Data Analysis
Worklbench

-An open source not for profit project
-On GitHub ‘DawnScience’

- Diamond Light Source Ltd. and the ESRF are
-, largely publically funded research facilities
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Disclaimer

AKA - who says that?

A Java Software Developer (not a Scientist) worked for 16 years
with various Java based applications in science and
engineering

| will attempt to explain a bit of the science for your enjoyment
(hopefully not schadenfreude).

Talk biased towards how Diamond and the ESRF are using Ptolemy
2

An Eclipse/RCP fan

\‘ | | Matthew Gerring
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Synchrotron

AKA — cool word, but what does it mean?

syn-chro-tron/ siNGkrs tran/

Noun:A cyclotron in which the magnetic field
strength increases with the energy of the
particles to keep their orbital radius constant.

“They are machines which produce
very strong light used for many
| different type of scientific experiments
\ and sometimes other things.”
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Diamond
(User Facility)

(Experimental Facility)
———
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The Queen and Duke of Edinburgh
at the official opening of DLS, 19%

October 2007 .
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Responsibilities
AKA — what developers do at Diamond...

o Software for controlling experiments
— Motors, detectors, configuration.
— A high quality and flexible GUI.
— Ptolemy 2 not currently used.
— Data collection scripts

« Software for data
— Ability to visually interact with n-dimensional data (i.e. graphs and slices).
— Ability to write scripts to interact with data.
— Custom user interface and forms for specific experiments.

_—

Software for running analysis pipelines
\ \ » Hard coded and/or user configurable options.

» Real time visualization of analysed results.
* Ptolemy 2
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Integration Tools

AKA — how we are getting it done

« Eclipse IDE - around 20 developers, 8 in scientific software
— Controls currently in process of migrating to RCP (~15 more developers)

o Eclipse RCP product built using Buckminster (previously PDE)
« Usage of Jenkins for continuous integration.
o Unit tests using Squish Ul Testing, Junit and Junit plugin tests.

* We do not currently do code walkthroughs or pair programming. Agile
practices being used where otherwise possible.

==mwe=\\e document our designs and code using confluence.
» We use Cheat Sheets for tutorials and testing guides.
. S&{ce code control using Git/eGit (which has a pure Java client)

e
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‘Shoulders of Giants’

RCP many of the core features, editors, toolbars, views, projects

Ptolemy 2 (a version known as ‘Passerelle’) workflow and pipelining
GEF for visualization of pipeline graphs

Draw2D for 1D and 2D plotting (SWT XY Graph)

Pydev for python/jython scripting layer used by the scientists

HDFH5 libraries for storing large data sets

SWT/Jface — lazy viewers being used extensively for large trees and tables
Apache, Eclipse-WST, springsource, JDK, and many more of course...

N
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Scientific Data Analysis

Maths APIs
Visualization Layer Scripting Layer Workflows
e 1D Xvs.Y Plots e Custom Data Analysis Pipelines and
s 2D’‘Image’ viewing * Integration existing scripts automated
* 3Dsurfaces and stacks s Plot Data analysis
¢ Slicing of data

DAWN APIs

Maths Plotting Loade
. and Tools Conversion

Third Party Open Source Pydev

Passerelle Others... ‘
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Lots of Visual Tools

— For images
* Line, Box, Sector integration
 Diffraction image interpretation, line profile for ‘D-spacing’
» Color mapping / Histogramming
» Pixel Information and region control

— For XY Graphs
e Peak Fitting and Line Fitting
» Derivative and other functions, including user defined

» Scientific tools
— XAFS Analysis Tool
— SAXS

— Use of eclipse architecture, extension points and pages inside
PageBookView.

e
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Demonstration — visual Tools

Example showing various visual tools

E Data Browsing - data/examples/pow_M9955_1_0001.cbf - DAWN Science - C\Users\fcp94556\workspace_eclipsecon

File Edit Mavigate Search Project Run Window Help

il e

(= g

el Cle

[/FileNavig | = O
=R -

[t5 Project Exp 2

4 2 data
4 (= examples
I+ 2 315029-pilatus100k-files
I = results
I = saxs
- b 315029.dat 5.6 KB 28/10/13 0¢
I k#* 96356.dat 5.5 KB 28/10/13 0&:
| i22-4996.nxs 1.1 MB 28/10/13
image0001l.pgm 2 MB 28/10/7
b# metalmix.mca 154 KB 28710/
I k#* MoKedge_1_15.dat 5962 KB 2
% MoKedge_1_15.nxs 573.6 KB 2
pilatus300kedf 1.1 MBE 28/10/
pow_M99S5_1_0001.cbf 5.9 ME
ref-screentest-crystall_1 001.m
ref-testscale_1_001limg & ME .
ref-testscale_1_002.img & MB .
samplel_0050jpg 5.1 KE 28/1
B& spec_scansspec 8.1 KB 28/10/
I g 103
I g large test files

2 2 Hvilveo oy | = Data Brow... | &2 Workflow ¢ PyDev
pow_M9955_1_0001.cbf &2 = B Data (@ Radial Profile &2 _[&] Images Monit\I =08
ZlEe~v|vwvnafdsaaOREa &« ¥
nE S e | % 2| 18 v | |
image-01 slBd=aaqd ORE & S -
EBR~~-@IB-2-2 &
Radial Profile Profile 1 against Radius
80+
4
Peak 1
484.01, 62)
Peaf 2
5 h.63, 54.64)
2 60
4]
0
40
0 500 1000 1500 2000 Peak 3
2 (562.15,(21.84)
Image‘lnf0| )
[« Value (93 Progress (E Console ﬂﬂ Peak Fitting &3 = 20+
1 |[EEILLE) B | b ~ |2~ = v 18 % 7
Trace Name Position Fit RS \J
'Radial Pr... Peak1 48400945 62.00118 2=l L‘ oy
Radial Pr.. Peak 2 4456272 54,64391 3+ . B \,,-—-JK—J
T L B I L L |
¢ | m - |_ _ _ ' 200 400 600 800 1000 1200
Fit attempted: '3' Gaussian's using GeneticAlg with smoothing of 1" ( . .
configure smoothing) Radius (plxel)




Slicing data

« (Cutting through N-dimensional data
— With an XY plot
— As an image
— As a 3D iso-surface
— Hyper 3D

e Important to run everything concurrently
— Use of Jobs
— Use of ordinary threads
— Use of blocking queues

N
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Demonstration — Slicing and dicing

Example opening a tomography file and slicing it

ra - — —— =

Data Browsing - data/large test files/Ti omographyDaiaSet.hde DAWN Science - Ch\Users\fcp94556\workspace_eclipsecon &b‘ﬂlgr

Eile Edit Navigate Search Project Run Window Help

il Bia~vid~ir RiB-H-eerD % (5 Data Brow...| #§ Workflow @ P
. | TomographyDataSethdfs 2 = O[] Data &2 @ImageToolq BEaxzo®yRE~"0
. zlg~lorwadadofiaviarinBE-
| Slice of /entry/exchange/data (data_z = 67.25) Name Shape Variable
[ exchange/dark_data [37, 1024, 1024] dark
[ exchange/dark_z [37] entry_exc
‘¥ exchange/data C[720,1024, 10241 entry_exc
2000 [ exchange/data_x [1024] entry_exc|
[0 exchange/data_y [1024] entry_exc
[ exchange/data_z [720] entry_exc|
[ exchange/white_data [37,1024, 1024] white
[ exchange/white_z [37] entry_exc
«| m | r

Create a slice of /entry/exchange/data.
1000 It has the shape [720, 1024, 1024]

LEEED £~ |FE) % & |5k

Dim Type Slice Value Axis Data
. ] 1 (Slice) [ data_z
0 500 1000
data_y 2 Y data_x
| MTree| 3 X data_y
|« Value | =3 Progress | & Console [l#2 XY Tools | % Image Gallery i2
l: | ' : | ‘ “I' [ : "|" " - “" Image Orientation: Top left
714 715 716 717 718 -
B




Passerelle Origins

o Passerelle is a Ptolemy 2 based framework produced open source by
Isencia Belgium.

» Passerelle has Swing, HTMLS5 and SWT/RCP versions today

1. Passerelle using Ptolemy 2 by extension / customization for
projects in telecommunications

2. Passerelle first used at the Soleil synchrotron - in its Swing
incarnation

T 3. A project completed with the ESRF to convert Passerelle Ul to

SWT in the RCP/Eclipse platform
4. The DAWN project incorporates ESRF work and creates a

\ “\.new custom message to pass around actors.
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Common Message

Messages passed between actors are complex
Passerelle define a message with a header

DAWN send multiple scalars and list values between actors in
one message

This enables graphs to be simplified at the expense of
flexibility

\
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Demonstration — Simple Matrix Maths

Add, subtract — etc some images produced by an experiment...

i Data Analysis Workbench - Salamander 1.0.0-devel-2012091619 ==
y
File Edit Diagram Tools Search Run Window Help
| o @ | £ [ Data Brow... [ Workflow | € PyDev
B HE Qv R A - 5l
b ® | % ok od | o | & @ 100% ~ ga|(E) [Rez ez &~
= F|™ = O |(|® XPDSi7x7_2010-07-08_23-00-50.nxs maths_example.moml 2 = Palle 2 ™_[iE Moni |@Ima| = 8
B5E Y| q &Ppalette Director Add type filter text
= workflow , @LMarquee 4; » Hardware
= % Connection E & Processes
=}
= examp % File Operations
con = General B Subtract £ Maths
dire v ref-testscale_1_001
Input Port > » £ User Interface
folc » Output Port 4 = Edna Plugins
folg = @ Verex ' & Composites
if e : -
loo Comment Multiply Data Export  Qpen File
| 3
ma El Console )
mo & Sleep
pytl B Email ¢ tectscale 1 003 Divide
ref-testscale_1_002
pytl | m Stop > »
use P
Counter &
— = examp r
= —
e — e Favorites @
< » Median
EO H =0 o *
. e —
e — . b—
Run |Edit| XML

\

[El Actor Attributes 2

|4 Value| & Console

Property
Name

Value

newModel

= xml
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A Light for Science

Why use a workflow tool?

= They offer a visual, higher level programming language than
traditional programming languages like C, Python, Fortran etc

= The goal is not to replace these languages but to
complement them

= Workflows facilitates development of the high level analysis:

= Visual programming — (beamline) scientists can participate in the
design and make modifications

= Easy to implement parallelism, error handling, LIMS connection etc.
= Documentation by design!

= Workflow tools for data analysis :
= Widely used in many scientific fields e.g. biology
= New for synchrotron radiation facilities

turopean Synchrotron Radiation Facility Olof Svensson, NorStruct 20130910



A Light for Science

Workflows currently available
at ESRF MX beamlines (in expert mode)

= Enhanced EDNA characterisation

= Accurate estimation of crystal radiation damage susceptibility
= Kappa goniostat re-orientation

=  Automatic control of a Humidity Controller (HC)

= Various types of scans for diffraction intensity:
= Line scan + move to strongest position
= Mesh (2D) scan + move to strongest position

= Automatic X-ray centring: a mesh scan, rotation of sample 90 degrees
and a vertical line scan

= On ID29 : using fast 4dscan

turopean Synchrotron Radiation Facility Olof Svensson, NorStruct 20130910



A Light for Science

'Burning strategy” workflow

Director
GT Error handler by severity
8 N Message
Start ‘ o o/ \p
9 \ B ) &8 :
"l = § Setup foridideh \
ot >
gy t BurnStrategyCollectAndProcess
P Stop
B ol
11
Inpu?_Eort
|Zr Common prepare burn strategy
_[' A\
1 : CommonPrepareExperiment

CeliectReFerencelmages

I EDNABurnS'ra eqy

L

CollectAndProcessBurningStrategy

il

| .
= Output Port




A Light for Science

Dehydration workflow

Inpult.E’ort CommonErrorReporter
D' Prepare :;‘ehydration - o o8
> 'x v' \»-'CommonPrepareExperiment Eo
[ =%
ol - Define Gradient
g 4 ; Dehydration init loop
Sl S O\
Pof » Check if data collection
\ b > r—
. < CollectReferencelmages
LE i S N E— .
| SR Data analysis
]

. s b/ >

—D xy P

T b

—Check il stop ol automatic mode
PTEpaIE: Nt SeR o i B Ask user what to do
> » | 2 & | s .
o xw p o ¥ Check if finished
i 4 _ L . e
/1 . Output Port
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A Light for Science

X-ray centring (mesh) workflow

InquPort
D, LPrepareZDMesh
o/ o
D xy : PrepareMesh
) D— ‘ ExecuteMesh
=sW’| MoveToBestMeshPosition
I____f—--'”"’ﬁ_f HII ) Output Port
e n 1)
__————’_'f Il'l,
T \
Input Rart— Start data collection H\
D' ‘ o o Process data \
': »/ o wait till data collection finish Output Port
L TR i
\ Jo——D x¥ : Check if signal
) \ Jb— » »
- _
P
fl
Set ISPyB to failure
>/ »
oy EY : Message workflow aborted
e _ r 2 'E Stop

Olof Svensson. NorStruct 20130910
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A Light for Science

Kappa goniostat re-orientation

&: ] A
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L
.
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|05 ARPES Beamline

S . . * Angle-Resolved
- PhotoEmission

= : Spectroscopy
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-
T
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2
ps CY 0= B - Used to look at
ST RS B the Electron
L0V B properties on
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105 ARPES Why Workflows?

 Easier to work with beamline scientists, It
seems less like black box data processing.

* Rich data message makes components reusable

B0 Workflow - .arpes/i05-1257_/workflows/fermi_edge fit_workflow.moml - DAWN Science - C:\Dawn\workspacesiruntime-uk.ac.diamond.dawn.product
i it Diagram igate Search Pro Help

ject Run  Window Hel

[E=8 o ==

CH¥ME M =

B E e




|05 ARPES User Interaction

 Users interact with this through a front end,

and never see the workflow behind.

| 031287, edge in L b
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Cluster Project

Non-crystalline diffraction beamlines have an
existing algorithm in Ptolemy 2 / Passerelle:
- Oni7 ~120 images take 4 minutes to process
- Image stack processed in parallel using load
balancing (Fork/Join Java 7)

We would like to run this FAST
- Split stack into chunks
- Process chunks on cluster nodes
- Cluster node actor to process chunks

Ee.of JMS and DRMAA planned
diamond
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File Input
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|2 ] o £ [ NCD Dat...| i NCD calib. .|
= B[4 results_i22-114012_P 22 = Aj2 Dataset Plot = 0|2 History & L Value| L No tool| =g
~ || Name Idass IDims = (=T 4 lz | 381k~
fer || entryl NXentry 2 H- v mundFaq@hl) ey v Name
b lt. NXdata a (results_i22-114012_Pilatus2M_280114_102340.nx: data (results_i22-114010_Pilatus2M_280114_102331.nxs)
b Pilatus2m Nxdata | data(results_i22-114011_Pilatus2M_280114_102335.nxs)
b Pilatus2m_debye_bueche Nxdata ¥ | data(results_i22-114012_Pilatus2M_280114_102340.nxs)
b Pilatus2M_guinier NXdata '
fer fc b Pilatus2M_kratky NXdata
b Pilatus2M_loglog NXdata le+03
b Pilatus2M_porod NXdata
= Pilatus2M_processing NXinstrument
wple: b Average NXdetector
P Invariant NXdetector |
b Normalisation Nxdetector £ NCD Data Reduction Parameters 53 HZ & =B
b Sectorintegration NXdetector ) L
) le+02- Data reduction pipeline
~ Pilatus2M_result NXdata 1. Detect S =
- . Detector response . Sector integration
fer fc » data SDS 1,1,1447 » orrese g _
b errors sDS 1,1,1447 é 3. Normalisation 4. Background subtraction
b g 5DS 1447 > 5. Invariant 6. Average
b q_errors sbs 1447 Results directory
fer fi b Pllatus.ZM_z.lr.nm NXdata Directory: /scratch/tmp/ncd
entry_identifier SDs le+01
scan_command sps ~ Sector Integration Parameters

nple:

fer f

fer ft

Tree

[ NCD Detector Parameters 52

[] WAXS

1D © 2D | pixel (mi
SAXS Pilatus2M O 1D ® 2D | pixel (mi 0.172

Beam Intensity Monitoring Data

Normalisation Dataset [ It

s ] Channel C-]:] ‘

le+00+

T
0.005

|=] Dataset Inspector

Data axes selection

Name: data; Rank: 1; Dims: [1447]

Dim |1 |2 |3

1 ¥ q 2 dim:1 X g_errors

1D plot] 1D scatter plut| 11

+ Dataset slicing

Radial Profile Azimuthal Profile

Fast Integration Apply detector mask

~ 1D SAXS Analysis Data

Log/Log Plot Guinier Plot

Porod Plot Kratky Plot

Zimm Plot Debye-Bueche Plot

~ Normalisation

Abs. Scale 44940260 Sample Thickness {mm)
~ Reference data

Background Subtraction File /tmp/Spheres/i22-114009.nxs

Detector Response Fle

» Background frame selection
~ Data frame selection

First Last

[] Advanced

~ Grid data averaging

[] Average dimensions
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Etored Peak 1
le+06 80.67,11.7981E5)

b

le+05
Ytored Heak 2
(P43.43,|5.6085E3)
le404 Ytored Reak 3

1
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| S
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le+02 \\J I |
. ] |

Ytored Peak 4
E3) (06,05, 8.6381E2)
Peak
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.
LMJ| LJ| L’

d
dtored Peak 7
(P68.59, 9.7019E1

tored Peak 6
730.47,1.9637E2)

\
1le+01 lLJ[ ILJK
200 400 600 800
Radius (pixel)

|t Peak Fitting a1 | ] = T SR PR R O S =
Trace Name Position A Fit FWHM Area
%]
lfj Radial Pr Stored Peak 3 161.96779 1082.06764 3.16559 3511.23509
l:ﬂ Radial Pt Stored Peak 2 243.43481 5608.53097 3.86639 22952.68181
lfj Radial Pr. Stored Peak 5 326.33568 319.65928 2.71512 877.39453
lfj Radial Pr. Stored Peak 4 406.04821 863.81142 5.50983 4978.14925
l:ﬂ Radial Pr Stored Peak 7 568.58847 97.01912 6.87333 658.24211
lfj Radial Pr. Stored Peak 6 73047242 196.37481 5.26629 1063.92656

Fit attempted: '1' Class's using GeneticAlg with smoothing of '1' (configure smoothing)

£ NCD Detector Parameters 3
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@ 2D
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Future of DAWN wirioeny

« New RCP workflow editor using Graphiti
— New routing options
— Improved graphical layer and tools
— eclipse.org/graphiti/
o Cluster connectivity
— Load balancing actor
— Cluster node actor based on DRMAA drmaa.org

_«__Increased support for data regions and functions

~N

) diamond
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http://www.eclipse.org/graphiti/
http://www.drmaa.org/

...Brainstorming

Usage of the Fork/Join capability in Java 77?

How to make best use of Lambda functions in Java 87?
How is the Kepler RCP project going (is there one)?

Ptolemy 2 . FUtUTE

Can we collaborate in the future between Kepler

and DAWN or Passerelle?

N
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Conclusion

 Thanks to Ptolemy 2 and Passerelle for their API which
has been useful for our workflows feature.

 Thanks to Eclipse for providing a great tool
— RCP is fast and scalable too, using OSGI
— SWT has ability to be configured for very large data
— Ability to integrate native code in plugins if needed
— Maybe we can support web application with RAP one day

 Thanks to the Java community for its APIs

Diamond Light Source Ltd. www.diamond.ac.uk

\ ESRF www.esrf.fr
. Data Analysis Workbench, www.dawnsci.org
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