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Presenter
Presentation Notes
Presentation today, at least in part, is inspired by a recent article in the Atlantic…Disclaimer, no puns or films were harmed in the making of this presentation…I’m going to try and take more of an research-oriented look at the future of publishing and science and how it relates to the tools and data that are available, esp. the development of notebooks.



Attempts to predict 
the future have a long 
and inglorious history.  

Que Sera, Sera?  

Presenter
Presentation Notes
Whether your Doris Day or Nostradamus, or this guy…



The future is ours to see…  

• Driverless Cars  
• Personalized Ads 
• Voice-controlled/Voice Activated Technology 
• Facial and Optical Recognition 
• Gesture-Based Computing 
• Predictive Policing 
 
 
 
 
 
 
 
 
 
 
 

https://www.independent.co.uk/arts-entertainment/films/features/minority-report-15th-anniversary-predictive-policing-gesture-based-
computing-facial-and-optical-a7807666.html 

Presenter
Presentation Notes
Dystopic Future? Minority Report background with Tom Cruise (and War Games “Shall We Play a Game, Mathew Broderick). 

We may have arrived at the 16th anniversary (2002) of Steven Spielberg's game-changing sci-fi Minority Report, but we're still a long way off from the film's dystopian 2054 setting.

PreCrime and PreCogs
That hasn't, however, stopped the film from becoming an eerie prediction of the state of modern technology; all wrapped in the tale of Washington's DC PreCrime unit, which seeks to prevent murders before they happen through the future visions of three mutated humans, known as PreCogs. 






Logizomechanophobia 

Nomophobia 

The fear of computers. The origin of the word log is 
Greek (meaning talk or word), machano is Greek 
(meaning machine) and phobia is Greek (meaning 
fear).  

As technology evolves, so does our language… 

The fear of losing your mobile device 

Presenter
Presentation Notes
As technology evolves, so does our language…And our frustration?  Fear of gnomes?  Obviously not the right spelling   But this little guy will make another appearance later on (a bit of foreshadowing).



…and so does our paranoia? 

Presenter
Presentation Notes
Speaking of the fear of computers.  I can still hear that eerie voice… In Stanley Kubrik’s (1968) 2001 A Space Odysey (click on image for Strauss - Also Sprach Zarathustra, Op. 30).  Just celebrated it’s 50th anniversary!

https://www.youtube.com/watch?v=CLDqTFrIGFk


Artificial General Intelligence (AGI) 
Molecular Assembling 

Nanotechnology  
Hive Minds 

Intelligence Augmentation (IA) 
Radical life extension 

Powerful spacecraft propulsion engines 
Useful quantum computers 

Mind uploads (complete human brain emulations)  
The Cloud 

https://io9.gizmodo.com/10-mindblowingly-futuristic-technologies-that-will-appe-673136756 

What happens in cyberspace… 

Presenter
Presentation Notes
The Geosciences are not disconnected from other fields…So what happens in cyberspace shouldn’t stay in that part of cyberspace

http://io9.com/humans-with-amplified-intelligence-could-be-more-powerf-509309984


Scientific computing benefits from an “invariant” known 
as Moore’s Law, i.e., the density of integrated circuits 
grows exponentially and thus computers of the next 
decade will be dramatically superior to those of today, 
even if the precise technology path is unclear.  
 
 
Murphy’s Law 
 
 
Cole’s Law?  

Immutable/Invariant Laws 

Presenter
Presentation Notes
We’ve all heard of Murphy’s Law.  What about Cole’s Law?  Cabbage, vinegar, 



Champing at the bits? 

https://www.theatlantic.com/science/archive/2018/04/the-scientific-paper-is-obsolete/556676/ 

“The more sophisticated science becomes, the harder it is 
to communicate results. Papers today are longer than 
ever and full of jargon and symbols. They depend on 
chains of computer programs that generate data, and 
clean up data, and plot data, and run statistical models on 
data. These programs tend to be both so sloppily written 
and so central to the results that it’s contributed to a 
replication crisis, or put another way, a failure of the 
paper to perform its most basic task: to report what 
you’ve actually discovered, clearly enough that someone 
else can discover it for themselves.” 
             James Somers  APR 5, 2018 

Presenter
Presentation Notes
At this point you are probably wondering if I am going to get a round tuit….






Scientific methods evolve at the speed of software 
 
The skill most in demand is facility with programming 
languages and “data science” packages.  
 
Yet the basic means of communicating scientific results 
hasn’t changed for 400 years.  
 
Papers may be available online, but they’re still text and 
pictures on a page! 

Is there a method to the (space) madness? 

Presenter
Presentation Notes
If it ain’t broke – don’t fix it?  It’s worked pretty good… for the most part. Glass half empty or half full?  Or twice as big as it should be…



“There was this entire period where they had the new technology 
of printing, but they were just using it to emulate the old media.”   
                               Bret Victor, former Apple researcher 

                (iPad prototype) 

As software development and computer technology continues it’s 
inexorable march forward, one has to ask whether or not we’ve 
even made optimal use out of what we have already created. 

It took nearly 100 years, following the invention 
of the printing press, to invent the modern book.  

Press on 

Presenter
Presentation Notes
Begs the questions…Johannes Gutenberg is usually cited as the inventor of the printing press. Indeed, the German goldsmith's 15th-century contribution to the technology was revolutionary — enabling the mass production of books and the rapid dissemination of knowledge throughout Europe. However, the history of printing begins long before Gutenberg's time.



What would you get if you designed the scientific paper 
from scratch today?  Bret Victor 

“Software is a dynamic medium; paper isn’t.”  
It seems odd that, up until now, research is typically shared on paper only.   
 
For the Watts and Strogatz article,  Victor brought the swirling dots alive by 
combining explanatory text with interactive illustrating each step.  

Presenter
Presentation Notes
So Victor sets out to redesign this famous paper…

Victor gestured at what might be possible when he redesigned a journal article by Duncan Watts and Steven Strogatz, “Collective dynamics of ‘small-world’ networks.” He chose it both because it’s one of the most highly cited papers in all of science and because it’s a model of clear exposition. (Strogatz is best known for writing the beloved “Elements of Math” column for The New York Times.)

Unidata’s Rus Rew talked to me about this years ago. 




Brainchild: Theodore Gray (inspired by an old Apple code editor!) 
 

Back in the day, you would run code one line at a time, or all at once.  
The Apple editor let you highlight any part of the code and run just 
that piece.  
 

Designed to transform scientific programming into an interactive 
exercise that helps the user come to a more intimate understanding of 
their data. 

“To write a paper in a notebook is to reveal your results and methods at the same time” 

The Computational Notebook 

Presenter
Presentation Notes
Should at least make it easier to replicate! It’s interactive capabilities makes it a natural for scientific discovery. I can imagine taking the hodge-podge notebooks I have created and transforming them into something that can be relatively easily digested by a broader community.  

A weak TS storm Harvey, with Vaisala’s GLD360 lightning – south of Puerto Rico.  Trying to pinpoint the convection associated with the GJ events (there were almost two-dozen.  Connecting the science, data, and delivery of information and results. 



Leibniz (1646-1716) developed the sense that a similar notation 
(i.e., integration/derivatives) applied more broadly could create 
a universal language that would eliminate ambiguity and turn 
complex problem-solving of all kinds into a kind of calculus. 

“As practitioners in many fields become more literate with 
computation, they’ll vastly expand the range of what’s 
discoverable.”  Wolfram (blog post) 

“Algebra of thought”  

Presenter
Presentation Notes
In search of a Universal Language to communicate scientific results…The pursuit of this noble venture is not new!

In the mid-1600s, Gottfried Leibniz devised a notation for integrals and derivatives (the familiar ∫ and dx/dt) that made difficult ideas in calculus almost mechanical. Leibniz developed the sense that a similar notation applied more broadly could create an “algebra of thought.” Since then, logicians and linguists have lusted after a universal language that would eliminate ambiguity and turn complex problem-solving of all kinds into a kind of calculus.



 “…obviously all scientific communication, all technical papers that 
involve any sort of data or mathematics or modeling or graphs or 
plots or anything like that, obviously don’t belong on paper. That was 
just completely obvious in, let’s say, 1990,”      Theodore Gray (Apple) 

With millions of scientists worldwide producing incremental 
contributions, the only way to have those contributions add up 
to something significant is if others can reliably build on them. 
“That’s what having science presented as computational 
essays can achieve,” 

Open Source Science/Computational Essays 

Presenter
Presentation Notes
Makes me think of open source!  Prescient?  Most science is incremental – with a few exceptions, but paradigm shifts are rare and revolutionary (see for example Thomas Kuhn’s “Structure of Scientific Revolutions”.



Building tools to make it “work better” for scientists: tools that made 
it easier to manage data sets and draw plots, and that encouraged a 
more open style. 

It’s not just that the software is free, but that anyone can inspect its 
code and modify it, contributing their changes back to the 
community. 

If science is to be an open enterprise, the tools that are used to do it 
should themselves be open 

Commercial software whose source code (or data!) you were legally 
prohibited from reading is “antithetical to the idea of science”   

Common Cause (aka Computational Socialism?) 

Fernando Pérez (Ipython)  

Presenter
Presentation Notes
Computational Socialism?  Proprietary software (and data) – I hope the future isn’t this!  Mohan mentioned some issues surrounding decisions by the HDF folks that potentially threatening its future integration with netCDF.

Pérez combined the three projects into one and took the reins. From the very beginning, the project, called IPython (the “I” for “Interactive”), was open-source: It wasn’t just that the program was free, but that anyone could inspect its code and modify it, contributing their changes back to the common cause. It was a deliberate decision. “I was interested in both the ethical aspect of being able to share my work with others,” Pérez told me—he came from Colombia, where access to proprietary software was harder to come by—“and there was also a more epistemological motivation.” He thought that if science was to be an open enterprise, the tools that are used to do it should themselves be open. 

A hodgepodge of systems…





It’s no accident – it’s the growing library of extra features (image 
processing, creating  music, building AIs, analyzing language, 
graphing data sets, etc.).  Useful tools! 

If you build it, they will come 

Programming-language communities, like any social 
network, thrive—or die—on the strength of these 
feedback loops. 

Built by a community of open-source contributors 
working for free.  

Ipython (Jupyter Notebook)  

Presenter
Presentation Notes
Things don’t happen by accident…Why the trend to open source, shared software?  Working for free?  Almost seems too good to be true.

Python is a much less powerful language than the Wolfram Language that powers Mathematica. But where Mathematica gets its powers from an army of Wolfram Research programmers, Python’s bare-bones core is supplemented by a massive library of extra features—for processing images, making music, building AIs, analyzing language, graphing data sets—built by a community of open-source contributors working for free. 



The IPython team built their notebooks as simple web 
pages.  Any time Google, Apple, or a random programmer open-sourced a 
new plotting tool, or published better code for rendering math, 
the improvement would get rolled into IPython.  

Clever is as clever gets 

https://losc.ligo.org/s/events/GW150914/GW150914_tutorial.html 

Published in the traditional way, as a 
PDF, but with a supplemental Ipython 
notebook.  

Presenter
Presentation Notes
This is the key!!!  ???

The paper announcing the first confirmed detection of gravitational waves was published in the traditional way, as a PDF, but with a supplemental IPython notebook. The notebook walks through the work that generated every figure in the paper. Anyone who wants to can run the code for themselves, tweaking parts of it as they see fit, playing with the calculations to get a better handle on how each one works. At a certain point in the notebook, it gets to the part where the signal that generated the gravitational waves is processed into sound, and this you can play in your browser, hearing for yourself what the scientists heard first, the bloop of two black holes colliding.




http://www.pivotalweather.com/ 

SHARPpy 

The power of Python libraries and the web interface.  Just the tip of 
the iceberg?  

https://tropicaltidbits.com/analysis/models/ 

Presenter
Presentation Notes
Commercial interests are tapping into the power of Python.  Obviously the power of the python libraries are now fully accessible through the browser interface!

Of course Unidata has cloud instances of IDV viewable via web-browser. As Mohan talked about today – placing software that wasn’t developed with the Cloud in mind.



Reimagining what “Journals On-Line” means? 

Presenter
Presentation Notes
I don’t mean to mock anyone… And certainly from a environmentally friendly perspective “on-line” is a good thing (virtual)…



There are now over 1.3 million notebooks hosted publicly on 
Github.  
It’s hard to sell the scientific community on a piece of 
commercial software or data. 

Will computational notebooks only take root if they’re backed 
by a single super-language, or by a company with deep 
pockets and a vested interest in making them work? 

Inertia  

Sometimes things move too fast, others too slow! 

Presenter
Presentation Notes
The fact that this bazaar style seemed to work, and work well, came as a distinct shock,” he wrote. The essay was his attempt to reckon with why “the Linux world not only didn’t fly apart in confusion but seemed to go from strength to strength at a speed barely imaginable to cathedral builders.”

Of course there is Matab…  But R and R studio have such an advantage now. For folks who have invested in Matlab, they will probably stay with it for the foreseeable future.  





It will be awhile before computational notebooks replace PDFs 
in scientific journals! 
  
Why?  Because that would mean changing the incentive 
structure of science itself.  
 
Until journals require scientists to submit notebooks, and until 
sharing your work and your data becomes the way to earn 
prestige, or funding, people will likely just keep doing what 
they’re doing. 

Some data is basically so costly, so expensive, 
and so good that nobody would ever share it.  

Sea Change? 



Dynamic Tools (linking up research, data) 
How do we make visible and accessible, not just our results but our 
derived datasets as well (yeah, I know there’s THREDDS, OPeNDAP, 
WMS, etc.)? 
 

How much data is too much interactive data?   
 

https://fit-winds.github.io/IRLSetup/ 

Operational, ensemble based, 
probabilistic wind setup forecasting 
for the Indian River Lagoon.  

significant wave height 

Presenter
Presentation Notes
Just some personal stuff related to research projects and thinking about how to better make the work more visible, accessible, and functional.  We haven’t connected the science to our products, but folks doing work on the applied side of the science, this should at least be easier to do. 

GEFS setup plume for three consecutive forecast cycles (light-to-dark gray shading, https://fit-winds.github.io/IRLSetup/) and the ‘validation’ obtained from the calibrated Zuider-Zee parameterization using KMLB 10 m winds (filled yellow circles). Cycles shown are the most recent, and the prior three Forecast segments shown are 72 h. The mean and median are shown in red and blue respectively. 

Vanessa’s million plus data pts (Hs) along the edge of the IRL.  We’ve got 5 years x 6 per day!  I’ve got colleagues who are still putting things in the old-style notebooks!  Why squirrel these wave heights away on some THREDDS server?  Furthermore these images are connected directly to funded research projects.  We want the data to be available to a wide community of potential users.  

As in a standard hodograph, the radii depict wind speed (here up to 20 m/s) and the direction is azimuthal.  The setup (Titusville minus Sebastian) is presented as both color contoured and isolines (in cm).  For example, consider a 12-h average wind from the southeast at 15 m/s (yellow filled square box).  In this case, the setup is approximately 0.8 m (80 cm).  Other than the 12-h wind, no additional or special calculations need to be made as we have already accounted for the along lagoon projection of the wind components. 




http://connectedresearchers.com/online-tools-for-researchers/ 

Digital tools for researchers 

Presenter
Presentation Notes
Research Gate was back in 2014, and pretty useless…Not much info.   Some commercial folks trying to do this…  There’s a bunch of links, not sure how much are still live 



The Jupyter logo is an abstracted 
version of Galileo’s original drawings 
of the moons of Jupiter. “Galileo 
couldn’t go anywhere to buy a 
telescope,” Pérez said. “He had to 
build his own.” 

“…nobody in their sane mind challenges the fact that 
the praxis of scientific research is under major upheaval,” 
Pérez, the creator of Jupyter, wrote in a blog post in 2013.  

https://www2.hao.ucar.edu/Education/FamousSolarPhysicists/galileo-drawings-writings 

The axis of praxis 

Presenter
Presentation Notes
At one point, Pérez told me the name Jupyter honored Galileo, perhaps the first modern scientist…

Praxis:  practice, as distinguished from theory. Action, practice: such as. a : exercise or practice of an art, science, or skill. b : customary practice or conduct

Sometimes we stand on the shoulders of giants, other times will build from the ground up!

Sketches of the four moons of Jupiter, as seen by Galileo through his telescope. What he saw are the four larger moons of Jupiter, now known as Io, Europa, Ganymede and Callisto. The drawing depicts observations from the time period January 7 to 24, 1610. Galileo had considerable difficulty in recognizing the true meaning of what he was seeing; Callisto often layout side the (restricted) field of view of his telescope, Io often lost in Jupiter's glare, and some moon occasionally disappeared in Jupiter's shadow or behind or in front of the planet itself.

Galileo named the moons Medicean Stars, after the ruling Florentine family Medici. This was a move calculated to improve his chances of moving back to Florence, and it succeeded. The names used today were coined by Simon Mayr (1573-1624), who for a time claimed priority on their discovery.




Questions/Comments? 

So long, and thanks for all the fish! 

Presenter
Presentation Notes
Dad at his nursing home this summer learning how to use an iPad for the first time (at the ripe old age of 85!).  Streaming live a Marlins game via Sling TV… We were facetiming, etc.  An inspiration that you can teach an old dog new tricks.  The inexorable march of technology…
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