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Schedule

9:00 — 10:20: Bluesky overview and live demo (with epics-containers)
10:20 — 10:50: Break / Q&A

10:50 — 12:10: Bluesky-Queueserver overview and live demo
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Bluesky Overview: Outline

* About NSLS-II

* Bluesky Data Acquisition & Experiment Orchestration Framework

« Applications

Live Demo \
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29 state-of-the-art beamlines and growing!

Leveraging DS/ML to exploit world leading brightness
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NSLS-II: ~350 employees
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DSSI: ~65 employees
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Bluesky Data Acquisition &
Experiment Orchestration Framework

An open-source software project of individually useful components used in
experimental orchestration

National Synchrotron Light Source Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024




A bit of history...

Software Developed at Brookhaven Lab Could Advance
Synchrotron Science Worldwide

October 2, 2017

Storage Ring Operating Statys

Mo Beam Schedsted

Thomas Caswell (left) and Dan Allan (right), two of Bluesky's creators.

https://www.bnl.gov/newsroom/news.php?a=212470
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.-.1" Home About v News and Events v Software v Support - Community v Q

https://epics-controls.org
THE https://docs.epics-controls.orqg

EXPERIMENTAL PHYSICS

ANDINDUSTRIAL CONTROL SYSTEM https://areadetector.github.io

areaDetector 3-12

areaDetector
FREE AND OPEN SOURCE DEVELOPED COLLABORATIVELY POWERFUL AND RELIABLE . e .

EPICS Support for Multidimensional Detectors

EPICS is developed as a public open source EPICS was created through collaborative The launch of EPICS 7 marks the biggest

project. The source code is freely available contributions from scientific facilities since a change of the EPICS code base for over 10 This page is the home of areaDetector, an application for controlling area (2-D) detectors, including

according to the EPICS Open License. long time. It is the preferred choice for years. The new, feature-rich pvAccess CCDs, pixel array detectors, and online imaging plates.
complex, large scale distributed control protocol enables many new applications with
system applications. unprecedented performance and capacity.
Read more

17th Int. Conf. on Acc. and Large Exp. Physics Control Systems ICALEPCS2019, New York, NY, USA JACoW Publishing
ISBN: 978-3-95450-209-7 ISSN: 2226-0358 doi:10.18429/JACoW-ICALEPCS2019-MOCPRO2

THE EPICS COLLABORATION TURNS 30

L. R. Dalesio, Osprey DCS LLC, Ocean City, USA
A. N. Johnson, Argonne National Laboratory, Lemont, USA
K.-U. Kasemir, Oak Ridge National Laboratory, Oak Ridge, USA
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Bluesky Collaboration and Community

= O bluesky / bluesky Q Type [/) to search >- + - ®© n @. @
<> Code () Issues 180 11 Pullrequests 44 ) Discuss jons () Actions [J Projects [ wiki @ Security [~ Insights
& bluesky Public s> EditPins v ®Unwatch 26 ~ % Fork 90
¥ main ~ ¥ 37 Branches O 78 Tags Q, Go tofile t + About 3
NSLS-II, APS, ALS, LCLS & SSRL (US) . PSI (Switzerland)

Diamond Light Source (UK)

« Australian Synchrotron
BESSY-II (Germany)
_ _ « Pohang Synchrotron (South Korea)
Canadian Light Source

University of Wisconsin—Madison

Join the community: https://blueskvp.r'c')iect.io/mattermost/
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https://blueskyproject.io/mattermost/

Collaborations: spans 5 continents
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Bluesky is “Mad Libs” for science

eX p e r I m e n tS - Mad Scientist Mad Libs
| MAD#I.IBS
Scan the sample stage In ot Srcatet. o Same

a _qgrid pattern over some
range with _some resolution while taking
measurements with these sensors at

each position.

Record that the sample under study T
was _Sample X and that the mood at the o dl.i!f.ﬁli
beamline that day was _hopeful . =

A super silly way to fill in the _ !
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Bluesky Experiment Orchestration Framework

https://blueskyproject.io | DOI: 10.1080/08940886.2019.1608121

. Prompt feedback
Experimental procedure <«

A

 /
Run Engine (o flunskﬁngme) 3 “Documents”’ —————>
A

\ 4

Python abstractions

Serialization
h
of hardware ({2, 5°147) (@ suitcases)

A
Read value

4 Persistent storage

Control layer (e.g. EPICS) (Ordinary files on disk
A

Set value

4
7

7/
v » Large detectors
» Wwrite directly to storage
Hardware -

(e.g. motors, detectors)

e

. - isk, v
a Database, and/or the CIou:)\ Interactive

Streaming visualization,
processing, adaptive and

autonomous interfaces

‘olueskg

adaptive

Access saved data

(0 g?eiefroker)

data analysis

&@

Jupyter
e’

]

By

from ophyd import Device, EpicsMotor
from ophyd import Component as Cpt

AdscDetector

Andor3Detector

AndorDetector

AreaDetector

BrukerDetector

class StagEXY(DEViCE) H | FirewireLinDetector
x = Cpt(EpicsMotor, ':X'") ______
y = Cpt(EpicsMotor, ':Y') :I
LightFieldDetector |
stage = StageXY('STAGE_PV', name='stage') ! _
| Mar345Detector
Blueskyinterface II - MarCCDDetector
B Device ADBase I } DetectorBase :Fﬂf’
OphydObject - . .

EPICS AreaDetector support

from ophyd import AreaDetector, SingleTrigger

class MyDetector(SingleTrigger, AreaDetector):
pass

prefix = 'XF:23ID1-ES{Tst-Cam:1}"
det = MyDetector(prefix)

Read motor position

and trigger and
read detector(s)

=]

“Documents”
Move a

motor

Trigger

Move | and read ete.

n B

RE(bp.scan([det], stage.x, -10, 10, 5))

PerkinElmerDetector
PilatusDetector

PixiradDetector

PointGreyDetector

ProsilicaDetector

X’A PSLDetector

PvcamDetector

RoperDetector

\ SimDetector

URLDetector

Nauonai Qyncerirotrorn Ligrit osource i

Non-EPICS hardware is supported. Example (laptop camera):

14
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https://blueskyproject.io/
https://doi.org/10.1080/08940886.2019.1608121
https://github.com/mrakitin/Berlin-2019-tutorials-workshop/blob/master/demo/LaptopCam.ipynb

‘ mongoDB.

PostgreSQL

DO C U m ent MO d e' NSLS-Il: documents are stored in

Example 1: Simplest Possible Run Example 3: Asynchronously Monitor During a Scan
E Do nothing - this is the simplest possible experiment! E E E E
Example 2: A Simple Scan Read motor position
Move a and trigger and Trigger
motor | read detector(s) Move | andread | etc.

B el lnl el leB
SRR e nlal alla

Read motor position
Move a and trigger and Trigger
motor read detector(s) Move | and read etc.

Monitor beam Record
current new value etc.

E Event: Readings and timestamps L
sample info., etc. I
Event Descriptor: Metadata about the é Run Stop: Additional metadata known

Run Start: Metadata about this run,

including everything we know in

advance: time, type of experiment,
N

readings in the event (units, precision, at the end: what time it completed and its Monitor Record
etc.) and the relevant hardware exit status (success, aborted, failed) temperature new value ete.

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024 15



Built-in
plans

Python generators
Composable with “yield from ...”

National Synchrotron Light Source I

count
scan
rel_scan

list_scan

rel_list scan
Llist grid_scan
rel_list grid_scan
log_scan
rel_log_scan
grid_scan
rel_grid_scan
scan_nd

spiral
spiral_fermat
spiral_square
rel_spiral
rel_spiral_fermat
rel_spiral_square
adaptive_scan
rel_adaptive scan
tune_centroid
tweak

ramp_plan

fly

Take one or more readings from detectors.
Scan over one multi-motor trajectory.
Scan over one multi-motor trajectory relative to current position.

Scan over one or more variables in steps simultaneously (inner
product).

Scan over one variable in steps relative to current position.
Scan over a mesh; each motor is on an independent trajectory.
Scan over a mesh; each motor is on an independent trajectory.

Scan over one variable in log-spaced steps.

Scan over one variable in log-spaced steps relative to current position.

Scan over a mesh; each motor is on an independent trajectory.
Scan over a mesh relative to current position.

Scan over an arbitrary N-dimensional trajectory.

Spiral scan, centered around (x_start, y_start)

Absolute fermat spiral scan, centered around (x_start, y_start)
Absolute square spiral scan, centered around (x_center, y_center)
Relative spiral scan

Relative fermat spiral scan

Relative square spiral scan, centered around current (X, y) position.

Scan over one variable with adaptively tuned step size.

Relative scan over one variable with adaptively tuned step size.
plan: tune a motor to the centroid of signal(motor)

Move and motor and read a detector with an interactive prompt.

Take data while ramping one or more positioners.
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Documents stored in Tiled

Tiled is a data access service for data-aware portals and data science tools.

Tiled puts an emphasis on structures rather than formats, including:

* N-dimensional strided arrays (i.e. numpy-like arrays)

« Sparse arrays

» Tabular data (e.g. pandas-like “dataframes”)

* Nested, variable-sized data (as implemented by AwkwardArray)

» Hierarchical structures thereof (e.g. xarrays, HDF5-compatible structures like NeXus)

Tiled implements extensible access control enforcement based on web
security standards.

https://blueskyproject.io/tiled/ https://tiled-demo.blueskyproject.io/

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024 17


https://awkward-array.org/
https://blueskyproject.io/tiled/
https://tiled-demo.blueskyproject.io/

Ophyd-async

Ophyd-async is a Python library for asynchronously interfacing with hardware. Uses both CA and PVA
EPICS protocols.

Both ophyd and ophyd-async are typically used with the Bluesky Run Engine for experiment orchestration
and data acquisition.

While EPICS is the most common control system layer that ophyd-async can interface with, support for
other control systems like Tango will be added in the future. The focus of ophyd-async is:

. Async_hro)nous signal access, opening the possibility for hardware-triggered scanning (also known as fly-
scanning

« Simpler instantiation of devices (groupings of signals) with less reliance upon complex class hierarchies

Ophyd-async Is still under active development, the release of v1.0.0 is planned later

this year.
https://blueskyproject.io/ophyd-async/

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024 18


http://blueskyproject.io/bluesky
http://www.aps.anl.gov/epics/
https://www.tango-controls.org/
https://blueskyproject.io/ophyd-async/

Ophyd-async
example:

National Synchrotron Light Source I

# Import bluesky and ophyd

import matplotlib.pyplot as plt

from bluesky import RunEngine

from bluesky.callbacks.best_effort import BestEffortCallback
from bluesky.plan_stubs import mov, movr, rd # noqga

from bluesky.plans import grid_scan # noqga

from bluesky.utils import ProgressBarManager, register_transform
from ophyd import Component, Device, EpicsSignal, EpicsSignalRO

from ophyd_async.core import DeviceCollector
from ophyd_async.epics import demo

# Create a run engine, with plotting, progressbar and transform
RE = RunEngine({}, call_returns_result=True)

bec = BestEffortCallback()

RE.subscribe(bec)

RE.waiting_hook = ProgressBarManager()

plt.ion()

register_transform("RE", prefix="<"

# Start I0C with demo pvs in subprocess
pv_prefix = demo.start_ioc_subprocess()

# Create ophyd devices

class 0ldSensor(Device):
mode = Component(EpicsSignal, "Mode", kind="config")
value = Component(EpicsSignalR0, "Value", kind="hinted")

det_old = OldSensor(pv_prefix, name="det_old")

# Create ophyd-async devices

with DeviceCollector():
det = demo.Sensor(pv_prefix)
det_group = demo.SensorGroup(pv_prefix) 19
samp = demo.SampleStage(pv_prefix)



Documentation & Tutorials

* hitps://blueskyproject.io/ — general Bluesky project overview.

e hitps://github.com/bluesky/tutorials — interactive tutorials using
Jupyter (press the MyBinder link).

 hitps://blueskyproject.io/bluesky/main/tutorial.ntml — non-interactive
tutorial on the bluesky library.

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024
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https://urldefense.us/v2/url?u=https-3A__blueskyproject.io_&d=DwMF-g&c=v4IIwRuZAmwupIjowmMWUmLasxPEgYsgNI-O7C4ViYc&r=8RMagXS5oBauLyLs1HfVUTdnjjuRYthZ97c5pPc4pBQ&m=5O3UEhJHTSkMXM6rcTOF_n_QzANrtyVL8G17W5tYftfv1Yabtf4iRXxA8aq8jnEX&s=kOEVzPEUf-XoID7JpGcOUozmhPqchTv0aLrywsr9v3I&e=
https://urldefense.us/v2/url?u=https-3A__github.com_bluesky_tutorials&d=DwMF-g&c=v4IIwRuZAmwupIjowmMWUmLasxPEgYsgNI-O7C4ViYc&r=8RMagXS5oBauLyLs1HfVUTdnjjuRYthZ97c5pPc4pBQ&m=5O3UEhJHTSkMXM6rcTOF_n_QzANrtyVL8G17W5tYftfv1Yabtf4iRXxA8aq8jnEX&s=QFBVjrtx99_QnC0BcHUZMUZ-9QxuBErHmT2eG9tKGso&e=
https://urldefense.us/v2/url?u=https-3A__blueskyproject.io_bluesky_main_tutorial.html&d=DwMF-g&c=v4IIwRuZAmwupIjowmMWUmLasxPEgYsgNI-O7C4ViYc&r=8RMagXS5oBauLyLs1HfVUTdnjjuRYthZ97c5pPc4pBQ&m=5O3UEhJHTSkMXM6rcTOF_n_QzANrtyVL8G17W5tYftfv1Yabtf4iRXxA8aq8jnEX&s=k31_b-A5-FFSvZ1x7bDbYZDpGFw4T9H4en0ijnlH4eA&e=

Deployment at NSLS-II —

conda-forge for packages (bluesky, ophyd, databroker, etc.)

Conda'DaCk: ﬁ Python in Astronomy Conference Series
» Build once, reuse multiple times!
« Zenodo: zenodo.org — up to 50 GBs per deposition (multiple files) QRecords  eMombors g Curston polcy § Abou

« DOI — good for citations
« https://about.zenodo.org/policies/
» Used for testing with IPython profiles with beamline startup scripts
* Integrates with GitHub repos Want your own community?
* New! Communities, e.g., https://zenodo.org/communities/PYastro i easy Just click the button o get started.
Deployment using Ansible Automation Platform (RedHat ecosystem)
. . . » Curate — accept/reject what goes in your community collection.
Same enV|r0nment for data CO”eCt|0n and anaIyS|S (\JupyterHUb) e Export — your community collection is automatically exported via OAI-PMH

e Upload — get custom upload link to send to people

« Versions: Data files are versioned. Records are not versioned. The uploaded data is archived as a Submission Information Package. Derivatives of data files are generated, but
original content is never modified. Records can be retracted from public view; however, the data files and record are preserved.

¢ Replicas: All data files are stored in CERN Data Centres, primarily Geneva, with replicas in Budapest. Data files are kept in multiple replicas in a distributed file system, which is
backed up to tape on a nightly basis.

« Retention period: [tems will be retained for the lifetime of the repository. This is currently the lifetime of the host laboratory CERN, which currently has an experimental programme
defined for the next 20 years at least.

s Functional preMno promises of usability and understandability of deposited objects over time.

o File preservation: Data files and metadata are backed up nightly and replicated into multiple copies in the online system.

« Fixity and authenticity: All data files are stored along with a MD5 checksum of the file content. Files are regularly checked against their checksums to assure that file content
remains constant.

¢ Succession plans: In case of closure of the repository, best efforts will be made to integrate all content into suitable alternative institutional and/or subject based repositories.

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024 21
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Published August 1, 2024 | Version 2024-2.3

NSLS-II collection conda environment 2024-2.3 with Python 3.10,

3.11,and 3.12

Rakitin, Max' ®; Garrett, Bischof' {®; Aishima, Jun' ®

NSLS-II callection environment deployed to the experimental floor.

https://github.com/ns|s2-cenda-envs/nsls2-collection-tiled/pull/4 1
https:f/github.com/nsls2-conda-envs/nsis2-collection-tiled/actions/runs/ 10189092932

Notes

Unpacking instructions:

mkdir -p ~/conda_envs/<env-name>
cd ~/conda_envs/<env-name>

wget <url-to>/<env-name>.tar.gz
tar -xvf <env-name>.tar.gz

conda activate $PWD
conda-unpack

Files
2024-2.3-py310-tiled-mdSsum. txt
Files (7.6 GB)
Name Size

2024-2.3-py310-tiled-mdSsum. txt

90 Bytes
mdS:34c1bblbac02c98dd79a8e9531431692 @
4-2.3-py310-tiled-sh g
2024-2.3-py310-tiled-sha256sum. b 127 Bytes
mdS:3addb14624163264800058217006085 @
2024-2.3-py310-tiled tar.gz
24-2.5py¢ 9 25GB
Md5:70656303d30eM2e 2elaBEL7BSE0GSH @
2024-2.3-py310-tiled.yml.txt
B y 360 kB
ma5: 1 0efob1576d75426010cbeb372007d @
2024-2.3-py311-tiled-md5sum.txt
Y N R 90 Bytes
md5:a288727776eb33(30846870d9a341906 @
4-2.3-py311-tiled- i
2024-2.3-py311-tiled-sha2b6sum. bt 127 Bytes
ma5804036623322089932dc 029969135600 ©
2024-2.3-py311-tiled tar.gz
o 9 26GB
md5:f25a0edc6837 1 1cbi7ed 16da72567812 @
2024-2.3-py311-tiled.yml.txt
U Y 368KB
mds:02c12a3aa03117B46365362928005268 @
2024-2.3-py312-tiled-md5sum.txt
24-2.5-py31 90 Bytes
md5:4d53de0b 115060154 116442631613 1e @
2024-2 3-py312-tiled-sha256sum. txt
B 127 Bytes
md5;d3daib103e181407cOcS00996321022d @
2024-2 3-py312-tiled tar.gz
prsizled era 26GB
md5:a73t3cac263604096411 9 1le2bBeTed @
2024-2.3-py312-tiled.yml.txt
B 0 37.2k8

md5:8322fc:

Ib75beld8dedes 13223d! @

@ Praview

@ Freview

@ Preview

@ Praview

@ Praview

@ Preview

@ Preview

@ Preview

@ Preview

Show afiiliations

B Download all

& Download

. Download

& Download

& Download

. Download

&, Download

& Download

& Download

& Download

&, Download

& Download

& Download

2K 12K

@ VIEWS & DOWNLOADS

» Show more details

Versions

Version 2024-2.3 Aug 1, 2024
10.5281/zenado. 13156180

Version 2024-2.2 Jul 2, 2024
10.5281/z6n0ad0.12627107

Version 2024-2.1 Jun 21, 2024
10.6281/z6n0d0.12207275

Version 2024-2.0 May 6, 2024
10.5281/zenado.11122851

Version 2024-1.0 Jan 22, 2024
10.5281/28n0d0.10548109

View all 35 versions
Cite all versions? You can cite all versions by
using the DOI 10.5281/zenodo.4057062. This DOI

represents all versions, and will always resolve to
the latest one. Read more.

External resources

Indexed in

0 OpenAIRE

Details

Dol
DOT 1

/zenodk

Resource type
Software

Publisher
NSLS-II, Brookhaven National Laboratory

Citation

Rakitin, M., Garrett, B., & Aishima, J. (2024).
NSLS-II collection conda environment 2024-2.3
with Python 3.10, 3.11, and 3.12 (2024-2.3). NSLS-
Il, Brookhaven National Laboratary. https://
doi.org/10.5281/zenodo. 13156180
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Applications

National Synchrotron Light Source Il
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EPICS and non-EPICS Ophyd Support

Hardware Interface Custom Interface

Libraries Libraries
[Q)I ues kg]

EPICS
ophyd /
% € 3 ophyd-async

TANGé g Ophyd-async

Rt ] .
<>, 2 Sirepo

by RadiaSoft

Sirepo-

Bluesky

Ophyd-Basler ‘_)%'pypylon

<—>[ (®) ophyd ]<—>

bluesky

&= Vista

——MUCR el atfdb VideoStream Rt eI
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Bluesky controls rotating of the image and streams slices tomographically
reconstructed using tomopy via a callback on every “event” document

Sinogram

detector position

8000

6000

4000

2000

U— 0

0.0 0.2 0.4 0.6 0.8 1.0
sequence number

National Synchrotron Light Source I

Angle: 0.00° Reconstruction using Tomopy

Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024
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RE-playing a series of images of bouncing Gaussian beam through Pylon API to Napari visualization callback

[N N J IPython: src/ophyd-basler Click © to stop screen recording
IPython: src/ophyd-basler (python3.11) 81 -zsh 82

| 959 | 03:39:49.6 | 2.085 |
| 960 | 03:39:49.7 | 2.168 |
| 961 | 03:39:49.9 | 2::235M]
| 962 | 03:39:50.0 | 2.276 |
| 963 | 03:39:50.3 | 2.279 |
| 964 | 03:39:50.4 | 2.240 |
| 965 | 03:39:50.6 | 2.158 |
| 966 | 03:39:50.7 | 2.040 |
| 967 | 03:39:50.9 | 1.896 |
| 968 | 03:39:51.0 | 1.736 |
| 969 | 03:39:51.2 | 1572 ||
| 970 | 03:39:51.3 | 1.410 |
| 971 | 103:39:51.5" | 1:257°0
| 972 | 03:39:51.6 | 1.116 |
| 973 | 03:39:51.8 | 0.989 |
| 974 | 03:39:51.9 | 0.877 |
| 975 | 03:39:52.0 | 0.780 |
| 976 | 03:39:52.2 | 0.697 |
| 9772 | 1033925231 0.628 |
| 978 | 03:39:52.5 | 0.573 |
| 979 | 03:39:52.6 | 0.530 |
| 980 | 03:39:52.8 | 0.498 |
| 981 | 03:39:52.9 | 0.477 |
| 982 | 03:39:53.1 | 0.465 |
| 983 | 03:39:53.2" | 0.461 |
| 984 | 03:39:53.4 | 0.464 |
| 985 | 103:39:53.50| 0.475 |
| 986 | 03:39:53.6 | 0.492 |
| 987 | 03:39:53.8 | 0.516 |
| 988 | 03:39:53.9 | 0.547 |
| 989 | 03:39:54.1 | 0.586 |
| 990 | 03:39:54.2 | 0.631 |
| 991 | 03:39:54.4 | 0.683 |
| 992 | 03:39:54.5 | 0.741 |
| 993 | 03:39:54.6 | 0.801 |
| 994 | 03:39:54.8 | 0.862 |
| 995 | 03:39:54.9 | 0.922 |
| 996 | 03:39:55.1 | 0.982 |
| 997 | 03:39:55.2" | 1.039 |
| 998 | 03:39:55.4 | 1.094 |
| 999 | 03:39:55.5 | 1.143 |
Fomm e e it -
| seq_num | time | basler_cam_mean
tmmmm Fom - - +
| 1000 | 03:39:55.7 1.186 |
o B ittt +

\
+
generator count ['ba30d428'] (scan num: 2)

Max Rakitin — EPICS Meeting — Bluesky Workshop
In [5]: (uid,) = RE(lbp.count([emulated_basler_camera], num=1000))J}

use <2> for transform

Aactivity
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SUPPORTED CODES &

Beamline Simulations with Sirepo

CONTROLS
‘e
*,_& Synchrotron Radiation Workshop i Simulations #" NSLS-Il CHX beamline & 4 Source  *+Beamline i Machine Learning ~ MINotes & v dkslack @~
L ]
ELEGANT
prroTTeTenanaseseseeeeeeoee [Hefractive/Diﬁractive optics and transmission objema‘]""""""""""""“j ""' """"""""""""""" i Elements ofmonochmmalorl
onefe | ChbA | @) | e, o PRI | S s e i o gt
S I e @ - || il a | :::m:: i gy ) i T i | W
Lens CRL Zone Plate Fiber Aperture Obstacle Mask Sample Planar  Circular Cylinder  Elliptical Cylinder Toroid Crystal Grating Watchpoint FLASH
£ Initial Wavefront beamline definition area & #' Propagation G E N ES I S
drag and drop optical elements here to define the beamiine
L_205m L 274m L _200m 1 o4am L _as4m 1 asam L 4asm L dasm L dam 1 d87m J JSPEC )
. il ol 4O N O W | (O ol oS | I B,
- R R S SN SN S b g @
S0~ HDM ~ S1~ S2~ CRL1~ CRL2~ KLA~ KL~ S3~ Sample~ l U pYT E R
/
Coherent Results i Partially Coherent Results 3D Beamline M A D - X

Simulation Completed

Elapsed time: 00:00:16
OPAL

Start New Simulation

Initial Intensity, 20.5m S A Intensity Sample, 48.7m LS B A OPENMC

Before Propagation (E=9000 eV)

Single-Electron Intensity

After Propagation (E=9000 eV)
_ Single-Electron Intensity _ RA D IA

o o https://www.Sirepo.com
= = . - .

3 < https://github.com/radiasoft/sirepo SHADOW
E https://doi.org/10.1107/S1600577518010986 SR

L-200 = L-50 >

o o WARP PBA
Intensity [ph/s/.1%bw/mm?] :‘ /\ Intensity [ph/s/.1%bw/mm?)]
(32'00 100 0 100 200 07 100 0 100 = WARP VND -
Horizontal Position [um] Horizontal Position [um] . .

Toxtsd Msazéczl;«"‘aknm — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024 ZGOUBI



https://www.sirepo.com/
https://github.com/radiasoft/sirepo
https://doi.org/10.1107/S1600577518010986

Sirepo-Bluesky

https://github.com/NSLS-Il/sirepo-bluesky

https://nsls-ii.github.io/sirepo-bluesky DOI 10.5281/zenodo.8265981 & PyPI v0.7.2 | =< conda-forge | v0.7.2

https://doi.org/10.1117/12.2678030

_ List of predefined simulations in Sirepo
« Available on conda-forge and PyPI

elow is a list of custom/predefined simulations available when one starts Sirepo following the
* S u p po rt Of the S RW1 S h ad 0o W3 ’ and MA D-X Sirepo startu; irflstrutctionps, that are currenttl-ly used for tests and clemots.rt e .
applications in Sirepo

« Simulations are performed on a Sirepo server (a VM, SRW
Docker container, or HPC resources) SRW simulations used for testing
« Communication is done over HTTP(s) with Sirepo Simulation 1D Description
REST API 00000000 Young’s Double Slit Experiment
» Watchpoints or other Sirepo “reports” are wrapped easem | =k
Into dedlcated “deteCtor” Ophyd ObJeCtS :::::::: .;:)SARI-RIXSZSOeV JulyReviewVersion oc
 All other optical elements are wrapped into Ophyd’s e
Devices with Signals corresponding to individual siooooss  PD ARI-ARPES 150eV JulyReviewVersion oc
parameters in Sirepo 00000006 PD ARI-ARPES 250eV JulyReviewVersion oc
« The exchange format is JSON S I
« List of predefined simulations in Sirepo: e

https://nsls-ii.github.io/sirepo-bluesky/simulations.html
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https://nsls-ii.github.io/sirepo-bluesky
https://doi.org/10.1117/12.2678030
https://nsls-ii.github.io/sirepo-bluesky/simulations.html

Ophyd Device
Representation

toroid_apertureShape
toroid_autocomputeVectors
toroid_grazingAngle
toroid_heightAmplification
toroid_heightProfileFile
toroid_horizontalPosition
toroid_id
toroid_normalVectorX
toroid_normalVectorY
torotld_normalVectorZ
toroid_orientation
toroid_sagittalRadius
toroid_sagittalSize
toroid_tangentialRadius
toroid_tangentialSize
toroid_tangentialVectorX
toroid_tangentialVectorY
toroid_title

toroid_type
toroid_verticalPosition
toroid_element_position

Sirepo Widget

[ som 1 om L d2am 1 25m [ _ 2m 1 o2657m 1 saieom 1 sareom [ s67ism 1 sesrom 1 s7.142m ]

Toroid Mirror

Mame & Position

vertical
7
1

0
6
0

0.9999755001000415
-0.006999942833473391
y

0.186

0.08

24500

0.96

0
0.006999942833473391

Toroid
toroidalMirror

National Synchrotron Light Source I

Geometry

Toroid ~ SSA~ wa - KBH ~ KBV~ W~

Orientation Height Profile

Grazing Angle [mrad] 7
Auto-compute Vectors Vertical v {

Coordinates of Central
Tangential Vector

Coordinates of Central
Normal Vector

Horizontal ] "]

Vertical 0.9999755001000415 0.0069898428334 73381

Longitudinal -0.006999942833473391

I

Sirepo JSON

"apertureShape": "r",
"autocomputeVectors": "vertical",
"grazingAngle": 7,

"heightAmplification": 1,

"heightProfileFile": "",
"horizontalPosition": @,
llidll: Gl

"normalVectorX": @,

"normalVectorY": 0.9999755001000415,
"normalVectorZ": -0.006999942833473391,
"orientation": "y",

"position": 26.57,

"sagittalRadius": ©.186,

"sagittalSize": 0.08,

"tangentialRadius": 24500,
"tangentialSize": .96,
"tangentialVectorX": 0,
"tangentialVectorY": ©.006999942833473391,
"title": "Toroid",

"type": "toroidalMirror",
“verticalPosition": @

Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024

Sirepo-Bluesky: linking Sirepo with Ophyd
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Sirepo-Bluesky: Watchpoint ‘detector’

National Synchrotron Light

77~ class SirepoWatchpoint(DeviceWithJSONData):
78 image = Cpt(ExternalFileReference, kind="normal")
79 shape = Cpt(Signal)
80 mean = Cpt(Signal, kind="hinted")
81 photon_energy = Cpt(Signal, kind="normal")
82 horizontal_extent = Cpt(Signal)
83 vertical_extent = Cpt(Signal)
84
85 v def __init_ (
86 self,
87 *args,
88 root_dir="/tmp/sirepo-bluesky-data",
89 assets_dir=None,
90 result_file=None,
91 Fkkwargs,
92 ):
110 v def trigger(self, *args, skkwargs):
111 logger.debug(f"Custom trigger for {self.name}")
112
113 date = datetime.datetime.now()
114 self._assets_dir = date.strftime("sY/%m/%d")
115 self._result_file = f"{new_uid()}.dat"
116
117 self._resource_document, self._datum_factory, _ = compose_resource(
118 start={"uid": "needed for compose_resource() but will be discarded"},
119 spec=self.connection.data["simulationType"],
120 root=self._root_dir,
121 resource_path=str{Path(self._assets_dir) / Path(self._result_file)),
122 resource_kwargs={},
123 )
124 # now discard the start uid, a real one will be added later
125 self._resource_document.pop("run_start")
126 self._asset_docs_cache.append(("resource", self._resource_document})
127
128 sim_result_file = str{
129 Path(self._resource_document["root"]) / Path(self._resource_document["resource_path"])
138 )
131
132 self.connection.datal"report"] = f"watchpointReport{self.id._sirepo_dict['id"']}"
133
134 _, duration = self.connection.run_simulation() [€
135 SelT.duration.puciguration’
136
137 datafile = self.connection.get_datafile(file_index=-1)
138 a
139 with open(sim_result_file, "wb") aMaX Rak|t|n _ EP|CS Meeting _ BlueSk
149 f.write(datafile)

D EEIID D @D EEIED EETED @R

e q-" = i > P Y ®

Toroid SSA~ W8~ KBH~ KBV~ Wa~
‘Watchpoint
Element Name we
Position along Optical Path [m] 57.142

Intensity W9, 57.142m LS B A
Download Report
After Propagation (E=2500 eV) PNG - Small
Single-Electron Intensity PNG - Medium L
PNG - Large

-4

CSV - Horizontal Cut "2 §
CSV - Vertical Cut g
=
CSV - Full Plot -0 B
o
Export Python Code =
2
-2 E
-4
5e+17 0
5e+17
Intensity [ph/s/.1%bw/mm?]
04— T T T —

-4 -2 0 2 4
Horizontal Position [pm]

Start Mew Simulation

start simulation—

Raw Data File

wilersaviRg 1Qa1LG 5757577

https://github.com/NSLS-Il/sirepo-bluesky/blob/main/sirepo_bluesky/sirepo_ophyd.py
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Example of a Bluesky run with Sirepo

from sirepo_bluesky import prepare_re_env
srun —i $prepare_re_env.__ file__

from sirepo_bluesky.sirepo_bluesky import SirepoBluesky
from sirepo_bluesky.sirepo_ophyd import create_classes

connection = SirepoBluesky("http://localhost:8000")
data, schema = connection.auth("srw", sim_id="00000002")
classes, objects = create_classes({connection=connection)

globals().update(++objects)

aperture.horizontalSize.kind = "hinted"
w9.duration.kind = "hinted"

(uid,) = RE(bp.scan([w9], aperture.horizontalSize, 0, 2, 6))
hdr = db[uid]

tbl = hdr.table(fill=True)

print(tbl)

w9_image = np.array(list{hdr.data("w9_image")))

Transient Scan ID: 1 Time: 2023-08-17 06:58:23
Persistent Unique Scan ID: '20ea37ad-c24c-4bBc—8c69-e548ccl4b806"

New stream: 'primary'

+ t t + t t
| seq_num | time | aperture_horizontalSize | w9_duration | w9_flux |
+ t t t t t
| 1 | 86:58:53.0 | 0.000 | 29,158 | 0.000 |
| 2 | 86:59:28.5 | 0.400 | 27.286 | 18526369895
| 3 | 96:59:48.0 | 0.800 | 27.299 | 875180761487
| 4 | 87:00:15.5 | 1.200 | 27.301 | 283521538357
| 5 | 87:00:43.0 | 1.600 | 27.295 | 679062036042
| 6 | 87:01:18.5 | 2.000 | 27.303 | 139860155217
+ t t + t t

generator scan ['20ea37a4'] (scan num: 1)

w9 _flux

W= L s L Eam M el e L EikSe | jsme L MLMms J MUSSs L KRbEe

Emmact e

2
4
3

lel9

1.4 4

1.2 1

1.0+

0.8 1

0.6

0.4 1

0.2 1

0.0 1

T T T
0.0 0.5 1.0 1.5 2.0
aperture_horizontalSize




Beamline Optimization package: blop

https://github.com/NSLS-I11/blop
https://nsls-ii.github.io/blop/

https://pypi.org/project/bloptools/ - O PyTO rCh

sampled fitness fitness estimate

Ithess entro rate expected i rove
1.0
o
0.5 e lol
0.0 1 . 0
: . yTorc
—0.5 A L.,
L] .-f'-‘ ¥
o 3

-1.0-+ . - .

19 20 21 2 0.0 0.1

fitness units epi t s per volume fitness units [

Lo sampled validity vali d ty t ima t I dity e t opy rate expected entropy reduction
L] o (=]
0.5 e e
0.0 [ ] o

[ ]

—0.5 - -
. °
L ] o o]
-1.0 -
02 -01 00 01 02 02 -01 00 01 ©02-02 -01 00 01 02 02 -0.1 00 01 02

e

invalid valid 0 5 0 O 0. 5 -1 0 1
epits per volume nepits per volume
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Interactive Gaussian Processes (GP) exploration

https://distill.pub/2019/visual-exploration-gaussian-processes/

A Visual Exploration of
Gaussian Processes

How to turn a collection of small building blocks into a versatile tool for solving
regression problems.

=
Il

( (1)8 (l)g ) T = ( 0.177 -0.177 ) T=— ( 0.985 -0.174 )

0.707 0.707 0.009 0.049

Axy

Regression is used to find a function (line)
that represents a set of data points as closely
as possible

covariance
AIQ

]

g

8

o 8
A Gaussian process is a probabilistic B
method that gives a confidence E

w2

for the predicted function

-4 -2 0 2 4

Figure 3: Different kernels defined by different latent dimensions; here T = Dexp(S) is the matrix which

AUTHORS AFFILIATIONS PUBLISHED DOl

Jochen Gértler University of Konstanz April 2, 2019 10.23915/distill.0001T7 transforms the inputs into the latent space.
Rebecca Kehlbeck University of Konstanz

Oliver Deussen University of Konstanz
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Addressing multi-objective & multi-parameter optimization

Welcome a four-handed scientist!

Objectives:

« Measure raw data with hardware
 Record metadata

* Process raw data on computer

« Reward: drink coffee!

Dimensions/parameters:
* 4 hands

National Synchrotron Light Source I Max Rakitin — EPICS Meeting 34

Scales up to ~20 dimensions
' Credit: Dmitry Rakitin (stable diffusion failed!)



National Synchrotron Light Source I

Himmelblau's function

Optimization test functions

Mp 5 languages v

Article Talk

From Wikipedia, the free encyclopedia

In mathematical optimization, Himmelblau's function is a multi-modal function, used to test the
performance of optimization algorithms. The function is defined by:

fla,y) = (@ +y— 110 + (x +9° — 7)°.
It has one local maximum at @ = —0.270845 and y = —0.923039 where f(z,y) = 181.617,
and four identical local minima:
« £(3.0,2.0) = 0.0,
. £(—2.805118,3.131312) = 0.0,
o f(—3.779310, —3.283186) = 0.0,
. £(3.584428, —1.848126) = 0.0.

The locations of all the minima can be found analytically. However, because they are roots of cubic

polynomials, when written in terms of radicals, the expressions are somewhat complicated.
[citation needed]

The function is named after David Mautner Himmelblau (1924-2011), who introduced it.l]

See also [edit]

« Test functions for optimization

References [edit]

1. A Himmelblau, D. (1972). Applied Nonlinear Programming. McGraw-Hill. ISBN 0-07-028921-2.

Eﬂ This mathematical analysis—related article is a stub. You can help Wikipedia by expanding it.

Read Edit View history Tools v

Himmelblau's function

2000

1500

1000

10°

10?

10'

10°

Log-spaced level curve plot

https://en.wikipedia.org/wiki/Himmelblau’s function

Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024
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Optimizing with blop

3
10 agent.all_acq_funcs

EXPECTED IMPROVEMENT (identifiers: ['ei', 'expected_improvement'])
-> The expected value of max(f(x) - \nu, @), where \nu is the current maximum.

10? MONTE CARLO EXPECTED IMPROVEMENT (identifiers: ['gei', 'monte_carlo_expected_improvement'
-> The expected value of max(f(x) - \nu, @), where \nu is the current maximum.

EXPECTED MEAN (identifiers: ['em', 'expected_mean'])
—> The expected value at each input. agent' plOt objectives()

10!
MONTE CARLO EXPECTED MEAN (identifiers: ['gem', 'monte_carlo_e» print(agent. best)
-> The expected value at each input.
LOWER BOUND MAX VALUE ENTROPY (identifiers: ['lbmve', 'lbmes', X1 -3.03913
100 -> Max entropy search, basically X2 3.224808
NOISY EXPECTED HYPERVOLUME IMPROVEMENT (identifiers: ['nehvi', himmelblau 2.26465
= It's like a big box. How big is the box? time 2023-11-08 23:56:04.029840231
PROBABILITY OF IMPROVEMENT (identifiers: ['pi', 'probability_ot @cCq_func monte_carlo_expected_improvement
1L 1 s : ] : X
10 > The probability that this input improves on the current max: hlmmelblau_fltness -2.26465
MONTE CARLO PROBABILITY OF IMPROVEMENT (identifiers: ['gpi‘, 'n Name: 33, dtype: object
—> The probability that this input improves on the current max:
RANDOM (identifiers: ['r', 'random'l) 6 samples 6 posterior mean 6 posterior std. dev.
—> Uniformly-sampled random points. [ ] —
QUASI-RANDOM (identifiers: ['qr', 'quasi-random']) 4 4
-> Sobol-sampled quasi-random points.
GRID SCAN (identifiers: ['g', 'gs', 'grid'l) 2 2
—> A grid scan over the parameters.
q
UPPER CONFIDENCE BOUND (identifiers: ['ucbh', 'upper_confidence. X 01 R0
-> The expected value, plus some multiple of the uncertainty (1
MONTE CARLO UPPER CONFIDENCE BOUND (identifiers: ['qucb', 'moni 27 -2
—> The expected value, plus some multiple of the uncertainty (1
—4 1 4 -4
PY :
i ® ° -
-6 T T T T T =6
Oog e -100IS -6 -4 -2 0 2 4 6 -6 -4 =2 0 2 4
- x1 ) &
I ] . ]
' ¥ 3 x HO% 106 x 10 102
H H - -1200 —1000 —800 —600 —400 —200
s -+ —= o 2 2 s Optimum Route finding weg neg eror
. N-D l lesm

Click me: https://nsls-ii.github.io/blop/tutorials/himmelblau.html
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TES KB mirror opt. (4 DOFs, 48 runs)

TES KB mirror opt. (2 DOFs, 108 runs)
10* 4 —
1 e
| | : “‘
[EEERSE=s===:
| i L J'/‘\
£ IR iimiEsy | | ®
E AR e | I E
5 i Y 5
= :
g \“‘ f:“‘( L] E"
e i A g
g 103 41 il il &
10 THIEE T ]\f
= 2 I ==}
‘ 3¢ Presentation + Paper
1 5 October 2023
W | . - - - -
—— median Latent Bayesian optimization for the autonomous
‘ asi-random sampli =16 | asi-random sampli =32 = -]
quasi-random sampling (n = 16) | quasi-random sampling (n = 32) alignment of synchrotron beamlines
0 5 10 15 20 25 30 35 40 0 10 20 30 40 50 60 70 80 T. W. Morris, Y. Du, M. Fedurin, A. C. Giles, P. Moeller, B. Nash, M. Rakitin, B. Romasky, A. L. Walter, N. Wilson, A.
iteration iteration Wojdyla
TES toroidal mirror opt. (4 DOFs, 31 runs) TES toroidal mirror + KBs opt. (8 DOFs, 12 runs) Author Affliations +
median Proceedings Volume 12697, Advances in Computational Methods for X-Ray Optics VI; 1269708 (2023)
. RO TR https://doi.org/10.1117/12.2677895
quasi-random initialization (n = 16) ) . - . - :
R —— Event: SPIE Optical Engineering + Applications, 2023, San Diego, California, United States
10* 4 ~— 10% A
B Z PS. .0Ig . .
2 S
3 B .
£ JSR Paper (accepted in Sept. 2024)
E z
5
[==1
108
median
quasi-random initialization (n = 16)
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iteration

Figure 6: Four optimization problems for the TES beamline, simulating using a SHADOW (ray-tracing) backend.
Top left: KB mirror rotation (two dimensions) Top right: KB mirror rotatidn 4= etdiSlation Holf irnensibhgysfy Workshop — ORNL, September 20, 2024

Bottom left: pre-SSA toroidal mirror (four dimensions) Bottom right: KBs + toroid (eight dimensions)


https://doi.org/10.1117/12.2677895

6D optimization at NSLS-II TES beamline

1072 - 1

Experiment: Sept. 2023
Number of runs: 120

flux density [rel. units.]

1073 - :ﬂ;.

0 50 100 150 200 250 300 350
time [seconds]
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Agents are enabled by Bluesky
Adaptive and Run Engine callbacks.

Bluesky Adaptive
Unpack and Learn and Encode
reduce decide commands

Tell Report Ask
Run Engine
Measure
Callbacks

Unpack, reduce, learn, report.

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024
blueskyproject.io/bluesky-adaptive/
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Empowering the collaboration of many
agents and scientists.

Queue Server acts
as control hub

Users interrogate
agents and data

Adjudicators mediate
agent reguests

National Synchrotron Light Source I

1
»[ Data J
A
v v v v
Agent 1 Agent 2 H Agent 3 M
\ )
Measurement Analysis and

Ask Control

Adjudicator

Visualization
Configuration

Beamline Queue Server

Max Rakitin — EPICS Meeting — Bluesky Workshop — OR™Se i 20, 2024
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Experimental orchestration of multiple
agents and beamlines in concert.

XAFS Control Loop XRD Control Loop
Agent driven experiments Agent driven experiments
X z
P <

&
-

Expert .« W i i 5 1I'S Expert
suggestions . pICU SR R 7o (i suggestions
|j_'\ Central \—
Visualization and analysis databases Visualization and analysis
- -

NeurlPS (2022). arXiv:2301.09177

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024
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Join the team!

Data Acquisition & Detectors Group — Bluesky Developer position:
https://jobs.bnl.gov/|ob/upton/research-software-engineer/3437/68796372608

or jobs.bnl.gov - Search “DSSI" for more openings

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024
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Live Demo!

https://github.com/mrakitin/profile _epics meeting 2024

National Synchrotron Light Source I Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024
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National Synchrotron Light Source I

Thank you!

Max Rakitin — EPICS Meeting — Bluesky Workshop — ORNL, September 20, 2024
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