
The Initiative in 
Innovative Computing 

at Harvard

Alyssa A. Goodman

Professor of Astronomy 
& Founding Director of the 

Initiative in Innovative Computing, 
Harvard University

Scholar-in-Residence, 
WGBH Boston



from the 2009 IIC Report...



Where did IIC come from, and go?

Short Version

Response to Harvard’s 

“expansion” in Science, 

and into Allston.  
See IIC Whitepaper (2004) & Task 

Force on Science & Technology report 

(2005) for more.

Long Version 
(see the News on 
Allston & Harvard)

Current Status
Part of Harvard’s 
New School of 
Engineering and 
Applied Science
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IIC 2010: Part of Harvard’s New Engineering School



Filling the “Gap” 
between Science and Computer Science

Increasingly, core problems in  
science require computational 
solution

Typically hire/“home grow” 
computationalists, but often lack the 
expertise or funding to go beyond 
the immediate pressing need

Focused on finding elegant 
solutions to basic computer science 

challenges

Often see specific, “applied” 
problems as outside their interests

Scientific 
disciplines

Computer Science 
departments



Continuum

“Pure” Discipline 
Science

 
(e.g. Galileo)

“Pure” Computer 
Science 

(e.g. Turing)

“Computational Science”
Missing at Most Universities



Where are the optimal “IIC” problems?

Low High

Computer Science Payoff
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What is the right
shape for

that boundary?



IIC “Whitepaper” 
2004

IIC Report 
2009



IIC Symposium 2007



 

How do stars form in 

our Galaxy today?

What does the wiring 

diagram of the human 

brain look like?

How should we model 
blood flow in the human 

body from atomic to 
physiological scales?

How is science best 

communicated?

How should we use 

technology in 

teaching?

What’s “Dark Energy”?

What are the earliest 
structures in the 

Universe?



IIC Report 2009:
All 100+ pages 
available at this  
workshop’s website



One example...



Astronomical Medicine/3D
2005-2009

Results are fantastic–
but not instant!

Seamless Astronomy 
(2008-...)



Alyssa Goodman (IIC/CfA/FAS) 
Michael Halle (IIC/SPL/HMS) 

Ron Kikinis (SPL/HMS)
Douglas Alan (IIC)

Michelle Borkin (FAS/IIC)
Jens Kauffmann (CfA/IIC)

Erik Rosolowsky (CfA/UBC Okanagan)
Nick Holliman (U. Durham) 

Astronomical Medicine



The Astronomical Medicine Story

“Viz has failed 
the scientific 

community…”

Computer
Scientist

Computer
Scientist

Astronomer

Unsuspecting
Undergrad

+Nick Holliman (CS, 3D expert)
+Doug Alan (S/W Engineer) 
+Jens Kauffmann (postdoc)
+Erik Rosolowsky (postdoc) + ...
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COMPLETE=COordinated Molecular 
Probe Line Exinction Thermal Emission

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. in prep.)

Optical image (Barnard 1927)



“Keith” “Perseus”

“Astronomical Medicine”

“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”)



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. in prep.)

Optical image (Barnard 1927)

Perseus



AstronomicalMedicine@

3D Viz made with VolView

Perseus
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Some of What We’ve Learned...

Cores nest in coccoons
(Kauffmann et al. 2009) 

Gravity Matters
(Goodman et al. 2009) 

Tripled Outflows
(Borkin et al. 2008,9) 

Shells Rule
(Arce et al. 2009) 



New ways to share insight
“3D PDF”

data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set8 can be used to
show either that the frequency distribution of clumpmass is the same
as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork 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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency13.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with each other, and its implementation is
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. 2c).

A dendrogramof 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 (sv) and luminosity
(L). The volumes can have any shape, and in other work14 we focus on
the significance of the especially elongated features seen in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
that Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 km21 s
(ref. 15; see Supplementary Methods and Supplementary Fig. 2).
The derived values for size, mass and velocity dispersion can then be
used to estimate the role of self-gravity at each point in the hierarchy,
via calculation of an ‘observed’ virial parameter, aobs5 5sv

2R/GMlum.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where aobs, 2 (where gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p–p–v space where self-
gravity is significant. As aobs 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 fields16, its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.

Self-gravitating
leaves

CLUMPFIND segmentation
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to 13CO 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 self-
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 Tmb (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 with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–position–velocity (p–p–v) space.
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 ‘clumps’ are 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 sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (a and 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 (20.5 km s21) to back (8 km s21).
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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 data shown in Fig. 2c is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.
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Secret truths I learned from AstroMed at IIC

1. The story about the hammer & the screw is a 
cliché, but it’s true.  Don’t use “more” software 
than you must. (e.g. 3DSlicer/Osirix/VolView/AplPy/S2PLOT/custom apps)

2. Smart hackers rule.  Software engineering is great 
when you have the money & time.

3. Distribution is key.  There’s too much great S/W 
no one knows about.



My “advice” 
re:IIC-like Enterprises



“Seamless Astronomy” is collaboration amongst many researchers at CfA, MSR, Princeton, STScI, 
NYU, RPI, and UCLA, and it is supported by NASA, NSF and Microsoft External Research.

What I’m doing now...



Seamless Astronomy

Mockup based on work of Eli Bressert, excerpted from NASA AISRP proposal by
Goodman, Muench, Christian, Conti, Kurtz, Burke, Accomazzi, McGuinness, Hendler & Wong, 2008

Semantic 
Search

Data Viewer
(e.g. WWT)

Literature 
Viewer

Archive 
Browser

Info Viz for 
Search 
Results

3D
Viewer...

Sim-based 
Analytics



Touching Insight
The Scientists’ Discovery Room

movie courtesy Daniel Wigdor, equipment now in Chia Shen’s SDR lab at SEAS


