [—]---Iﬂgg Results_Moise data
-] B StatisticsText
404 e ey 5123 Res_Moise 1
T T T T T )
# 10 20 a0 40 s ] % Res_Noise_2
Tme[s] | L | ] 5123 Res_Moise_3
----- 5123 Res_Moise_4
E All Cha... - | e 5123 Res_Moise 5 B
Mame Time Speed RPM Torque Moise_1 Moise_2 \:I
Group name EXAMPLE EXAMPLE EXAMPLE EXAMPLE Noise data Moise data E'rU Temperature 1 7
Unit 5 m/s 1fmin Mm Pa Pa Structure /A List
[enath 1024 1024 1024 1024 325000 325000 =
Channel Contents 5| Fooe ArpEiE
i 0 0 800.650000000373] 23.026244800014 | -0.00704893877... | -0.003971627 Name EXAMPLE
2 0.05849472139,.. | 0.36897279452... | 968.562465820462| 29.831506876013 | -0.00703030780. .. | -0.000770308 Description DIAdem standard example channels
3 0.116989449279, .. | 0.73860443538... | 1137.13436770067| 36.816643735976 | -0.00669435025. .. | 0.000233089] Index 1
4 0.17548416419,.. | 1.10979872927783| 1305, 72849209979| 44. 1092443480194 -0.00635359271. .. | 0.000854241;
5 0.23397888559... | 1.48160966260597| 1474, 32145719975] 51.8434379309765 -0.00602423516... | -0.005643958 source Name EXAMPLE
6 0.29247360699... | 1.8541293042781 | 1642,91310329922| 59.9959564650198| -0.00600560419. .. | -0.004353874
7 0.35096832839,.. | 2.22716390044661| 1811,50147129968| 63. 4617919980083 -0.00598697321. .. | -0.003876065
8 0.40946304979... | 2.60039936697649 1980,08825480007| 77, 135386326001 | -0.00662042635. .. | -0.003398256
] 0.46795777119,.. | 2.97400340111562 2148.67021330074| 85.9109956070315 -0.00675084318. .. | 0.000615336¢
10 0.52645249259822] 3.3477371916706 | 2317, 19844349846 | 94.6805206859717 -0.00673221220. . | 0.001093145¢
11 0.58494721399... | 3.72162196139106| 2485.68307099864| 103.339229510049 -0.00719798657. . | -0.005070587
12 0.64344193539, .. | 4.09550075777665| 2655, 30100589991] 111.86337825004 | 0.00703030780. . | -0.002203735
13 0.70193665679... | 4.4696 1580360949 2823.08760679886| 120.067708460032 -0.00589381834. .. | -0.001869268
14 0.76043137819,.. | 4.84364588611061| 2962, 70904880017| 126.699057599995 -0.00682536708. .. | -0.002012611 - -
15 0.81892609959... | 5.21764397777791| 3083.88162729889| 132, 29475 -0.00539078202... | -0,003302695 _ Channel preview
1A N RT74NK N9 5 BQ15935RRRQ15A] I1AR R148R21QRRAI 13/ 121751940 111] -0 NNSRITAIELY -0 NN1NSA993

1 ]

3

T4 r]r ]y Sheet [

terminated.

K-Cursorl: 0 ¥-Curserl: 0
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CS++ Status & Outlook == I

Focus of development

Development of hardware layer
Commissioning of hardware layer
Simple Device GUI's

Stability of core system

Device Base Classes

Generic interface classes
CS++MessageMaker

Projects & Applications
Motion Control (CaveA)
STF
TASCA and COMPACT (LabVIEW-FPGA)
GEMDiscProduction (LabVIEW-RT-FPGA) (on-hold since 2017)
SHIPTRAP and HITRAP
FRS-IC
Vacuum Heating Control (LabVIEW-RT) (commissioning since 2018)
VITO @ISOLDE, CERN
More in preparation: PUMA (CERN), MLLTRAP(Orsay)

Migration to non-LabVIEW based frameworks — Proposal: PyAcdaq
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Migration Proposal . Open Source == 1

Measurement & Automation Explorer
Maybe necessary or useful for NI hardware configuration and test.

LabVIEW - Python / C/C++ / Rust/ EPICS
Real Time - Arduino oder RTMS
FPGA - VHDL
Shared Variables - MQTT

Data Logging and Supervisory Control
Data Logging — Telegraf / InfluxDB

Alarming
- Telegraf/ InfluxDB-Task - MQTT
- Telegraf / Prometheus + Alertmanager - MQTT (to be tested)

GUI - Tkinter / QT / Grafana
Multi-threading — Python threading / QT

Distributed System Manager - MQTT Explorer

DIAdem - Numerical Python
DataFinder (Indexing of Metadata) — Custom replacement based on e.g. SQLite

AFICS++ - Pykka/PyAcdaq
CS/CS++: Don‘t change, do not upgrade, freeze and migrate!
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Python: Pykka == 1

Pykka: https://pykka.readthedocs.io/en/stable/

Pykka is a Python implementation of the actor model. The actor
model introduces some simple rules to control the sharing of state
and cooperation between execution units, which makes it easier to
build concurrent applications.
Inpiration
Much of the naming of concepts and methods in Pykka is taken from
the Akka project which implements actors on the JVM. Though, Pykka

does not aim to be a Python port of Akka, and supports far fewer

features.

Notably, Pykka does not support the following features:
Supervision: Linking actors, Supervisors, or supervisor groups.
Remoting: Communicating with actors running on other hosts.

Routers: Pykka does not come with a set of predefined message routers,
though you may make your own actors for routing messages.

Very similar to NI Actor Framework
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PyAcdaqg Overview

PyAcdag is a Python 3.10.x library for
Automation Control & Data Acquisition System.

§a. — O X
AcdagActor Class Level
Associated Actor Information
Mame: "AcdagSerDevsim”
Born: "Thu Aug 25 21:24:33 2022"
SW: "AcdaqgSerDevSim_0.0.0.0
Penodic Activity Information
v Set
Active: true
Counter: 37
AcdagDevice Class Level
Device Information
NA
ID: "Serial Device Simulator”
SM: "1234"
FW: "FW_0.1"
HW: "HW_0.1"
Device Actions
[V Reset
Result: "OK"
v Selftest
STCode: 0
ST Msg: "Selftest message.”
AcdagSerDevSim Class Level

SerDevsim Information
Range: {"low": -10, "high": 10}
SerDevsim Actions
{"low": -1'3, "high": 10} E
SerDevsim Data
Data: 5

Git; https://ait.gsi.de/EE-LV/ACDAQ/PyAcdag

MQTT Explorer
Example GUI

UML class Diagrams

< <pykka, ThreadingActor ==
AcdagActor

AcdagDevice

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

SerDevsim

AcdagMqgtt
+roxy
0.1
= <Exceplion=>
TimeoutError

CommunicationTimeout

H.Brand@gsi.de

<<paho>>
MQTTClient

It is meant as a possible substitute (Plan B) for our LabVIEW based
CS /| CS++ frameworks or other LabVIEW Applications.

MQTT Explorer Q_ Search

SoftwareRevision = "AcdagMatt_0.0.0.0/AcdagActol
Name = "Acdaq"
Birthday = "Fri Aug 26 16:04:33 2022"
PeriodicActive = false
PeriodicCounter = 0
Set-PeriodicActive ="
¥ AcdagSerDevSimGui
SoftwareRevision = "AcdagSerDevSimGui_0.0.0.0J¢
Name = "AcdagSerDevSimGui"
Birthday = "Fri Aug 26 16:04:36 2022"
PeriodicActive = false
PeriodicCounter = 0
Set-PeriodicActive ="
¥ AcdagSerDevSim
Data=4
MeasurementRange = {"low": 10, "high": 10}
Resource = "COM3"
InstrumentID = "Serial Device Simulator"
SerialNumber = "1234"
FirmwareRevision = "FW_0.1"
HardwareRevision = "HW_0.1"
ResetResult = "OK"
SelftestCode = 0
SelftestMessage = "Selftest message."
Set-Reset = true.
Set-Selftest = true
Name = "AcdagSerDevSim"
Birthday = "Fri Aug 26 16:04:41 2022"
SoftwareRevision = "AcdagSerDevSim_0.0.0.0/Acd:
PeriodicActive = true
PeriodicCounter = 16
Set-PeriodicActive = true
Set-MeasurementRange = {"low": -10, "high": 10}

@ DISCONNECT & 6

Topic B & ~

[rcdaa ] Pccasseroersim J ot

Value ~
QoS: 0
SY 26.08.2022
16:07:40
=5
P
Comparing with previous message: + 1 line, - 1 line
> tistry D ~
Publish ~
Topic
Acdag/AcdagSerDevSim/Data x
raw  xml json
O o0 ® =

["Low": o, "high": 16}

< <thinter.Frame:=>

< <pykka. ThreadingActor = > <GUIz>
AcdagActor = AcdagActorGui
AcdagDevice
SerDevSim

AcdagSerDevsim

‘7‘“‘ AcdagActorTkGui
AcdagDeviceTkGui ‘
AcdagSerDevSimTkGui
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AcdaqSerDevSim: Code Examples ===

~ ¢ acdaq_serdevsi

~ [ AcdagS
. . @ _init_
# Protected override method # Protected overide method @ de
def ini . . ) _del__
ef _initalize(self, def _perlodlc(self) : @ _transaction
resource, W B on connect
id_query_flag, . . ) . _On_connec
reset_flag, Implementation of periodic actions. m] _on_message
reset_options, @ _on_receive
selftest_flag): Read data from instrument. (m|
nnn m
Open serial connection and initialize instrument. Returns [@ _periodic
_______ @ _close
Returns None. @ _id_query
_______ - @ _initalize
int
. m|
Error code. try: B
self._data = int(self.__transaction('READ?' D elftest
logging.debug(self._name + logging.debug(self._name + " Data=, 0 e
' SerDevSim _initialize() Initializing + str(self. data)) = =
i ' - _BW_T
connection. ) if self._mqgtt is not None: I i
try: ) . [0 measurement_range
self.__ser = serial.Serial(resource, timeout=1) self._mqtt.publish_topic(self._name + [0 getData
if id_query_flag: /Data', self._data, — [ getMeasurementRange

self.id_query() gos=0, retain=False, expand=False) AcdagSerDevSimGui
self.revision_query() except acdaq_exceptions.CommunicationTimeout afd O _init_
if reset_flag: _ logging.error(self._name + ' SerDevSim @ _del_
self.reset(reset_options) _periodic() @ _on connect
if selftest_flag: Communication timed out for\ command: @ _on failure
self.selftest() {}'". fOImat(e . Command) ) @ _on_message
self.measurement_range(self._range) . i
. . . . ralse e @ _on_receive
except acdaqg_exceptions.CommunicationTimeout as e: T
raise e pass @ _on_start
pass o
(m|
m
@ o

EdsU rr:r'nent_rarlge
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Tkinter & matplotlib
https:/lyoutu.be/2MQEHYifrf8 == 1l

import tkinter as tk
from matplotlib.backends.backend_tkagg import

(FigureCanvasTkAgg,NavigationToolbar2Tk) # Plot embedded in tkinter canvas =~ — O >
from matplotlib.backend_bases import key _press_handler
from matplotlib.figure import Figure

import numpy as np

def on_key(event): 2.0 7
print("You pressed {}.format(event.key)) 15 -
key press_handler(event, canvas, toolbar) )

def quit(): L0
root.quit()
root.destroy/() 0-5 7
pass 0.0 -

t = np.arange(0, 3, 0.01) _0.5 4

root = tk.Tk()

root.wm_title('Plot embedded in tkinter canvas') 1.0 -

fig = Figure(figsize=(5,4),dpi=100)

fig.add_subplot(111).plot(t, 2. * np.sin(2. * np.pi * 1)) 15

canvas = FigureCanvasTkAgg(fig, master=root) # A Tk drawing area

canvas.draw() 50 -

canvas.get_tk_widget().pack(side=tk.TOP, fill=tk. BOTH, expand=1)

toolbar = NavigationToolbar2Tk(canvas, root) 0 1 2 3
toolbar.update()

canvas.get_tk_widget().pack(side=tk.TOP, fill=tk. BOTH, expand=1)
canvas.mpl_connect(’key_press_event', on_key) ﬂl
button = tk.Button(master=root, text="Quit', command=quit)
button.pack(side=tk.BOTTOM)

tk.mainloop()
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https://youtu.be/2MQEHYjfrf8

Vacuum Heating System (Bakeout)

PyAcdaq/pykka based project for the GSI Vacuum Heating System (VHS) to be

used at ESR and SIS.

Itis utilizing PXle HW from NI. It measures temperatures from analog inputs and

applies a fuzzy system to calculate the digital output pulse width ratio for the

heating power supplies.

It demonstrate a migration path from LabVIEW RT and DSC to

* Python / pykka / PyAcdaq / nidagmx

* python-statemachine / simpful / paho-mqtt

* numpy / pandas / matplotlib

* Mosquitto / MQTT-Explorer / Telegraf / InfluxDB.

Temperature Profile execution with no HW connected is working.

Comissioning with connected power supplies is planned for May 2023.

Profile [8]
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Open Discussion === 1

Brief vom 23. April 2021
~Empfehlungen zur Nutzung der Lizenzen*, H. Brand, EEL

Um mindestens das finanzielle Risiko zu begrenzen, werden in Rucksprache
mit unserer stellvertretenden Forschungsdirektorin
Y. Leifels folgende Empfehlungen zur Nutzung der verfigbaren Lizenzen

vorgeschlagen:
Entwickler sollen in ihren Aktivitaten nicht eingeschrankt werden.
Alle verfugbaren Module mdgen eingesetzt werden, um Anwendungen mdglichst effizient zu
entwickeln.

Entwickler m6gen auf modulare Software-Architekturen achten und mogliche
Migrationsstrategien beriicksichtigen, um einen Vendor-Lock zu vermeiden.

Anwendungen sollen mdglichst in ausfiihrbare Programme (Executable) kompiliert werden.

Sie sollen nicht dauerhaft in der Entwicklungsumgebung laufen.
Fur viele Programme ist eine kostenfreie Runtime-Lizenz ausreichend. Das kann helfen, die Anzahl der bendtigen
Lizenzen niedrig zu halten.
Manche NI Software Module benétigen fir das Ausfiihren eines Executable eine Deployment Lizenz. Wahrend der
Vertragslaufzeit ist das unproblematisch, sie wird vom NI-VLM gewahrt. Dabei wird je eine Entwicklungslizenz fur
den Computer gezahlt. Nur bei Beendigung des Vertrags wirden dann entsprechende einmalige Kosten anfallen,
die aber deutlich niedriger sind als eine Entwicklungsumgebung und nicht verfallen.
Zusammen mit einem Versionskontrollsystem, z.B. Git (git.gsi.de) kann es auch helfen, eine geordnetes Release-
Management zu organisieren.
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