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!
The large scale facility science programme!
!
!
Challenges to maximising the impact!
!
!
Solutions!
! ! !
! ! Software development: The mantid project!
!
! ! Programme access to scientific computing ! !
! ! ! Scientific computing @ Harwell Oxford!
!
!
!
!

=0>.?.5./@('7%(5&.%/AB&(.?80&'(#C(40"@%(5&04%(C0&.4.A%5D(
5#E30"%(2%F%4#8?%/'((
5&.%/AB&(&#?8;A/@



Harwell Oxford

ISIS spallation neutron source 27 instruments

Diamond Light source 27 beam lines



800meV Proton synchrotron
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PlanningT0'0("%2;&A#/(/%%25('#(S%(M4%>.S4%(

T0'0(&#44%&A#/(/%%25('#(S%(M4%>.S4%(
T0'0("%2;&A#/(/%%25('#(S%(M4%>.S4%(
T0'0(&#44%&A#/(/%%25('#(S%(M4%>.S4%(

Data !
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Data !
Visualisation

Simulation!
Modelling!

Interpretation

Pre Beamtime Beamtime Post Beamtime

Live data view!
Data driven collection

Virtual experiment aided 
planning

Common data backplane!
Simplified remote data access cloud technology!
Common experiment and simulation data



!
Understanding data is a barrier to publication!

!
data with a meaningful model or analysis generates more citations!

!
ISIS beamtime cost ~£15K per day!

!
ISIS spends £1.2M pa on software development!

!
ISIS has ~60 scientists to deliver the user programme for the community

Data analysis, modelling and simulation!
!

Relies heavily on the goodwill of scientists!
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Resource level



Lots of bespoke software



We don’t expect users to:!

develop beam lines !

run experiments without support.!

but after the experiment…

Thanks I promise 
to publish my 

data… in nature

If you need help 
get in touch. 
but i’m local 

contact for the 
next 6 months
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Develop a flexible scattering specific framework!
!

Make data access simple (and fast)!
!

Give users access to data analysis tools

Create tools that form a flexible workflow



What isWhat is



Users 

Scientific 
Steering 

Committee 

Development 
Team 

Users 

Scientific 
Steering 

Committee 

Development 
Team 

SNS/HIFR ISIS 

PM & 
16 Developers 

Project Management Board 

• A common framework for: 
• Reduction 
• visualisation 
• analysis 

• Collaboratively developed

http://download.mantidproject.org/ 
!
Cross platform OSX 64 Linux x64 
!
and$)./2#35$PQ$RST 

What isWhat is

http://download.mantidproject.org/


Project History 

July 2007 
Requirements 
& Design 

April 2008 
V 1.0 
First instrument 
support 

Feb 2010 
V1.1 
Support multiple 
techniques 

April 2010 
Collaboration with 
SNS & HFIR 

Jan 2012 
V2.0 

Scientist validated 
results. VATES 
integration 

July 2007 July 2007 July 2007 
Requirements 
& Design 

Jan 2014 
TOF xtal diffraction 
Continued funding 
Proposed use at ESS



Where is Mantid used
ISIS 

SNS HFIR 
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Users 

Scientific 
Steering 

Committee 

Development 
Team 

Users 

Scientific 
Steering 

Committee 

Development 
Team 

SNS/HIFR ISIS 

PM & 
16 Developers 

Project Management Board 

RequirementsRequirements

:./@4%(8"#$%&'(?0/0@%"(
N44(&#"%(04@#".'7?5(0S5'"0&'%2



Feature 
request from 

scientist 

Develop
er

effort 

scientist 
evaluation 

of code 

Algorithm 

6-8weeks

published in 
release

6-8weeks

Idea

debugging

scientist uses 
framework to 

implement 

Published 
to Github/to Github/

scripts
1day+

*'%"0AF%(C#&;5%2(2%F%4#8?%/'



Features



Plug in extensions 

GUI 

Framework 

Utility 

Algorithm Dialogs 
Custom Interfaces 

Custom Menus 

Python scripts & libraries 

Workflow Algorithms 

Algorithms 

Unit Conversions 

Fit Functions 
Cost Models 
Constraints 
Minimizer 

Workspaces 

Archive Searching 
LiveData Listeners 

Data Catalogs 

Plug in extensions 

Framework 

Utility 
Archive Searching 

 Listeners 
CatalogsFuture Instrument 

specific UI 

Mantid Framework 

Python 
Command line & 

Scripting 
interface 

Framework 

MantidPlot 
Graphing  and 

analysis 

RAW data files 

Archive Searching 

NEXUS data 
files 

Future Instrument 
specific UI 

Plug in extensions 
Instrument log 

files 

API Workspaces 

DAE direct 
access 

Algorithms 

User Defined User Defined 

Instrument 

GUI Custom Interfaces 
Custom Menus 

Workspaces 

Utility Unit Conversions 

Fit Functions 
Cost Models 
Constraints 
Minimizer

Archive Searching 
LiveData Listeners 

Data Catalogs

Algorithm Dialogs 
Custom Interfaces 

Custom Menus 

Python scripts & libraries 

Workflow Algorithms 

Algorithms 

Custom Interfaces 
Custom Menus Custom Menus 

Mantid FrameworkAlgorithm Dialogs Mantid FrameworkAlgorithm Dialogs 
Scripting 
interface

MantidPlot
Graphing  and 

analysis

RAW data files

Workspaces 

Archive Searching 

Workspaces NEXUS data 
files

Future Instrument 
specific UI

Algorithm Dialogs 
Custom Interfaces 
Algorithm Dialogs 
Custom Interfaces 
Algorithm Dialogs 
Custom Interfaces 

files

API Custom Menus Custom Menus Custom Menus Workspaces

Fit Functions 
Cost Models 
Constraints 

Archive Searching 
LiveData

Data 

DAE direct 
access

Custom Menus Algorithms

Python scripts & libraries 

Workflow Algorithms 

Python scripts & libraries 

Workflow Algorithms 

Python scripts & libraries 

Workflow Algorithms 

Python scripts & libraries User DefinedPython scripts & libraries Python scripts & libraries User DefinedPython scripts & libraries Python scripts & libraries User DefinedPython scripts & libraries Python scripts & libraries 

Workflow Algorithms Workflow Algorithms 

Python scripts & libraries Python scripts & libraries 

Workflow Algorithms 

Python scripts & libraries User DefinedPython scripts & libraries Python scripts & libraries User DefinedPython scripts & libraries 

Instrument Instrument Instrument Fit Functions Instrument Fit Functions 

Unit Conversions Cost Models 
Constraints 
Minimizer

GitHub  
Repository 

Build + unit test 
-Linux (RHE & Ubuntu) 
-Mac OSX 
-Windows 32 
-Windows 64 

Developers 

trac 
Issue 

tracking 
system 

Mantid Project Wiki Custom Menus Custom Menus Custom Menus Custom Menus Custom Menus Custom Menus Workspaces

Python scripts & libraries Python scripts & libraries Python scripts & libraries User DefinedPython scripts & libraries 

Custom Menus 

Workflow Algorithms Workflow Algorithms 

Custom Menus Custom Menus Custom Menus Workspaces

Python scripts & libraries Python scripts & libraries Python scripts & libraries Python scripts & libraries Python scripts & libraries User DefinedPython scripts & libraries Python scripts & libraries User DefinedPython scripts & libraries Python scripts & libraries Python scripts & libraries User DefinedPython scripts & libraries Python scripts & libraries Automated  
System test 

Deploy to  
Download site RAW data filesRAW data files



Future Instrument 
specific UI 

Mantid Framework 

Python 
Command line & 

Scripting 
interface 

MantidPlot 
Graphing  and 

analysis 

RAW data files 

NEXUS data 
files 

Future Instrument 
specific UI 

Instrument log 
files 

API Workspaces 

DAE direct 
access 

Algorithms 

User Defined User Defined 

Instrum

Novel features

Instrument view

Full Instrument description 
Workspace history 
Multiple workspace types 
Box controlled rebin on nD data 
Live event view 
Algorithms event aware 
Slice viewer for 2D data 
Python + IPython + Numpy + SciPy 
ParaView  
OpenMP 
User extendable 



Maximize the benefits of event mode data collection

Filter data on Log values!
!
Sparse data for INS!
!
RMM

time

tof=1!
T=10K!

tof=2!
T=10K!

tof=1!
T=15K!

tof=2!
T=15K!

tof=3!
T=15K!

tof=1!
T=100K!

tof=2!
T=100K!

tof=3!
T=102K!

tof=1!
T=150K!

tof=2!
T=150K!

tof=3!
T=150K!

tof=2!
T=300K!

tof=3!
T=300K!

tof=1!
T=300K!



What isWhat is used for
General data treatment 
Advanced visualisation  

Experiment setup & instrument control 
Powder diffraction  

Single crystal diffraction  
Reflectometry 

SANS 
Direct geometry INS 

Indirect geometry INS 
MUSR



MantidPlot 
Python 

interface 

SECI 
interface 

PyGenie API 

SECI API 

Instrument 
control 

program ! 
DAE 

SECI ! 
Sample 

environment 
& chopper 

control 

NI 
LabView 

! 
device 
control 

USER interface! Developer!

Data collection & instrument control!

Does statistic 
meet criteria!
!

BEGIN Run!

Define Region of interest!

Update from DAE & 
Reduce data to S(q,w)!

Calculate statistic for 
ROI!

Define error bar criteria!

NO!

YES!

END run!

Execute next line of 
sequence!



• Live view.!
• Live reduction.!

Live Reduction



Data access: ICAT4 interface

Find data

Download 
data



Advanced Visualisation!

3D or 4D reciprocal space volume



Visualisation
!

• Efficient re-binning of sparse data sets!
!

• Visualisation is distributable!
!

• Enough resource to request features from kitware 



Flexible data structure



Generate a physical model!
!
Simulate or calculate the ground state properties or dynamics!
!
Calculate S(q,w) accounting for neutron cross-sections !
!
Fold in instrument resolution!
!
Iterate a fit on a parametrised model!
 

Data analysis: scientific computing

Resolution

Background

ForegroundForeground
Model
S(q,w)

Simulate & fit



Visualising simulation data

Sassena & NMoldyn!
!

McVine & VNF!
!

McStas 



+

Calculation of:!
!
Flux !
Resolution!
Multiple scattering



User !
Community

User 
Community

ISIS!

Diamond 
Light 

Source!

Diamond 
Light 

Source

Scientific 
Computing 
Department!

Communitycientific cientific 
omputing omputing 
epartmentepartment

Central 
Laser 

Facility!

Scientific computing @ Harwell Oxford!
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Scientific Computing Project.

Infrastructure !
!

Storage 
!

Compute

Software 
development!

!
“Modelling 

toolkit” 
!

Common 
Framework /API 

Mantid

Programme 
delivery staff.!

!
Computational 

scientists 
!

Programme 
managers 

Science areas:!
! ! ! ! ! ! Functional materials programme!
! ! ! ! ! ! Life science programme
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70 MeV H-  Linac

800 MeV
Synchrotron

Extracted Proton Beam

Extracted Proton Beam

Target Station 1

Target Station 2

RFQ
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Tools in the toolkit
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70 MeV H-  Linac

800 MeV
Synchrotron

Extracted Proton Beam

Extracted Proton Beam

Target Station 1

Target Station 2

RFQRFQ

SCP



High availability Infrastructure

Complexity metric
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