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CDT in Next Generation Computational
Modelling (NGCM) — why?

« Computer simulation underpins
research and development in
science and engineering in
academia and industry, for
example:

Englneerlng
c Compu-

e Understanding measurements tational w

11n

e Predicting measurements and
performance

« Improving materials, designs,
devices, treatment, policies.

o Cutting R&D costs.

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk
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CDT in Next Generation Computational
Modelling (NGCM) — what?

« Training and research

« professionalism Professionalism & Enabling Tools £
Reproducibility, Collaborative Tools, Big Data, > § 4;>

. . Software Skills, Optimization, Visualization, etc. sl'; §

« simulation e 5|8 2

nnovation in Simulation Methods 0 .

methOdS Multi-scale, Multi-physics, ABM, Monte Carlo, >§ § %

Molecular Dynamics, Microsimulation, DFT, g od _E

. . B yrw—— ‘ol g @

- exploitation of Exploitation of Hardware Advances |\| £| £ £

latest hardware Multi-core multi-CPU, OpenMP, MPI, GPUs, o|B g

Al =

CUDA, OpenCL, Intel Phi, OpenACC, Cilk, etc.

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk
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Next Generation Computational Modelling CDT

« Funded by the o o |
Engineering and Physical | — . BT & ydh s
Science Research Council PN g el ® v
(EPSRC), with
contributions from
industry and University of

HGST oo
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w’?tc—.:pgﬂw O i nationalgrid
Southampton., | B RollsRoyce pe  QINetiQ
total ~ £10 million | s e
. Q rurecewe g omcn % PG ITN] EADS
15 studentships for UK/ e @ L Roke )¢ Honeywell 7iowems
EU students to start every = smm.. * O wr
f 8 . i ()55 © General Electric 7 B® Microsoft
year (from 2014 to 2018) - ¢ AreUS
4 nanocune [ROED NVATS
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Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk
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4-year programme, overview

Research Taught

Industry ‘SRS errable
engagement Skills

Ye ar 1 Summer

project

. Final PhD
CW & Exams CW & Exams Project 1 month 1st year MPhil/PhD transfer Post-transfer report I?r?esis
Semester 1 Semester 2 report  report report & viva report & viva (publications) and viva
5)

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk
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FiI‘St ye ar Python Programming Primer (one week)

N , Modelling and Computational Numerical
tralnlng : Simulation Methods 1 Methods

programme 1), Compiled code, C

Molecular Dynamics,
Monte Carlo, Finite cation. linki
computation, linkin
Elements, Agent-based, P &
. ) Python and C,
discrete event, stochastic 2

6 Compl]_lsory differential equations autogeneration of code
modules (90 credits)

Numerical analysis, linear

Programming, symbolic
& &% algebra, quadrature,

ordinary and partial
differential equations.

Statistics for : :
Computational [ Professional and

Methods 11 Research Skills*

Computational

Modelling

2 optional modules
(30 credits)

] Transferrable skills,
Parellel programming

(OpenMP, MPI),
visualisation, testing,
reproducibility, software

Data and statistical
analysis, hypothesis

communication, team

work. Computational
modelling contextualised,

Summer project
(60 credits)

testing, inference, design

Semester 2, 60

of experiments. and summer project

engineering 5
preparation.

Required pass mark NGCM Summer Academy (one week)

for funding at end of
year 1: 60%, 65% in
summer project

Web: http://ngem.soton.ac.uk - Email: ngem(@soto

Summer project (three months)

60 credits

Mini research project with industry focus
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Summer Academy

Annual meeting from
summer 2015 onwards

Open for participation from
outside Southampton

Parallel training sessions
(examples on the right)

High profile international
trainers

Centre of gravity for
computational modelling in
the UK

http://ngem.soton.ac.uk/
summer-academy/

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk
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HJNIVERSITY OF

ampton

NGCM Summer Academy (one week)

[Python
(3 days)

UC Berkeley, Fernando
Perez and team,

US

FEniCS
(2 days)

Multiphysics finite
element framework,
Simula institute, Oslo,
Norway

Data
(2 days)

Pandas library for

Python, Vanderbilt, US

3d Visualisation

(3 days)

Kitware Inc, VTK,
Paraview, automation,
France

Cloud
Computing
(2 days)

Azure cloud system,
Microsoft, Cambridge,
UK

Introduction to
fﬁwhon

Delivered by CDT

students

Intel Phi
(2 days)

Programming the Intel
Xeon PHI, Intel,
UK

GPU
programming

(3 days)

CUDA, nVIDIA,
US

Introduction
reproducible
computation

Delivered by CDT

students
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Facilities:

Southampton Supercomputer Iridis

e £3.2 million investment in
2013

« hardware refresh cycle of 3
years

« part of 10-year strategy
plan for High Performance
Computing (HPC), 1.e.
long-term commitment of
university

Web: http://ngem.soton.ac.uk - Email: ngecm@soton.ac.uk
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) Gomputatonal Modeling Southampton

Facilities:
Access to National supercomputer ARCHER

« ARCHER (Advanced Research Computing
High End Resource)

e 72,192 cores Cray XC30
e 1,367.5 TFlop/s

e 12-core 2.7GHz Intel
E5-2697 v2 (Ivy Bridge)

« Network is the new Cray Aries
interconnect

« Rank 19 in top 500

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk
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Other Facilities:

« 372 NVIDIA GPUs at
Emerald, 114 TF compute

power, Jointly used with
Oxford, Bristol, and UCL

o Dedicated for CDT:

« New 134k GPU machine
at Southampton

e New ARM and Power8
architectures and x86
cluster (worth ~250k)

Web: http://ngem.soton.ac.uk - Email: ngecm@soton.ac.uk
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CDT located on newly developed
Boldrewood campus complex

e £116m investment

e Campus Completion in
Summer 2014

« Hosting all
computational
engineering

« Dedicated space for
NGCM CDT students

11

Web: http://ngem.soton.ac.uk - Email: ngecm@soton.ac.uk
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Supervisors from Computational
Modelling Group

Englneerlng

> 170 academic staff

Compu
tatlonal

llln

> 600 post-docs and PhD

use computer simulation to
advance research and engineering

joint seminars, training, research

interdisciplinary networking

Details: http://cmg.soton.ac.uk

15
Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk
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NGCM Research focus areas

« Computational
Engineering

e« Advanced
Materials

« Autonomous
Systems

e Biomedicine and
Healthcare

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk



. . . UNIVERSITY OF

commariscans NGCM projects  Southampton

e Computer simulations of magnetic skyrmions

e Modelling the flow of glass during the draw of microstructure optical fibres

e Modelling jet dynamics at the Large Hadron Collider

e Design and simulation of reconfigurable optical fibres

e Robust design of UAV anti-vibration systems

e Simulations of chemistry at the nanoscale using first principles quantum mechanics

e Computational modelling of the dynamic interaction between the human body and a
car seat

e Towards decoding the fundamental theory of nature at the Large Hadron Collider

e Teams of autonomous agents

e Challenging topological prejudice - automated airframe layout design

e High-fidelity simulations of the interaction of freestream turbulence with turbulent
boundary layers

e Simulation of biological systems at long length and distance scales

e Computational modelling of underwater noise generation by turbulent fluid-structure
interactions

e Clean combustion of hydrogen-rich alternative fuels at high pressure

e Agent-based modelling of high frequency traders

e Multi-scale modelling of Composite Riser Systems

e Towards airborne hazard emergency management system for local environments

e Dispersion of small inertial particles in characteristic atmospheric boundary layer
Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk

17


http://www.ngcm.soton.ac.uk/projects/Multi-scale-modelling-of-Composite-Riser-Systems.html
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Applications from students invited now
to start September 2015

« Expect normally 1st class degree

« Background in Maths, Physics, Engineering, Chemistry,
Computer Science

 Interest in simulation and programming
« Some background in Programming

e Apply at http://ngem.soton.ac.uk/apply.html

18

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk


http://ngcm.soton.ac.uk/apply.html

E CDT in Next Generation UNIVERSITY OF
M

Computational Modelling SOUthamptOn

N
C

Application process

 Identify suitable project(s) on http://ngcm.soton.ac.uk (or
email ngecm@soton.ac.uk for advice)

« Email application materials to ngcm @soton.ac.uk

« If shortlisted, attend interview at Southampton

19

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk
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NJG] CDT in Next Generation
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Contact

Email: ngcm@soton.ac.uk

Website: ngcm.soton.ac.uk

« Blog: ngem.soton.ac.uk/blog
o Twitter: @ngcem_soton

e Phone: 023 8059 1272

Web: http://ngem.soton.ac.uk - Email: ngem@soton.ac.uk

ERSITY

Southampton

Devel P 1 M‘
future of simulat
Next GGenetl atl()n
Computational
.\l()d(:lling

high performance computing
of-the-art simulation methods
writing research codes
- robust software engineering
- applications with impact

Join us at the EPSRC Centre for Doctoral Training
in Next Generation Computational Modelling

Contact: ngem@soton.ac.uk

www.ngcm.soton.ac.uk
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