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Seeing More in Data

SEAMLESS
ASTRONOMY

Linking data, publications, and communities

The Seamless Astronomy Group at the Harvard-Smithsonian Center for Astrophysics brings
together astronomers, computer scientists, information scientists, librarians and visualization
experts involved in the development of tools and systems to study and enable the next generation of
online astronomical research.

Current projects include research on the development of systems that seamlessly integrate scientific
data and literature, the semantic interlinking and annotation of scientific resources, the study of the
impact of social media and networking sites on scientific dissemination, and the analysis and
visualization of astronomical research communities. Visit our pr to find out more.
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Harvard-Smithsonian Center for Astrophysics
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“Interocularity”
(see work of John Tukey)




What...

...is easier now than before?

fast computation, animation, 3D

...was easier before than now?

craftsmanship

..should be easier in the future?

modular craftsmanship, linked views



“Easier”

2011



(in 1854)
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Reproduced from Visual and Statistical Thinking, © E.R. Tufte 1997, based on Snow’s drawing
re: 1854 London cholera epidemic.
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Displaying
“high-dimensional’

with

“multi-functioning
graphical elements”

L

Reproduced from Visual and Statistical Thinking, © E.R. Tufte 1997, based on Snow’s drawing -
re: 1854 Lond epidemic..
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What Computers Can Let us Craft (2008)

Elements...

v Maps
v Tables

®Graphs
v Charts

v llustrations

v  Combinations
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What Computers (D3) Can Let us Craft (2012)

UPDATED June 12,2012
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Where the Heat and the Thunder Hit Their Shots

The shooting patterns for the players on the Miami Heat and the Oklahoma City Thunder reveal where they are most dangerous on the court. Below,
compare each player’s strengths using court maps and analysis by Kirk Goldsberry, a geography professor at Michigan State. Related Article »

RECOMMEND w TWITTER [J LINKEDIN & SIGN IN TO E-MAIL SHARE

All Shots 3-Pointers Midrange Close Range r:wmb?r o f atgemp;zh t::vms per regio-n High
Miami Heat Oklahoma City Thunder
5,209 1.01 [4d% 5,228 1.03 47.1%

.’\ R »
ﬁ The Heat rely on player positioning to create isolation plays for LeBron James The Thunder are effective from almost any area on the court and shoot many
and Dwyane Wade, often on the left side. The Heat take many fewer 3-point more 3-point shots than the league average. Kevin Durant and James Harden

shots than the Thunder. are potent from the top of the arc.
Cad

T — R
nhttp:/Ilwww.nytimes.com/interactive/2012/06/1 | /sports/basketball/nba-shot-analysis.html?_r=0


http://www.nytimes.com/interactive/2012/06/11/sports/basketball/nba-shot-analysis.html?_r=0
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Data ® Dimensions © Display



What...

...is easier now than before?

fast computation, animation, 3D

...was easier before than now?

craftsmanship

..should be easier in the future?

modular craftsmanship, linked views
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...was easier before than now?
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modular craftsmanship, linked views



First, the past...

Milestones: Time course of developments
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adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, 2009
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Galileo Galilei

(1564-1642)

fine with Jupiter and equal in magnitude

12l LoudNUNCIVO

On the third, at the seventh hour, the stars were arranged in this
juence. The eastern one was 1 minute, 30 seconds from Jupiter

’ L'l\“L‘,\[ western one 2 minutes; .ll]d [}M‘ \)(IICT western one wa

ist * o x > We:

y minutes removed from this one. They were absolutely on tl

ime straight line and of equal magnitude

On the fourth, at the second hour, there were four stars arow

upiter, two to the east and two to the west, and arranged precise

e Y g b o

n a straight line, as in the adjoining figure.

he casternmost wa
listant 3 minutes from the next one,

while this one was 40 second
rom Jupiter; Jupiter was 4 minutes from the nearest western one

d this one 6 minutes from the westernmost one. Their magnitude

:re nearly equal; the one closest to Jupiter appeared a little smalles

an the rest. But at the seventh hour the castern stars were only

2 seconds apart. Jupiter was 2 minutes from the nearer easten

ast * K O X x* West

mne, while he was 4 minutes from the next western one, and this
one was 3 minutes from the westernmost one. They were all equal
and extended on the same straight line along the ecliptic.

On the fifth, the sky was cloudy.

On the sixth, only two stars appeared flanking Jupiter, as 1s seen

-ast * O *x West

n the adjoining figure. The eastern one was 2 minutes and the
vestern one 3 minutes from Jupiter. They were on the same straight

On the seventh, two stars stood near Jupiter. hoth to the east

Notes for & re-productions of Siderius Nuncius




William Playtair
1759-1823)

Playfair, lithography
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Charles Joseph Minard, in color
(1781-1870)

Minard, color lithography
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desktop publishing, animation

“Web 2.0”, mashups
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adapted from Friendly," The Golden Age of Statistical Graphics,’ Statistical Science, in press (2008)
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“High-dimensional” or “Multivariate” Data
and High(er) Dimensional Displays

Robert J. Vanderbei www.princeton.edu/ " rvdb/JAVA/election2004/
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|II

“High-dimensional” or “Multivariate” Data
(Astronomy=Biology)

LETTERS

o(g 5) Homo sapiens (human)
44 L (0‘:0) Pan troglodytes (chimpanzee)
Pan paniscus (bonobo)
=22 Gorila gorila twestern lowland goriliQ : 2 B4-p5 loop
- Pongo pygmaeus pygmaeus (Bornean orangutan) 9, ~/ 15351

(6:0) 0‘; Hylobates syndactylus (island siamang) | w5344
_L'E Hyiobates leucogenys (white-cheeked gibbon)
of‘) Hylobates agilis albibarbis (agile gibbon)

2.2

3.8 E° . Colobus guereza (colobus monkay)
— Trachypithecus francoisi (Francois' leaf monkey)
: ) 3'1 Cercocebus atys (sooty mangabey)
Macaca muiatta (rhesus monkey)

(0',:)) Erythrocebus patas (patas monkey)
;AE Carcopithecus asthiops (African green monkey)
9.3 Miopithecus talapoin talapoin (talapoin monkey)
0.3 ":1 " Lagothrix lagotricha (common woolly monkey) 4
— Ateles geoffroyi (black-handed spider monkey) § s
(0:0) == Aotus tnivirgatus (owl monkay) E
0.8 _@ Callicebus moloch (dusky titi) g g

( E! JCIick to rotate) 1_,0Ez Callithix jacchus (common marmoset)
— Saguinus labiatus (red-chested moustached tamarin)

[ @ Self-gravitating || ] Al structure ] Galactose

leaves PKR Glucose PKR PKR+K3L
Orangutan

(1:0)

(22:0)

PKR kinase domain

Helix «E

Gorilla P < 0.0001

Uy Mgy

AGM

CLUMPFIND segmentation ] Rhesus
| Waolly Human Gibbon Orangutan

-ETi'(i
Tamarin

5 ; Human | g|F2q
Y & ) &
S R ) o> Q\ & .
o@%é‘c,\*‘i@‘g@@@% % g Gibbon | S51A
PKR | SRR o O o o

HA-K3L f' ia -

Viral titre

LN o R IR D W L B FELEL O R L

paa o s 1y s a1y
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Polotak

How much are we

held back today by
digital tools?
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How to advance the digital (visualization) tools
for quantitative research?

Projects

2011

ABOUT PROJECTS PEOPLE RESOURCES DATAVERSE

The Seamless Astronomy Group at the Harvard-Smithsonian Center for Astrophysics brings
toge(her astronomers, computer scientists, mformanon scientists, ibrarians and visualization
experts involved in the development of tools and systems to study and enable the next generation of
online astronomical research.

Current projects include research on the development of systems that seamlessly integrate scientific
data and literature, the semantic interlinking and annotation of scientific resources, the study of the
impact of social media and networking sites on scientific dissemination, and the analysis and
visualization of astronomical research communities. Visit our f t page to find out more

Dataverse
Network

Seamiess Astronomy:Alyssa Goodman Online Astronomy Group, CfA Data Archives: Gus Muench ADS Group:Alberto Accomaxxi
‘WorldWide Telescope Ambassadors: Pat Udomprasert High-Dimensional Data Visualixation & Interaction: Michelle Borkin
‘Wolbach Library Lab at CfA 1 Christopher Erdmann VAO at CfA: Pepi Fabbiano Socil Networks in Sciencet Alberto Pepe

Questions about using the Viz-e-Lab? Contact Sarah Block, 5-7331, sblock{@cfa.harvard.edu
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Data Collection
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Library Blog
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state of information visualization research is bleak. Each year at VisWeek I find a few gems

Translations ) )
oduced by thoughtful, well-trained information visualization researchers. They identified

pro gl

potentially worthy pursuits and did well-designed research that produced useful results. While

puzzling over the criteria that the jL o5 must have used when selecting this year’s best
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“Astronomical Medicine”

“KEITH” “PERSEVS”

Image size: 520 x 274 thirteenC0_249.tif

View size: 1305 x 733 thitteenCO_249.tif
WL 63 WW: 127 thitteenC0_249. tif
thitteenC0_249. tif

0

11:04:53 AM

Im: 21/249 7/26/05
Zoom: 227% Angle: 0 B Made In OsiriX

{3 1]

z" is depth into head “Z" is line-of-sight velocity

(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”)






How interactive?
How “linked”?

LETTERS

CLUMPFIND segmentation

Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to >CO emission from the L1448
region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green corresponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of T,,;, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled

Fig. 1. The 3D visualizations v pace.
RA, right ascension; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ¢ re not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sens: y of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increases from
front (—0.5km s

data, CLUMPFIND typically finds featur:
above but close to the ph Iresolution of the data, and i ults can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass is
as the initial mass function of stars or that it follows the much s

s function associated with large-

ntary Fig. 1).

rs before the advent of CLUMPFIND, ‘structure tree
were p sed as a way to characterize clouds” hierarchical structure
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using 2D maps of column density. With this early 2D work as inspira-
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p—p-v) data cube into
an easily visualized representation called a ‘dendrogram’’. Although
well developed in other data-i sive fields'""?, it is curious that the
application of tree methodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency”’.

Figure 3 and its legend explain the construction of dendrograms

ematically. The dendrogram quantifies how and where local m
ima of em merge with each other, and its implementation
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To make graphical presentation
possible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
cross, which eliminates dimensional information on the x axis while
preserving all information about connectivity and hierarchy.
Numbered ‘billiard ball’ labels in the figures let the reader match
features between a 2D map (Fig. 1), an interactive 3D map (Fig. 2a
online) and a sorted dendrogram (Fig. 2¢).

A dendrogram of a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, such as radius (R), velocity dispersion (¢,) and luminosity
(L). The volumes can have any shape, and in other work'* we focus on
the significance of the especially elongated featur en in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
that M = Xi3coLlizco, where X3¢0 =8.0 X 10* cm*K ™ "km™'s
(ref. 15; see Supplementary Methods upplementary Fig. 2).
The derived values for size, ma relocity di on can then be

ity at each point in the hierarchy,
al parameter, s = 5 *RIG. Mum-
fthe tree (Fig. 2, yellow highlighting)

2 (where gravitational energy is comparable to or larger
tic energy) correspond to regions of p where self-
gravity is significant. As o, only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields', its me
value should only be used as a guide to the longevity (boundedness) of
any particular feature.

al ma

Test level

tensity level

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The dendrogram (blue) can be constructed by
‘dropping’ a test constant emission level (purple) from above in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers
are found, and connected as shown. The intersection of a test level with the
emission is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D da
analogue of the tree shown here, only constr
than ‘point’ intersect It has been sorted and flattened for representation
at page, as fully representing dendrograms for 3D data cubes would
require four dimensions.

©2009 Macmillan Publishers Limited. All rights reserved

Goodman, Rosolowsky, Borkin, Foster, Halle,
Kauffmann & Pineda, Nature, 2009
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2008: Dendrostar by Douglas Alan

Initiative in Innovative Computing at Harvard
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2011: The (Medical) Value of Linked Views...

Michelle Borkin

Harvard School of Engineering & Applied Science Ph.D. student,
supervised by Alyssa Goodman (Astronomer) & Hanspeter Pfister (Computer Scientist)
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How much does viz matter?
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Participants more efficient in 2D.

Rainbow color map has greater detriment in 3D.
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Also in 2011: Linked (Astronomical) Dendrogram Views in IDL
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» Linked Statistical Graphics. With Glue, users can create scatter plots, histograms and images (2D and 3D) of
their data. Glue is focused on the brushing and linking paradigm, where selections in any graph propagate to all
others.

» Flexible linking across data. Glue uses the logical links that exist between different data sets to overlay
visualizations of different data, and to propagate selections across data sets. These links are specified by the
user, and are arbitrarily flexible.

« Full scripting capability. Glue is written in Python, and built on top of its standard scientific libraries (i.e., Numpy,
Matplotlib, Scipy). Users can easily integrate their own python code for data input, cleaning, and analysis.

.
T —

[the film!]

& python

Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille


http://vimeo.com/53378575
http://vimeo.com/53378575

Gluing glue to external APIs

g

Pt Lagwr s mage Walget

Q Glue Demo World Wide Telescope

‘rom Chris Beaumont ¢

e ——

http://vimeo.com/57078802


http://vimeo.com/57078802
http://vimeo.com/57078802

.‘

authorea.com (open publishing)
theastrodata.org (open datd) «——
glueviz.org (open source tools)
universe3d.org (collaborative data)
worldwidetelescope.org (universe information system)
virtual observatory standards (international online informationfsharing systems)

Supported by "Research ©

Alyssa Goodman, m:617-230-7080; milkywaybones.org



Microsoft® Research T

‘WorldWide Telesco PE  Experience WWT at worldwidetelescope.org
‘=1 Guided Tours D

Collections > All-Sky 5.rveys > d 103 p

. "" ‘ = v"-: paien :v-. .,.t — o cham§;

;
Digitized Sky Sury\ VLSS: VLA Low-fre WMAP ILC S5-Year ¢ SFD Dust Map (Inf IRIS: Improved Re 2MASS: Two Micro Hydrogen Alpha Fu

~ Control time to study how
the night sky changes

Seamlessly explore
imagery from the best
ground and space-based

telescopes in the world Expert led tours of
the Universe

View and compare
images from across the
electromagnetc spectrum

4 Finder Scope
N : Classification:
Much more than “just” Y Spiral|Galney
the Sky at night! . in Andromeda .
NGC224
Context bar shows

3D features can take Finder Scope links to

Context globe

you to other plqnets, e e Wikipedia, items of interest in : :
stars & galaxies. © pec: 41:16:00Distance:  publications, and data, current field of view LA LI
Alt: 70 : 06 : 26 Rise: s0 you can learn more you're looking.
Az:  275:42:17 Transit:
. : : Set: 00:35 o
Look At Imagery Image Credits: - A dromeda 01:58:26
Sky ~  Digitiz Data provided by two NASA satellites, the .
, — Infrared Astronomy Satellite (IRAS) and the -
== Cosmic Background Explorer (COBE). Processing .
@ (:3 http://astro.berkeley.edu/~marc/dust/ . :
Andromeda Three Fa  iggsearen™ TeRowobjec” ™gse ™ NGC221 M31 e —

Dec: 41:13:35


http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA

Astron. Nachr. / AN 333, No. 5/6, 505-514 (2012) / DOI 10.1002/asna.201211705

Principles of high-dimensional data visualization in astronomy

A.A. Goodman~

Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, USA

Received 2012 May 3, accepted 2012 May 4
Published online 2012 Jun 15

Key words cosmology: large-scale structure — ISM: clouds — methods: data analysis — techniques: image processing —
techniques: radial velocities

Astronomical researchers often think of analysis and visualization as separate tasks. In the case of high-dimensional data
sets, though, interactive exploratory data visualization can give far more insight than an approach where data processing
and statistical analysis are followed, rather than accompanied, by visualization. This paper attempts to charts a course
toward “linked view” systems, where multiple views of high-dimensional data sets update live as a researcher selects,
highlights, or otherwise manipulates, one of several open views. For example, imagine a researcher looking at a 3D volume
visualization of simulated or observed data, and simultaneously viewing statistical displays of the data set’s properties
(such as an z-y plot of temperature vs. velocity, or a histogram of vorticities). Then, imagine that when the researcher
selects an interesting group of points in any one of these displays, that the same points become a highlighted subset in all
other open displays. Selections can be graphical or algorithmic, and they can be combined, and saved. For tabular (ASCII)
data, this kind of analysis has long been possible, even though it has been under-used in astronomy. The bigger issue
for astronomy and other “high-dimensional” fields, though, is that no extant system allows for full integration of images
and data cubes within a linked-view environment. The paper concludes its history and analysis of the present situation
with suggestions that look toward cooperatively-developed open-source modular software as a way to create an evolving,
flexible, high-dimensional, linked-view visualization environment useful in astrophysical research.

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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