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- EPICS 7 and Python -




Try/Test EPICS 7: can we make it work?

x first tests/tutorials

X interface EPICS with Python

X create/run test I0Cs to mimic CBPM data structure
X mimic 120 CBPMs read-out

x does it deliver on the advantage of pvAccess versus ChannelAccess?
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EPICS 7

Mike installed the latest version, EPICS v7.0.3.1, under $CESR EPICS/base/v7

(base) [atc93@lnx6248 v7]%

(base) [atc93@Llnx6248 v7]1s$

(base) [atc93@lnx6248 v7]1s 11 $CESR_EPICS/base/v7

Trwxrwxrwx 1 mjf7 cesr_ctl 12 Mar 27 21:35 /nfs/cesr/online/acc _control/epics/base/vi ->
(base) [atc93@lnx6248 v7]s%

(base) [atc93@Lnx6248 v7/]1$ 1s $CESR_EPICS/base/v7

LICENSE Makefile README
{base) [atc93@lnx6248 v7]$
(base) [atc93@Lnx6248 v7/]$ /nfs/cesr/online/acc_control/epics/base/v7/bin/linux-x86_ 64/softloc
dbLoadDatabase("/nfs/cesr/online/lib/epics/base-7.0.3.1/bin/linux-x86 64/../../dbd/softloc.dbd")
softloc_registerRecordDeviceDriver(pdbbase)
epics>
epics>
epics>

Most up-to-date documentation and how-to guides are being centralized here:

https://docs.epics-controls.org/en/latest/index.html

This is a nice starting point | am following

Antoine Chapelain, Cornell U. CBPM3 development

April 3, 2020 4



https://docs.epics-controls.org/en/latest/index.html

EPICS 7: first test

https://docs.epics-controls.org/projects/how-tos/en/latest/getting-started/installation.html#test-epics

(base) [atc93@lnx6248 epics-7.0.3.11%

(base) [atc93@lnx6248 epics-7.0.3.11%

(base) [atc93@lnx6248 epics-7.0.3.1]% cat test.db
record(ai, "temperature:water")

field(DESC, "Water temperature in the fish tank")
}
(base) [atc93@lnx6248 epics-7.0.3.11%
(base) [atc93@lnx6248 epics-7.0.3.11% softloc -d test.db
dblLoadDatabase("/nfs/cesr/online/lib/epics/base-7.0.3.1/bin/linux-x86 64/../../dbd/softIoc.dbd")
softIoc _registerRecordDeviceDriver(pdbbase)
dbLoadRecords("test.db")
iocInit()
Starting iocInit
B L L L L e L L o L e o L o o e e I 1 e e e P e 1
#4# EPICS R7.8.3.1
## EPICS Base built Mar 27 2020
B B B e B e B T T e S T e 1
iocRun: A1l initialization complete
epics> dbl
temperature:water
epics=

(base) [atc93@lnx6248 epics-7.

(base) [atc93@Lnx6248 epics-7.0.3.

(base) [atc93@Lnx6248 epics-7.0.3.1]1% caget temperature:water
temperature:water

(base) [atc93@Lnx6248 epics-7.0.3.1]% caput temperature:water 99
0Old : temperature:water 0

New : temperature:water 99

(base) [atc93@Lnx6248 epics-7.0.3.1]15% caget temperature:water
temperature:water

(base) [atc93@Lnx6248 epics-7.0.3.1]1%

channel access
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EPICS 7: first IOC

https://docs.epics-controls.org/projects/how-tos/en/latest/getting-started/installation.html#create-a-demo-test-ioc-to-test-ca-and-pva

(base) [atc93@Lnx6248 test _ioc]$ ./st.cmd
#!../../bin/linux-x86_64/test_ioc

< envPaths

epicsEnvSet ("IOC","test_ioc")

epicsEnvSet ("TOP", “/nfs/11[151m3/atc93/epics—7.0.3.l/test_ioc“]
epicsEnvSet ("EPICS_BASE","/nfs/cesr/online/acc_control/epics/base/v7")
cd "/nfs/ilc/sim3/atc93/epics-7.0.3.1/test_ioc”

## Register all support components

dbLoadDatabase "dbd/test_ioc.dbd"

test_ioc_registerRecordDeviceDriver pdbbase

## Load record instances

dbLoadTemplate “"db/user.substitutions”

dbLoadRecords "db/test_iocVersion.db", "user

dbLoadRecords "db/dbSubExample.db", "user=atc93

#var mySubDebug 1

#tracelocInit

cd "/nfs/ilc/sim3/atc93/epics-7.0.3.1/test ioc/iocBoot/test ioc"
iocInit

Starting iocInit

B B B B B L B B R I I S i i
## EPICS R7.0.3.1

## EPICS Base built Mar 27 2020

S A S R S S R R R R S
iocRun: ALl initialization complete

## Start any sequence pr

#seq sncExample, "user=atc93

«<XXExample
est 10[ version

.:step
> :period
rangle

21X
Yy
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ca: ChannelAccess
pv: pvAccess

3@lnx6248 epics-7.0.3.
(base) [atc93@Lnx6248 epics-7.0.3.
atc93:calcExample 7
(base) [atc93@Lnx6248 epics-7.0.3.11% pvget atc93:calcExample
atc93:calcExample 2 3-31 10: H:.'.4GQ 4 MINOR DEVICE LOW
(base) [: 3@lnx6248 epics-7.06.3.1]%
(base) @lnx6248 epics-7.0.3.1]% caput
calcExample

(base) [a

caget atc93:calcExample

atc93:calcExample -1

calcExample -1

13@Llnx6248 epics-7.0.3.1]% pvput
0ld : 2020-03-31 10:30:12.409
New : 2020-03-31 10:30:12.409

(base) [atcQ atc93:calcExample -2

4 MINOR DEVICE LOW

MINOR DEVICE LOW

11%

11% pvget atc93:
3.409

-2

(base) [a 3@lnx6248 epics-7.0.3.

(base) [atc93@Lnx6248 epics-7.0.3. calcExample

atc93:calcExample 3 9 MAJOR DEVICE HIHI
3

(base) [atc93@Lnx6248 epics-7.0.

calcExample is a dummy counter that increments
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EPICS and Python

There exists two Python binding modules to EPICS pvAccess:
¥ pvaPy: https://github.com/epics-base/pvaPy
X p4p: https://github.com/mdavidsaver/p4p

There is no way to figure out which one is “best” or “suit” us better. | chose to go
with p4p since the author appears more active recently.

PVAccess for Python (P4P)

The canonical version of this page is https://mdavidsaver.github.io/p4p/

P4P is a wrapper around the PVAccess (aka. PVA) protocol network client and server. P4P is part of
the EPICS (Experimental Physics and Industrial Control System) ecosystem for creating large (and
small) scale distributed process control and data acqisition sytems. https://epics.anl.gov/

P4P includes API for a Client APl and Server API, as well as a PVA Gateway executable (pvagw) with
which can enforce an access control policy.

Supports Linux, OSX, and Windows. With python 2.7, 3.4, 3.5, and 3.6 .
The recommended starting point is to install from pypi.org.

python -m virtualenv pdptest

. pdptest/bin/activate

python -m pip install -U pip

python -m pip install pdp

python -m nose pdp # Optional: runs automatic tests
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https://github.com/epics-base/pvaPy
https://github.com/mdavidsaver/p4p

EPICS and Python

conda install @

As part of Anaconda3 2019.10, installed p4p: —

V342

Python version is 3.7 e e R

To install this pack with conda run one of the following:
conda install -c conda-forge p4p
conda install -c conda-forge/label/ctT202003 pdp

(base) [atc93@Llnx6248 epics-7.0.3.1]%

(base) [atc93@Llnx6248 epics-7.0.3.1]% conda install -c conda-forge pdp
Collecting package metadata (current repodata.json): done

Solving environment: done

## Package Plan ##
environment location: /home/atc93/atc93/anacondaZ201910

added / updated specs:
- p4p

The following NEW packages will be INSTALLED:

cython conda-forge/linux-64::cython-0.29.16-py37h3340039 0
epicscorelibs conda-forge/linux-64::epicscorelibs-7.0.3.99.2.0-py37h6865%b9 0
pdp conda-forge/linux-64::pd4p-3.4.2-py37hb3t55d8 0O

ply conda-forge/noarch::ply-3.11-py 1

The following packages will be SUPERSEDED by a higher-priority channel:

ca-certificates pkgs/main::ca-certificates-2020.1.1-0 --> conda-forge::ca-certificates-2019.11.28-hecc5488 0
certifi pkgs/main::certifi-2019.11.28-py37 1 --> conda-forge::certifi-2019.11.28-py37hc8dfbb8 1
openssl pkgs/main::openssl-1.1.1le-h7b6447c © --> conda-forge::openssl-1.1.1e-h516909a 0

Proceed ([y]/n)? vy

Preparing transaction: done
Verifying transaction: done
Executing transaction: done
(base) [atc93@Llnx6248 epics-7.0.3.1]%
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Python pvA server/client

p4p runs on top of the EPICS core libraries - can run pvA server/client by itself

(base) [atc93@Lnx6248 atc93]$ python -m pdp.server.cli my:pv:name=int

INFO: main__ :Add my:pv:name
INFO:pdp.server:Running server

(base) [atc93@Lnx6248 atc93]$ python -m pdp.client.cli monitor my:pv:name

my:pv:name Error: Channel disconnected

my:pv:name Tue Mar 31 12:14:35 2020 0
my:pv:name Tue Mar 31 12:14:35 2020 5

(base) [atc93@Lnx6248 atc93]% python -m pdp.client.cli put my:pv:name=5

my :pv:name=5 ok
(base) [atc93@Lnx6248 atc93]%

See:
https://mdavidsaver.github.io/p4p/starting.html
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Quick Start

For testing and evaluation, it is recommended to install from pypi.org into a (disposable) virtualenv.

python -m virtualenv p4ptest

. p4ptest/bin/activate

python -m pip install -uU pip

python -m pip install p4p

python -m nose pdp # Optional: runs automatic tests

With this complete, open three terminal instances. One to run a PVA client, and two more to run
PVA clients. In the first run a PVA server. Feel free to replace 'my:pv:name’ with an arbitrary name
string everywhere it occurs.

$ . pdptest/bin/activate
$ python -m p4p.server.cli my:pv:name=int

INFO:p4p.server:Running server
In a second terminal run the following. If successful, the last line will end with a zero value.

$ . pdptest/bin/activate
$ python -m pdp.client.cli monitor my:pv:name

my:pv:name Mon Jul 9 19:24:01 2018 6L

And finally, in a third terminal run the following. If successful, the second terminal should show the
new value.

$ . p4ptest/bin/activate
$ python -m p4p.client.cli put my:pv:name=5
my : pv:name=5
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Test IOC and Python bindings

Run the example I0C from EPICS and read/write PV from Python

(base) [atc93@lnx6248 test_iocl$ ./st.cmd
#!../../bin/linux-x86_64/test_ioc
< envPaths
epicsEnvSet ("I0OC","test ioc")
epicsEnvSet ("TOP","/nfs/ilc/sim3/atc93/epics-7.0.3.1/test ioc")
epicsEnvSet ("EPICS_BASE","/nfs/cesr/online/facc_control/epics/base/v7")
cd "/nfs/ilc/sim3/atc93/epics-7.0.3.1/test_ioc"
## Register all support components
dbLoadDatabase "dbd/test_ioc.dbd"
test_ioc_registerRecordDeviceDriver pdbbase
## Load record instances
dbLoadTemplate "db/user.substitutions”
dblLoadRecords "db/test_iocVersion.db",
dblLoadRecords "db/dbSubExample.db"”, "user=atc9
#var mySubDebug 1
#tracelocInit
cd "/nfs/ilc/sim3/atc93/epics-7.0.3.1/test_ioc/iocBoot/test_ioc”
iocInit
Starting iocInit
S A S R S S R R R R S
## EPICS R7.0.3.1
## EPICS Base built Mar 27 2020
B B B L g i
iocRun: ALl initialization complete
## Start any sequence programs
#seq sncExample, "user=atc93"
epics> dbl
¢ circle:tick
«<xxExample
est_ioc:version
compressExample
:circle:step
cle:period
:angle

21X
Y
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(base) [atc93@Lnx6248 atc93]% python

Python 3.7.7 (default, Mar 26 2020, 15:48:22)
[GCC 7.3.0] Anaconda, Inc. on Llinux

Type "help", "copyright", "credits" or "license"
>>> Trom pdp.client.thread import Context
>>> ctxt = Context('pva')

=>> print(ctxt.get('atc93:calcExample’))
Tue Mar 31 13:50:02 2020 5.0

=
=
e
Tue
=

ctxt.put('atc93:calcExample’,

-999)
print{ctxt.get('atc93:calcExample"]

Mar 31 13:50:18 2020 -997.0
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Next step

Create simple IOC/PV(s) that mimics the CBPM data structure:
X timestamp

X 4 button values

X bunch number

X ...else?
Run this IOC locally on my machine via EPICS

Update the I0C PV(s) either internally from C (would mimic the I0C running on a
FPGA) or externally from Python (network bandwidth test) as fast as possible

Read-out the I0OC from Python as fast as possible
Write information to database

Add more and more IOCs up to 120
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- database -




New database service to run test/production

PostgreSQL service provided by IT group and running on pgl:

X dedicated network connection

X high-performance SAN RAID array

Other databases are available for test/production:

X MariaDB (MySQL)

X MongoDB (this is a “NoSQL’ type database, different from MySQL, PostgreSQL)

[atc93@lnxb6248 atc93]s

[atc93@lnx6248 atc93]%$ psql -d actest -h pgl -U atc93 -p 5432
Password for user atc93:

psgql (11.5, server 9.6.10)

Type "help" for help.

actest=> \dt

Schema
public

public
public

Antoine Chapelain, Cornell U.

List of relations
| Name Owner

| instro | table | atc93
| instrl | table | atc93
| instrl®@ | table | atc93

CBPM3 development
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nfs/ db versus pgl db

Test: populating databases as fast as possible from Inx6248 (2-minute data set)

The nfs/ db service runs from Ixn6248 (localhost)

Infsl~1|28 Hz
102+

101 B

101 L

100+ 100+

15 20 25 30 35 40 45 50
Rate [HZz] Rate [HZz]

0] 20 40 60 80 100 120 140

Running db service and populating code from same machine speed things up
significantly (reduced network overhead)
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Populating nfs/ db from different Linux boxes

Test: populate nfs/ db from different Linux boxes (2-minute data set)

102 L

101 L

100 E

Inx6248
~123 Hz

T cesr109
~10 Hz

# 101_

oL
191 | 1

2.5 5.0 7.5 10.0 125 15.0 17.5 20.0

Rate [HZz]
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Rate [Hz]
102

# 101_

100 L

(ilc327
~10 Hz

d

1
2 4

6

8 10 12 14 16
Rate [HZ]
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Populating pgl db from different Linux boxes

Test: populate pgl db from different Linux boxes (2-minute data set)

102

101+

100 E
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InNx6248
~35 Hz

101 L

100 E

'ce§r169 '

' ~30 Hz

0 5 10

15 20 25

Rate [Hz]

30 35 40

30
Rate [Hz]

35

1o

101 L

100 E

40 45 50

ilc327
' ~32 Hz

0 5 10 15 20

Rate [Hz]

25
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Populating code: db connection and cursor

Test: compare versions of populating code to populate pgl db from Inx6248

X can open db connection/create cursor and leave them open/alive to populate all
the events (only close/delete once all the events are populated)

X can open/close db connection and create/delete one cursor per event to be
populated (thus open/close and create/delete many, many times)

Rate [Hz]
one db connection one cursor ~35 code
default
one db connection many cursor ~35
many db connection many cursor ~22
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Populating 1 table versus 120 tables

Test: compare populating pgl db from Inx6248
x 1 table with 120 CBPMs
x 120 tables with 1 CBPM

Rate [HZz]
1 table with 120 CBPMs ~35
120 tables with 1 CBPM ~35
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Populating code: db commit

Test: compare versions of populating code to populate pgl db from Inx6248

In the case of populating 120 tables, can:
X commit changes to db one table at a time

X commit changes to db for all the tables at once

Rate [Hz]
one commit per table ~7
one commit for all tables ~35 code
default
Antoine Chapelain, Cornell U. April 3, 2020 19




Test: populate pgl db from Inx6248 for 1 day

- clear ~hour time-scale pattern and early morning slow down

105 I I I I I I 50 i ‘- T T T T T T T ]
104 40 .
103 & 30 |
(D]
% i
e 20t -
107 .
10 .V;:' : P ¥ .3 £ % : ]
10! X : x % % %
oF H%)Kg‘x 5 j ii ixi{ 'i ) i
10° -\_‘) A% ™ o0 Q> Q0 I L
x \ ¢ 0 g 0 0 0
0 10 20 30 40 50 NN N R S N C UG
Rate [Hz] Date [mm-dd hh]
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Test: populate pgl db from cesrl09 for 1 day

- clear ~hour time-scale pattern and early morning slow down

I I I I I I 1 I 1 I 1 1 I 1 1 I 1
10° S0F . ]
104 40+ i
103 i 30F |
()]
* +—

102 & 20f g 1

#
10F ;% F § T % o
101 .;'4 E X i % x{ k . : ? : ‘.\ 3
ol ¥ i 5 j 3 3 D 0 xix |
1 | 1 1

10°

1 1 1 1 1
B A0 42 10 12 o® ol o a© o® A0
QYo g’L’” QfL'L 030 0,50 0,50 0,50 0,50 >
20 30 oF T o QT BT T T o ofT T T o

Rate [Hz] Date [mm-dd hh]
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Additional materials
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