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BIG CHANGE

The scientific method  (and knowledge-base) 
has been transformed by massive computation 

(including networking/sharing, data & data 
analytics) in all science (and other) domains of 

research & study. 

massive computation builds new intuition



DOMAIN SCIENCES & COMPUTATION

Research is to see what everybody else has seen and to 
think what nobody else has thought.  
Albert Szent-Györgyi

The task is to push more (big) data through intelligent & 
networked machines such that we get to ask bigger 
questions and challenge our understanding of the world 
if the data indicates so



Epicyclic*Orbits Keplerian*Orbits General*Rela@vis@c*Orbits

All*adequately*fine*&*parsimonious*descriptors*of*the*data,*
and*predictors*of*future*data*(at*a*similar*level*of*precision).*

Un@l*they*are*not.



MOORE (1965)

The components are approaching a fundamental 
limit of smallness: the atom



AFTER MOORE

“The number of people predicting the death of Moore’s 
Law doubles every two years” Peter Lee (a  VP at Microsoft)

http://www.economist.com/technology-quarterly/2016-03-12/after-moores-law

http://www.economist.com/technology-quarterly/2016-03-12/after-moores-law




DATA SCIENCE 

“I think data-scientist is a sexed up term for a statistician,”  Nate 
Silver told an audience of statisticians in 2013 at a 

                           Joint Statistical Meeting.

This timeline that follows was published 
in WhatsTheBigData.com 
See also A Very Short History of Big Data and A Very Short 
History of Information Technology  (Gil Press) 

http://www.statisticsviews.com/details/feature/5133141/Nate-Silver-What-I-need-from-statisticians.html
http://whatsthebigdata.com/
http://www.forbes.com/sites/gilpress/2013/05/09/a-very-short-history-of-big-data/
http://www.forbes.com/sites/gilpress/2013/04/08/a-very-short-history-of-information-technology-it/
http://www.forbes.com/sites/gilpress/2013/04/08/a-very-short-history-of-information-technology-it/


THE 21ST CENTURY
— 1997 The journal Data Mining and Knowledge Discovery is launched

— December 1999 Jacob Zahavi is quoted in “Mining Data for Nuggets of 
Knowledge” in Knowledge@Wharton: “Conventional statistical methods work well 
with small data sets. Today’s databases, however, can involve millions of rows and 
scores of columns of data… Scalability is a huge issue in data mining….”

— 2001 William S. Cleveland publishes “Data Science: An Action Plan for Expanding 
the Technical Areas of the Field of Statistics.” It is a plan “to enlarge the major 
areas of technical work of the field of statistics. Because the plan is ambitious and 
implies substantial change, the altered field will be called ‘data science.’”

— January 2003 Launch of Journal of Data Science: “By ‘Data Science’ we mean 
almost everything that has something to do with data: Collecting, analyzing, 
modeling…… yet the most important part is its applications–all sorts of 
applications. This journal is devoted to applications of statistical methods at 
large…



NSF

— September 2005 The National Science Board publishes “Long-lived 
Digital Data Collections: Enabling Research and Education in the 
21st Century.” One of the recommendations of the report reads: “The 
NSF, working in partnership with collection managers and the 
community at large, should act to develop and mature the career 
path for data scientists and to ensure that the research enterprise 
includes a sufficient number of high-quality data scientists.” The 
report defines data scientists as “the information and computer 
scientists, database and software engineers and programmers, 
disciplinary experts, curators and expert annotators, librarians, 
archivists, and others, who are crucial to the successful management 
of a digital data collection.”



HACKING

— March 2009 Kirk D. Borne and other astrophysicists submit to the 
Astro2010 Decadal Survey a paper titled “The Revolution in 
Astronomy Education: Data Science for the Masses “

— September 2010 Drew Conway writes in “The Data Science Venn 
Diagram”:  “…I present the Data Science Venn Diagram… hacking 
skills, math and stats knowledge, and substantive expertise.”

— May 2011 David Smith writes in “’Data 
Science’:  What’s in a name?”: …. I 
think ‘Data Science’ better describes 
what we actually do: a combination of 
computer hacking, data analysis, and 
problem solving.”



DO WE REALLY WANT/NEED ML/AI IN SCIENCE?

— We used it already to discover the Higgs in the form of MVAs and 
BDTs !

— We would have discovered it with traditional cut & count methods 
with about 2x the data (time & $$) 

— The problem with the techniques is the “black box” aspect/
interpetability - the treatments or errors and correlations and more…



DO WE REALLY WANT/NEED AI IN SCIENCE?



DL MADE IT IN DIRECTOR’S SLIDES 

8/12/2016 Joe Lykken | Fermilab update7

Improved Event Selection 

Improvement in sensitivity from CVN 
equivalent to 30% more exposure 

¨  This analysis features a new event selection technique 
based on ideas from computer vision and deep learning 

¨  Calibrated hit maps are 
inputs to Convolutional Visual 
Network (CVN) 

¨  Series of image processing 
transformations applied to 
extract abstract features 

¨  Extracted features used as 
inputs to a conventional 
neural network to classify the 
event 

P. Vahle, Neutrino 2016 11 

maximal mixing 
excluded at 2.5 σ



PTF11kly*(SN*2011fe)

©Peter&Nugent

Supernova*Discovery*in*the*Pinwheel*Galaxy
****11*hr*amer*explosion

nearest'SN'Ia'in'>3'decades
Discovered'by'our'machine8learning'framework

in*PTF:*>10,000*events*in*>*0.2*PB*of*imaging*→*50+*journal*ar@cles



OTHER APPS



we will want AI to help us  
debug our thinking by using all data from all 

experiments optimally and “open our eyes” just as 
AlphaGo opened the eyes of the professional go 

players and enhance our intuition and creativity and 
ability to break paradigms and boxes
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THANK YOU FOR LISTENING


