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Technical Challenges of Infrastructure Research

* Scaling up
o More data
o Higher resolution
o More compute resources

Region/City
o Integration across scales - Nation to Item m
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AggregationfAbstraction

* Integration between models
o Capture the interdependencies

O Integration across sectors

Integration across scales

* Data integration and exchange.
o Share data between infrastructure models
o Security respected
o Common standards for interchange and interoperation
o Common Metadata standards
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Water
Land use
Transport

* Supporting an ecosystem of Digital Twins
o Integrated data infrastructure
o Connections to sensors and “real-time” 1/O
o Analysing large-scale historic data to propose decisions

Environment

Integration across sectors
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DAFNI as a Communlty Hub

* A Place for sharing and combining data and models
* A Place to support collaborations
* A Place to deploy applications

* A Place as a legacy
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DAFNTF prowdes to the Infrdstructire

Research Community

* A hybrid high-performance computing platform

* A secure repository for heterogeneous national infrastructure data and
models.

* A collaborative platform to research and develop multi-system models of
infrastructure assets and systems in a managed environment

* A place to make data and models available for long-term accessibility
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Data & Analytics Facility for National Infrastructure

Providing a computing platform to
Improve decision making for national
Infrastructure

.
-

University of Cranfield
Sheffield University

University of
Manchester

UK’s next generation platform to support research into
infrastructure decisions: planning, investment, design and
operation.

E

University of
Cambridge

e £8M investment 2017-2021 under the UKCRIC programme

e A Partnership of 12 partner universities
+ STFC as development and hosting partner

Imperial College University of
London Southampton

_ | Rutherford Appleton
=2 Laboratory
Harwell Didcot, Oxfordshire

Leading to Partnerships between Academia, Government,
Industry
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DAFNI in UKCRIC

National o - Gathering /
Rapid triallingand '  >DAFNI curating large Urban

Infrastructure simulation of Data, Models volumes of Observatories

solutions at scale and
diverse data
Labs Simulation
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* DAFNI provides a dedicated HTC cluster

« 27 server nodes

« 792 CPUs, 16.8TB RAM, 10xNvidia V100 GPUs (paired)
« 2PB storage total:

* Including 127 TB of “fast” storage (e.g for databases)

« 20TB very high-throughput SSD/Flash storage pool

* Maintained in the STFC Machine Room at RAL
» Set up as a Kubernetes Cluster

« Can give more computing power to applications
- faster
* scale up

www.dafni.ac.uk
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DAFNI Functionality

Data
Catalogue

(JDAFNI

5G Model

Published by: Edward Oughton

1 I ey
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Workflow : ' ] .
Management l+ia Visualisation
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'DAFNI as a Information Infrastrﬁcture

A platform for integrating and combining
data

* DAFNI provides a Data Hub
o Data sharing S——

Economic Data

o Data integration
o Data curation

* DAFNI’s NID provides basis for
representing data from different sources

* The DAFNI NID provides
o A trusted secure space to hold
and access data
o Importing from and linking to
other data sources

* Extensible to sectors: water, energy,
transport ...
e Support an Ontological framework

for data
Mawe’N

e A data store — but not all data needs to
be held centrally

* A metadata framework for the

data catalogue
o DCAT?2.0
o Common search and access
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[ DAFNI Facility

338 datasets found Recent v

UDM - Arc Outline GeoPackage

DAFNI  From: N/A N/A

Outputs of the 5G model

csv

er- DAFNI Workflows NiA N/A

Example CityCAT output

ezp CSV | @ Text

DAFNI Workflows  From N/A  Tor N/A

Welsh Language Skills (Detailed)

csv

1. Office for National Statistics  From: March 27th 2011 To: March 27th 2021

- o .
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- < G facility.secure.dafni.rl.ac.uk/data/details?dataset )c6b94d-5c07-4
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+
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e
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Data files
©DAFNI 230
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Open Access
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* Upload models from anywhere
o Models “containerised” using Docker

o Independent of code and operating systems

* Models can then be run on the HTC cluster

O

©)
O
©)

Kubernetes orchestration of containers
Scale up models for more compute

Access to data in the NID
Access to visualisations

* A repository of models
o Harbor - arepository of Docker containers.

O

o Within the same security framework

Sharing models

www.dafni.ac.uk
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Home Models

Home Models

= Data
<> Models

A’ Workflows

MANAGE ASSETS
@ Public

A% Groups

© DAFNI

Search

Name Status

COVID-19 CovidSim Model

Transform

SIMIM - Spatial Interaction Models of Internal
Migration

Spatial Housing Model

Non-Spatial Housing Model

O 0 0 6000

5G Model

[ DAFNI Facility

Access Date |,

August 14th
2020
July 17th
2019
July 17th
2019
,,,,,, July 17th
2019
m,,s July 17th
2019
July 17th
2019

Add model

Q

CovidSim models the transmission dynamics and severity of COVID-19 infections
throughout a spatially...

Perform a basic statistical analysis reduction.

A model to predict the flow of people between Local Authority Districts (LAD) in the UK
given a chan...

An agent based model of the UK housing market allowing for the interaction between
different regions..

A simulation of the overall UK housing market using agents to represent households,
banks, etc., wit...

A model to estimate the demand for and cost of rolling out 5G across the UK for a
variety of differe...

Rows per page 10 ~ 160f6

Technology
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* The NIMS allows workflows to be constructed
o Chaining models together
o Coupling models together

* Add iterators
o E.g. Monte-Carlo
* Add Visualisations
o Jupyter Notebooks | - e
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* Key feature of providing an Infrastructure Ecosystem

o Coupling different sectors
o Coupling different scales
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How is DAFNI being used?
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- Projects'on DAFNI: Supporting and

extending models

Map showing the CAMCOX corridor and the movement
of people given a change in households, jobs and GVA
SIMIM model, University of Leeds

,,,,, f‘{'-‘ * 7 ‘_‘“s :
[rowe]
A map showing the probability catchments of Penryn 4 | L
station after adding a new station in Helston \*
Station demand model, University of Southampton '
e g
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‘:.>DAFN| UK Infrastructuré Transitions Reseatch Consortiun (ITRC)

From 2011 the UK Infrastructure Transitions Research Consortium The FtorE of el I

(|TRC) has developed' National Infrastructure

A System-of-Systems Approach

- .

Edited by Jim W. Hall, Robert Nicholls,

The NISMOD national system-of-systems model (energy-transport- st
digital-water-waste) for infrastructure planning in Britain it

— NISMOD was used in the UK’s first National Infrastructure
Assessment

National modelling of climate risks to infrastructure networks

— Used to inform the Environment Agency’s long term investment
strategy for flood defences

RRRRRRRRRRRRR
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— Analysis for the National Infrastructure Commission’s resilience
study

Research and analysis

Long-term investment scenarios (LTIS)

NISMOD is being migrated to a new £8million facility DAFNI: the BI{E
Data and Analytics Facility for National infrastructure R
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L NeW prOjeCt - Ied by UniverSity Of East Anglia ﬁasterma% /Anradon‘/ /ﬂopulatiorj /Xdaplionmeasures /Boundary/ fopograph% /JKCP‘\SCI\matj ‘ Land Cover ‘ fiistingLany
Constraints Projections e.g. Green Rooves Conditions Scenarios Model Cover
| |
* Assess the risk of climate change ( = 1
o Flooding T

h 4 l h 4 v v h 4
O Health riSk from extreme heat /BuildiHQS/ ﬁewBuildingy i Rainfall ; ﬁemparatur%/ PET / f\.-‘egelaliﬂn:‘SuilType.-_"

o Agriculture and biodiversity
* Affect of approaches to adaptation

Merge Existing and
New Buildings

o Case studies in the Clyde Catchment, Norfolk Broads
o Towards CCRA4 v I [
. . | |
*  Multi-systems modelling approach -
* Working with DAFNI to provide |
o A framework for combining models together [ Exslorer }

o A place where users can go to access and run workflows / oatnent ) [ p— ] H—ﬂgxisnng .
Mogel Mode! Flood Risk Metrics
o Alegacy where models can be accessed for the long-term
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Use cases:

Use traffic data from the Sheffield Urban

Observatory
* 640 sensors that report traffic flow (no. of
cars/min)
Time resolution: 5 min

Build Al-based model
* updates in real-time for each sensor
* predicts evolution of traffic (ex: 30
min ahead)
Create a digital replica of the Sheffield
traffic
Identify areas where congestion will occur

e Traffic monitoring system that predicts congested areas

e Real-time traffic flow optimization
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Summary
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DAFNI is Open for Business!!!

DAFNI Phase 2
DAFNI Phase 1: 2017-21: 4 year development Long-term sustainability for production beyond September
programme 2021

Requirements gathering, design, impIementation Seeking to establish a hybrid model: platform support and

) . contributions from projects.
Now in an intense development phase

A production platform
Setting up a service management environment

Getting pilot users onto the platform _
Operating the platform

Pilot programme User support, operations, help desk
Champions programme Getting more users on the platform
Webinars ook 4o further devel
) ) ooking towards further development:
Hackathons — particularly with the Urban Digital Twins: running long-running models with real-time
Observatory programme input and outputs

Support for Machine Learning models
Richer data infrastructure
An extended framework for integrating models.

Final event —July 2021

Please talk to us! info@dafni.ac.uk

www.dafni.ac.uk
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Summary

An environment for research collaboration

For researchers, government and industry exploring new ideas in modelling

DAFNI Platform offers:
A HTC platform supporting research and technology transfer
e Data sharing within a common information infrastructure
* Scaling and coupling models
* Along-term legacy for keeping such models accessible
Still work to be done:
e Digital Twin Pilots
* Experimenting with a more dynamic data management framework
e Data Ontology Support

Supporting sustainable development of infrastructure for our regions, cities, rural areas and down to the household level.
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Thank You

Dr Brian Matthews
Brian.Matthews@stfc.ac.uk
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Questions?

* Data needed for the project flagships
* Data sets you have?
* Datasets youuse? E.g. UKCP18, MasterMap ...

 Models
 What models do you have in mind ?
* Code? Python, R, C++, .... MatLab? ExCel ? Proprietary?
* Linux? Windows?

e Licencing and access conditions ?
* Open preferred.

* Who are your users?
 Who will be using the platform?
* Researchers? Analysts? Policy makers?
* How would users anticipate interacting with the platform.
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Dr Brian Matthews
Brian.Matthews@stfc.ac.uk
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