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Outline

w A brief history of Dark Energy and LCDM: 
from Newton &  Einstein to the accelerating universe

w Is it just Lambda (w=-1)? LHS or RHS? 10120 too small?
w When to stop? does cost-benefit analysis make sense? 
w Do we communicate too much, towards one model? 
w How many large surveys should one join?
w AI and Cosmology: evolution or revolution? 

References: OL (2000), DES book (2021), Calder & OL (2008. 2010), 
OL& Massimi (2014), OL & Silk (2021), OL (2023), Offer & OL (2023)
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The contents and expansion of the 
Universe

What accelerates the Universe?



The mystery of Dark Energy 

The weak field limit of GR:
a =  -GM/r2 + L/3 r 

“I have now explained the TWO principle cases of 
attraction…which is very remarkable.” 
Isaac Newton, Principia (1687)

“Introducing L -  the blunder of my life…” 
Albert Einstein (1920s) 

“I am a detective in search for a criminal - L.”
Arthur Eddington (1920s) 4



The Dark Energy 
       Equation of State

Acceleration started 
(6 Gyr ago)

Matter-Dark Energy 
equality
(3.5 Gyr ago)

OL, arXiv:2009.10177
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w = -1    à     L

from 
DES+Planck+BAO+SNIa
 the equation of state
     w= -1.031 -0.027

+0.030.            

 is consistent with L
(arXiv:2105.135490)



Key Probes of Dark Energy:
expansion and growth of structure

Standard Candles and Rulers 

Clusters                     Weak
                                  Lensing

JWST image





So, what is 
Lambda/Dark Energy?

w Systematics mimic DE?
w Lambda-CDM, EoS P/rho= w = -1.00?
w Dynamical scalar field w(z)?
w Why 120 orders of magnitudes 

smaller than expected?
w Signatures of modified gravity?
w Inhomogeneous Universe? 
w Multi-verse & Anthropic Principle?
w An unknown unknown??



Reflections on Einstein’s 1917 
Λ paper

• Even if he blamed himself for the ‘blunder of his life’, this 
is probably the first paper on relativistic cosmology. 

• This is the first paper to propose a cosmological 
constant Λ, now the focus of projects of billions of 
Euros/$$$, with hundreds of scientists spending a 
significant part of their career on this problem. 

• The paper was motivated by a problem on boundary 
conditions, rather than by the need for a static universe.

• Einstein put Λ on the left hand side, as part of the 
curvature term (this might still be correct…)

• He ‘overlooked’ to predict the expansion/contraction of 
the universe without Λ.

• He ‘overlooked’ to notice that the static solution is 
unstable, so  a universe with Λ would also 
expand/contract.

• He ‘overlooked’ to see  Λ as a free parameter, which could 
also lead to an accelerating universe. 9



“Dark Energy Foundations ”
w Is there a fundamental reason for w=-1 (Lambda)?
w Is Lambda on the LHS or RHS of Einstein’s equation? 
w Is there a physical case for w<-1? 
w What is the case for a time-dependent w(z) ?
w When should we stop measuring w?
   (note ‘precision’ vs ‘accuracy’, cf. curvature)
w Does  Anthropic reasoning make sense?
w Is a higher level theory to be discovered, connecting 

GR to Quantum Mechanics and Thermodynamics? Will it 
take another 100 years ?

w What is the discovery potential for non-DE science?
10



“The Dark Energy Road Map”
w The community has been fortunate to have so many DE projects 

funded. This is a golden age for research in cosmology. 
    - Is this the peak funding for DE science? 
    - How to use resources wisely?
w Collaborations are getting bigger and more ambitious:
     projects take about 20 years, 
     with hundreds of collaborators 
     (2dF ~30, DES ~400, Euclid ~1200 people)
    - what is the impact on careers of junior scientists? 
w AI and knowledge transfer

w Large galaxy surveys -  the ‘LHC of Cosmology’ !
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When to Stop?

w Current observations from e.g.  
DES+Planck+BAO+SNIa

    w= -1.03 +- 0.03 
    Should we still measure it more precisely? 
w It depends if there is an alternative viable theory 

(e.g. for w=-0.99 or -1.01, or a time-evolving 
DE?)

12OL & Silk (Nature Astronomy, arXiv:2109.08190) 



Possible outcomes of 
ongoing and future surveys 
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W=  -1.00 +- 0.01 e.g. 
w= 0.12 +- 0.01

Or e.g.
W = -1.23 +- 0.01
Or even
       W(z)

Back to Lambda

Back to fundamental 
Physics

Anthropic Principle?

 

The Unknown 
Unknown

???

‘Accuracy’ vs ‘Precision’ 

Back to 
systematics/Astrophysics

Then fundamental Physics

A new paradigm shift?  



Paradigm shifts:
a new entity or a new theory?

OL & Michela Massimi  (A&G  2014)
Lucy Calder & OL (Physics World  2010)

Phenomenon New Entity New theory

Uranus’ orbit Neptune (Bessel’s specific 
gravity ruled out)

Mercury’s orbit (Hypothetical planet 
Vulcan ruled out)

General Relativity

Beta decay Neutrino (violation of angular 
momentum ruled out)

Galaxy flat rotation 
curves

Dark Matter? Modified Newtonian 
Dynamics? 

Accelerating universe
(SN Ia and other data)

Dark Energy? Modified General 
Relativity?
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Health checks of LCDM
“Tensions”  

   Systematic errors in data, or new Physics?
  *  Hubble Constant tension (~4 sigma)
   H0 = 73.2± 1.0 km/sec/Mpc (Riess et al. 2021)
   H0 =  67.4 ± 0.5 (Planck 2018)
   A new approach: Gravitational Wave sirens
   H0 = 68.6 ± 11 (Bright;+ pv, Nicolaou et al. 2020)
   H0 = 72.0 ± 10 (Dark + Bright; Palmese et al. 2020)
   * Clumpiness σ8 (WL smoother than CMB)  
                                             (~2 sigma) 
     



The tale of two surveys: 
Dark Energy Survey (DES) &  

 Dark Energy Spectroscopic Instrument 
(DESI)

w Modern instruments on old twin 4m telescopes: DES/DECam 
(imaging) on Blanco (Chile) and DESI (spectroscopy) on the 
Mayall (Kitt Peak) 

w DES Fermilab-led; DESI LBL-led & international partners
w UCL built both optical correctors 

w DES completed 6 seasons in 2019    à
   300M galaxy images and thousands of SN
w DESI started observations in 2020
  23M (so far, out of 35M) galaxy+qso spectra 16



Big Data in Astronomy 

Survey Data per
night/day

Galaxies Cost Scientists

DES 1 TeraB ~300 Million
(all observed)

~$70M ~400

DESI 40 GigaB ~35 Million
(23M observed)

~$70M ~600

Rubin-LSST 15 TeraB ~Billions ~$1.0B ~1000

Euclid 850 GigaB ~Billions ~$1.5B ~1500

SKA 1 PetaB ~Billions ~$1.3B ~1000

17How many surveys should one join?



Cost-Benefit Analysis?
w CBA attempted e.g. for LHC.
w In Observational Cosmology, difficult to estimate the 

cost, and even harder to quantify the benefits.
w But it generates great  spinoffs (e.g. GPS, WiFi, ,WWW), 

it prepares for hi-tech careers and it appeals to the popular 
imagination and curiosity.

w Stage-III experiments give dW=3% for $100M, Stage–IV 
would gove dW below 1% for $1B. 

w How much would you pay for the next generation? 

18Offer & OL, 2305.17982



Cross talk: 
Artificial Intelligence,  

 Physics, Humans

Human 
Knowledge 

Laws of 
Physics 

AI (Augmented Intelligence)

19OL,  arXiv:2302.04324 (IAU Symp 368) 

https://arxiv.org/abs/2302.04324


Astro Papers on the arXiv with 
“Deep Learning” in the Title

About 2 DL Astro papers per week!
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“Shallow” Learning

“Deep” Learning

Shallow learning is actually quite deep, 
as based on human knowledge! 

Galaxy 
Star 

Other

Galaxy 
Star 

Other

Shallow Learning 

Deep Learning 

Input

Input

Feature extraction 

Feature extraction + Classification 

Classification Output

Output



UCL Centre for Doctoral Training (CDT)
in Data Intensive Science (DIS)

72 CDT PhD students in 7 years, 
15 theses completed

80+ academic 
supervisors

30+ industry 
partners 
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SW Thomas¶ Hospital 
Westminster Bridge Road 

London SE1 7EH 

Main switchboard:  020 7188 7188 
 

05 November 2021 
 
Professors Konstantinidis & Lahav  
Department of Physics & Astronomy 
University College London 
Gower Street 
LONDON  
WC1E 6BT 
 
REF: Statement of Support for the STFC CDT in Data Intensive Science 
 
 
Dear Professors Konstantinidis and Lahav, 
 
The Guy's and St Thomas' (GSTT) NHS Foundation Trust Frailty Data Group strongly 
supports the Centre for Doctoral Training in Data Intensive Science (DIS) at UCL, which will 
be directed by Professors Konstantinidis and Lahav. Whilst the NHS generates vast amounts 
of data; the current use of data analysis to support decision making in the NHS is variable, 
and often poor.  The challenge with health data is not the lack of data but the ability to 
effectively collate, statistically analyse and extract actionable insight. To translate the 
investment into data collection and analytics into better outcomes and experience for 
patients, populations and staff it requires a collaborative approach between front line 
clinical/operation staff, data scientists and research; to develop evidence-based, sustainable, 
and impactful health interventions which improve healthcare outcomes.  Within the NHS 
there are developments which will both improve the structure of data to support analysis and 
an integration of practice to support actions linked to predictive analytics. 
 
As such, it is critical that the UK trains enough individuals with advanced skills in this area, to 
provide the necessary expertise to fulfil the transformation improvements promised by the 
data revolution. The CDT in Data Intensive Science promises to do exactly that, producing a 
stream of highly trained individuals with an advanced skillset covering statistical analysis, 
programming, modelling, machine learning and problem solving, who can apply these skills in 
a very wide range of different sectors across the economy/society. 
 
The GSTT Frailty Group chaired by myself, consists of both clinicians and clinical academics 
from across GSTT, with a specific focus on how can advanced analytics be used to tackle the 
everyday, wide-scale challenges faced by both clinical and operational staff. We have hosted 
several placements from the Centre both at GSTT and at the national Getting It Right First 
Time (GIRFT) Programme where I am the speciality lead for geriatric medicine.  We have 
found that the advanced and complementary skillset brought by the students, is extremely 
beneficial and has demonstrated the value of this co-production approach by both clinicians 
and data scientists which has enabled the:  
 

x Provision of domain expertise on what data is available and how to interpret it  

Deag Pg]fehh]gh K][hja[ji[idih a[d Lahap�

Re� Sjajemenj ]f Skdd]gj f]g jhe STFC CDT in Daja Injenhipe Science

I aZ qgiji[g i[ Zs cadacijs ah Digecj]g ]f Reheagch aj Akj][]Zs� j] erdgehh hkdd]gj f]g jhe STFC
Ce[jge f]g D]cj]gaY Tgai[i[g ¥CDT¦ i[ Daja I[je[hipe Scie[ce ¥DIS¦� aj UCL�

Akj][]Zs ih a[ i[dede[de[j jhi[X ja[X� qhich ih f]ckhed dgiZagiYs ][ jhe fkjkge ]f q]gX a[d
ec][]Zic dYa[[i[g� EraZdYeh ]f ]kg gece[j q]gX i[cYkde jhe J]bh aj RihX I[der qhich eraZi[eh jhe
geYajipe pkY[egabiYijs ]f ]cckdaji][h j] heaYjh a[d hafejs gihXh ahh]ciajed qijh C]pid�ÂÊ� The Neq
N]gZaY� A BYkedgi[j f]g ReZ]je W]gXi[g� a[d [kZeg]kh ]jhegh� We hdeciaYihe i[ i[jegpe[i[g i[
debajeh ag]k[d ec][]Zic a[d h]ciaY d]Yics a[d hape hjg][g Yi[Xh j] Zedia� d]Yics a[d dagYiaZe[jags
q]gYdh�

Okg acjipijieh a[d imdacj

Dehdije bei[g a hZaYY jeaZ� ]kg q]gX hah a Yagge geach a[d qe�ge deedYs eZbedded i[ d]Yics a[d
d]YijicaY cigcYeh hege i[ jhe UK� We hape bee[ c]ZZihhi][ed bs a [kZbeg ]f dkbYic b]dieh j] depeY]d
geheagch a[d d]Yics dg]d]haYh� I[ ÃÁÃÁ� qe qege c]ZZihhi][ed bs jhe Fkjkge Ge[egaji][h
C]ZZihhi][eg f]g WaYeh j] dg]dkce c]Zdgehe[hipe jgiaY dYa[h f]g iZdYeZe[ji[g a Bahic I[c]Ze a[d
hh]gjeg q]gXi[g h]kgh acg]hh jhe WeYhh Yab]kg ZagXej� I[ ÃÁÂÊ� jhe gegi][aY g]peg[Ze[j ]f VaYe[cia
c]ZZihhi][ed Akj][]Zs j] depeY]d a[aYshih a[d hjgajegs f]g a hkhjai[abYe a[d h]ciaYYs jkhj pihi][ ]f
jhe fkjkge ]f q]gX i[ jhe gegi][� DigecjYs f]YY]qi[g VaYe[cia�h Yead� jhe Sda[ihh g]peg[Ze[j ih []q
fi[a[ciaYYs hkdd]gji[g bkhi[ehheh j] jgiaY f]kg�das qeeXh� ][ a [aji][aY hcaYe�

A [kZbeg ]f ]kg ged]gjh hape i[fYke[ced jhe d]Yics age[da ]f Zaj]g d]YijicaY dagjieh b]jh i[ jhe UK
a[d abg]ad� Akj][]Zs�h geheagch ][ q]gXi[g jiZe a[d qeYfage c][ji[keh j] i[f]gZ jhe Za[ifehj]h ]f
PYaid CsZgk i[ WaYeh� jhe Lab]kg fg][j be[ch i[ WehjZi[hjeg ah qeYY ah jhe SNP i[ Sc]jYa[d� Okg
gece[j ged]gj �The Righj j] Dihc][[ecj� Yash ]kj a YegihYajipe age[da j] dgepe[j �hidde[ ]pegjiZe��
qhich jhe Lab]kg Pagjs hah hi[ce b]]hjed ah a d]Yics dYedge�

Aj jhe c]ge ]f ]kg q]gX ih daja a[aYshih d]Yics depeY]dZe[j a[d i[dkhjgs e[gageZe[j� Uhi[g jhe
Z]hj g]bkhj hjajihjicaY a[d ML Zejh]dh� qe dgide ]kgheYpeh ][ Yeadi[g jhe dacX qijhi[ jhe hecj]g
qhe[ ij c]Zeh j] geheagch� We jgs j] qeape gich� Yab]kg�i[je[hipe fkaYijajipe q]gX i[j] ]kg
fka[jijajipe ]kjdkj� dg]pidi[g high geh]Ykji][ iZageh ]f ]kg ch]he[ ]bjecj�

Okg geheagch ih gegkYagYs c]peged acg]hh jhe UK bg]adhheej a[d jabY]id dgehh� i[cYkdi[g The
Gkagdia[� The TiZeh� jhe TeYeggadh� jhe BBC� jhe I[dede[de[j� jhe Neq SjajehZa[� jhe DaiYs Migg]g
a[d The Sk[� Opeg jhe Yahj seag� ]kg d]Yics a[d daja q]gX hah h]kghj j] ZaXe iZdacjfkY i[jegpe[ji][h
i[ debajeh ab]kj C]pid�ÂÊ� Okg J]bh aj RihX I[der qah c]peged bs jhe Gkagdia[� ITV�h Pehj][ a[d BBC
Radi]� The hjkds aYh] feajkgeh i[ jhe G]peg[Ze[j EfkaYijieh Office�h Yihj ]f geheagch ][ C]pid�ÂÊ�

Twinkle is a project of Blue Skies Space Ltd., a company registered in England & Wales, No: 9348394 
www.twinkle-spacemission.co.uk 
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26 October 2021 
 
Dear Profs Konstantinidis and Lahav, 
 
We are writing to confirm the participation of Blue Skies Space Ltd. as a partner company 
in the UCL proposal for a Centre for Doctoral Training in Data Intensive Science and 
Technologies, and offer our strong support to your initiative.  
 
Our company focuses on offering scientists around the world commercial access to 
astronomy satellites. Our first project, named ‘Twinkle’ (www.twinkle-spacemission.co.uk) 
will be the first dedicated space telescope to characterise exoplanets through infrared 
spectroscopy. The large amount of data produced by the telescope and the scientific 
modelling needed to interpret the observations will require the use of advanced 
computational techniques. Developing our algorithms together with students from UCL will 
be highly beneficial to our company. 
 
UCL has a world-leading team of experts in astronomy, including in exoplanet science and 
infrared spectroscopy. We believe the training programmes offered and the inter-
disciplinary nature of the CDT, with involvement from several Departments, will bring 
additional cutting-edge expertise and allow the exchange of best practices for solving 
complex computing problems.  
 
Should the CDT receive funding, Blue Skies Space Ltd. commits to: 

• Offer placements to students (up to 2), with the necessary supervision and training 
during these placements. The value of this support is c. £8,000. 

• Participate in seminars, workshops and focused training schools organized by the 
CDT, both as speakers and as attendees. 

 
Our company will provide training and skills development support for the students who will 
be working in a customer-focused environment. We believe that our company and the 
UCL CDT are natural partners with the common goal of advancing high-quality research 
and forming the data scientists of the future. 
 
We look forward to hearing the outcome of your bid. 
 
Yours sincerely, 
 

 
Dr Marcell Tessenyi 
Chief Executive Officer 

DIag Pg]NIhh]g Jah][ McEqI[

Re� SjajeZe[j ]f Skdd]gj f]g jhe UCL Ce[jge f]g D]cj]gaY Tgai[i[g i[ Daja I[je[hipe Scie[ce ¥DIS¦

Cambgidge Sdagk ih dleahed jo dkj fogqagd jhih lejjeg of hkddogj jo erdgehh okg injegehj in joining ah a

dagjneg of jhe CDT jo erdloge fkjkge oddogjknijieh fog collabogajion ah dejailed beloq� We age

ercijed jo hee jhe comdgehenhipe dgoggamme of dgodohed acjipijieh fog jhe CDT in DIS qhich qe

beliepe can hape a hkbhjanjial dohijipe imdacj on PhD geheagchegh aj UCL�

Cambgidge Sdagk ih an edkcajion jechnologs comdans foknded in ÃÁÂÆ jhaj enableh ogganihajionh jo

achiepe jheig bkhinehh goalh bs edkcajing jheig qogkfogce in Daja Science ² Agjificial Injelligence� We

hape a jeam of opeg ÅÁ emdloseeh qijh a Fackljs of opeg ÂÁÁ erdegjh acgohh jhe domain of AI and DS�

We age jhe onls hdecialihj Daja Science ² AI addgenjicehhid jgaining dgopideg in jhe UK� delipeging

ckjjing edge jgaining in Daja Lijegacs� Daja Analshih� Daja Science and Machine Leagning� doqeged bs

okg dgodgiejags Daja Science e�leagning dlajfogm EDUKATE�AIµ�

We hape noj sej qogked qijh jhe UCL CDT jo daje bkj gecognihe jhe imdogjanj gole ij dlash in

bkilding cadabilijieh amonghj geheagchegh jo dgopide a hjgong dgacjical and jheogejical ggoknding in

jhe jechnifkeh� joolh and ejhich of daja injenhipe hcience� We fklls hkddogj jhih objecjipe�

We hape qogked on a himilag dgoggamme ah jhe delipegs dagjneg fog jhe Unipeghijs of Cambgidge�h

The Schmidj Accelegaje Pgoggamme fog Scienjific Dihcopegs qhege qe hape heen jhe incgedible

imdacj daja hkillh can fkickls hape on geheagchegh acgohh hcienjific dihcidlineh� We beliepe okg

erdegience and erdegjihe in jhih domain can add a ggeaj deal of palke jo UCL�h CDT in DIS�

Bs collabogajing on jhih Pgoggamme� Cambgidge Sdagk can held jo addls and hhage okg knoqledge

and erdegjihe qijh UCL geheagchegh jo held depelod a nejqogk of geheagchegh acgohh hcienjific

dihcidlineh qho age efkidded qijh jhe lajehj daja analsjich and machine leagning hkillh� Aj Cambgidge

Sdagk qe qogk qijh a qhole hohj of jod jieg clienjh acgohh indkhjgs in bojh jhe dgipaje and dkblic

hecjogh� Okg indkhjgs nejqogk can dgopide UCL geheagchegh qijh geheagch and cageeg oddogjknijieh

qhich qill held jake geheagch behj dgacjice and held jo accelegaje jhe dedlosmenj of daja�dgipen

hdecialihj hcienjific erdegjihe qhich can held ogganihajionh be hkccehhfkl � qhich alignh qijh okg coge

mihhion�

 
 

 
 
From the Chief Scientific Adviser  
 
Centre for Doctoral Training in Data Intensive Science 
Physics and Astronomy 
UCL 
Gower Street 
London 
WC1E 6BT 
 
Dear Professor Konstantinidis and Lahav,  
 
Re: Statement of Support for the STFC CDT in Data Intensive Science 
 
The Department for Transport (DfT) strongly supports the Centre for Doctoral Training in 
Data Intensive Science at UCL, which will be directed by Professors Konstantinidis and 
Lahav. Given the prevalence of data in all spheres of the economy, which we especially 
see across the transport system, we fully recognise the importance of being able to 
effectively collate, store, analyse and learn from this data to enhance policy decisions. As 
such, it is vital that the UK trains enough individuals with advanced skills in this area, to 
provide the necessary expertise to fulfil the transformational promise of the knowledge 
economy. The training programme of the CDT in Data Intensive Science promises to train 
individuals with exactly these skills. 
 
The DfT is the government department responsible for all transport related matters in 
England along with certain transport matters in Scotland, Wales and Northern Ireland. It 
has around 18,000 staff members in total, including dedicated Science and Digital teams, 
who are focussed on tasks such as providing scientific input, data augmentation, statistical 
analysis, modelling and using machine learning techniques, with the aim of providing 
evidence to inform policy decisions. This has been demonstrated to improve policy and to 
have a significant positive impact upon both society and the economy in the UK. 
 
We have worked with Dr Scanlon, the Director of Research in the DIS CDT, in 2020, when 
he undertook a 3-month secondment within the DfT during which he co-led an initiative to 
create an Integrated Research Programme for Transport Decarbonising. We found that the 
complementary skills brought by individuals from other fields, was extremely beneficial in 
the policy making process. By collaborating with your Centre, we hope to benefit from: 
accessing academic expertise in the data intensive science area; building enhanced 
evidence and gaining new insights from undertaking projects with the highly skilled 
students; and building links via networking with other Partner organisations in the Centre.  
 
We envisage that we could participate in several of the CDT’s training activities: 
 

• Short-term projects, with significant DIS elements (statistical analysis, modelling, 
data handling), arise regularly within the department and we could envisage hosting 
approximately one 6-month placement per year in the DfT. We very much hope that 
by hosting placements, the complementary skills that the students bring will 
enhance the project outcomes, improving policy and potentially having a big 
societal/economic impact. 
 

 
6th Floor, Two Snow Hill 
Snow Hill Queensway,  
Birmingham, B4 6GA 
 
Tel: 07977023544   
E-Mail: sarah.sharples@dft.gov.uk 
 
Website: www.gov.uk/dft 
 
 5th November 2021 

DHDU 3URIHVVRUV .RQVWDQWLQLGLV DQG /DKDY,

5H: 6WDWHPHQW RI 6XSSRUW IRU WKH 67FC CD7 LQ DDWD ,QWHQVLYH 6FLHQFH

, DP ZULWLQJ WR RIIHU WKH GXDUGLDQ¶V VWURQJ VXSSRUW IRU 8C/¶V IXQGLQJ DSSOLFDWLRQ IRU
WKH CHQWHU RI DRFWRUDO 7UDLQLQJ LQ DDWD ,QWHQVLYH 6FLHQFH DQG 7HFKQRORJLHV.

GXDUGLDQ 0HGLD GURXS LV D JOREDO QHZV RUJDQLVDWLRQ WKDW GHOLYHUV LQGHSHQGHQW
MRXUQDOLVP. 2XU RZQHUVKLS VWUXFWXUH PHDQV ZH DUH HQWLUHO\ IUHH IURP SROLWLFDO DQG
FRPPHUFLDO LQIOXHQFH. 7KH ODWHVW 3A0CR UHVXOWV VKRZ WKH GXDUGLDQ LV WKH PRVW UHDG
TXDOLW\ QHZV SXEOLVKHU LQ WKH 8., UHDFKLQJ 27 PLOOLRQ PRQWKO\ XVHUV DFURVV DOO
SODWIRUPV.

7KH SXEOLVKLQJ LQGXVWU\ LV XQGHUJRLQJ D UDSLG VKLIW WRZDUGV GLJLWDO GHOLYHU\ RI
FRQWHQW DQG HPSOR\LQJ DGYDQFHG WHFKQLTXHV RI GDWD DQDO\WLFV DQG PDFKLQH OHDUQLQJ
DFURVV GLIIHUHQW SODWIRUPV. 7KH GXDUGLDQ LV QR H[FHSWLRQ WR WKLV WUHQG DQG ZH DUH
ZRUNLQJ SURDFWLYHO\ RQ EXLOGLQJ RXU GDWD VFLHQFH FDSDELOLWLHV WR LQQRYDWH DQG LQYHVW
LQ RXU LQGHSHQGHQW MRXUQDOLVP EXW DOVR KHOS XV EH ILQDQFLDOO\ VWURQJ DQG VXVWDLQDEOH.

7KH GXDUGLDQ KDYH KRVWHG D SRVWGRFWRUDO IHOORZ IURP WKH 8C/ +LJK EQHUJ\ 3K\VLFV
(+E3) JURXS IRU 3 PRQWKV. :H DOVR KDG LQWHUDFWLRQV ZLWK RWKHU 8C/ +E3 JUDGXDWH
VWXGHQWV DQG UHVHDUFKHUV DQG ZHUH DOZD\V LPSUHVVHG E\ WKHLU VNLOOVHW, GHGLFDWLRQ DQG
WKH DELOLW\ WR TXLFNO\ DGDSW WR WKH QHZ ZRUNLQJ HQYLURQPHQW DQG GHOLYHU UREXVW
UHVXOWV. BDVHG RQ WKLV H[SHULHQFH ZH DUH ORRNLQJ IRUZDUG WR FROODERUDWLQJ ZLWK WKLV
DFDGHPLF LQVWLWXWLRQ DJDLQ.

0DFKLQH /HDUQLQJ SUREOHPV ZH DUH WU\LQJ WR VROYH DUH TXLWH XQLTXH EXW DOVR KDYH
YHU\ LQWHUHVWLQJ DSSOLFDWLRQV RXWVLGH WKH PHGLD ZRUOG. 7KLV LV ZK\ ZH EHOLHYH ZH
PLJKW KXJHO\ EHQHILW IURP FROODERUDWLYH UHVHDUFK DQG DFFHVV WR DFDGHPLF H[SHUWLVH.
7KH GXDUGLDQ DOZD\V HPEUDFHV D FROODERUDWLYH DSSURDFK DQG ZH DUH NHHQ WR HQJDJH
DQG FRQQHFW ZLWK RWKHU LQGXVWULDO SDUWQHUV RI WKH CHQWUH.

:H DUH FRQVWDQWO\ ORRNLQJ IRU WDOHQW LQ WKLV ILHOG DQG LW LV DSSDUHQW WR XV WKDW ZH QHHG
SODFHV OLNH WKH CD7 WR JURZ D QHZ JHQHUDWLRQ RI GDWD SURIHVVLRQDOV ZKR DUH QRW RQO\
DFDGHPLFDOO\ ZHOO HTXLSSHG EXW DOVR KDYH D VWURQJ XQGHUVWDQGLQJ RI UHDO ZRUOG
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The proposed program is positioned well to meet critical needs and we 
fully support this project as follows: 

o We offer to provide advice to the CDT regarding the design 
of the curriculum, from the industry side and taking into 
account academic experience of our team members. 

o We will be ready to host two 6-month placements, including 
co-supervision of the student. 

o We will be ready to host short-term industrial internships of 
students enrolled in the curriculum of the CDT. 

o We can offer the CDT contributions to mentorship 
programmes for some students enrolled in the program. 

o We can envision hosting an Industry Challenge Group Project 
for 3-4 students for 3 months. 

o We can contribute by giving guest lectures at UCL. 
 
We are thrilled by the proposal providing both an excellent academic 
research environment and addressing some of the most pressing 
concerns for skills development of the computational sciences industry. 
 
 
Yours sincerely, 
 
 

 
 
 

Utz-Uwe Haus 
Head of HPE HPC EMEA Research Lab (Bristol, Basel, Grenoble) 

 

 

02/11/2021 

 

Dear Professors Konstantinidis and Lahav, 

 

Re: Statement of Support for the STFC CDT in Data Intensive Science 

 

I would like to provide my support to the STFC CDT in Data Intensive Science at UCL. 

 

I am the Head of Research and Development in the Environmental Monitoring for Health 
Protection (EMHP) Deputy Directorate at the UK Health Security Agency (UKHSA). 

The UKHSA is responsible for planning, preventing and responding to external health 
threats, and providing intellectual, scientific and operational leadership at national and local 
level, as well as on the global stage, ensuring the nation can respond quickly and at greater 
scale to deal with pandemics and future threats.  

The EMHP programme, which sits within a multi-disciplinary analytical directorate of more 
than 100 individuals, working at the forefront of the response to COVID-19. The programme 
tests sewage for fragments of SARS-CoV-2 RNA. Samples are taken from approximately 270 
Sewage Treatment Works in England. The programme helps identify where the virus is 
circulating in England, detecting spikes in prevalence and presence of variants. Findings are 
reported to national decision makers and local stakeholders on a regular basis, helping to 
inform national strategy and localised action. It has the benefit of detecting the virus 
regardless of whether people have symptoms and/or whether they go for testing. 
Wastewater monitoring complements other testing programmes and public health actions 
to help protect against the threat of new variants. 

As the threat of variants has emerged, the programme now plays an important role in the 
detection of mutations of the virus, variants of concern (VOCs) and variants under 
investigation (VUIs). This is done through genomic sequencing of wastewater samples, to 
provide an indication of where VOCs and VUIs may be present across England. Insights from 
wastewater monitoring are shared with local and national decision makers, to help inform 
the action that they can take to stop further transmission. 
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SUBECT TO CONTRACT 
 
Dear Professor Konstantinidis, 
 
I am pleased to write this letter enthusiastically supporting the STFC Centre for Doctoral Training in 
Data Intensive Science (DIS), the aim of which is to provide a strong practical and theoretical grounding 
in the techniques, tools, and ethics of data intensive science. 
 
At IBM we seek innovation that actively considers how our world will develop in the future whilst 
addressing the challenges of today, and so recognises the value of this initiative. Most particularly IBM 
appreciates the cross-disciplinary nature of the cohort-based training and the interaction between 
students from different research areas with industry, exposing them to new concepts, techniques, and 
innovative ideas, making them all-around better data scientists. 
 
Where practical, we would be happy to explore how we could contribute: 
 

• Access to IBM technology, which includes access to IBM Cloud services. 
• Access to Subject Matter Experts, to provide industry and technical guidance through the 

participation in the DIS Advisory Board.  
• Mentorship in the use of IBM technologies.  

IBM’s contribution is subject to contract and to the following principles:  

1. IBM having the right to review its contribution and terminate any agreement(s) on at least an 
annual basis, without any ongoing payment or other obligations. 
  

2. The parties confirm the proposed contribution does not raise any actual or potential conflicts of 
interest, is independent of any other past, present or potential future business between the 
university and IBM, and is not intended improperly to influence the IT procurement decisions of 
the university or any affiliated party.  

 
 
 

 
15th October 2021 
 
Dear Professors Konstantinidis and Lahav, 

Re: Statement of Support for the STFC CDT in Data Intensive Science (DIS) 

This letter is to confirm the participation of NCC Group as a partner organization in UCL’s proposal for 
continuation of the Centre for Doctoral Training (CDT) in Data Intensive Science (DIS). 

NCC Group is a global cyber security and risk management specialist, providing organisations 
worldwide with expert software resilience, verification and security consulting services. Modern times 
have brought a huge rise in the number of cyber-attacks affecting the networks of businesses of all 
sizes, and in all sectors. No person or organization is immune to the threat, and whilst the cost to 
economies is significant, the cost to individual businesses can be catastrophic. It is vital to develop 
methods to analyse the vast amount of data produced by computing networks to help identify such 
threats. The analysis of such large amounts of data, looking for tiny signals in vast backgrounds, in real 
time, requires innovative solutions and cutting-edge techniques. 

Given the vast rise in the amount of data created around the world, the importance of this data and the 
need to effectively analyse it, NCC Group strongly supports initiatives to train the next generation of 
data scientists. Over the past four years, NCC Group already has had a great experience working with 
UCL as an industry partner of their existing CDT in DIS and helped shape the centre’s approach to data 
security training via our existing collaboration. In previous years NCC Group has worked with the CDT’s 
students on successful research relating to: 

• Machine Learning and AI techniques for network and host threat and anomaly detection 
 

• The cybersecurity implications of Deepfake technologies (with an appraisal of the efficacy of 
current open source Deepfake offerings) 
 

• Machine Learning and AI techniques applied to the problem of static analysis of Microsoft 
Windows binaries, in a bid to determine malicious properties (malware) of those binaries. This 
project was started as a CDT Group Project, but took advantage of the new initiative launched 
this year of linking them to both MSc Industry Research Projects and to the CDT’s Summer 
Research Enhancement Bursary programme. We found that these new innovations in the 
CDT’s programme greatly enhanced the value and outcomes of this project, as it was able to 
continue for longer, allowing the machine learning models to be further studied and their 
performance to be significantly enhanced. It was also clearly a very beneficial training process 
for both the MSc students and summer student, who all made extremely significant 
contributions and gained invaluable experience of working with industry.  

The outcomes of these projects have been publicised both internally, at talks to the NCC data science 
team, and externally to NCC, both in reports and on our blog (that have been read widely around the 
world), generating a lot of interest and demonstrating the potential powerful impact of the work 
undertaken. In addition, the data and tools generated by the projects have been passed onto our Data 
Science team, where they will be further studied and have demonstrated the potential to have a 
significant economic and societal impact. 

Based on our experience working with the CDT students through group projects, we believe the 
students trained in this centre have exactly the skillsets needed by industry to fill the skills-need in the 
domains of AI and Machine Learning. We have full confidence that UCL's strong research record in this 
field, and the well-focussed training programme that is proposed for delivery jointly by academics from 
several disciplines and industry partners from a broad spectrum of DIS, will continue to be highly 
successful and certainly NCC Group will continue to be a real beneficiary of the high calibre student 
talent that passes through the CDT. 

 

 

 

November 8st, 2021  

 

Prof. Nikolaos Konstantinidis and Prof. Ofer Lahav 
Department of Physics and Astronomy 
University College London 
Gower Street, London WC1E 6BT 

 

Ref: Letter of Support for UCL·s Centre of Doctoral Training in 
Data Intensive Science 

 

Dear Prof. Konstantinidis and Prof. Lahav, 

I am writing to express the strong support of NVIDIA Corporation for your Centre of Doctoral Training 
(CDT) in Data Intensive Science funded by the Science and Technology Facilities Council (STFC). 

NVIDIA Corporation is a worldwide leader in visual and accelerated computing. Our GPU computing 
platform is the foundation upon which many of the worlds most advanced numerical simulation and AI 
systems are built, and we strongly encourage research work that aims to develop new ways of applying 
ƚhŝƐ ƚechŶŽůŽgǇ ƚŽ ƐŽůǀe ƚhe ǁŽƌůd͛Ɛ ŵŽƐƚ chaůůeŶgŝŶg ƉƌŽbůeŵƐ͘  

HPC and AI Supercomputers are the essential tools enabling scientific discoveries, development of new 
products, and self-learning software algorithms. We fully understand the need of training next-generation 
experts in the field of HPC, HPDA and AI to become the workforce behind a thriving world-class UK data 
science and AI ecosystem.  

The NVIDIA Deep Learning Institute (DLI) offers resources for diverse learning needsͶfrom learning 
materials to self-paced and live training to educator programs Ͷ giving individuals, teams, organizations, 
educators, and students what they need to advance their knowledge in AI, accelerated computing, 
accelerated data science, graphics and simulation, and more.  

DLI certifies qualified educators as DLI Ambassadors, enabling them to teach free DLI content exclusively 
to university students and staff. With a variety of courses to become certified in, this opens new 
opportunities to bring further topics such as Natural Language Processing, Data Engineering and advanced 
CUDA into the classroom. Workshops can be split over several days and delivered onsite or in a virtual 
classroom open to attendees from other universities. All workshops have assessments and student 
certificates. 

DLI Teaching Kits (https://www.nvidia.com/en-us/training/teaching-kits/) help to lower the barrier of 
incorporating AI and GPU computing in coursework with downloadable teaching materials and online 

JameW P]ne
PEPE
BEWI K<
103G CEQPI] SXVIIX
LSRHSR N1C 4PF
9RMXIH KMRKHSQ
NEQIW@TEPE.PSRHSR

FVida] 5Xh NSZembeV 2021

TS: PVSf. NikSW KSnWXanXinidiW & PVSf. OfeV LahaZ

Re: SXaXemenX Sf SYTTSVX fSV Xhe STFC CDT in DaXa InXenWiZe Science

DITEVXQIRX SJ PL]WMGW & AWXVSRSQ],
9RMZIVWMX] CSPPIKI LSRHSR,
GS[IV SXVIIX,
LONDON,
;C1E 6BT

DIEV PVSJIWWSVW KSRWXERXMRMHMW & LELEZ,

I EQ [VMXMRK XLMW PIXXIV MR WXVSRK WYTTSVX JSV ]SYV TVSTSWEP XS GSRXMRYI ]SYV ZIV]
WYGGIWWJYP CIRXVI JSV DSGXSVEP TVEMRMRK MR DEXE IRXIRWMZI SGMIRGI, [LMGL [MPP FI HMVIGXIH
F] PVSJIWWSVW KSRWXERXMRMHMW ERH LELEZ.

PEPE MW E LSRHSR-FEWIH WSJX[EVI EKIRG] JSGYWMRK SR WSGMEP MQTEGX XIGL TVSNIGXW. OZIV
XLI TEWX XLVII ]IEVW, [I LEZI [SVOIH [MXL E RYQFIV SJ WSGMEP IRXIVTVMWIW, GLEVMXMIW ERH
ESG MRMXMEXMZIW [MXL GPMIRXW WTERRMRK X[IPZI SJ XLI WIZIRXIIR 9N SYWXEMREFPI
DIZIPSTQIRX GSEPW. OYV TSVXJSPMS LEW MRGPYHIH E QIRXEP LIEPXL ETTPMGEXMSR WYMXI JSV
WIGSRHEV] WGLSSPW XLEX QEOIW MRJIVIRGIW JVSQ WXYHIRXW' VITSVXIH [IPPFIMRK HEXE ERH
TMTIPMRIW MX MRXS E HEWLFSEVH, ER ETT JSV GERGIV TEXMIRXW XLEX YWIW QEGLMRI PIEVRMRK ERH
FILEZMSYVEP WGMIRGI MRWMKLXW XS WYKKIWX FIRIƻGMEP EGXMZMXMIW XLVSYKLSYX XLI HE] XS KMZI
TEXMIRXW FIXXIV GSRXVSP SZIV XLIMV GSRHMXMSR, ERH WSJX[EVI JSV JSSH FEROW MR E PSGEP
EYXLSVMX] XS LIPT XLIQ H]REQMGEPP] VIEPPSGEXI WXSGO XS VIWTSRH XS RIIH ERH VIHYGI JSSH
[EWXI.

AW ER EPYQRYW JVSQ 9CL TL]WMGW, WTIRHMRK Q] MEWXIVW ]IEV MR XLI HMKL ERIVK] PL]WMGW
HITEVXQIRX [SVOMRK SR XLI EREP]WMW SJ PEVKI HIXIGXSV HEXEWIXW JVSQ XLI ATLAS
I\TIVMQIRX EX CERN, I GER XIWXMJ] JSV XLI ZIVWEXMPMX], MRMXMEXMZI ERH KVMX XLEX [SVOMRK EX XLI
ETI\ SJ HEXE MRXIRWMZI WGMIRGI EX 9CL GER MRWXMP, ERH GER WYFWIUYIRXP] GER FI YWIH XS
GVIEXI ZEPYI MR XLI GSQQIVGMEP WTLIVI. HEZMRK WIX YT Q] S[R WSJX[EVI EKIRG] SJJ XLI
FEGO SJ XLI I\TIVXMWI KEMRIH HYVMRK GSQTPIXMRK Q] MEWXIVW, I EQ I\XVIQIP] KVEXIJYP JSV
XLI VIGITXMZIRIWW SJ Q] WYTIVZMWSV ERH XLI HITEVXQIRX XS[EVHW MRGSVTSVEXMRK RSZIP
QEGLMRI PIEVRMRK QIXLSHW MRXS Q] IHYGEXMSR, JSV XLI QYXYEP FIRIƻX SJ FSXL XLI
VIWIEVGL IJJSVX ERH Q] HIZIPSTQIRX EW E HEXE WGMIRGI TVEGXMXMSRIV.

FYVXLIVQSVI, MR Q] I\TIVMIRGI, XLI FIWX HEXE WGMIRGI TVEGXMXMSRIVW I LEZI QIX XIRH XS
LEZI FEGOKVSYRHW MR XLI TL]WMGEP WGMIRGIW ERH IRKMRIIVMRK [LIVI GVSWW-TSPPMREXMSR MW
IRGSYVEKIH ERH TVSFPIQ WSPZMRK MW E GIRXVEP EWTIGX SJ XLI ƻIPH. TLI TSTYPEV
'FSSXGEQTW' (MRGPYHMRK GIRIVEP AWWIQFP], FPEXMVSR SGLSSP, ERH SRPMRI MOOC TVSZMHIVW
WYGL EW CSYVWIVE), [LMGL EVI YWIH XS XVEMR QER] HEXE WGMIRXMWXW MR XLI PEFSYV QEVOIX MR
VIGIRX ]IEVW XIRH XS TVSHYGI KVEHYEXIW [MXL E HIGIRX KVEWT SJ FEWMG HEXE WGMIRGI
GSRGITXW ERH XSSPMRK, FYX XLI] SJXIR PEGO XLI PEXIVEP XLMROMRK, TVSFPIQ WSPZMRK ERH
MRMXMEXMZI VIUYMVIH XS [SVO [MXL VIEP-[SVPH TVSNIGXW. TLI I\TIVMIRGI SJ LEZMRK XS ETTP]
DIS QIXLSHW IJJIGXMZIP] XS WSPZI YRMUYI ERH I\XVIQIP] GLEPPIRKMRK TVSFPIQW SJ I\MWXMRK
QENSV WGMIRGI I\TIVMQIRXW, YWYEPP] EX XLI FPIIHMRK-IHKI SJ GYVVIRX GETEFMPMXMIW, KMZIW
WYGL TISTPI E TVEGXMGEP IHKI XLEX GER'X FI XEYKLX JVSQ XLISV] ERH XS] GEWI WXYHMIW.
ERLERGMRK XLMW EFMPMX], [MXL QSVI JSVQEP XVEMRMRK MR XLI EVIEW XLEX YRHIVTMR HEXE WGMIRGI
ERH ZME NSMRX TVSNIGXW [MXL MRHYWXV], EW LEW EPVIEH] FIIR ZIV] WYGGIWWJYPP] MQTPIQIRXIH
MR XLI CIRXVIƅW TVSKVEQQI, TVSHYGIW VIWIEVGLIVW [MXL E [SVPH PIEHMRK WOMPPWIX, MHIEPP]
WYMXIH XS ƻPP XLI WMKRMƻGERX WOMPPW KET MR XLMW EVIE.
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SWaWemenW of SXSSoUW foU Whe STFC CDT in DaWa InWenViYe Science

3 NRYHPEHU 2021

DHDU PURIHVVRUV KRQVWDQWLQLGLV DQG LDKDY,

PHDN LV JODG WR RĳHU RXU VWURQJ VXSSRUW IRU WKH 67FC CD7 LQ DDWD IQWHQVLYH 6FLHQFH. :H ORRN IRUZDUG
WR ZRUNLQJ FORVHO\ LQ SDUWQHUVKLS ZLWK WKH CHQWUH RYHU WKH FRPLQJ \HDUV WR SURYLGH ERWK LQGXVWU\
H[SHULHQFH DQG FROODERUDWLYH UHVHDUFK RSSRUWXQLWLHV IRU WKH CD7ŖV VWXGHQWV.

PHDN LV D DHFLVLRQ IQWHOOLJHQFH FRPSDQ\. DHFLVLRQ IQWHOOLJHQFH LV WKH SUDFWLFH RI XVLQJ AI WR PDNH JUHDW
FRPPHUFLDO GHFLVLRQV. DHFLVLRQ IQWHOOLJHQFH XVHV AI WR XQORFN WKH SRZHU RI D EXVLQHVV'V PRVW YDOXDEOH
DVVHW; LWV GDWD. IW GRHV WKLV E\ KHOSLQJ SHRSOH PDNH GHFLVLRQV RYHU FRPSOH[ LQIRUPDWLRQ IDVWHU, PRUH
FRQVLVWHQWO\, PRUH DFFXUDWHO\ WKDQ HYHU EHIRUH, DQG DOO WKH WLPH. PHDN GRHV WKLV E\ XVLQJ RXU IXOO VWDFN
HQWHUSULVH AI SODWIRUP, WR FRPELQH PXOWLSOH VRXUFHV RI GDWD, HQULFK WKLV ZLWK AI DQG WKHQ SXW WKLV QHZ,
SUHGLFWLYH GDWD WR XVH. 7KLV DOORZV XV WR JHQHUDWH VDOHV, SUHGLFW GHPDQG DQG PDQDJH VXSSO\ FKDLQV.
DHFLVLRQ IQWHOOLJHQFH UHSUHVHQWV WKH HQG RI JXHVVZRUN. :H DUH RQ D PLVVLRQ WR KHOS EXVLQHVVHV ŕGR
JUHDW WKLQJV ZLWK GDWDŖ E\ SURYLGLQJ WKHP ZLWK WKH WHFKQRORJ\ DQG VNLOOV QHHGHG WR EHFRPH DHFLVLRQ
IQWHOOLJHQFH GULYHQ.

HDYLQJ UHFHQWO\ FORVHG RXU 6HULHV C IXQGLQJ URXQG, PHDN LV QRZ LQ D SHULRG RI UDSLG JURZWK DV ZH VFDOH
WR OHDG WKH DHFLVLRQ IQWHOOLJHQFH FDWHJRU\ JOREDOO\. PHDN KDV RQH RI WKH ODUJHVW GDWD VFLHQFH WHDPV LQ
WKH 8K. :H SODQ WR VLJQLıFDQWO\ H[SDQG DQG LPSURYH WKLV WHDP DV ZH JURZ RYHU WKH FRPLQJ \HDUV. A
YLWDO DVSHFW RI WKLV JURZWK ZLOO EH H[SDQGLQJ RXU R&D HĳRUWV ZKLFK ZLOO EHQHıW IURP D SDUWQHUVKLS ZLWK
WKH CHQWUH.

AOWKRXJK PHDN KDV QRW EHHQ LQYROYHG LQ WKH FXUUHQW CD7, ZH H[SHFW WR EHQHıW IURP WKH IXWXUH
SDUWQHUVKLS LQ WZR SULPDU\ ZD\V. FLUVWO\, WKURXJK WKH UHFUXLWPHQW RI KLJKO\ VNLOOHG PKD VWXGHQWV.
6HFRQGO\, WKURXJK SDUWLFLSDWLQJ LQ FROODERUDWLYH UHVHDUFK ZLWK PHPEHUV RI WKH CD7 WR SURGXFH
DFDGHPLF SDSHUV DQG FRQIHUHQFH DSSHDUDQFHV.

PHDN YLHZV WKH SURSRVDO IRU WKH QH[W CD7 LQ D YHU\ SRVLWLYH OLJKW. :H SDUWLFXODUO\ VXSSRUW WKH DVSHFWV RI
WKH VWXGHQW WUDLQLQJ WKDW GHYHORS WKHLU QRQ-WHFKQLFDO VNLOOV, VXFK DV WKH IQGXVWU\ PODFHPHQWV, IQGXVWU\
GURXS PURMHFWV, EQWUHSUHQHXUVKLS 7UDLQLQJ, DQG DLVFXVVLRQ FRUXPV.

PHDN KRSHV WR FRQWULEXWH WR WKH CHQWUH RYHU WKH IROORZLQJ \HDUV, ZLWK D FXUUHQW UDSLG H[SDQVLRQ RI WKH
FRPSDQ\ DOORZLQJ IRU PRUH RSSRUWXQLWLHV WR RSHQ XS DV ZH JURZ. :H ZRXOG EH YHU\ LQWHUHVWHG LQ
KRVWLQJ RQH RU PRUH 6-PRQWK SODFHPHQWV, LQFOXGLQJ FR-VXSHUYLVLRQ RI WKH VWXGHQW(V). 7KHVH ZRXOG
LQYROYH EHFRPLQJ DQ LQWHJUDO SDUW RI RXU GDWD VFLHQFH WHDP DQG ZRUNLQJ RQ FXVWRPHU SURMHFWV. :H

ZZZ.SHDN.DL _ @PHDNBHQ

PULYLWDU
15 HDWILHOGV

LRQGRQ
SE1 8DJ

5WK NRYHPEHU 2021
LeWWeU of SXSSoUW foU Whe STFC CDT in DaWa InWenViYe Science

DHDU PURIHVVRUV KRQVWDQWLQLGLV DQG LDKDY,

:H DUH SOHDVHG WR SDUWLFLSDWH DV D SDUWQHU FRPSDQ\ LQ WKH UCL SURSRVDO IRU D CHQWUH IRU
DRFWRUDO TUDLQLQJ LQ DDWD IQWHQVLYH SFLHQFH DQG THFKQRORJLHV, DQG I ZRXOG OLNH WR RIIHU RXU
VWURQJ VXSSRUW IRU WKLV SURSRVDO.

PULYLWDU LV D GDWD SULYDF\ VRIWZDUH FRPSDQ\, IRXQGHG LQ 2014, DQG KHDGTXDUWHUHG LQ LRQGRQ
ZLWK LQWHUQDWLRQDO SUHVHQFH LQ VL[ FRXQWULHV. TKH FRPSDQ\¶V LQWHUQDWLRQDO FXVWRPHU EDVH
LQFOXGHV GOREDO 2000 EDQNLQJ, KHDOWKFDUH, LQVXUDQFH, OLIH VFLHQFHV, DQG WHOHFRPPXQLFDWLRQV
FRPSDQLHV OLNH HSBC, CLWL, VLWDOLW\, WKH UK¶V NDWLRQDO HHDOWK SHUYLFH DQG AVWUD=HQHFD.

PULYLWDU HPSRZHUV RUJDQL]DWLRQV WR XVH VHQVLWLYH GDWD WR JDLQ YDOXDEOH LQVLJKWV, DQG WR
VXSSRUW GDWD-GULYHQ GHFLVLRQV. B\ GHOLYHULQJ FRPSUHKHQVLYH GDWD SULYDF\ WHFKQLTXHV DQG
VWUHDPOLQLQJ GDWD SURYLVLRQLQJ, PULYLWDU HQDEOHV HQWHUSULVHV WR H[WUDFW WKH PD[LPXP YDOXH
IURP WKH GDWD WKH\ FROOHFW, PDQDJH DQG XVH, ZKLOH PLQLPL]LQJ ULVN.

:H KDYH VXSSRUWHG WKH FXUUHQW CHQWUH DQG KDYH EHQHILWHG IURP KRVWLQJ WKH 6 PRQWK
SODFHPHQW RI D VWXGHQW WR UHVHDUFK SULYDF\-SUHVHUYLQJ PDFKLQH OHDUQLQJ. TKH SODFHPHQW ZDV
KRVWHG E\ WKH PULYLWDU LDEV RHVHDUFK WHDP ZLWK WKH RXWFRPH RI GHHSHQLQJ RXU NQRZOHGJH LQ
WKLV DUHD DQG GHYHORSLQJ WRROV HQDEOLQJ XV WR DVVHVV SULYDF\ ULVNV LQ PDFKLQH OHDUQLQJ
PRGHOV. TKLV ZRUN KDV DOORZHG XV WR HYDOXDWH WKH WHFKQLFDO IHDVLELOLW\ DQG SRWHQWLDO IRU
SURGXFW GHYHORSPHQW LQ WKLV DUHD. :H ZHUH GHHSO\ LPSUHVVHG E\ WKH HQWKXVLDVP DQG
WHFKQLFDO VNLOOV RI WKH VWXGHQW DQG WKH H[WHQW WR ZKLFK WKH\ ZHUH DEOH WR PHWKRGLFDOO\ WDFNOH
WKLV FRPSOH[ SUREOHP LQ GDWD SULYDF\ ZLWK WKH DGGHG VXSSRUW IURP WKHLU DFDGHPLF VXSHUYLVRU.

:H VHH HYHU\ GD\ WKH LQQRYDWLYH ZD\V LQ ZKLFK GDWD LV EHLQJ SXW WR XVH E\ RXU FXVWRPHUV LQ
WKH ILQDQFLDO VHFWRU, WHOHFRPPXQLFDWLRQV, UHWDLO, DQG RWKHU DUHDV RI LQGXVWU\ DV ZHOO DV
JRYHUQPHQW. :H DOVR VHH WKH VWURQJ GHPDQG IRU, DQG DFXWH VKRUWDJH LQ VXSSO\ RI,
KLJKO\-VNLOOHG GDWD VFLHQWLVWV, ERWK DPRQJ RXU FXVWRPHUV DQG LQ RXU RZQ UHFUXLWPHQW. :H
H[SHFW PULYLWDU DQG WKH LQGXVWU\ LQ JHQHUDO WR EHQHILW IURP WKH VNLOOHG SHRSOH WUDLQHG ZLWKLQ WKH
CHQWUH.

MRUHRYHU, ZH H[SHFW PULYLWDU WR EHQHILW IURP FROODERUDWLYH UHVHDUFK ZLWK SDUWLFLSDQWV LQ WKH
CHQWUH DQG WR EURDGHQ RXU DFFHVV WR DFDGHPLF H[SHUWLVH. :H FROODERUDWH YHU\ VXFFHVVIXOO\
ZLWK UCL GHSDUWPHQW RI CRPSXWHU SFLHQFH LQ MRLQW UHVHDUFK SURMHFWV, DQG DUH KDSS\ WR
FRQWLQXH DQG IXUWKHU WKLV VWURQJ DQG SURGXFWLYH UHODWLRQVKLS ZLWK UCL.

TR VXSSRUW WR WKH CHQWUH, ZH DLP WR SURYLGH WKH IROORZLQJ:

Ɣ FXQGLQJ 6-PRQWK SODFHPHQWV IRU HDFK FRKRUW DW D FRVW RI �16N HDFK.
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5th November 2021 
 
 
 
Re: Statement of Support for the STFC CDT in Data Intensive Science 
 
 
Dear Professors Konstantinidis and Lahav, 
 
I am writing to offer my strong and enthusiastic support for your bid to STFC for continuation funding of the UCL 
DIS CDT. Having been a core partner since the beginning of your Centre, the high-quality training in Data Science 
you provide (and connection to other high profile initiatives at UCL) has become a key part of our mission at UKAEA. 
I am keen therefore for your CDT to continue to develop and grow as we enter the exascale era of AI and HPC 
“convergence”. 
 
UKAEA has been set a grand challenge mission by UK Government – to deliver Fusion power to grid in the early 
2040’s through a National Programme called STEP: https://www.bbc.co.uk/news/uk-england-cumbria-58911210 
Due to the imposed timescale (driven by the need to achieve Net Zero in the 2050’s) there is no time for conventional 
“test based” design. Instead, we must build “actionable” models of the highly coupled, multi-physics, multi-scale 
system that is our fusion reactor. This has long been heralded a so-called “exascale” grand challenge, requiring the 
world’s largest supercomputers to make progress. Two disruptive advances are currently taking place that will make 
the challenge more tractable. Firstly, rapid advances in data science (most notably AI) are making the HPC challenges 
themselves possible (for example Physics Informed Neural Networks) that can be exploited as “surrogate models” for 
removing major bottlenecks in our HPC codes. Secondly, advances in Uncertainty Quantification and Sequential 
Design are allowing us to make our codes “actionable”, i.e., we are only now managing to address the inherent 
epistemic uncertainties in our models. Together, these technologies will allow us to take a Data Centric approach to 
Engineering design (as espoused by the Alan Turing Institute: https://www.turing.ac.uk/research/research-
programmes/data-centric-engineering) around what is unfortunately a very sparse (although still Big) data problem. 
To be successful, and ultimately be able to instantiate a model of tokamak plasma and plant that can be optimised in 
silico (and built without huge amounts of prototyping) will require a paradigm shift in the way we do our engineering 
design. We will need a small army of engineers and scientists who are fully versed in how to exploit AI and UQ (and 
the underlying supercomputing) for designing and optimising technology/plant in-silico – a pipeline of talented 
researchers and engineers who I hope we will continue to source from your CDT/University. 
 
I would also like to mention how your CDT fits into the bigger picture around UKAEA’s collaborations with both 
UCL and STFC. As a “research” focus organisation who are making the transition towards mission/product delivery, 
being able to train our next generation of scientists and engineers in an environment that is strongly connected to 
cutting edge R&D within the University and National Lab space is essential. High quality teaching is of course also 
essential, but the fact that your students can cut their teeth on real-world problems for which we don’t yet have solutions 
is a major reason for our strong support. Our broader collaborations will therefore underpin our CDT collaboration. I 
am very keen to ensure that the UCL ARC (Advanced Research Computing) initiative led by James Hetherington is 
connected to the CDT. To ensure that we have a supercomputing “backend” upon which your students can develop 
their data science skills we can exploit our involvement in DiRAC and our connections with Jeremy Yates. As you 
know, we are working collaboratively with Prof. Peter Coveney on the ExCALIBUR programme, we sit on the board 
of VECMA: https://www.vecma.eu, and are funding UCL to deliver the UQ aspects of the ExCALIBUR NEPTUNE 
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3rd November 2021 
 
Dear Professors Konstantinidis and Lahav, 
  
Re: UKRI London CDT in Applied AI for Data Intensive Science & Industry 
   
I am writing on behalf of the Office for National Statistics (ONS) to confirm our 
support for this bid with the UKRI London CDT in Applied AI for Data Intensive 
Science & Industry (AAI)  
  
TKH OIILFH IRU NaWLRQaO SWaWLVWLFV LV WKH UK¶V OaUJHVW LQGHSHQGHQW SURGXFHU RI RIILFLaO 
statistics and its recognised national statistical institute. We are responsible for 
collecting and publishing statistics related to the economy, population and society at 
national, regional and local levels. We also conduct the census in England and 
Wales every 10 years.   
  
The Data Science Campus, within ONS, works at the frontier of data science and AI 
± building skills and applying tools, methods and practices ± to create new 
understanding and improve decision-making for public good.  
  
The goals of the ONS Data Science Campus are to:  
  
x investigate the use of new data sources, including administrative data and big 

data for public good  
x help build data science capability for the benefit of the UK  
  
A new generation of tools and technologies is being used to exploit the growth and 
availability of these new data sources and innovative methods to provide rich 
informed measurement and analyses on the economy, the global environment and 
wider society.   
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Dear Prof. Konstantinidis,  

It is a pleasure to write this letter, expressing our strongest support as CERN openlab for the UCL 
Department of Physics and Astronomy to host a Centre for Doctoral Training (CDT) in Data Intensive 
Science (DIS).  

CERN openlab has been created 20 years ago to support the computing and data management goals set 
by the LHC. We collaborate with leading ICT companies and research institutes to solve key technical 
challenges facing the LHC upgrade programs in Run3 and Run4. Our research areas include 
investigations of HPC and Cloud infrastructures towards exascale, development of AI and HPC 
algorithms for new architectures and quantum technologies and communications, in close collaboration 
with other sciences.  

CERN openlab provides a framework of collaboration on projects in these areas of work between industry 
members and researchers from CERN departments. We would be delighted to host one student per year 
(for a period of 6 months) for an initual period of 3 years, to take an active part in CERN openlab projects. 
Whilsth the students would be supported by UCL, CERN openlab would provide integration, ensure 
supervision and offer exposure for the students to cutting-edge technologies from industry.  

CERN openlab also offers very valuable educational opportunities through workshops and hands-on 
training. The CDT students would be very welcome to take part in such events. These opportunities would 
complement the extensive training programme proposed by the Centre, which targets to build very 
comprehensive skill sets in the DIS domain. 
 
As CERN openlab Chief Technology Officer, I will be very happy to follow closely the students’ work 
and to be a part of the Centre’s Advisory Board.  

In conclusion, we would like to emphasize our strongest support for this Center for Doctoral Training in 
Data Intensive Science and we are confident that CERN openlab will serve as an excellent environment 
for some of the students to work on new computing techniques and tools.  

Yours sincerely,  

 

Dr. Maria Girone 

 

UK Research and Innovation, Polaris House, North Star Avenue, Swindon SN2 1FL T 00000 000 000 F 00000 000 000 W 
ukri.org 
VAT number: 287461957 

 

 

2
nd

 November 2021 

Dear Professors Konstantinidis and Lahav, 

Re: Statement of Support for the STFC CDT in Data Intensive Science 

 

The Hartree Centre is a department of STFC’s National Laboratories and has a specific mission to 

transform the competitiveness of UK industry by accelerating the adoption of HPC, Data Analytics and 

AI technologies. Our vision is for UK industry and the public sector to fully embrace and integrate the 

latest digital and AI technologies into their businesses and public services, to make important 

contributions to the economy and to support the UK's position at the forefront of industrial and 

public sector innovation.  

 

In support of this this mission, Hartree sees the development of skilled people either as future 

academics, industrialists, healthcare professionals or civil servants as critical to success. As such we 

are keen to collaborate with academic and other partners to help develop the next generation of AI 

and data experts in any way we can. We have recently received £172m from BEIS/UKRI to support the 

Hartree National Centre for Digital Innovation (HNCDI) to support the adoption of AI by UK industry. 

This programme, run in partnership with IBM Research has four workstreams which encompass 

training, R & D activities, proof of concept and proof of technology projects and support for industry 

adoption of solutions, including SME support. We currently have a staff over 100 people, with 

expansion planned over the next four years. 

 

The Hartree Centre has been closely involved with the current CDT. As a member (and subsequently 

chair) of the Advisory Board, I have seen at first-hand how the excellent training programme and 

industry placements have enhanced the skills of the students and made a significant contribution to 

the organisations they have worked with. The CDT management team have been very receptive to 

the ideas of the Advisory Board, and an already excellent programme has been made even more 

relevant to today’s students as the data science and AI landscape continues to evolve rapidly. 

 

The Hartree Centre’s AI group is headed up by Dr. Dominic Richards. Prior to joining the Centre, he 

worked as an applied mathematician in the trading businesses of J.P. Morgan, Citigroup Global 

Markets and Barclays Investment Bank. He holds a PhD in Automated Reasoning from the University 

of Manchester, an MSc in Statistics from the University of Manchester and an MEng from the 

University of Oxford. Dom will be the primary point of contact between the Hartree Centre and the 

CDT, to facilitate close collaboration. providing advice and input to training programmes, liaising with 

Hartree Centre staff to scope potential project placements etc. 

 

Specifically, we can offer the following support: 

 

In-kind contribution staff time from Dom Richards at 5% of his time: 

Estimated in kind value: £10,000 per year 

 

The Hartree Centre (in conjunction with IBM Research) will host a hybrid (in person and virtual) 

industry workshop (~40-50 places) for final year students to present and discuss research project 

 

 

 

Prof. Konstantinidis, Prof. Lahav 
 
Dear UCL Management Team, 
 
Letter of support for STFC Centre for Doctoral Training in Data Intensive 
Science at UCL 
 
The Alan Turing Institute is the national institute for data science and artificial 
intelligence in the UK. Our mission is to make great leaps in data science and 
artificial intelligence research in order to change the world for the better. Through 
collaboration with universities, businesses and public and third sector 
organisations, we apply this research to real-world problems, with lasting effects for 
science, the economy, and the world we live in. 
 
We are delighted to write in support of this Centre for Doctoral Training that is 
being run by UCL, one of our partner universities, in collaboration with over 30 
industry and third-sector partners. Their established partnership with the Institute 
recognises an excellence in data science and AI as well as the strength of their 
contribution in specific areas of research. The Institute¶s netZork is a collaborative 
effort, providing access to centres of research excellence across the UK that will 
strengthen any training programme into the future. 
 
Data intensive science is now a reality across all disciplines and is particularly 
relevant to the areas of Zork Zithin STFC¶s remit. One of the Turing¶s research 
Challenges is to supercharge research in science and humanities, and work in this 
area is undertaken b\ established research programmes in ³Data Science for 
Science and Humanities´, ³Data Science at Scale´, ³Artificial Intelligence´ and 
³Tools, Practices and S\stems´. This proYides a strong academic and research 
base for inspiring students on this CDT. 
 
We are particularly keen to build community-based interaction between 
researchers in fields who will develop collaborative efforts and new areas of 

	
 

Greater London House, Hampstead Road, London NW1 7FB 
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ASOS.com Ltd. Registered in England 03584121. 
www.asos.com 

Dear Madam or Sir, 
I write on behalf of ASOS.com to express our strong support in the proposal by the Centre for 
Doctoral Training (CDT) in data intensive science, co-directed by Nikos Konstantinidis and 
Ofer Lahav, to the Science and Technology Facilities Council (STFC) for funding the CDT for 
another three cohorts of PhD students (i.e., another six years to the programme). We strongly 
support this application and the focus on AI and Data Science that gives the students an 
opportunity to participate in industry placements and industry group projects. 
ASOS.com is the first UK based online retailer for fashion loving 20-somethings around the 
world. Through our market-leading app and web experience, 26.4m ASOS customers can 
shop a curated edit of 90,000 products, sourced from 850+ of the best global and local third-
party brands, alongside our mix of fashion-led in-house labels including Asos Design, Asos 
Edition, Asos 4505, Collusion, Reclaimed Vintage, Topshop, Topman, Miss Selfridge and 
HIIT. We are mission-led, purpose-driven and guided by our values. We believe in a world 
where you have the freedom to explore and express yourself without judgement, no matter 
who you are or where you’re from. In the past year our revenues rose to £3,910.5m, delivering 
an adjusted pre-tax profit of £193.6m, a rise of 22% and 36% respectively. This year we have 
continued to advance our personalised, engaging and inspiring customer experience. We 
have made investments in data infrastructure and capabilities over the past two years, 
enabling us to continue to apply data science to deliver a more relevant and engaging 
experience for each customer. 
Our ability to scale our recruitment delivery team has been critical, alongside the investment 
in new recruitment technology, to streamline and accelerate the process through automation 
and AI. At ASOS.com we strongly believe in our partnerships with Academia to support the 
exploration of cutting-edge AI Technology for improving the service. In addition to the CDT in 
Data Intensive Science we also finance the CDT at Oxford and Imperial College London and 
one PhD program at Imperial. Between 2018 and 2021 we have mentored and trained one 
group a year of MSc and PhD students via the CDT in Data Intensive Science, working on 
exploring the opportunity of recent advances in Deep Learning applied to fashion retail. 
Since 2018 we have spent £50k with the CDT in Data Intensive Science at UCL. In terms of 
our budget for FY22, we have allocated £72k for sponsored education. Specifically, we have 
partnered with the CDT program to mentor and train one group a year of MSc and PhD 
students. Alongside our efforts to revamp our Customer Care strategy, evolving it into a digital-
first experience, using live chat as the core channel to provide our customers with real-time 
resolutions, we have been working with the CDT on exploring recent advances in Natural 
Language Processing, showing that for machine based detection of user intent in customer 
care queries a simple linear models trained with large amount of data can triage order related 
queries with high success rate, enabling cost reduction use cases to support our Customer 
Care ops. Our joint works with UCL have led to the publication of an award-winning academic 
paper published at IEEE ANLP 2019. 
We have further expanded the works by mentoring a PhD student for a 6-month placement, 
who conducted applied research works showing that for lower resources languages and small 
data use cases, efficient neural networks such as the Universal Sentence Encoder benefit 
from in-domain pre-training compared to baseline linear model. We have also shown that 
industry standard neural machine translation services can be used to translate all incoming 
queries to English before processing the data with a single monolingual model without hurting 
performance across five languages namely French, Russian, German, Spanish, Italian. Those 

No AZ, yes Planning

https://www.ucl.ac.uk/data-intensive-science-cdt/

https://www.ucl.ac.uk/data-intensive-science-cdt/


UCL CDT
in Data Intensive Science
http://www.hep.ucl.ac.uk/cdt-dis/

72 PhD students in seven (2017-2023) cohorts 
in a 4-yr programme 
(including 6m in AI industry) 22



Summary
w 3 decades of LCDM:  still supported by most current 

observations, including DES Y3++
w Important to test LCDM further  (e.g. local dynamics, 

CMB Cold Spot, gravitational redshift wavest, 
gravitational waves, parameter ‘tension’)

w Timeline: past (APM, 2dF & SDSS,WMAP, Planck, …), 
present (BOSS, DESI, HSC, …), future (Rubin-LSST, 
DESI,  Euclid, Roman-WFIRST, SKA,…)  - a golden age 
for cosmology

w What are the prospects for a new paradigm shift, 
beyond LCDM,  eg w(z) or ModGrav ?

w AI  for cosmology: now essential, but waiting for a ‘killer 
application’! 23


