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Jon Taylor @

Head of ESS Data Management and software Centre

Mari instrument scientist at ISIS facility
Project scientist for Mantid project

Build and commissioning for Merlin and LET
Neutron scatterer INS and polarised neutrons
Photon scatterer Compton scattering / XMCD
Very occasional MuSR user

Interests

Strongly correlated electron systems

Frustrated magnetism

Scientific Computing 4



Data Management and Software Centre
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EUROPEAN

Data Management and Software Centre Souce

Provide world leading scientific software and scientific computing support for neutron scattering at ESS
OConstruction budget 20M euro Ih*
OsStaff 2018 27 + 8
OStaff 2028 60

Scientific Software development.
OExperiment control

(OData acquisition system

OData reduction, analysis & modelling

Data centre operations.
ODual location - Lund & Copenhagen
OData management and curation

User programme support

O lInstrument Data scientists _—

OUser office software —— ——— ——— - — —————
ORemote access to data and software tools T e — = &= =

Data Stream Events
Acquisition & Data Data

Formation
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European facilities [andscape o

10 photon
sources

e 7 neutron

sources

e Represents S LEIL
~40 000 PAUL SCHERRER INSTITUT
users/year
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EUROPEAN

Open Science and Open Data in the EU :za;zfm

'Europe’s final transition must be one from
fragmented data sets to an integrated European
Open Science Cloud. By 2020, we want all European
researchers to be able to deposit, access and
analyse European scientific data through a European

Open Science Cloud.."

Speech by Commissioner Carlos Moedas in Amsterdam, NL:
“Open science: share and succeed”, 4 April 2016
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What is FAIR =

SCIENTIFIC DAT A

----------------------------------------------------------------------------------------------------

OPEN: Comment: The FAIR Guiding

SUBJECT CATEGORIES

»Researchdataé PrinCiples for SCientiﬁC data
» Publication -

characteristicsé management and StewardShip

Mark D. Wilkinson et al.*

There is an urgent need to improve the infrastructure supporting the reuse of scholarly data. A diverse
- set of stakeholders—representing academia, industry, funding agencies, and scholarly publishers—have
Received: 10 December 2015 - come together to design and jointly endorse a concise and measureable set of principles that we refer
Accepted: 12 February 2016 to as the FAIR Data Principles. The intent is that these may act as a guideline for those wishing to
, - enhance the reusability of their data holdings. Distinct from peer initiatives that focus on the human
Published: 15 March 2016 : .. \ . . - . .
- scholar, the FAIR Principles put specific emphasis on enhancing the ability of machines to automatically
- find and use the data, in addition to supporting its reuse by individuals. This Comment is the first
- formal publication of the FAIR Principles, and includes the rationale behind them, and some exemplar

- implementations in the community.

SCIENTIFIC DATA | 3:160018 | DOI: 10.1038/sdata.2016.18
10
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{ 4 Searchable rich meta § { @ Data policy i | t (4 Data shelf life

} data | {™Data format | {@Dataformat I ] & Software shelf life
[ Persistant identifiers § } & Storage architecture § § & Meta data standards § } I Open access

§ 4 Experiment type I i Data catalogues i i ' M Backwards

t 1/ Sample parameters §  } MAPIs i | dataanalysis : § compatibility

| M Instrument { | ™ Authentication i | ™ Software APIs | '

§ parameters i {MSecurity { §MCatalogue

L I Appliestoraw and § {MAppliestorawand § | interoperability

i proceed data i I processed data L

{ M What software? i | ™ Applies to software

f 1/ What parameters |
| what is the repository §
§ @' Where is it stored

SITE ACCESS

pi—




90%™* of neutron users are not computing @mﬁm

experts N

expedite the time to discovery.

focus on their science

Scientific Computing adds value

* This Is an estimate
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At some point in everyones career ... @ i

\Ea

KEEP
CALM

AND GO

WRITE SOME
CODE

What to think about to avoid disasters ?
Make your data and code FAIR

13
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Collaborative Free Open Source Software @:&ww

Sustainability ...

Will todays software be available in 2025 ?
What happens if the developers all leave or worse?
What if you're the developer?

™

open source T
/ Software \

How reliable is
the software?

Q 0 W RS . s How easy is to trasfer
T Factors
ol foi Jes
e 5 289
9

3 o %)
G o7 R
F 3 = § H v - wy'e . i
¢ How easy is fomodity IV BTN EINELI Y Efficiency  [RNaleimsvs



Open Source is not ‘Free’ §§§§§§’u‘3~

Software developers have to eat

™

open source

15



Licenses are Complex ‘)33‘3%?“9””

Software developers have to protect their IP (if they want)
Licenses of dependencies matter

Software licenses and rights granted in context of the copyright according to Mark Webbink.["! Expanded by freeware and sublicensing.

Permissive FOSS
. Public . Copyleft FOSS Freeware/Shareware/ . .
Rights granted i license (e.g. BSD i ) Proprietary license Trade secret
domain ) license (e.g. GPL) Freemium
license)
Copyright .
) No Yes Yes Yes Yes Very strict
retained
Right to perform Yes Yes Yes Yes Yes No
Right to display Yes Yes Yes Yes Yes No
Right to copy Yes Yes Yes Often No No
Right to modify Yes Yes Yes No No No
Right to Yes, under same Yes, under same
o Yes . ) Often No No
distribute license license
Right to
) Yes Yes No No No No
sublicense
Server-side
. . . . . . . . Games by Blizzard Entertainment, Rockstar,
Example SQLite, Apache web server, Linux kernel, GIMP, Irfanview, Winamp, League of Windows, Half-Life series, Spotify, Activision. etc
ivision, etc.
software ImageJ ToyBox OBS Legends xSplit . )
PlayStation Network and Xbox Live
TIDAL

16
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Take a Professional Approach ... ™

Think About Architecture

: HOW TO WRITE GOOD CODE:
Design Software
, _ lemer
Code Quality PROJECT.
THINGS
. . |
Think about infrastructure TINGS N\ JFAST ;C.%Er
Version Control {HEMFRSTE,
Testing £\ o
Review YET? |
ALMOST, BUT IT5
, , BEcmaAmfsND
Don’t Reinvent Os;ﬁn'gfé)rﬁﬁcsooe.
Keep It Simple
Be Agile ? . m%grﬁuwﬁag‘__ %P}

GooD
CODE 17




Architecture @

There are a lot!
The point is to make code reusable / modular / testable

Take a look on wikipedia or at ...
https://github.com/taif/python-patterns

18


https://github.com/faif/python-patterns

Model View Controller design pattern @zxww

ldea : Keep the GUI code separate from the logical code

If you write a GUI - use this architecture

=

User Input Updates

N Modi
[ Controller odifes )( Model ]
v

19



Code Quality
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If you do one thing, write quality code

The code documents itself (or not!)

Robert C. Martin Series
PEP:

Title:

Clean Code

Status:
A Handbook of Agile Software Craftsmanship Ta "
ype:

Post-
History:

Robert C. Martin

Created:

PEP 8 -- Style Guide for Python Code

8
Style Guide for Python Code

Guido van Rossum <guido at python.org>, Barry Warsaw <barry at python.org>, Nick Coghlan <ncoghlan at

gmail.com>
Active
Process
05-Jul-2001

05-Jul-2001, 01-Aug-2013

20



Infrastructure - Version Control

Wou
Vers

d you jump out of a plane without a parachute
on control is like a parachute

WORK FAST

W O R K S M A R T The GitHub Flow is a lightweight, branch-based workflow

that's great for teams and projects with regular deployments.

T H E G I T H U B F L 0 W Find this and other guides at http://guides.github.com/.

ADD COMMITS DISCUSS AND REVIEW

CREATE A OPEN A PULL MERGE AND
BRANCH REQUEST DEPLOY
Createabranchinyour Use a pull request to get Merge your changes into
project where you can feedback on your changes your master branch and
safely experiment and from people down the hall deploy your code.

make changes. or ten time zones away.

O GitHub is the best way to build software together.

GitHub provides tools for easier collaboration and
code sharing from any device. Start collaborating
with millions of developers today!

ﬁ

EUROPEAN
SPALLATION
SOURCE

21



Infrastructure - Testing =

How do you know its correct

Do test your code (or get Jenkins to do it, Cl rocks)
* see later examples on python for why

-

NTALWAYSITEST{MY(CODE

BUT WHEN1DO,1D0ITIN
PRODUCTION




Infrastructure - CI

Everything looks fine ...

Welcome to the continuous integration server for Mantid.

All Critical Jobs Imaging Infrastructure MSlice

Name

master cppcheck

master create conda osx pkg

master _doctests

master _doxygen

master flake8

master_incremental

master_performancetests2

COO0CCOOO"

python3

Q
o
=1
In
<
—

Master Pipeline

Last Success

1 hr 13 min - #1782

4 days 4 hr - #28

3 days 11 hr - #840

2 days 12 hr - #874

2 hr 44 min - #1989

4 days 22 hr - #3817

1 hr 50 min - #1719

1 mo 25 days - #727

ParaView Pull Requests

Release Pipeline

Last Failure

4 days 21 hr - #1774
3 days 10 hr - #29

2 days 12 hr - #841
N/A

N/A

2 hr 37 min - #3825

N/A

10 hr - #782

ﬁ EUROPEAN
SPALLATION

SOURCE

Static Analysis Valgrind

Last Duration

1 min 48 sec
38 min

29 min

5 min 29 sec
38 sec

1 hr 27 min

1 hr 47 min

1 hr 3 min

Legend RSSforall RSS for failures RSS for just latest builds

23



Infrastructure - Review ‘)

Nothing happens anymore without looking a review website

WORK FAST

VV O R K S M A RT The GitHub Flow is a lightweight, branch-based workflow
that's great for teams and projects with regular deployments.
T H E G I T H U B F L 0 W Find this and other guides at http://guides.github.com/. @ m Q

ADD COMMITS DISCUSS AND REVIEW
CREATE A OPEN A PULL MERGE AND
BRANCH REQUEST DEPLOY
Create abranchinyour Use a pull request to get Merge your changes into
project where you can feedback on your changes your master branch and
safely experiment and from people down the hall deploy your code.
make changes. or ten time zones away.

O GitHub is the best way to build software together.

GitHub provides tools for easier collaboration and
code sharing from any device. Start collaborating
with millions of developers today!

24



Don’t Reinvent - Be agile

Agile is a ‘thing’ now.
Be able to adapt to changes in requirements in a rapid way

10 00

DONE

Chris
Alex



Keep it Simple o

SOURCE

Sounds simple right?
Avoid Technical Debt

SUPPORTS

THNGS T ACTUALLY
" TER TooL WANT T0 USE MY
TooL i Lr/’ COMPUTER FOR

([mﬂbﬁh —(LIBRARY
T . LIBRARY
W ( IRC FOR }

CUSTOM
umfkv A ; L HFRJSHU. zugc):; )

DLL NEEDED
NG
UBE%QY BY SOMETHI

EVERY NOW AND THEN I REAUZE TM MAINTAINING A
HUGE. CHAIN OF TECHNOLOGY SOLELY TO SUPPORT ITSELFE

26



Documentation is Difficult to Write e ET

The code documents itself
Manually Written Manuals are Mostly Moribund

Read the Docs Docs » Getting Started O Edit on GitHub

Getting Started

This document will show you how to get up and running with Read the Docs. You will have your

B Getting Started docs imported on Read the Docs in 5 minutes, displayed beautifully for the world.

+ Write Your Docs

} If you are already using Sphinx or Markdown for your docs, skip ahead to Import Your Docs.
Sign Up and Connect an External

Account

# Import Your Docs Write Your Docs

You have two options for formatting your documentation:
e InreStructuredText
¢ |In Markdown

Frequently Asked Questions

In reStructuredText

Read the Docs YAML Config

Guides There is a screencast that will help you get started if you prefer.

Public AP

B Sphinx is a tool that makes it easy to create beautiful documentation. Assuming you have Python o7
nbed / already, install Sphinx:




Quick Tour of e p LJ t h On . @

Learn Python, it's easy!
https://www.learnpython.org/

Interpreted

Not strongly typed

Obiject Oriented (if you want)
Fast with Numpy

Very Popular &



Is OOP important in e pgthon@

Classes provide safety for
Data and Logic”

Most modules are OO.

*Private functions are not entirely private in Python if you
know where to look .
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Syntax basics

Indentation delineates code
PEPS8 defines 4 spaces as standard - not tabs

def myFunc():

£7)

A doc string for myFunc
print ‘Hello World’ #Python 2.x
print(‘Hello World’) #Python 3.x & 2.x

In[1]: myFunc()
Hello World “



EUROPEAN

Syntax basics 2 i

Careful with the namespace...

myAbsFunction

myAbsFunction(-12)
12

31



Syntax basics 3

Careful with the types...

32



EUROPEAN

Python Essentials for Science ™

PyCharm @ SciPy.org & -iniovenr

| Python IDE

for Professional Develope‘
matpltlib
LMFIT

Non-Linear Least-Squares Minimization and Curve-Fitting for Python
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Fast array manipulation

Slicing and dicing n dimensional data

>>> import numpy as np

>>> a = np.array([2,3,4])

>>> a

array([2, 3, 4])

>>> a.dtype

dtype('int64")

>>> b = np.array([1l.2, 3.5, 5.1])
>>> b.dtype

dtype('float64"')

A frequent error consists in calling array with multiple numeric arguments, rather than providing a single list of numbers as an argument.

>>> a = np.array(l1,2,3,4) # WRONG
>>> a = np.array([1,2,3,4)) # RIGHT

34
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Plotting 1D 2D & 3D data and images

i 1.00 7 /

A simple plot with a custom dashed line 0.75 - \\\\\

A Line object's ’‘set_dashes' ' method allows you to specify dashes with 0.50 - \ /
a series of on/off lengths (in points).

import numpy as np 0.25 - / \ \/

import matplotlib.pyplot as plt

0.00 -
X = np.linspace(@, 10, 500)

dashes = [10, 5, 100, 5] # 10 points on, 5 off, 100 on, 5 off
—0.25 A
fig, ax = plt.subplots()
linel, = ax.plot(x, np.sin(x), '--', linewidth=2,
label="Dashes set retroactively') —0.50 -
linel.set_dashes(dashes)
line2, = ax.plot(x, -1 * np.sin(x), dashes=[30, 5, 10, 5], —0.75 - \\

—_— Dashes set retroactlvely
——— Dashes set proactively

label="Dashes set proactively')

ax.legend(loc="lower right") —1.00 A
plt.show()

0 2 4 6 8 10

35



Python (non) Essentials for Science

pandas

2l ..
Yit — G Tt + i + €y

EUROPEAN
SPALLATION
SOURCE

W

Manipulation of table like named data (spreadsheets)

Standard data type object called a data frame

In [1]: import pandas as pd

In [2]: import numpy as np

In [3]: import matplotlib.pyplot as

plt

36



Python (non) Essentials for Science @

/

” xarray

Pandas container schema for NumPy arrays

Typing for n dimensional arrays

37
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SciKits SPALLATION

.wn Home Installation Documentation ~  Examples ’ Custom Search

scikit-learn

Machine Learning in Python

© scikit-image

image processing in python

Download Gallery Documentation Community Guidelines  €) Source Search documentation...

g
]

LA (R el Image processing in Python <
scikit-image is a collection of algorithms for image Rrend :
_® Download processing. It is available free of charge and free of ) :l
Development reviewed code, written by an active community of l@..
pre-0.15 volunteers. » TRRTL. NN Ny, Y

0.14.0 - May 2018 K
restriction. We pride ourselves on high-quality, peer- -y --
S
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Python Installation SPALLATION

Take a distribution - enthought

Use python package manager pip
on the command line

>> pip install numpy

39
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Python in a notebook

Install Locally or Remotely

https://hub.mybinder.org/user/ipython-ipython-in-
depth- vhas6étnx/notebooks/binder/Index. Ipynb

40


https://hub.mybinder.org/user/ipython-ipython-in-depth-vhas6tnx/notebooks/binder/Index.ipynb
https://hub.mybinder.org/user/ipython-ipython-in-depth-vhas6tnx/notebooks/binder/Index.ipynb

where does everyone go for answers ... §§§§{A§?3~

WHAT/IEITOLD)YOU, THAT

A
bt
ANY ERRORYOU GET IS ALREADY FIXED

\ 0" STAGKOVEnFlnw‘Jgnerator.n s L

41
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o
Examples of design decisions from ESS 1 @zzﬁw

Experiment control framework.
All facilities have their own developed from scratch.
ESS did not want to generate another.

High level requirements (based on software best
practice and functionality generate)

Existing open source developments were reviewed
against requirements.

42
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Experiment Control e

« Feature complete solution from FRMI]

« Python & Qt

« Acts as ahigh levelinterface to low level controls
« High quality python code base

g Connect |E’ Exit |[@|View @ f_z Editor Scans :(i History \ \ Logbook
e =
wg connect | [ Exit view @ [ editor scans g} History =]Logbook [=|Logfiles @ Errors instrument view [ = o @
Experiment Informat... & NewSetup(u'tubes’) NICOS devices a
Proposal po Filter: .
Render | Pick  Draw | Instrument
Title MANTI... Name. Value Status
Users H. Maie v
7 system
Local Contact Nico Su.. @ exp Full 30 b
@ space 518.272 Gig .
v ¥ tubes 8 459.199 GiB
© det . Axis View: Z -
By UEVIce UVt YU (e Y e R e et_omega 0.0 deg dle
Render ' Pick Draw Instrument omega : setting userlimits from abslimits, which are (-40 © det x 1.100m Idle 0.0 deg idle
omega : these parameters were not present in cache: lo| © det z 23.281m  idle Display Settings v e
- o l Gdicds? play g 1.100 m idle
ull 30 4 ting device ‘det_x' (horizontal offset of detector)... sample x
X :setting userlimits from abslimits, which are (1.0, 5. @ sans2d Save ima 23.281m idle
ge
Axis View: z - X :these parameters were not present in cache: loglet Gd3cdB7
ting device ‘det_2z' (front detector position in the tube)...
Display Settings - z :setting userlimits from abslimits, which are (19.281 1
z :these parameters were not present In cache: logley
Save image ting device ‘filesink"...
ting device 'mantid_move_det'... h
1 tid_move_det: these parameters were not present in cac
ting device 'mantid_rot_det'..
tid_rot_det: these parameters were not present in cache
ting device 'sample’ (sample object)
NING: sample : value of description from cache ('The ¢
ting device 'sans2d’ (instrument object)...
2d ese parameters were not present in cache: logle h
ps loaded: tubes
N | Linear =
Linear = .
1 n 1 ns=
& Autoscalin 5
9 & Autoscaling
1 2
0
Mouse Buttons: Left - Rotation, Middle — Zoom, Right - Translate. Axes: X = Red; Y = Green; Z = Blue ?
Mouse Buttons: Left - Rotation, Middle - Zoom, Right - Translate. Axes: X = Red; Y = Green; Z = Blue 2
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o
Examples of design decisions from ESS 2 @ i

Data acquisition data streaming system.
All facilities have their own developed from scratch.
ESS did not want to generate another.

High level requirements
Based on software best practice and required functionality

Existing open source developments reviewed against
requirements.

44
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Next generation data acquisition o

e Event mode data collection using Kafka streaming

e Fast capture of experimental metadata APACHE
e Big data technology k fkq

A distributed streaming platform
e FAIR data from the start

e High performance infrastructure, software data storage & data management

, SY”ChVO”OUS TS Expt. control Client
e Remote access to infrastructure
- - - Expt. control server
EPlCS

s gesen ADC + Synchronous TS EPICS
“ Forwarder
. /-

Aggregator

b
S EH

3
2
s

0.0deg idle
1.100m  (dle
23.281m  idle
Gdicds7

00000z 003
ofe

T

aa

oav
/21SV

oav
/21SV

Kafka
Consumers

oav

2av
15isv
t L,tvl‘.‘.ll

121V
. - T

Kafka
Producers

LLLLLL

input  processing output

i (&
. ata stribu A o Broker
EFU - Event formation uni [osutoue ] [ tuser ] [ wansmic 5

Networked Instrument COntrol System (A computer)



Why Apache Kafka -

- It's open source
- It’s actively developed
- It’s the technology used by Netflix and Linkdin

- Linked [{}}

46



Where is my data? §§§§{,§?8“N

How do | get it
How do | look at it
What does it mean

Is there software to read it
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FAIR Findable & accessible SoURce

Findable

Accessible | i Interoperable

{ 4 Searchable rich meta § { @ Data policy 1 1 t (4 Data shelf life

} data | {™Data format | {™Dataformat {  §™Software shelf life
L [ Persistant identifiers  § § 4 Storage architecture § & Meta data standards § } I Open access

§ 4 Experiment type I i Data catalogues i i | M Backwards

t 1/ Sample parameters §  } MAPIs 1 | dataanalysis ', § compatibility

| M Instrument { | ™ Authentication i 1™ Software APIs | '

§ parameters ! §&Security { §MCatalogue

L I Appliestoraw and § {MAppliestorawand § | interoperability

f proceed data i I processed data L

{ M What software? i | ™ Applies to software

f 1/ What parameters |
| what is the repository §
§ @' Where is it stored

SITE ACCESS

S
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Digital Object Identifiers @ o

https://www.doi.org/

Essential for FAIR

DOls are minted again digital artefacts

Store meta data and persistent location

DOls cost money (borne by RIs & University services)

49



EUROPEAN

Data Management Plans o

Required for external funding

Depth of detail depends on agency

There are online services to generate DMPs

https://libraries.mit.edu/data-management/plan/write/

Often provide as a service by Libraries

50


https://libraries.mit.edu/data-management/plan/write/
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Powder diffraction E:

Single crystal diffraction

Imaging Reflectometry

Courtesy of PSI NIAG

Spectroscopy




Data policies at research infrastructures e's?)

- Most European facilities are moving to an open data policy

- Data is open access after an initial embargo period (3 years)

* Requires infrastructure and a catalogue to make data FAIr

« |nfrastructure is still not federated for Neutrons and Photons
in Europe - that is the task of EOSC

 Findable and Accessible are not not the same.

52



Open data & software

Fair applies to software as well as data
Everyone Benefits from Open Data

Onen i
R e Fondable
more  * Deeessible

THAN

Ktlispg * Tobesoparalile
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Sci

 Raw Data

- Meta Data

« Analysed Data

« Optimised for ESS

« Deployed at MAXIV & PS

PAUL SCHERRER INSTITUT

Home

Marios

Filter Results
Results: 274

Beamline

Group

Date Range

Clear

(FELICATANIE

Source Folder &
/318/X02DA/Datal0/e15380/Marlos/moused._Ink_B842/
/313/X02DA/Data10/€15380/Marios/moused_ink_B82/
/31s/X02DA/Data10/e15380/Marios/moused_ink_B10/
/sls/X0D2DA/Data10/e15380/Marios/moused._ink_B111/
/315/X02DA/Da1a10/e15380/Marlos/moused_ink_BS53/
/313/X02DA/Data10/¢15380/Marios/moused_ink_B15/
/s18/X02DA/Data10/e15380/Marios/moused_ink_BS6/
/s1s/X02DA/Datal0/e15380/Marios/moused_ink_B61/
/318/X02DA/Dala10/e15380/ Marios/moused_ink_B43/
/313/X02DA/Data10/e15380/Marios/moused_ink_B107/
/51s/X02DA/Data10/e15380/Marios/moused_ink.B111/
/315/X02DA/Datal0/e15380/Marlos/moused_Ink_B67/
/318/X02DA/Data10/€15380/Marios/moused_ink_B108/
/315/X02DA/Data10/e15380/Marios/moused_ink_B69/

uan
7
1418
1417
1415
1410
Mme
1419
1421
1419
1417
a7
1416
1414

Size ¢

End of Shift

Sample Data Entry Jobs

Creation Time &
22/09/2016 02:59
22/09/2016 05:26
22/09/2016 01:02
22/09/2016 07:12
22/09/2016 04:39
22/09/2016 02:20
22/09/2016 03:50
22/09/2016 04:08
22/09/2016 03.02
22/09/2016 06:57
22/09/2016 08:12
22/09/2016 05:31
22/09/2016 08:.01
22/09/2016 05:38

~ingestor

p15380
p15380
p15380
p15380
p15380
p15380
p15380
p15380
p15380
p15380
p15380
p15380
p15380
p15380

Help

Group

5 Proposal ID ¢

unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown

unknown

‘)Eu

X8 A new open source meta data catalogue &

vy

nmeta -

“ Love your/data
l/sD

ROPEAN

SPALLATION

SOURCE

9%

Archive Status &
100: Dataset created
100: Dataset created
100: Dataset croated
100: Dataset created
100: Dataset created
100: Dataset created
100: Dataset created
100: Dataset created
100: Dataset created
100: Dataset created
100: Dataset created
100: Dataset created
100; Dataset created
100: Dataset croated

Ag

ch

Retrieve Status &
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved
Never retrieved

Never retrieved
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European Open Science cloud

Pan European FAIR Data

- My data are your data...
* Photon and Neutron Open Science Cloud
« Data Federation
« Open Services for data treatment and analysis
« Access to compute services

il .

NEUTRONS

FOR SOCIETY XFEL

The European Synchrotron delivery consortium




Interoperability and Reuse

 Interoperability starts with data formats

« Photon and neutron sources converge towards a
common format

« Based on HDFb

About the NeXus Data Format

NeXus is a common data format for neutron, x-ray, and muon science. It is being
developed as an international standard by scientists and programmers representing
major scientific facilities in order to facilitate greater cooperation in the analysis
and visualization of neutron, x-ray, and muon data.

Documentation:

e Most recent publication to cite:
J. Appl. Cryst. (2015). 48, 301-305 doi:10.1107/51600576714027575
e User Manual: 56

o Introduction to the concepts behind the NeXus data format



Nexus and HDF

Hierarchical Data Format

Tree based Data mode|
Stores data and meta data

various APIs including python

H5Py (http://docs.hbpy.org/en/latest/quick.ntml)

>>> import h5py
>>> f = h5py.File('mytestfile.hdf5', 'r')

* NEXUS is a set of scattering specific classes to standardise neutron
photon and muon data

including geometry meta data and experiment meta data
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HDF Compass

« HDF group application to view HDF files
« Works with nexus files

[ NN LETO0006067.nxs /raw_data_1
- . | .‘.-\
G 44 B
Back Next Up Top List View Icon View
Name Kind |
raw_d ata_l . beamline HDF5 Dataset[text]

i 1 collection_time HDF5 Dataset
- . definition HDF5 Dataset[text]
R . definition_local HDF5 Dataset[text]
- # detector_1 HDF5 Group
¥ detector_1_events HDF5 Group
i 1 duration HDF5 Dataset
HDFS5 Group . end_time HDF5 Dataset[text]
45 items | experiment_identifier HDF5 Dataset[text] '
¥ framelog HDF5 Group |
1 HDF5 Attributes i 1 good_frames HDF5 Dataset
¥ instrument HDF5 Group
¥ isis_vms_compat HDFS Group

1 measurement_first_run
. measurement_id

. measurement_label

. measurement_subid
. measurement_type

HDF5 Dataset

HDF5S Dataset[text]
HDF5S Dataset[text]
HDF5 Dataset[text]
HDF5 Dataset[text]

¥ monitor_1 HDF5 Group
# monitor_2 HDF5 Group
#¥ monitor_3 HDF5 Group
#¥ monitor_4 HDF5 Group
# monitor_5 HDF5 Group
# monitor_6 HDF5 Group
¥ monitor_7 HDF5 Group
# monitor_8 HDF5 Group
. name HDF5 Dataset[text]



NexPy - Ray Osborne

NeXpy

NeXpy: A Python GUI to analyze NeXus data

NeXpy provides a high-level python interface to HDFS5 files, particularly those stored as NeXus data, within a simple GUL. It is designed to provide an intuitive inter-
active toolbox allowing users both to access existing NeXus files and to create new NeXus-conforming data structures without expert knowledge of the file format.

The underlying Python API for reading and writing NeXus files is provided by the nexusformat

NeXus Data v

v LET00002158

x
[}
©

T
£

Type

?

help

package, which utilizes h5py. The Python API is also described here.

NeXpy v0.10.10

mono van 5mev 280Hz in event mode 160uamp collection

40000
35000
30000
25000
c

20000
15000
10000
5000

0

20000 40000 60000 80000
time_of flight (microseconds)

O o-tons
= B8 « +

Jupyter QtConsole 4.3.1
Python 2.7.10 (default, Jun 22 2018, 23:12:27)
"copyright", "credits" or "license" for more information.

IPython 5.5.@ -- An enhanced Interactive Python.

-> Introduction and overview of IPython's features.

%quickref -> Quick reference.

-> Python's own help system.

object? -> Details about 'object', use 'object??' for extra details.
In [1]:

x=6.027e+04 y=2201
v=0

EUROPEAN
SPALLATION

SOURCE
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Physical Information File

A standard for materials information

http://citrineinformatics.github.io/pif-documentation/index.html

A schema to store materials structure and meta data from
calculations and measurements

Versatile

Python interface
https://github.com/Citrinelnformatics/pypif
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Interoperable software example - @

SASView

e Small angle scattering analysis
itting and visualisation
e Photons and Neutrons

g 2 § §

H

1200
 {
T 3
- 2
j -
a%
CoreSheliModel
| En
-006 -004 00

e R o CoreShell simulation with Mcore praIIIt the
00+ M~ u - and Mshell canted away. Top figure up,up
bttmfg up,down

{ shhit]
o)) /‘_.)

— @ mony
- b e—— -
—— . v
- Cuwupss Smenn - - — l - M A \ o
 —— — ! « “"AN ,\a..
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- - " |

16} Ei'ng screenshot.
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EUROPEAN

faiR software example _ o

e Meta data saved to file for data processing
e History of data processing preserved
e DOl against each build for version compliance

¥l paraview ,

[SIS&.
¥OAKRIDGE  Chmagl

=
SPALLATION 'll @Tessella
R NEUTRONS V
FORSCIENCE payr scnerrer INSTITUT

~=1 "




Data management is key for success

Ensure your data, software and results are FAIR
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TOF Neutron scattering data treatment

The neutron energy is encoded in its Time of Flight

/

Neutron
source

Neutron
choppers

" \ \/‘ A ¢ -
Neutron Neutron
guide Instrument

Sample
position

position

voxel dets

ddddddddddddd
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- | W\D crorm
Data processing for TOF experiments @

fP+

........... >
eta, phi

............................................
L1 ) th
12

« Convert T.0.F to energy, wavelength, momentum transfer, d-
space.

« Precise knowledge of flight paths
- Precise knowledge of scattering angle

« Geometryinformation is essential
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EUROPEAN

_ N
Data Acquisition @ i

Two types

- Data are collected as histograms

DAQ system has to configure histogram storage for each
pixel ID

« Data are collected in event mode (list mode)

Each detected neutron is assigned a Pixel ID and time
stamp.

Meta data is also collected in event mode
The event list can be filtered to generate histo data
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EUROPEAN

Instrument Geometry o

« Dependent on installation and technique

« Ask howis the instrument calibrated

* Mantid stores Geometry in xml format as xy,z
* Instrument definition file.
* Timestamped files to account for variance over time
+ All instrument components can be described.
« Mantid framework handles conversation tort,p

<instrument xmlns="http://www.mantidproject.org/IDF/1.0"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="http://www.mantidproject.org/IDF/1.0 http://schema.mantidproject.org/IDF/1.0/IDFSchema.xsd"
name="ARCS"
valid-from="1900-01-31 23:59:59"
valid-to="2100-01-31 23:59:59">

<type name="main-detector-bank">
<component type="main-detector-pixel" >
<location x="-0.31" y="0.1" z="0.0" />
<location x="-0.32" y="0.1" z="0.0" />
<location x="-0.33" y="0.1" z="0.0" />
</component>
</type> 67



/ EUROPEAN
Data reduction Workflows @ S

- Loading data

 Filtering events

« Correct for counting efficiency

« Background

« Detector efficiency

« Normalisation to monitor / time / proton charge
« Units conversion

* Detector grouping

« Saving output data in analysis application format
 Visualisation

« Workflows wrapped as a script or a GUI

» Technique & facility dependent
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Data Corrections

- Multiple scattering

Sample
Instrument and Sample environment

» Absorption correction

- MonteCarlo ray tracing proves quite useful

60 80
26 [deg]

Mads Bertelsen

L | Nano-Science Center
Niels Bohr Institute

University of Copenhagei

hw [meV]

60 80
20 [deg]



y from qtiGenie import *
C Import required python modules ) frimstPySiice2 import *

iliad_setup(inst)

ext=".raw'

mapfile="mari_res'

#det_cal_file must be specified if the reduction sends out put to a workspace
cal_file='"MAR16637.raw'

whitebeamfile="16637"

ei=100

rebin_params='-10,.2,95'

runs=[16654]

Execute python line w%lllad("whltebeamﬁle" "runs",ei,rebin_params,mapfile,det_cal_file=cal_file,norm_method="current’)

Define run numbers, Ei guess, rebin, mapfile and other
keyword arguments for reduction

Create instance of reduction class for selected )

¢
(
(

Load Instrument parameter file )

( load White beam run ) LoadRaw(Filename=r'/Users/jon/mprogs/mari_data/RAW/MAR6637.raw',OutputWorkspace='wb_wksp',LoadLogFiles="0")

C Load Detector )

Normallse

( Load sample run )
C Load Detector Info)

Normalise

Find bad spectra for sample run
Zero counts in frame (OFF)
Median Rate in bank --> Reject outside of pre-determined
range
Run bleed test

Monitor / Current
Monitor Integral

DIAG WB
Zero counts in frame (OFF)
Median Rate in bank --> Reject outside of pre-determined
range

Apply Hard Mask

Norn‘w”&%B&H

Collect Masked Spectra into a workspace called masking

C M2&M3 spectrum #s & flightpaths )

(Units Change

(ReBin
(Apply mask to )

Generate Masked WB Integral workspace

) ConvertUnits(InputWorkspace="_wksp.spe-white',OutputWorkspace="_wksp.spe-white', Target="Energy")

Calculate Ei

) Rebin(InputWorkspace="_wksp.spe-white',OutputWorkspace="_wksp.spe-white',Params="20,160,100")

Move instrument components to
define TO as M2 position

MaskDetectors(Workspace='_wksp.spe-white',MaskedWorkspace='masking’)

GroupDetectors(InputWorkspace="_wksp.spe-white',OutputWorkspace='_wksp.spe-white' . . : X X
Move detectors to position specified in calibration file

(Units E trans meV )
( ReBin )
) (Detector efficiency correction )

® ( )
(Apply mask to )

MapFile=r'/Users/jon/Work-computing/mantid_test_data/mari/mari_res.map',Behaviour='Avgrage’)

CTube

MaskDetectors(Workspace=!

LoadRaw(Filename=r'/Users/jon/mprogs/mari_data/RAW/
MAR16652.raw',OutputWorkspace="run_wksp',LoadLogFiles='0")

wks

PRAASIRpYRE VRS mm%&ﬂﬁ%%*mm«@émresh
old="le-10")
MaskDetectors(Workspace="_wksp.spe-white',MaskedWorkspace='white_masks')
MedianDetectorTest(InputWorkspace='_wksp.spe-
white',OutputWorkspace="white_masks',Significance Test="0")
MaskDetectors(Workspace="_wksp.spe-white',MaskedWorkspace='white_masks')
MaskDetectors(Workspace='_wksp.spe-white',MaskedWorkspace='white_masks')
MaskDetectors(Workspace='background_int',MaskedWorkspace="_wksp.spe-
white')
MedianDetectorTest(InputWorkspace='background_int',OutputWorkspace="mask_
bkgd',SignificanceTest="3',LowThreshold='0",HighThreshold="2',LowOutlier='0',High
Outlier='le+100',ExcludeZeroesFromMedian="1")
MaskDetectors(Workspace='_wksp.spe-white',MaskedWorkspace="mask_bkgd')
ExtractMask(InputWorkspace='_wksp.spe-white',OutputWorkspace='diag_mask’)
RenameWorkspace(InputWorkspace='diag_mask',OutputWorkspace='masking')

GetEi(InputWorkspace="run_wksp',Monitor | Spec="2',Monitor2Spec='3',EnergyEstimate="100")

FindDetectorsOQutsidelimits(InputYVorkspace=

ChangeBinOffset(InputWorkspace="run_wksp',OutputWorkspace="_wksp.spe',Offset='-2379.33846378')

MovelnstrumentComponent(Workspace="_wksp.spe',ComponentName="Moderator',Z="-1.4419999999999999',RelativePosition

LoadDetectorInfo(Workspace="'

ConvertUnits(InputWorkspace="_wksp.spe',OutputWorkspace="_wksp.spe', Target="DeltaE', EMode='Direct’)

Rebin(InputWorkspace="_wksp.spe',OutputWorkspace="_wksp.spe',Params="-10,0.2,95',PreserveEvents='0")
DetectorEfficiencyCor(InputWorkspace="_wksp.spe',OutputWorkspace="_wksp.spe')
CorrectKiKf(InputWorkspace="_wksp.spe',OutputWorkspace="_wksp.spe')

'_wksp.spe',MaskedWorkspace="masking’)

"_wksp.spe',DataFilename=r'/Users/jon/mprogs/mari_data/RAW/MAR | 6637.raw',RelocateDets="'

GroupDetectors(InputWorkspace='_wksp.spe',OutputWorkspace='_wksp.spe',
(ReMap ) MapFile=r'/Users/jon/Work-computing/mantid_test_data/mari/mari_res.map',Behaviour="'Average')
Solid Angle Correction

WB |ntegra| workspace vide(LHSWorkspace="_wksp.spe',RHSWorkspace="_wksp.spe-white',OutputWorkspace="_wksp.spe')
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Data analysis overview for ESS

Imaging MuRec, KipTool, Savu, Octopus, VGStuido \

Engineering ‘MAUD, GSASII, Fullprof, SScanSS

Macro-molecular ‘ DIALS MXCUBE

Diffraction Single-crystal

Powder
diffraction

CCSL, NSXTool, Mantid
FullProf,GSASII MAUD, Topaz

Small-angle

o [sAsview >

Large-scale

Reflectometry GenX, MotoFit, Refl1D, BornAgain

‘Mantid functionality, multiple MD codes‘

Important to Capture Analysis meta data

Spectroscopy ‘ SpinW, Horace, PACE

S ‘A/ O Climax, Mantid, Multiple modelling codes‘ J 71




EUROPEAN

Data analysis codes seaLLOn

Many key areas need support to ensure sustainability

Fullprof, GSASII
Single crystal diffraction (& polarised neutron diffraction)

Collaborative development across facilities is very common
Evaluation and inclusion of instrument resolution will benefit from MC development

Significant expertise is within the user community
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Analysis of DG INS data O o on
ESS - PSI - ISIS Collaboration

“Rietveld for inelastic” required for over 60% of experiments

High performance generation of 4D datasets
Model fitting & resolution convolution on distributed architecture

c:\data\Fe\sqw\Fe_ei787.sqw c:\data\Fe\sqw\Fe_ei787.sqw
-0.2<1<02in[0,0, yy] , 140 < E < 150 02<11<0.2in[0, 0, yy] , 140 < E < 150
8081525:0.05:1.525 in [¢, ¢, 0] , £=-1.525:0.05:1.525 in [-¢, g 0]
_ 5

Q=-0.525:0.05:1.525 in [(;, G 0], £=-1.525:0.05:1.525 in [-g, g 0]
1.5 .5

05 c 05f
© 0.3 s
o o}
< ©
® 0 0.25 © 0 0.25
£ £
<) <)
e wp wlp
owp 0.5 wp 0.5

1
-
I
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Summary @%) S,

N

Write sustainable open source software

Think about the design and IP issues ahead of time

Learn python it is becoming very common for all code in
the data chain

Develop a data management plan
Especially for meta data from analysis
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Caveat Emptor @

N

There are no guarantees

Sweat the code and the data
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