




Alyssa A. Goodman  
Harvard-Smithsonian Center for Astrophysics, Radcliffe Institute, @aagie

glueing together the Universe
glue

multidimensional data exploration

Tom Robitaille

Chris Beaumont

Michelle Borkin

Shuo Kong

Stefan Meingast

Josefa Großschedl

Catherine Zucker

Cara Battersby

Rowan Smith

Galileo Galilei

Josh Peek

Alberto Pepe

Jorma Harju Mike Chen John Huchra

http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org


glueing together the Universe
glue

multidimensional data exploration

http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org


glueing together the Universe
glue

multidimensional data exploration

Shuo Kong Catherine ZuckerGalileo Galilei Jorma Harju Mike Chen John Huchra

GMC GalaxyPlanet Core “Cloud” Universe

http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org


glueing together the Universe
glue

multidimensional data exploration

Shuo Kong Catherine ZuckerGalileo Galilei Jorma Harju Mike Chen John Huchra

Rowan Smith

Simulations too!

GMC GalaxyPlanet Core “Cloud” Universe

http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org


Notes for & re-productions of Siderius Nuncius

WorldWide Telescope

Galileo Galilei 
(1564-1642)



Galileo’s New Order,  A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010

Galileo Galilei
WorldWide Telescope



d3po/Authorea: Peek, Price-Whelan, Pepe, Beaumont, Borkin, Newton;  
PoF: Goodman, Peek; et al. 2015 WWT: Wong, Fay et al.; Astrometry.net: Hogg, Lang, Roweis et al.
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d3po/Authorea: Peek, Price-Whelan, Pepe, Beaumont, Borkin, Newton;  
PoF: Goodman, Peek; et al. 2015 WWT: Wong, Fay et al.; Astrometry.net: Hogg, Lang, Roweis et al.
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https://wwtambassadors.org/wwt/tours/john-huchras-universe


“John Huchra’s Universe” WWT Tour: Producer/Writer: Alyssa Goodman; Narrator/Editor: Robert Kirshner; Music: Jeremy Cushman

famous stickman “wedge” diagram

strip of galaxies on the Sky in CfA1 Redshift Survey
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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

http://adsabs.harvard.edu/abs/2012AN....333..505G
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video by Tom Robitaille, lead glue developer 
glue created by: C. Beaumont,  M. Borkin,  P. Qian, T. Robitaille, M. Breddels, and A. Goodman, PI 
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video by Tom Robitaille, lead glue developer 
glue created by: C. Beaumont,  M. Borkin,  P. Qian, T. Robitaille, M. Breddels, and A. Goodman, PI 



Video courtesy of Maarten Breddels, consulting developer

in the browser

and scholarly papers with/in “Jupyter” notebooks

Sneak Preview: Glue in the Browser (Fall 2018)



standard data 
loaders

custom data  
loaders

standard 
1D, 2D & 3D 

plots

custom  
plots

pl
ug

-in

Data 
File 2

Data 
File 1

Data 
File N

…

define new variables, 
import/export insights, 

interactive plots for the web, 
save state, all from GUIbu

ilt
-in

?

link data files’ 
attributes

highlight live or 
algorithmic selections 

with Boolean logic

custom buttons, features

user config.py file 
(loaders, colors, plot types, +)+o
pti

on
s

access to all matplotlib functions 
through built-in IPython terminal

run & interact with glue from  
Jupyter notebook & other tools

glueviz.org 

: a new instrument for discovery

http://glueviz.org
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Jorma Harju

No merging of data sets—just glue them.

An ALMA core



Just drag to visualize, e.g. series of 2D “channel maps.”

An ALMA core



o-NH2D

methanol

Adjust so each tracer is a different color.



o-NH2D

methanol

Create 3D views…

…see clearly 
“veil” of 

wind-blown 
methanol.



Create 3D views…

glueTraditional Rainbow Channel maps
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BONES in Glue+WWT
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Simulations too!
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GMC (Orion NRO+CARMA with VISION with Megeath Spitzer with Gaia with…)



linked-view exploratory analysis of 
high-dimensional data

combined 
data 

sources

plug-in 
architecture

new findings

GMC (Orion NRO+CARMA with VISION with Megeath Spitzer with Gaia with…)



new on arXiv today! (please look there for references & Orion details)



10QViz.org

http://10QViz.org






Changing Color Palette on a 256-level Image 

arcsinhlinear square root 

Changing Color Stretch on a 256-level Image 

log

Orion data from the Herschel Space Telescope | #OrioninManyColors

Dimensionality and Color



Borkin et al. 2011

10.2 sec/region
39% accurate

2.4 sec/region
91% accurate

cf. colorbrewer2.org

Dimensionality and Color

http://colorbrewer2.org



