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Institut des Actuaires, Paris, May 2014

“Big Data is like teenage sex :
everybody talks about it,
nobody really knows how to do it,
everyone thinks everyone else is doing it,
so everyone claims they are doing it...”

Dan Ariely, 2013 facebook.com/dan.ariely/
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Agenda
◦ Introduction
• Examples of Big Data Issues
◦ Basketball, Maps, Amazon, Netflix, Google, Wikipedia, and the Flu
◦ Some Thoughts about Big Data
◦ Defining Big Data
• Volume
◦ How Big is Big Data ?
◦ Correlation, Parametric and Non-Parametric Modeling
• Velocity
◦ High Frequency Trading
• Variety
◦ Textming, Graphs and Translation
• Conclusion ?
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Basketball and Optical Tracking Data
Moneyball 2.0 : How Missile Tracking Cameras Are Remaking The NBA, 2012
fastcodesign.com

Predicting Points and Valuing Decisions in Real Time With NBA Optical
Tracking Data. MIT Sloan, Sports Analytics Conference, Feb28-Mar1.

Basketball IRL and Databall, 2014 grantland.com
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http://www.fastcodesign.com/1670059/moneyball-20-how-missile-tracking-cameras-are-remaking-the-nba
https://www.dropbox.com/s/hr2q0tiow4990gt/basketballIRL.mp4
http://grantland.com/features/expected-value-possession-nba-analytics/
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Basketball and Optical Tracking Data, the Matrix
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Collection Data for Maps, and Open Street Map
More than 1 million contributors on openstreetmap.org

See Over 100,000 buildings mapped in Guinea where Ebola broke out mapbox.com
and OpenStreetMap mapping progress of Guéckédou to support doctors in Guinea
after Ebola outbreak datarep.tumblr.com.
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http://www.openstreetmap.org/
https://t.co/oy6NtEY4nF
http://t.co/Cz1FKId7YQ
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Open Data, e.g. Open Street Map

Map by John Snow showing the clusters of cholera cases in the London epidemic
of 1854, simonrogers.cartodb.com
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http://simonrogers.cartodb.com/tables/john_snow/embed_map?
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Open Data, e.g. Open Street Map

Smart meters could bust marijuana nurseries, baltimoresun.com
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http://articles.baltimoresun.com/2010-10-11/business/bs-mob-hancock-marijuana-20101011_1_smart-meters-smart-meter-digital-meters
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Amazon, Netflix (and Sparse Matrices)
Hastie, 2009 use-R-2009

Example : Netflix problem.

We partially observe a matrix of movie
ratings (rows) by a number of raters
(columns). The goal is to predict the
future ratings of these same individu-
als for movies they have not yet rated
(or seen)

Statistical significance of the Netflix
challenge arxiv.org
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http://www.r-project.org/conferences/useR-2009/slides/Hastie.pdf
http://arxiv.org/abs/1207.5649
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Amazon, Netflix (and Sparse Matrices)

Hastie, 2009 use-R-2009
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http://www.r-project.org/conferences/useR-2009/slides/Hastie.pdf
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Google, Wikipedia and the Flu
2012, Google answers 100 billion search queries a month.

Detecting influenza epidemics using search engine query data nature.com

Predicting the present with Google Trends people.ischool.berkeley.edu

Nowcasting with Google Trends inan emerging market ideas.repec.org
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http://www.nature.com/nature/journal/v457/n7232/full/nature07634.html
http://people.ischool.berkeley.edu/~hal/Papers/2011/ptp.pdf
http://ideas.repec.org/p/chb/bcchwp/588.html
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Google, Wikipedia and the Flu
Google Flu Trends : The Limits of Big Data bits.blogs.nytimes.com

Wikipedia Usage Estimates Prevalence of Influenza-Like Illness in the U.S in
Near Real-Time ploscompbiol.org
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http://t.co/bfgRzYTa9l
http://t.co/0blwKe2Iqa/
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A Big Data Revolution ?

Mobile Provider & Home ISP, IT Office, GPS, Email, iTunes,

Twitter-Facebook, Cameras, Banks Loyalty Cards, etc.
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A Big Data Revolution ?

“A data scientist is a statistician who lives in San Francisco
Data Science is statistics on a Mac.”

Jeremy Jarvis, 2014 twitter.com
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 https://twitter.com/freakonometrics/status/429075591405400065
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Big Data in Sciences : Astronomy

Example : Kepler’s laws (1609)
1. The orbit of a planet is an ellipse with the
Sun at one of the two foci.
2. A line segment joining a planet and the Sun
sweeps out equal areas during equal intervals of
time (The two shaded sectors A1 and A2 have
the same surface area and the time for planet
1 to cover segment A1 is equal to the time to
cover segment A2.)

Data = Tycho Brahe’s data (687 day intervals)

How Big Data Is Changing Astronomy (Again)
theatlantic.com
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http://www.theatlantic.com/technology/archive/2012/04/how-big-data-is-changing-astronomy-again/255917/
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Big Data in Sciences : Astronomy

More Than Meets the Eye : How the CCD
Transformed Science wired.com

“There are two reasons that astronomy is ex-
periencing this accelerating explosion of data.
First, we are getting very good at building tele-
scopes that can image enormous portions of the
sky. Second, the sensitivity of our detectors is
subject to the exponential force of Moore’s Law.”

How Big Data Is Changing Astronomy (Again)
theatlantic.com
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http://www.wired.com/2009/10/ccd-science/
http://www.theatlantic.com/technology/archive/2012/04/how-big-data-is-changing-astronomy-again/255917/
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Big Data in Sciences : Climate

→ Improvement of Climate Model resolution
over the four IPCC reports clivar.org

Much more noisy data, need filtering techniques
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http://www.clivar.org/organization/wgcm/wgcm.php
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Big Data in Sciences : Genomic

Human Genomes and Big Data Challenges
osehra.org

“Fast, efficient genome sequencing machines
are spewing out more data than geneticists can
analyze”

The DNA Data Deluge spectrum.ieee.org
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http://www.osehra.org/sites/default/files/genomics_and_big_data_1_0.pdf
http://spectrum.ieee.org/biomedical/devices/the-dna-data-deluge
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Big Data in Sciences : Demography

US Census, 1880
50,189,209 persons censusrecords.com
8 years to tabulate

US Census, 1880

Hollerith Tabulating Machine (ex. IBM)
7 weeks to tabulate
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http://www.censusrecords.com/content/1880_census
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Big Data History
More details on the history of Big Data :

A Very Short History Of Big Data
forbes.com
A Very Short History Of Data Science
forbes.com
Big Data and the History of Information Stor-
age winshuttle.com
A brief history of big data, the Noam Chomsky
way cnbc.com
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http://www.forbes.com/sites/gilpress/2013/05/09/a-very-short-history-of-big-data/
http://www.forbes.com/sites/gilpress/2013/05/28/a-very-short-history-of-data-science/
http://www.winshuttle.com/big-data-timeline/
http://www.cnbc.com/id/101215758
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Big Data and Actuarial Sciences
Pay-As-You-Drive, and Real-Time Pricing Models

Big Data Is My Copilot, business.time.com

Chaire Stratégie Digitale et Big Data hec.fr
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http://business.time.com/2013/08/06/big-data-is-my-copilot-auto-insurers-push-devices-that-track-driving-habits/
http://www.hec.fr/Salle-de-presse/Communiques-de-presse/AXA-et-HEC-Paris-lancent-la-Chaire-Strategie-Digitale-et-Big-Data


Arthur CHARPENTIER - Big Data (a Personal Perspective)

Going Further
Many related topics, such as data viz’...

Total spending, 2011-12

£694.89bn
-1.58% change after

inflation on 2010-11 
  

Security and intelligence services
£1.99bn +0.6% 

Crown Prosecution Service £589m -6.1% 

Nuclear 
Decommissioning
Authority

Green Deal £206m -57.6%

Energy legacy £199m  +7.2% 

Climate change £148m  -50.1% 

Admin £144m +19.3%  

Renewable Heat Incentive £11m  
Coal Authority £31m -60.8%  

Secure energy £5m -97%  

Committee on Climate Change £4m -16.5%  
Civil Nuclear Police Authority £2m -12.5%  

Department of Energy and Climate Change 

£5.53bn
-22.9%

£6.12bn
-26.3%

Department for International Development

Country
programmes

Africa
£1.84bn

+4.3%

Europe
£1.36bn  +2.2%

International finance
£1.8bn  -9.3%

International relations
£1.67bn  +5.2%

World Bank
£953m -4.9%

Global funds
£396m -32.4%

Debt relief £91m -28.3%

Policy & research
£826m -4.4%

UN & Commonwealth 
£307m +22.4%

£7.87bn 
+1.8% 

£3.42bn  
+5%

Regional development 
banks £267m +35.1%

Asia, Caribbean & Overseas Territories 
£765m

Western Asia & Stabilisation 
division £414m

Security & humanitarian & Middle 
East division £399m

UK Statistics Authority 
£325m +4.7% 

House of Commons [11] 
£230m +37.3%   

National Savings and Investments 
£174m +4.4%  

Debt interest [1]

£48.20bn  
+8.7% 

Health Protection 
Agency 
£161m  -11%  

Independent Parliamentary 
Standards Authority [8] £146m +10.5%
 

UK Trade & Investment 
(UKTI) £82m -6.2%  

House of Lords 
£109m +38.0%  

National Audit Office 
£70m -1.5%

Food Standards Agency 
£89m  +21%  

Office of Fair Trading (OFT) 
£62m  +3.8%  

Prisons & probation (National 
Offender Management Service)

Criminal legal aid £1.1bn  -4.8%

HM Courts & tribunals service 
£1.12bn -23.5% 

Civil legal aid £1.02bn +1.5%

Policy, corporate services &
Associated offices

£1.06bn +88.6%

Youth Justice Board  £378m  -18.9% 

Corporate Services & Associated Offices
 £249m  -19.3%

Criminal Injuries Compensation Authority
£202m  -45.6%

Higher judicial salaries £142m  -3.2%

Legal services commission admin
£97m -17%

Central funds £101m +25.9%

Parole Board £10m -28.1%

Ministry of Justice

£8.55bn
-10.7%

Office for Legal Complaints £1m +99.3%

Information Commissioner’s Office £5m -25.6%

Judicial Appointments Commission £5m -21.1%

Criminal Cases Review Commission £6m -12.7%

£3.58bn
-15.6%

Child trust fund
£106m -54.2% Personal

tax credits

Child
benefit

£12.22 bn
-0.9%

HM Revenue 
& Customs [8]

£46.59bn
-0.6% Devolved spending for Northern Ireland

£10.33bn
-2.2% Justice £1.21bn -3.2%

Employment and learning £787m -3.7%

Social development £505m -5.3%

Regional development £508m -4%
Agriculture & rural development

£220m  -4.4%

Finance and personnel £189m  +0.7%

Culture, arts and leisure £112m  -3.4%

Environment £127m  -4.3%

Office of the First Minister & Deputy First Minister
£79m  -4.3%

Northern Ireland Assembly £47m  -6.2%

Enterprise, trade and investment  £207m  +1.4%

Health, social services 
& Public safety 

£4.38bn
-0.5%

£1.89bn
-3.4%

Education

Finance &
sustainable 
growth

Education & 
lifelong learning 

Infrastructure & capital 
investment £2.13bn

Justice £1.26bn -1.6%

Rural affairs & the environment £541m -16.0%

Office of the First Minister £255m  -15.5%

Culture & external affairs £246m 

Crown office and procurator fiscal £108m  -11.3%

Admin £236m -12.1%

Scottish parliament and Audit Scotland £96m  -18.0%

£8m

£33.52bn
-5.2%

Devolved 
spending 

for Scotland

Health &
wellbeing

£11.47bn
-5.8%

Local
Government

£11.23bn
-7.7%

£3.7bn
-38.6%

£2.6bn  
-10.8%

Social justice &
Local government 

Environment, sustainability & housing £669m -17.7%Rural affairs £137m -0.2%

Heritage £159m -15.2%

Health & social 
services

Children, education, 
lifelong learning & skills
£2.1bn  -6%

Economy & transport £883m  -18%

£15bn
-7.6%

Devolved
spending 
for Wales

£6.27bn
-7.4%

£4.39bn
-4.1%

Central services & admin £332m -14.3% 

Public services 
& performance
£64m +4.5%  

Department for Work 
& Pensions [4] 

£166.98bn
+1.9%

Benefit spending
in Great Britain

£159bn
+1.1%

 

State pensions

Income
support

Incapacity
benefit

 

Council
tax benefit

Jobseeker's
allowance

Attendance
allowance

Statutory sick &
maternity pay

£16.94bn
+5.2% 

 

£12.57bn
+3.3 % 

£8.11bn
-4.8% 

£6.92bn
-13.2% 

Rent
rebates

£5.45bn
+0.8% 

£5.34bn
-0.3% 

£4.94bn
-13.3% 

£4.91bn
+7.6% 

£4.83bn
-1.7% 

£3.58bn
+55.9% 

£74.22bn
+3.7%

Disability
living allowance

Housing
benefit

Social Fund
expenditure

Carers
allowance

£2.55bn
+1.2% £2.37bn

-39.2%
£1.73bn

+7.7% Financial 
assistance 
scheme
£1.24bn 
184.6% 

Pension credit & minimum
income guarantee

Employment & 
support allowance

UK Border Agency £1.5bn  -21.7%

Police superanuation
 £1.01bn  +37%

Office for security & 
counter-terrorism

£970m -1.3%

Non-departmental public bodies 
£930m  -8.2%

Central Home Office £300m  +46.5%

Area-based grants £67m  -7.8%

European solidarity mechanism £1m 

Government equalities office £9m -26.7%

National fraud authority £6m +46.5%£10.1bn
-5.4%

Home Office

Criminal Records Bureau £9m  +75.8%

Office of the Gas & Electricity 
Markets (OFGEM)
£0.674m -5.5%  

UK Atomic Energy Authority pension scheme
£200m

Foreign and Commonwealth Office 
£2.2bn  -4.9% [6]

Admin
£1.12bn  +0.8%

Peacekeeping
£402m  -3.8%

Other grants £194m  -35.6%

BBC World Service £255m  -6%

British Council £180m  -7%

Conflict prevention
£132m +21.6%

AME programme £35m +144.2% 

Taxes & licence fees £26m +20.9% 

NDPBs £5m -18.6% 

NHS 
pension
scheme

£6.9bn

£7.5bn

Teachers’
pension
scheme

Wales Office (WO) 
£5m +4%   

Scotland Office (SO) 
£21m  [13]  

Northern Ireland Office (NIO) 
£22m -44.7%  

Office of Rail Regulation
£29m -1.1%  

Office for Budget Responsibility 
£2m  -2.3%    

Water Services Regulation Authority 
(Ofwat) £19m +7.1%

Electoral Commission £86m  +258.3%  

£100m

Office for Standards 
in Education (Ofsted) 
£166m -10.7%  

Department
for

Education

£56.27bn
-5.7% Teaching Agency

£660m  -25.9%

Pupil premium
£556m  new item

School infrastructure
£730m -81.1%

Admin
£270m -2.3%

Education, standards, 
curriculum & qualifications 
£260m -62.7%

National 
college
£110m -2.3%

Children, young people & families
£2.66bn -17.3%

Education funding
agency (schools)

£51.54bn 
+2.8% 

£5.3bn
+190.8%

£46.24bn 
-4.3% 

Schools
(exc academies)

Standards and
Testing Agency

£20m

Charity Commission for England and Wales £27m  -10%  

Crown Prosecution Service 
Inspectorate £4m +2.5% 

Attorney general's office (see also LSLO) £4m -7.8% 

£1.6bn
NHS & teachers 
pension scheme 
in Scotland

Northern Ireland executive 
pension scheme
£1bn

Transport for London  

Local authority transport
£1.93bn  +61%  

Bus subsidies & concessionary fares 
£619m  -21.5%

Other railways £577m  +161.7% 

Motoring agencies £226m  +1,642%  

Crossrail £517m +129.5% 

Admin £146m  -25.7%  

Maritime & Coastguard Agency £145m  +8%

Tolled crossings £59m +165.3%

Sustainable travel £71m  -39.4%

Science, research & support functions  £30m  -31%

High Speed 2 £21m£12.73bn
+0.8%

Department for Transport

Aviation, maritime, security & safety £32m -75.8%

Network
Rail

£3.69bn
-9%

£3.34bn
+1.8%£3.24bn

+14.2% Highways
Agency

Cabinet Office
£461m  -21.9%

Members of the European parliament £3m  +46.5%
Executive NDPBs £1m  -96.7%
Committee on standards in public life £1m +17.2%

Constitution group £12m +95.4%

Cabinet Office £234m +15.4%
Office for Civil Society £185m +50.6%

Government digital service (Directgov) £28m +24.3%
Cabinet Office utilisation of provisions £13m  217.4%

Cabinet Office service concession £12m  +6.6%

£32.73bn
-15%

Neighbourhoods Localism

London
governance
£63m  +28.7%

£2.62bn
-54.3%

£26.55bn
+0.5%

Spending by local
government 

£1.13bn
-62.1%

Department of 
Communities 

and Local 
Government

Principal civil 
service pension
scheme

£5.1bn

£29.91bn
+1.2%

Innovation, enterprise & business £666m -49.3%

Free and fair markets £650m -12.5%

Government as shareholder £404m +580.7%

Professional support £335m -10.4%

Science research councils £50m  +6%

£13.57bn
-7%

Higher
education

£5.61bn
-5.5%

£3.94bn
-17.7%

Science
& research

£21.34bn
-7.9%

Department 
for Business, 

Innovation and
Skills

Further 
education 

HEFCE
£6.84bn

-10.7%

NOTES

SOURCES: GUARDIAN DATA, DEPARTMENTAL ACCOUNTS, INSTITUTE FOR 
FISCAL STUDIES, PUBLIC EXPENDITURE STATISTICAL ANALYSES  (PESA), 
OFFICE FOR BUDGET RESPONSIBILITY (OBR),  HOUSE OF COMMONS LIBRARY 

RESEARCH: SIMON ROGERS, KOOS COUVEE, MONA CHALABI, GEMMA TETLOW

GRAPHIC: JENNY RIDLEY, MICHAEL ROBINSON

The figures give a picture of major expenditure but exclude local government
spending not controlled by central government. We don't have room to show
everything — some programmes are just too small to go here, but this gives a
flavour of where your tax pounds go. It also excludes government departments 
that are predominantly financed bytheir income, such as the Crown Estate or      

the Export Credits Guarantee Department. The totals here add 
up to more than the total budget, because some of the smaller
government departments are funded via the larger ones, such as 
the Parliamentary Counsel Office, funded via the Cabinet Office.
ALL % CHANGES CALCULATED USING INFLATION RATE OF 2.38%   

[1]         Interest paid on the public debt.
           Treasury spending in 2008-09 and 2009-10 was dominated by the
impact of interventions in the financial sector — the figure shown here is
gross spending. In fact, in 2010-11 the net effect of financial stability
activities was to yield income to the Treasury. Loans to financial institutions     

[2] 
were repaid to the Treasury in 2010-11 and there was no further purchase of
shares and other assets in the year — so we have shown the core department
spending separately. The increase is due to the provision for Equitable Life.
         The Rural Payments Agency distributes CAP payments — covered by
transfers from EU so do not show up as net spending here.   
[3]  

[4]         Benefit spending excludes child benefit, guardians' allowance, widows’
pensions, statutory paternity pay, statutory adoption pay — these paid by 
HMRC, MoD, BIS respectively.
         Excludes spending on family health services. GP running cost includes
salaries, hospitality budgets, home and overseas accommodation costs.   
[5]

[6]         Data from Treasury COINS database, operations spending 
in Libya, Iraq & Afghanistan paid for separately out of Treasury 
special reserve and details from House of Commons library
         The amount of government funding from BIS and DCMS, rest 
from licence fees from broadcasters and media organisations.
[7]

[8]          MPs’ expenses now administered by the Independent 
Parliamentary Standards Authority (IPSA).
         Overall contribution, includes the effects of the UK's rebate, 
without which the 2011-12 contribution would be £15.6bn.
            This cash is distributed to 'good causes'. This financial year

£135m went to the Olympics and Paralympics - on top of more than £750m in April 2012.
            Increase due to the 2010 election: the absence of MPs during the campaign 
reducing costs substantially.
            Took over from Arts Council of Scotland this year.
             Includes non-voted costs of elections in Scotland – without which spending was £7.1m

[9]

[10]

[11]
[14]

[12]
  

    

Academies
 

Crime & 
policing

£5.63bn
-6.6%

UK Financial Investments  £5m +70.6% 

[5] 

Primary
healthcare

£21.64bn 
-1.2% 

GP
services

Dental 

Opthalmic 
£491m +0.2%   

Pharmacy
£2.14bn +3.9%

£7.76bn 
-1.4% 

£2.86bn
-0.9%  

Prescriptions
£8.25bn 

-2.7% 

Secondary
healthcare

(hospitals etc) 

General & acute

Community
health

£68.76bn 
+1.6% 

£40.20bn 
+0.9% 

European
Union[9]

£6.97bn
-14.9%

War pensions
£916m  -4.3%

Ministry of 
Defence [6]

£37.25bn
-4.5%

Quangos &
agencies
£178m
-2%  

NHS
£97.46bn

-0.9%

Learning
difficulties

Mental
illness

Maternity

A & E

Other
contractual

£2.71bn
 +2.4%  

£3.17bn
+1%   

£8.61bn
 +0.4%  

£9.12bn
 +5.9%  

£2.62bn
 +1.1%  

£2.33bn
 +2.1%  

Admin £153m  -5.6%

Coinage  £38m +21.6%

Debt Management Office  £12m  -23.2%

Banking & gilts registration services  £11m +2.4%

Treasury [2]

£228m -86.6% 

Financial
stability

/financial
institutions

£16.14bn 
 Money in

Admin
£3.53bn 

-3.4%

Parliamentary Counsel Office £9m  -15.6%  

Office of Qualifications and 
Examinations Regulation (OFQUAL)
£16m +3.2%

Department for Environment, Food and Rural Affairs [3]

Environmental risk and emergencies
£167m  -24.3%

Environment £987m +14.7%

Environment Agency £199m -21.7%

Natural England £633m -5.6%

Department £361m +2.7%

Rural Payments Agency £205m -2.7%

£2.33bn
-0.2%

Department 
of Health  

£106.66bn
-1.2%

Office of Communications (Ofcom) [7] from government funding (rest from licence fees) £109m -15.2% 

Olympics £899m +69.3%

Museums and galleries £407m -19.6%

Arts £398m -14.2%

Olympic Lottery Distribution Fund £315m -22.8%  
Sport and Recreation £174m -7.8%

Architecture & the Historic Environment £131m -19.6%
Libraries £113m -5.3%S4C 

£91m -12.3%Broadcasting and Media £58m +46.8%

DCMS Administration £49m -1.5%

Museums Libraries and Archives Council £47m -26%

Tourism £45m -0.3%

Occupied Royal Palaces & other historic buildings £19m +16.6%

Royal parks £16m -5.8%

Gambling & licensing (alcohol) & Horseracing £10m +461.8%

Listed places of worship £7m -69.8%
Research surveys and other services £3m -13.2%

VAT relief on memorials that are not buildings £1m +534.9%

Department for Culture, Media and Sport
 

National Lottery Distribution Fund expenditure [10]

£7.62bn
+10.5%

£1.49bn
+21.8%

£3.31bn
+13%

Broadcast licence revenue

Arts Council England £461m  -1.5% English Heritage £170m -9%

Sport England £105m  -9.6% Olympic Delivery Authority £74m  +75.5%
UK Sport £68m  +27.4% VisitBritain £50m +29.1%

National Lottery Commission 
(running costs) £5m -4.6%

Arts Council Wales £36m  -1.3%

Creative Scotland
£76m [12] 

Security Industry Authority (SIA) 
£28m -1.6%

Serious Organised Crime Agency (SOCA) £470m  +12.1%

National Policing Improvement Agency (NPIA) £360m - 11.1%
Equality & Human Rights Commission £40m -13.7%
Independent Police Complaints Commission (IPCC) £30m -3.2%
Serious Fraud Office (SFO) £30m -19.1%
Independent Safeguarding Authority (ISA) £13m  -3.3%
Office of the Immigration Service Commissioner (OISC) £4m  +6.3%

Council for Reserve
Forces and Cadets 

Association
£98m

Commonwealth
War Graves

Commission
£47m

Museums
(RAF, Navy, Army)

£17m

Royal Hospital
Chelsea
£11m Afghanistan

£3.6bn  -15%  

Iraq
£95m  -72.9%  

Libya
£247m
+996.6% 

Operations and
Peacekeeping

£3.18bn
-14%

Defence capability
(Army, Navy, RAF)

£32.93bn
-3.5%

Free schools
£75m +1,121%

Financial Services Authority
£492m +4.9%

Where your taxes went this year – and where the cuts were made Public spending by the UK's central government departments, 2011-12

[13]

            Total department expenditure from Core table 1 of the DH annual report. 
Between 2010-11 and 2011-12 Personal Social Services grants (of approx £1.52bn) 
were transferred from DH to the DCLG. If this amount were excluded from the 
2010/11 published spending total, then the percentage change for total depart-
mental spending from year to year would be +0.3%. The NHS total is unaffected

[14] 

Government spending by department, 2011-12 theguardian.com/datablog/
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http://www.theguardian.com/news/datablog/2012/dec/04/government-spending-department-2011-12
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Going Further
... web/data scraping, open data, etc.

Defining Big Data

“The term itself is vague, but it is getting at something
that is real” Jon Kleinberg quoted in newyorker.com

For Viktor Mayer-Schönberger, oii.ox.ac.uk,
“Big Data is one where n = all ”
(no sample, but the entire background population)
quoted by Tim Harford, ft.com
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 http://www.newyorker.com/online/blogs/elements/2013/04/steamrolled-by-big-data.html
 http://www.oii.ox.ac.uk/
 http://www.ft.com/intl/cms/s/2/21a6e7d8-b479-11e3-a09a-00144feabdc0.html
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Defining Big Data
“Large pools of data that can be brought together and analyzed to discern patterns
and make better decisions.” McKinsey Report, 2011, mckinsey.com

the 3Vs :
◦ increasing volume (amount of data),
◦ velocity (speed of data in and out),
◦ variety (range of data types and sources)

why not got up to 4 or 5Vs ?
◦ veracity ? (uncertainty in the data)
◦ value ? (making big money weforum.org)

3D Data Management : Controlling Data Volume, Velocity and Variety
blogs.gartner.com/doug-laney/

24

 http://www.mckinsey.com/insights/business_technology/ big_data_the_next_frontier_for_innovation
 http://www3.weforum.org/docs/WEF_TC_MFS_BigDataBigImpact_Briefing_2012.pdf
 http://blogs.gartner.com/doug-laney/files/2012/01/ad949-3D-Data-Management-Controlling-Data-Volume-Velocity-and-Variety.pdf
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Data (and Statistics)
Data emerged in 1646 as the plural of the Latin Datum

“Big Data is misnamed in our (academic) world, because data sets have always
been big. What is different is that we now have the technology to simply run every
scenario.” Chris Anderson, 2008 wired.com
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 http://www.wired.com/science/discoveries/magazine/16-07/pb_theory
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Statistics, Correlations (and Econometrics)

“statistics is the grammar of data science.It is cru-
cial to making data speak coherently. But it takes
statistics to know whether this difference is sig-
nificant, or just a random fluctuation. (. . . ) What
differentiates data science from statistics is that
data science is a holistic approach. We’re increas-
ingly finding data in the wild, and data scientists
are involved with gathering data, massaging it into
a tractable form, making it tell its story, and pre-
senting that story to others.” Mike Loukides, 2010
radar.oreilly.com
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 http://radar.oreilly.com/2010/06/what-is-data-science.html
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Statistics, Correlations (and Econometrics)
“In short, the more we learn about biology, the further we find ourselves from a
model that can explain it. There is now a better way. Petabytes allow us to say :
Correlation is enough. We can stop looking for models. We can analyze the data
without hypotheses about what it might show. We can throw the numbers into the
biggest computing clusters the world has ever seen and let statistical algorithms
find patterns where science cannot.” Narinder Singh, 2013 venturebeat.com

see also I just ran two million regressions, Xavier Sala-I-Marin, 1997, jstor.org
against We Ran One Regression David Hendry & Hans-Martin Krolzig, 2004,
economics.ouls.ox.ac.uk
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 http://venturebeat.com/2013/12/05/the-real-secret-to-unlocking-big-data-math/
 http://faculty.lebow.drexel.edu/LainczC/cal38/Growth/SalaiMartin_1997.pdf
http://economics.ouls.ox.ac.uk/11174/1/OneReg04.pdf
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Statistics, Correlations (and Econometrics)
Epistemological problem : not more certainty, only high likelihood.

“only an infinite sequence of events (. . . ) could contradict a probability estimate”
de Vries, On Probable Grounds filosofie.info

28

http://www.filosofie.info/wp-content/uploads/on-probable-grounds1.pdf
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Statistics, Correlations (and Econometrics)
“Data without a model is just noise. But faced with massive data, this approach
to science - hypothesize, model, test - is becoming obsolete.” Chris Anderson,
2008 wired.com

cf. structural models versus nonparametric statistics, The Founding of the
Econometric Society and Econometrica jstor.org

Ct = γ10 + γ11Pt + γ12Pt−1 + β11Wt + ε1t

It = γ20 + γ21Pt + γ22Pt−1 + β21Kt−1 + ε2t

Wt = γ30 + γ31At + β31Xt + β32Xt−1 + ε3t

Xt = Ct + It +Gt

Pt = Xt − Tt −Wt

Kt = Kt−1 + It

29

 http://www.wired.com/science/discoveries/magazine/16-07/pb_theory
 http://www.jstor.org/stable/1912245
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Parametric and Non-Parametric Statistics
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→ parametric model versus nonparametric model, and machine learning

See Breiman’s Statistical Modeling : the Two Cultures jstor.org

30

 http://faculty.smu.edu/tfomby/eco5385/lecture/Breiman%27s Two Cultures paper.pdf
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Statistics and Data Mining
“Data mining, more stuffily knowledge discovery in databases, is the art of
finding and extracting useful patterns in very large collections of data. It’s not
quite the same as machine learning, because, while it certainly uses ML
techniques, the aim is to directly guide action (praxis !), rather than to develop a
technology and theory of induction. In some ways, in fact, it’s closer to what
statistics calls exploratory data analysis, though with certain advantages and
limitations that come from having really big data to explore.”

Cosma Shalizi, 2013 vserver1.cscs.lsa.umich.edu/∼crshalizi/

31

http://vserver1.cscs.lsa.umich.edu/~crshalizi/notebooks/data-mining.html
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Volume, How Big is Big Data ?

Interactive Graphic : How Big Is Big Data ?, 2014 businessweek.com

32

 http://www.businessweek.com/articles/2014-03-06/interactive-graphic-how-big-is-big-data
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Statistics, Significance and p-values
“A key issue with applying small-sample statistical inference to large samples is
that even minuscule effects can become statistically significant. The increased
power leads to a dangerous pitfall as well as to a huge opportunity. The issue is
one that statisticians have long been aware of : the p-value problem.Chatfield
(1995, p. 70) comments, question is not whether differences are significant (they
nearly always are in large samples), but whether they are interesting. Forget
statistical significance, what is the practical significance of the results ?”
Mingfeng Lin, Henry Lucas, Jr. et Galit Shmueli , 2010 galitshmueli.com

“Are there times, I ask, when you just have too much data ? When it gets in the
way and confuses things ? He seems taken aback by this line of questioning. More
data is always better, he says.” Stephen Baker, the Numerati.
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 http://galitshmueli.com/system/files/Print Version.pdf
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Volume, How Big could be Big Data ?

Consider some logistic model Yi ∼ B(pi) with pi
1− pi

= exp[XT
i β], with

↑

n

↓


...

...
...

1 X1,i · · · Xk,i

...
...

...


← k+1 →


β0

β1
...
βk


where X is some n× (k + 1) matrix.

Monte Carlo simulation, with n = 100, 000 and k = 100 (but only two βj ’s are
not null).

→ use of subsampling techniques to estimate several models, n/10 and n/100.

34
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Volume, How Big could be Big Data ?

35
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Volume, How Big could be Big Data ?
Look at ROC curves, instead of β̂j ’s
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— average of the 100 regressions on datasets with n/10 and n/100 observations
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Insurance : Personalization and Customization
Recall basic results on ratemaking and risk pooling.

No risk classification, identical premium

Insured Insurer

Loss E[S] S − E[S]
Average Loss E[S] 0
Variance 0 Var[S]
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Insurance : Personalization and Customization
Perfect classification, (ultra) personalized premium

Insured Insurer

Loss E[S|Ω] S − E[S|Ω]
Average Loss E[S] 0
Variance Var

[
E[S|Ω]

]
Var
[
S − E[S|Ω]

]
Var[S] = E

[
Var[S|Ω]

]
︸ ︷︷ ︸
→insurer

+Var
[
E[S|Ω]

]
︸ ︷︷ ︸
→insured

.
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Insurance : Personalization and Customization
Imperfect classification, personalized premium

Insured Insurer

Loss E[S|X] S − E[S|X]
Average Loss E[S] 0
Variance Var

[
E[S|X]

]
E
[
Var[S|X]

]

Var[S] = E
[
Var[S|X]

]
+ Var

[
E[S|X]

]
= E

[
Var[S|Ω]

]
︸ ︷︷ ︸

pooling

+E
[
Var
[
E[S|Ω]

∣∣∣X]]︸ ︷︷ ︸
solidarity︸ ︷︷ ︸

→insurer

+Var
[
E[S|X]

]
︸ ︷︷ ︸
→insured

.
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Velocity : High Frequency Trading
Continuous time model, dSt = µSt dt+ σSt dWt

→ discretized time dt = ∆, compound return, r(∆)
t = logSt+∆ − logSt

realized volatility over period [T − h, T ], s2
t =

h/∆∑
τ=0

[r(∆)
t−τ∆]2

The Wall Street Code : HFT Whisteblower Haim Bodek on Algorithmic Trading
nakedcapitalism.com

High Frequency Trading : Threat or Menace ? blogs.hbr.org

A healthy side effect of High Frequency Trading ? noahpinionblog.blogspot

The problem with high frequency trading blogs.reuters.com

40

http://t.co/tu5shwRFEj
http://t.co/dLEvQvLWoh
http://noahpinionblog.blogspot.ca/2013/08/a-healthy-side-effect-of-high-frequency.html
http://t.co/Chnr2DSS
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(via Mathieu Rosenbaum)
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via The High-Frequency Trading Arms Race : Frequent BatchAuctions as a
Market Design Response faculty.chicagobooth.edu
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 http://faculty.chicagobooth.edu/eric.budish/research/HFT-FrequentBatchAuctions.pdf 
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Variety ?

43
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Variety : No More Datawarehouse ?
A Relational Model of Data for Large
Shared Data Banks, by Edgar Codd, 1970,
seas.upenn.edu

See NoSQL (e.g. nosql-database.org) that pro-
vides a mechanism for storage and retrieval of
data, modeled in means other than the tabular
relations used in relational databases.
Used for big data and real-time web applica-
tions.

Remark NoSQL stands for “Not only SQL”

44

http://www.seas.upenn.edu/~zives/03f/cis550/codd.pdf
http://nosql-database.org/
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Variety : Graph Theory in Action

Classically, databases where structured
(tables, relational databases)

Nowadays, most of the world’s data is
unstructured (text, image, video, voice)

RTs on Twitter
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Variety : Translating Languages
“Google can translate languages without actually knowing them (given equal
corpus data, Google can translate Klingon into Farsi as easily as it can translate
French into German) Chris Anderson, 2008 wired.com

translate.google.com can translate back and forth between 71 languages

“I have trouble learning languages, and that’s precisely the beauty of machine
translation : The most important thing is to be good at math and statistics, and
to be able to program. (. . . ) So what the system is basically doing (is) correlating
existing translations and learning more or less on its own how to do that with
billions and billions of words of text (. . . ) In the end, we compute probabilities of
translation” Franz Och, quoted in spiegel.de
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 http://www.wired.com/science/discoveries/magazine/16-07/pb_theory
http://translate.google.com/
http://www.spiegel.de/international/europe/google-translate-has-ambitious-goals-for-machine-translation-a-921646.html
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Variety : Text Mining and Sentiment Analysis
Automatically Extracting Dialog Models from Conversation Transcripts
ieeexplore.ieee.org

Text Mining Medicine the-scientist.com

Text Mining Gun Deaths Data econometricsbysimulation.com from slate.com
(crowdsourced) database

Twitter Mood Predicts the Stock Marker arxiv.org

Easy to use some simple Text Analytics to extract intent from Social Media,

my car didn’t start this morning ? should be late at work

stuck in bed with back pain, again

−→ possible to extract some personal information...

(need to detect jokes, sarcasm, amiguity, non-personal information, etc.)
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http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5360329&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5360329
http://www.the-scientist.com/?articles.view/articleNo/32256/title/Opinion--Text-Mining-Medicine/
 http://www.econometricsbysimulation.com/2014/03/text-mining-gun-deaths-data.html
http://www.slate.com/articles/news_and_politics/crime/2012/12/gun_death_tally_every_american_gun_death_since_newtown_sandy_hook_shooting.html
 http://arxiv.org/abs/1010.3003
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A slide on Veracity

“Not everything that counts can be counted, and not everything that can be
counted counts.”

“Since much of the data deluge comes from anonymous and unverified sources, it
is necessary to establish and flag the quality of the data before it is included in
any ensemble.” Arup Dasgupta, geospatialworld.net

How do you feel about online surveys ?
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 http://geospatialworld.net/Paper/Cover-Stories/ArticleView.aspx?aid=30512
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Conclusion, Big Data, the new Gold ?
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Conclusion, Big Data, the new Gold ?

Hype Cycles, 2012 gartner.com
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 http://www.gartner.com/technology/research/hype-cycles/
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Conclusion, Big Data, the new Gold ?
“Big data is a vague term for a massive phenomenon that has rapidly become an
obsession with entrepreneurs, scientists, governments and the media” ft.com

huge data means increasing risk of fake discoveries, a theory-free analysis of mere
correlation is inevitably fragile

“many beats of straw look like needles” Trevor Hastie, quoted in nytimes.com

see Magnetic alignment in grazing and resting cattle and deer pnas.org
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 http://www.ft.com/intl/cms/s/2/21a6e7d8-b479-11e3-a09a-00144feabdc0.html
 http://www.nytimes.com/2012/02/12/sunday-review/big-datas-impact-in-the-world.html?pagewanted=3&_r=1pagewanted=all
 http://www.pnas.org/content/105/36/13451.full
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Conclusion, Big Data, the new Gold ?
Big data : The next frontier for innovation, competition, and productivity, 2011
mckinsey.com/insights

Business Insider : Enterprises Aren’t Spending Wildly on Big Data But Don’t
Know If It’s Worth It Yet, 2012 businessinsider.com

Five myths about big data, 2013 washingtonpost.com

What Data Can’t Do, 2013 nytimes.com

Big Data Boosts Customer Loyalty. No, Really, 2013 forbes.com
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http://www.mckinsey.com/~/media/McKinsey/dotcom/Insights and pubs/MGI/Research/Technology and Innovation/Big Data/MGI_big_data_full_report.ashx
http://www.businessinsider.com/enterprise-big-dataspending- 2012-11#ixzz2cdT8shhe
 http://www.washingtonpost.com/opinions/five-myths-about-big-data/2013/08/15/64a0dd0a-e044-11e2-963a-72d740e88c12_story.html
http://www.nytimes.com/2013/02/19/opinion/brooks-what-data-cant-do.html?_r=0
http://www.forbes.com/sites/xerox/2013/09/27/big-data-boosts-customer-loyalty-no-really/
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... and some more recent posts and articles (March and April)

Future big data analysts will know everything you did today venturebeat.com

The backlash against big data economist.com

Big data and open data : what’s what and why does it matter ? theguardian.com

Give us back our statistical datawashingtonpost.com

The rise of big data brings tremendous possibilities and frightening perils
washingtonpost.com

Finding a great data scientist can feel like searching for Princess Peach. Shes
always in another castle. hnews360.com

The Promise and Peril of Big Data aspeninstitute.org

Eight (No, Nine !) Problems With Big Data nytimes.com

What’s Up With Big Data Ethics ? forbes.com
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Is data privacy an out of date concept ? nakedsecurity.sophos.com

Google Flu Trends : The Limits of Big Data bits.blogs.nytimes.com

Wikipedia Usage Estimates Prevalence of Influenza-Like Illness in the U.S in
Near Real-Time ploscompbiol.org

Big data : are we making a big mistake ? ft.com

Data the buzzword vs. data the actual thing noahpinionblog.blogspot.com

Simplifying Data Analysis and Making Sense of Big Data scientificcomputing.com

Google may be a master at data wrangling, but one of its products has been
making bogus data-driven predictions newscientist.com

Big Data Doesn’t Have to Mean Big Brother recode.net

How Big Is Big Data ? businessweek.com
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We are moving from an era of private data and public analyses to one of public
data and private analyses andrewgelman.com

Can Big Data Help Us Predict The Next Big (Snow) Storm ?
business2community.com

You Know Who Else Collected Metadata ? The Stasi. propublica.org

Data is data, or are they ? stancarey.wordpress.com
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