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Big DAta, Wide Data
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BIG DATA and ”Human-Aided Computing” 

example here from: Beaumont, Goodman, Kendrew, Williams & Simpson 2014; based on Milky Way Project catalog (Simpson et al. 2013), which came from 
Spitzer/GLIMPSE (Churchwell et al. 2009, Benjamin et al. 2003), cf. Shenoy & Tan 2008 for discussion of HAC; astroml.org for machine learning advice/tools

mark bubbles

machine-
learning 
algorithm 
(Brut)



BIG DATA and ”Human-Aided Computing” 
mark neurons

machine-
learning 
algorithm 
(RF+CRF)

example here from: Kaynig...Lichtman...Pfister et al. 2013, “Large-Scale Automatic Reconstruction of Neuronal Processes from Electron Microscopy
Images”; cf. Shenoy & Tan 2008 for discussion of HAC; astroml.org for machine learning advice/tools (Note: RF=Random Forest; CRF=Conditional Random Fields.)



Big DAta, Wide Data



Temperature Foreground amplitudes from Commander, Planck Data [Feb 2015]

Wide Data



mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al.)

Optical image (Barnard 1927)

Wide Data



Big and Wide Data



Movie: Volker Springel, formation of a cluster of galaxies. Millenium Simulation requires 25TB for output.



Adding A third Dimension

Spectral Line Observations



third dimension often hidden

Spectral Line Observations

Mountain Range No loss of
information

Loss of
1 dimension



1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”

1D
2D
3D
4D

“Data, Dimensions, Display”



mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al.)

Optical image (Barnard 1927)

Wide Data, “In 3D”



AstronomicalMedicine@

3D Viz made with VolView



Big + Wide in 2006

   GAS  GBT Ammonia Survey of All the Cores in Perseus 
(Rachel Friesen & Jaime Pineda, PIs + 20 co-Is)

+ MASSES  SMA Survey of All the Outflows in Perseus 
(Mike Dunham, PI + 10 co-Is)

was

are Big now...



but, let’s talk Wide for a few minutes..
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30-year story of (Coherent) Dense Cores: Myers & Benson 1983, Goodman et al. 1998, Pineda et al. 2010, 2011, 2015
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Pineda, Offner, Parker, Arce, Goodman, Caselli, Fuller, Bourke & Corder 12 February 2015, Nature

Super high-Resolution
shows that stars form in fragmenting filaments (Not in boring Blobs)



blue =VLA ammonia (high-density gas); green=GBT ammonia (lower-res high-density gas); red=Herschel 250 micron continuum (dust)

Goodman, Chen, Offner & Pineda 2015 in prep.

Super-wide data
show that filaments continue from PC scales into core innards?!
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Wide data (CONTEXT) gives the discovery...

but it’s derived from BIG surveys and high RESOLUTION data sets
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3D

2D

Data Abstraction
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Linked Views of High-dimensional Data

figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”

John Tukey



DataDesk (est. 1986)



Video & implementation: Christopher Beaumont, Harvard➔Counsyl; 
inspired by AstroMed work of Douglas Alan, Michelle Borkin, AG, Michael Halle, Erik Rosolowsky

Linked Views of High-dimensional Data



great. but that was all from one data file.

(And it was in Software that costs $1000.)



Glue

Linked Views of High-dimensional Data (in Python)

glue
multidimensional data exploration

Christopher Beaumont, w/A. Goodman, T. Robitaille & M. Borkin



Linked, interacitve views of Big
Wide data                      ...and literature



Once upon a time (2012), in an 
enchanted castle (in Bavaria)

...at a conference about 
“The Early Phases of Star Formation”



Andi Burkert asked a question: 

Is Nessie “parallel to the Galactic Plane”?

No one knew.

image: Spitzer IRAC/MIPS, GLIMPSE/MIPSGAL composite



WorldWide Telescope (easy access to Big &Wide data) to the rescue...

Yes, parallel to the plane...and much longer than had been realized.
 But why not at Zero of Latitude (b=0)?
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Nessie is in the plane. And at distance of spiral arm.

Great long story you don’t get to hear now--ask me at lunch...
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no tilt of plane

with tilt...eerily precisely...
How do we know 

the velocities? 



Nessie in Glue glue
multidimensional data exploration



+20 pc

-20 pc

100 pc

Smith et al. 2014, using AREPO (hydro+chemistry, imposed potential, no B-fields, no local (self-)gravity, no feedback)

2014 Simulation



WWT used to search for more of the “skeleton”



6 out of 10 Bone candidates Look Excellent in “3D”
(Positon-Position-Velocity space)

Blue image in the background shows CO position-velocity diagram based on Dame et al. 2001



tinyurl.com/galaxyskeleton

“We present the first evidence of additional 
bones in the Milky Way Galaxy, arguing that 
Nessie is not a curiosity but one of several 
filaments that could potentially trace 
Galactic structure.”



WorldWide	
  Telescope:	
  OpenWWT

glue
multidimensional data exploration



Linked, interacitve views of Big
Wide data                      ...and literature



WorldWide	
  Telescope:	
  ADS	
  All-­‐Sky	
  Survey adsass.org



WorldWide	
  Telescope:	
  Data↔Literature

WikipediaSIMBAD	
  Data

ADS	
  ArAcles
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Web	
  or	
  Windows:	
  “right-­‐click”



WorldWide	
  Telescope:	
  ADS	
  All-­‐Sky	
  Survey adsass.org



WorldWide	
  Telescope: flickr.com/groups/astrometry/	
  ADSASS/oldAstronomy
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glue
multidimensional data exploration

WorldWide	
  
Telescope

WorldWide	
  
Telescope

WWT will be fully open-source on GitHub in 2015.
Dataverse & Authorea links to WWT...
Glue is funded by NASA/JWST.
On the horizon: CARTA/NRAO (visualizer for big cubes)

Interactivity in 3D, especially for “big data” is “an opportunity”...

ADSASS will be linked to AAS/IOP AstroImage Explorer + WWT.

“oldAstronomy” will extend ADSASS beyond optical, via Zooniverse.
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planck.ipac.caltech.edu/wwt

Wide Data in WWT


