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Abstract Most scientific data will never be directly
examined by scientists; rather it will be put into online
databases where it will be analyzed and summarized by
computer programs. Scientists increasingly see their
instruments through online scientific archives and analysis
tools, rather than examining the raw data. Today this
analysis is primarily driven by scientists asking queries, but
scientific archives are becoming active databases that self-
organize and recognize interesting and anomalous facts as
data arrives. In some fields, data from many different
archives can be cross-correlated to produce new insights.
Astronomy presents an excellent example of these trends;
and, federating Astronomy archives presents interesting
challenges for computer scientists.

Introduction

Computational Science is a new branch of most disciplines.
A thousand years ago, science was primarily empirical.
Over the last 500 years each discipline has grown a
theoretical component. Theoretical models often motivate
experiments and generalize our understanding. Today most
disciplines have both empirical and theoretical branches. In
the last 50 years, most disciplines have grown a third,
computational branch (e.g. empirical, theoretical, and
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statistics among sets of data points in a metric space. Pair-
algorithms on N points scale as N°. If the data increase a
thousand fold, the work and time can grow by a factor of a
million. Many clustering algorithms scale even worse.
These algorithms are infeasible for terabyte-scale datasets.

The new online science needs new data mining algorithms
that use near-linear processing, storage, and bandwidth, and
that can be executed in parallel. Unlike cument algorithms
that give exact answers, these algorithms will likely be
heuristic and give approximate answers [Connolly,
Szapudi].

Astronomy as an Archetype for Online Science
Astronomy exemplifies these phenomena. For thousands of
years astronomy was primary empirical with few theoretical
models. Theoretical astronomy began with Kepler is now
co-equal with observation. Astronomy was early to adopt
computational techniques to model stellar and galactic
formation and celestial mechanics. Today, simuktion is an
important part of the field — producing new science, and
solidifying our grasp of existing theories.

Astronomers are building telescopes that produce terabytes
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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 indi

the dendrogram shown in c. Purple illustrates the smallest

gravitating structures in the region corresponding to the lea

dendrogram; pink shows the smallest surfaces that contain dis

gravitating leaves within them; and green corresponds to the s

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 ‘sel

gravitating’ leaves labelled with billiard balls are the same as those shown in

Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
ion; dec., declination. For comparis vith the ability of

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-t i imply 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
Adobe Acrobat version 7.0.8 or higher). In
n, 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 fr
front (—0.5kms ') to back (8 kms ™).

data, CLUMPFIND typically finds features on a limited range of
above but close to the physical resolution of the data, and its results
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 the same
as the initial mass function of s or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplemer Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees’”
were proposed 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-intensive 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
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 ns, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not

hich eliminates dimensional information on the x axis while

ving 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 dendrogram of a spectral-line data cube allows for the estimation
of key physical proper ciated with volumes bounded by
surfaces, such as radius (R), velocity dispersion (,) and luminosity
(L). The > 2 hape, and in other work'* we focus on
the signific 0 elongated features seen in L1448

oLi3co X3 Yem?K 'km ™ 's
e Supplementary Meth and Supplementary Fig.
ed values for size, ma nd velocity dispersion can then be
sed to estimate the role of self-gravity at each point in the hi
meter, o

In principle, extended portions of the tree (Fig. 2, yellow highlighting)
Jbs < 2 (where gra : y is comparable to or larger
than kinetic energy) correspond to regions of p—p—v space where self-
gravity is significant. As o, only represents the ratio of kinetic energy

to gr X
capture external over-pressure and/or magnetic fields'’, its measured
value should only be used as a guide to the longevity (boundedness) of

any particular feature.
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Intensity level

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional

). The dendrogram (blue) can be constructed by

ant emission level (purple) from above in tiny steps

hown. The intersection of a test level with the
ion 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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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 indi
the dendrogram shown in c. Purple illustrates the smallest
gravitating structures in the region corresponding to the lea
dendrogram; pink shows the smallest surfaces that contain dis
gravitating leaves within them; and green corresponds to the s
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 ‘sel
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
ion; dec., declination. For comparis vith the ability of
tructure, 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
Adobe Acrobat version 7.0.8 or higher). In
n, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown i
Fig. 1, and velocity with respect to the Local Standard of Rest increases fr
front (—0.5kms ') to back (8 kms ™).

data, CLUMPFIND typically finds features on alimited range o
above but close to the physical resolution of the data, and its results

rerly 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 the same
as the initial mass function of s or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplemer Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees

were proposed 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-intensive 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
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 ns, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not

hich eliminates dimensional information on the x axis while

ving 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 dendrogram of a spectral-line data cube allows for the estimation
of key physical proper ciated with volumes bounded by
surfaces, such as radius (R), velocity dispersion (,) and luminosity
(L). The > hape, and in other work'* we focus on

elongated features seen in L1448
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In principle, extended portions of the tree (Fig. 2, yellow highlighting)

Jbs < 2 (where gra : y is comparable to or larger
than kinetic energy) correspond to regions of p—p—v space where self-
gravity is significant. As o, only represents the ratio of kinetic energy
to gr X
capture external over-pressure and/or magnetic fields'’, its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.
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Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional

). The dendrogram (blue) can be constructed by

ant emission level (purple) from above in tiny steps

hown. The intersection of a test level with the
ion 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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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 indi
the dendrogram shown in c. Purple illustrates the smallest
gravitating structures in the region corresponding to the lea
dendrogram; pink shows the smallest surfaces that contain dis
gravitating leaves within them; and green corresponds to the s
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 ‘sel
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
ion; dec., declination. For comparis vith the ability of
tructure, 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
Adobe Acrobat version 7.0.8 or higher). In
n, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown i
Fig. 1, and velocity with respect to the Local Standard of Rest increases fr
front (—0.5kms ') to back (8 kms ™).

data, CLUMPFIND typically finds features on alimited range o
above but close to the physical resolution of the data, and its results

rerly 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 the same
as the initial mass function of s or that it follows the much shal-
lower mass function associated with large-scale molecular clouds

. . (Supplemer Fig. 1).
Four years before the advent of CLUMPFIND, ‘structure trees

were proposed 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-intensive 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
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 ns, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not

hich eliminates dimensional information on the x axis while

ving 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 dendrogram of a spectral-line data cube allows for the estimation
of key physical proper ciated with volumes bounded by
surfaces, such as radius (R), velocity dispersion (,) and luminosity
(L). The > hape, and in other work'* we focus on

elongated features seen in L1448

that My, oLi3co X3 em?K 'km ™ 's
(ref. 1 e Supplementary Meth and Supplementary Fig.
The derived values for size, mass and velocity dispersion can then be
sed to estimate the role of self-gravity at each point in the hi
meter, o

In principle, extended portions of the tree (Fig. 2, yellow highlighting)

Jbs < 2 (where gra : y is comparable to or larger
than kinetic energy) correspond to regions of p—p—v space where self-
gravity is significant. As o, only represents the ratio of kinetic energy
to gr X
capture external over-pressure and/or magnetic fields'’, its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.
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Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional

). The dendrogram (blue) can be constructed by

ant emission level (purple) from above in tiny steps

hown. The intersection of a test level with the
ion 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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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

gravitating structures in the region corre:

dendrogram; pink shows the smallest surfaces that contain disti

gravitating leaves withi reen Cor’ s surface in the

data cube containing all the %mmdm emission. Dendrogram branches
responding to self-gravitating objects have been highlighted in yellow

over the range of T}, (main-beam temperature) test-level values for which

al parameter is less than 2. The x—y lo of the four ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visuali:

Fig. 1, and velocity with respect to the Local Standard of Rest increases
front (—0.5 s ) to back (8kms '),

data, CLUMPFIND typically finds features on alimited range of scales,

above but close to the ph; resolution of the data, and its results can

ellv dependent on input parameters. By tuning CLUMPFIND’s

arameters, thc same muluuld line data s an be used to

ribution of clump mass 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).
> the advent of CLUMPFIND, ‘structure tr

were proposed as a way to characterize clouds’ hierarchical structure
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using 2D maps of column density. With this ea v nspira-
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-intensive fields'"'?, it is curious that the
application of tree methodologi r in astrophy 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 ltUtnd explain the construction of dcndl(wmms
hematically. T dmdlogmm 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
sitivity to algorithm parameters. To make graphical presentation
ible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
, which eliminates dimensional information on the x axis while
ing 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 dendrogram of a sp -line data cube allows for the estimation
ey physical properties associated
such as radius (R), velocity dispersion (¢,) and luminosity
slume 2 ape, and in other work f
the significance of the especially elongated features seen in 11448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
that Mium = Xi3c0Li3co, where Xi5c0 =8.0 X 10* cm®*K ™ "km ™ 's
(ref. 15; see Supplementary Mett and Supplementary Fig.
The derived values for size, mass and velocity dispersion can then be
used to estimate the role of s avity at each point in the h erarchy,
via calculation of an ‘observed’ virial parameter, oo 2RI GMjum-
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where o, (where gravitational energy is comparable to or larger
tlmn 1\1116t1 energy) correspond to regions of p—p—v space where self-
gravi ignificant. As o, only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not L\plmtly

capture external ¢ pressure and/or magnetic fields'®, its measured

value should only be used as a guide to the longevity (boundedness) of

any particular feature.
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Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
on profile (black). The dendrogram (blue) can be constructed by
ion 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

ssion 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.

©2009 Macmillan Publishers Limited. All rights reserved

Goodman et al. Nature, 2009

Tuesday, July 31, 20

tar Formation

“o-p-v" cubes

True 3D
Structure

hat's bound?/
irial Theorem




' Data

“Taste-Testihg’

Dimensions Linked Views [Sim:Data]
Display |

5,:» miess Open Data
stronomy Open Tools

[/ the future|

Tuesday, July 31, 2012



“High-Dimensional” Data

ATMOSPHERIC AND OCEANIC TEMPERATURE CHANGE

Q
b
o
I3V
-
™
>
>
3
>
©
©
(72]
o)
S5
T


http://www.pnas.org/content/99/1/455/F1.expansion.html
http://www.pnas.org/content/99/1/455/F1.expansion.html
https://www-pls.llnl.gov/?url=science_and_technology-earth_sciences-ocean_temperatures
https://www-pls.llnl.gov/?url=science_and_technology-earth_sciences-ocean_temperatures
http://visiblecement.nist.gov/
http://visiblecement.nist.gov/

“High-Dimensional” Data

ATMOSPHERIC AND OCEANIC TEMPERATURE CHANGE

g

Q
¥
o
I3V
-
™
>
>
3
>
©
©
(72]
o)
S5
T


http://www.pnas.org/content/99/1/455/F1.expansion.html
http://www.pnas.org/content/99/1/455/F1.expansion.html
https://www-pls.llnl.gov/?url=science_and_technology-earth_sciences-ocean_temperatures
https://www-pls.llnl.gov/?url=science_and_technology-earth_sciences-ocean_temperatures
http://visiblecement.nist.gov/
http://visiblecement.nist.gov/

“High-Dimensional” Data

ATMOSPHERIC AND OCEANIC TEMPERATURE CHANGE

Q
¥
o
I3V
-
™
>
>
3
>
©
©
(72]
o)
S5
T


http://www.pnas.org/content/99/1/455/F1.expansion.html
http://www.pnas.org/content/99/1/455/F1.expansion.html
https://www-pls.llnl.gov/?url=science_and_technology-earth_sciences-ocean_temperatures
https://www-pls.llnl.gov/?url=science_and_technology-earth_sciences-ocean_temperatures
http://visiblecement.nist.gov/
http://visiblecement.nist.gov/

-

caracaon of
Ar~a nf nterest

tallivAaman M Av eara la
o

Geosvatia Frarttewnrk i

Tuesday, July 31, 20



http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm

[P
Q
=
o]

=
(&)
(3]
-

e
=

L

Area of Interest

el

Geospatial Frantework

Al
—
o
Al
-
(sp)
=
>
)
>
@©
O
(%]
o}
S5
|



http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm

12um 25um 60um90um

xtration of
Area of Interest

BVJHK

Gemini NIRI
Gemini Michelle
IRAS

Spitzer MIPS 24um

ISO
Gemini Michelle spectrum

=
s
P
D
-
0)}
)
>
=
L

star + 700K dust continuum

10
Wavelength (um)

Tuesday, July 31, 2012


http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm
http://www.fas.org/irp/agency/nima/masterplan/vol1/vol1body.htm

AN\ N\

GENERALLY
I D: Columns ="“Spectra”,“SEDs” or “Time Series”

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

Tuesday, July 31, 2012



\
\
\
\

\
\
\

\\

GENERALLY
I D: Columns ="“Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes =“3D Renderings”,“2D Movies”
4D: Time Series of Volumes ="“3D Movies”

Tuesday, July 31, 2012



AN\ N\

GENERALLY
I D: Columns ="“Spectra”,“SEDs” or “Time Series”

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

Tuesday, July 31, 2012



AN\ N\

GENERALLY
I D: Columns ="Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes =“3D Renderings”,"2D Movies”
4D: Time Series of Volumes ="“3D Movies”

Tuesday, July 31, 2012



\\\\\\\.

N N N . N

GENERALLY
I D: Columns ="Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes =“3D Renderings”,"2D Movies”
4D: Time Series of Volumes ="“3D Movies”

Tuesday, July 31, 2012



GENERALLY

I D: Columns ="“Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes =“3D Renderings”,"2D Movies”
4D: Time Series of Volumes ="“3D Movies”




AN\ N\

GENERALLY
I D: Columns ="“Spectra”,“SEDs” or “Time Series”

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

Tuesday, July 31, 2012



GENERALLY
I D: Columns ="Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes =“3D Renderings”,"2D Movies”
4D: Time Series of Volumes ="3D Movies”




GENERALLY
I D: Columns ="Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes =“3D Renderings”,"2D Movies”
4D: Time Series of Volumes ="“3D Movies”




mm peak (Enoch et al. 2006)

C®MNPLETE Perseus

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

3CO (Ridge et al. 2006)

mid-IR IRAC composite

from c2d data (Foster,
Laakso, Ridge, et al.)

Optical image (Barnard 1927)




C@/V\PLETE Perseus ) mm peak (Enoch et al. 2006)

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

3CO (Ridge et al. 2006)

mid-IR IRAC composite

from c2d data (Foster,
Laakso, Ridge, et al.)

. a. Optical image (Barnard 1927)

| 'y
! ; 2
4"’
' 4 e
s 1 .
y
A.‘ | '1"*
b 5 hd vl N -~ L4 'n A
OQM: 2277 ARgiE U e ST -5
= .-y T e Sk TG D o g (R N AP AL oy T T s . A L P R ) o S . >3 é s
I.:': u. e .- ..". .-' ~ 2 '..: ";.. '..;. - f £e .O?.' - T '.‘. -7 o"’ .'..‘.‘ . ‘-’ ‘ ¥ " Ap v e '; " ’ - ¥ " ~ . . ..‘
e v '...‘ - " » AP IS B gt 4, . > o T Teop - it o (,"Q' o . X 4 ~ » iy P2 A% .,
‘ ‘4 1 B - Al e ’ Y g .'S 4 o Va8 A s . o PR P E PN - .. . e -l - ) o a ST 2
- . . S i, VS 3 - .- \- " o™ P AW ., . vy s pd 1 vy e B - - . = ‘ [ o . ¥ 2% ‘o P+ > o
. hED - 5 b B8 . b Y. o TP S o s . Pt o - . . ot 4 v » . - % g, T W - . S ™ , A
= : ....\... N ‘.’. . PO 0aL R SRS TR R ‘ e S = Lo 3 .‘,, 3 7 .o.P. bove . . ‘ .- . D v, -7y < T - ..,?.
. » i ‘."',‘. '..'. v. " Sy, - & < .\.- "r “u¥ Y - - "- .?:. - '_‘.:z.‘ DL '.! _.." "-f - .'. e .f.-l 5 '\_,/- . 2 o, A' .,'. e B 4 '- ’ .’.'
,:‘-..» 7...“.‘ o N ..‘- < - RO - N .' DL 2L Fieb I . .: ‘3-. 4 % -_-‘: & e '.'. . -o.° PN - PR T, ? B ._.n - P oL ; o ATy ’... ey . .a 4 . -y C ¥ '.; ot ry
Tuesday, July 31, 2012



mm peak (Enoch et al. 2006)

C®MNPLETE Perseus

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

3CO (Ridge et al. 2006)

mid-IR IRAC composite

from c2d data (Foster,
Laakso, Ridge, et al.)

Optical image (Barnard 1927)




Astronomic

Tuesda




Astronomical

Tuesday, July 31, 2012




3D Viz made with VolView
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Principles of high-dimensional data visualization in astronomy
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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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Value of “Linked Views” from Harvard Undergrad Thesis™ Work

on “A Hierarchical Catalog of Molecular Clouds in the Milky Way”

Jsing R—o, to disambiguate distances

e o Near size
Far size

10! 102
Size (nc)

Galactic y (kpc)

Deriving R—o, in the Outer Galaxy

-5 5

0
Galactic x (kpc)

Fig. 8.— All of the “bound clouds” identified in our catalog, plotted face-on in Galactocentric

X, Y coordinates. The Sun is located at the yellow star in the upper center. Green: Outer Size (pc)

Galaxy; Blue: Near Distance or single-distance solution; Red: Far distance. Fig. 5.— The size-linewidth relationship for clouds in the Outer Galaxy. We obtained a fit
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Universe

This WorldWide Telescope Tour was created to thank
John Huchra (1948-2010) for the knowledge and cheer he gave us all.

also available on YouTube (search “John Huchra’s Universe™)
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The WorldWide Telescope Ambassadors Program

Login | Register

6 WorldWide Telescope Ambassadors Search this site: -

HOME ABOUT LEARNWWT FINDTOURS EDUCATORS AMBASSADORS COMMUNITY  GETWWT

WWT Ambassadors have had a busy and productive spring! We demo'ed WWT at the USA Science
and Engineering Festival and two local science festival events in Cambridge to engaged and
enthusiastic crowds of close to 2000 people. The most common refrain we heard was, "Really? | can
download this at home for free?" Ambassadors continue to be impressed by the astute questions and
observations made by children who are given the opportunity to explore our universe for the first time.
"Why is Pluto's orbit so out of whack from all the other planets'?" "Why does Jupiter have so many
more moons than other planets?" "How long would it take for us to travel far enough outside the Milky
Way to take a picture of it?"

2 t '
: __ i wwtambassadors.org ’
Login or register to post comments ¥ Read more

Curtis Wong & Jonathan Fay
3’ Microsoft Research
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Gains in Student Interest and Understanding
(“Traditional Way” vs “WWT Way™)

Group B (Traditional) Group A (With WWT)
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e — L & ]

interest in Science!’

How much factual knowledge
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How interested are you in

. e —
using a real telescope’
| 1 | 1 1 1 1

-0.5 -0.25 0 0.25 0.5 0.75 1.0

Effect Size: Gain (or Loss) in Units of Pre-Test Standard Deviation
(Error bars show * | Standard Error of the Mean)
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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 project page to find out more.

0 sHRRE K t=

Latest Announcements

Introducing the Astronomy
Dataverse

Latest Feed Items

@rahuldave there is a
writeboard with my notes...
More at next
#seamlessastronomy next
week.

Thanks to @astrobites and
@astroknight06 for great
summary
http://t.co/jWWFTOCD of our
High-D Data Viz work! #ivoa
#seamlessastronomy
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Projects

Seamless integration of scientific data and literature

Astronomical data artifacts and publications exist in disjointed repositories. The
conceptual relationship that links data and publications is rarely made explicit. In
collaboration with ADS and ADSlabs, and through our work in conjunction with
the Institute for Quantitative Social Science (IQSS), we are working on developing a
platform that allows data and literature to be seamlessly integrated, interlinked,
mutually discoverable.

ADS All-SKy Survey (ADSASS)

The ADS All-Sky Survey (ADSASS) is an ongoing effort aimed at turning the NASA
Astrophysics Data System (ADS), widely known for its unrivaled value as a
literature resource for astronomers, into a data resource. The ADS is not a data
repository per se, but it implicitly contains valuable holdings of astronomical data,
in the form of images, tables and object references contained within articles. The
objective of the ADSASS effort is to extract these data and make them
discoverable and available through existing data viewers. The resulting ADSASS
data layer promises to greatly enhance workflows and enable new research by
tying astronomical literature and data assets into one resource. More information
can be found on this conference paper.

Astronomy Dataverse

Astronomers use, peruse and produce vast amounts of scientific data. Making
these data publicly available is important because it supports the reproducibility
of results, and ensures their long term preservation and reuse. While raw
astronomical data are normally stored and made public available via large-scale
archives, reduced data are often left out entirely from both astronomical archives
and related publications.

In a pilot study in 2011, we are evaluating the Dataverse, an open data archive
hosted by Harvard University and managed by the Institute for Quantitative Social
Science (IQSS), as a project-based repository for the storage, access, and citation
of reduced astronomical data. We have interviewed a set of 10 astronomers about
their needs, and the prototype CfA Dataverse is now online.

WorldWide Telescope (WWT)

WorldWide Telescope provides a rich contextual visualization environment for
astronomical data. Our group collaborates with the WWT Team at Microsoft
Research both to enrich WWT for use in research as well as in teaching. On the
research end, we seek to integrate WWT "Seamlessly" with VAO-sponsored
projects, as well as with ADS Labs. On the teaching end, we founded and now run
the WorldWide Telescope Ambassadors outreach effort.

N\

-y

Semantic
Web

SEAMLESS ASTRONOMY

Viz-e-Lab

Established in 2011, the Viz-e-Lab was established as a testing ground for new
software efforts in visualization and e-Science at the CfA. Seamless Astrononmy
projects are piloted and tested on users in this space, located on the third floor
of the 160 Concord Avenue building of the CfA. The lab is used to test new
hardware--primarily input devices--as well as new software. At present, two
main focii are the development of sophisticated tools “linked view" visualization of
high-dimensional data, and the integration of WorldWide Telescope into
research and teaching paradigms.

Study of the impact of social media and networking sites on scientific
dissemination

Astronomers, and more broadly, the scientific community, are increasingly using
blogging, micro-blogging, and other social media for both discovering and
disseminating scientific knowlegde. We are exploring several avenues for studying
the impact of Twitter and other social networking sites on scientific readership.

Network analysis and visualization of astronomical research communities
We use network analytic techniques to mine the astronomical bibgliographic
archives and detect disciplinary and geographical clusters, and communities of
practices of scientists. A network visualization of co-authorship networks in
Physics and Astronomy is being implemented on the ADSlabs platform and is
currently available. Try this out on ADS Labs by doing a search and then choosing
"View as Author Network."

Data citation practices in Astronomy

How do astronomers cite scientific data? Are astronomical reduced data included
in scholarly papers as supplemental material? Are cited data discoverable and
reusable? We are performing link and content analyses of bibliographic
repositories in astronomy to understand whether astronomical data used for the
publication of scientific research can be discovered, accessed, and reused. On ADS
Labs, choose "View as Paper Network" after a search to get a feel for the data
available.

Semantic description and annotation of scientific resources
RDF store and facets, and links to semantic ADS.

Tuesday, July 31, 2012
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What is Universe3D.org?

The intention of Universe3D.org is to host links to web content that enable the enhancement of our three-dimensional view of the Universe.

Recently added Dataset

SLOAN Digital Sky Survey (¥ The Sloan Digital Sky Survey or SDSS is a
major multi-filter imaging and spectroscopic redshift survey using a
dedicated 2.5-m wide-angle optical telescope at Apache Point Observatory
in New Mexico, United States. The main galaxy sample has a median
redshift of z = 0.1; there are redshifts for luminous red galaxies as far as z
= 0.7, and for quasars as far as z = 5; and the imaging survey has been
involved in the detection of quasars beyond a redshift z = 6.

Astronomy News
_P_ . —_————bbbb b m 0 mu 0 T Y ————————

o June 26, 2012: Astronomers use supercomputer to explore role of dark
matter in galaxy formation

e June 25, 2012: Moon to pass by Mars tonight

e June 24, 2012: Astronomers find planets so close they 'see' each other
in night sky

e June 14, 2012: Huge Asteroid to fly by Earth

e June 13, 2012: Astronomers may have discovered the oldest galaxy in
the Universe

e June 5, 2012: Last Transit of Venus for the 21st century

Announcements
_m-—m

o July 05, 2012: Website moved to the URL universe3d.org!

e June 11, 2012: Website moved to MediaWiki!

e December 5, 2011: Site established!
To make good on Alyssa Goodman's promise at the "Milky Way 2011"
meeing held in Rome this past September, the site "universe3d.org" has

Read Edit View history

nan My talk My preferences My watchlist My contributions Log out

The Milky Way

A Roadmap to the Milky Way

(artist's concept)

NASA / JPL-Caltech / R, Hurt (SSC-Caltech)

$5c200810a

been established. By 2012, it will be populated with links to existing data
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The World-Wide Telescope, an Archetype for Online Science

Jim Gray
Microsoft Research
Gray @Microsoft.com

Abstract Most scientific data will never be directly
examined by scientists; rather it will be put into online
databases where it will be analyzed and summarized by
computer programs. Scientists increasingly see their
instruments through online scientific archives and analysis
tools, rather than examining the raw data. Today this
analysis is primarily driven by scientists asking queries, but
scientific archives are becoming active databases that self-
organize and recognize interesting and anomalous facts as
data arrives. In some fields, data from many different
archives can be cross-correlated to produce new insights.
Astronomy presents an excellent example of these trends;
and, federating Astronomy archives presents interesting
challenges for computer scientists.

Introduction

Computational Science is a new branch of most disciplines.
A thousand years ago, science was primarily empirical.
Over the last 500 years each discipline has grown a
theoretical component. Theoretical models often motivate
experiments and generalize our understanding. Today most
disciplines have both empirical and theoretical branches. In
the last 50 years, most disciplines have grown a third,
computational branch (e.g. empirical, theoretical, and
computational ecology, or physics, or linguistics.)

Alex Szalay
The Johns Hopkins University
Szalay@jhu.edu

statistics among sets of data points in a metric space. Pair-
algorithms on N points scale as M. If the data increase a
thousand fold, the work and time can grow by a factor of a
million. Many clustering algorithms scale even worse.
These algorithms are infeasible for terabyte-scale datasets.

The new online science needs new data mining algorithms
that use near-linear processing, storage, and bandwidth, and
that can be executed in parallel. Unlike curmrent algorithms
that give exact answers, these algorithms will likely be
heuristic and give approximate answers [Connolly,
Szapudi].

Astronomy as an Archetype for Online Science
Astronomy exemplifies these phenomena. For thousands of
years astronomy was primary empirical with few theoretical
models. Theoretical astronomy began with Kepler is now
co-equal with observation. Astronomy was early to adopt
computational techniques to model stellar and galactic
formation and celestial mechanics. Today, simuktion is an
important part of the field — producing new science, and
solidifying our grasp of existing theories.

Astronomers are building telescopes that produce terabytes
of data each year -- soon terabytes per night. In the old
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Authorea

Get your research done. Collaboratively. On the web.

Are your research data, images, software, and manuscripts
scattered around emails, Dropbox folders, hard drives, servers,
and data archives? We are fixing that!

We are building Authorea, an online platform for the
collaborative authorship of research projects. It will let you
publish, share, organize, version control, and source control all
the components of your research.

Authorea is an incubator initiative of Harvard University and
the Harvard-Smithsonian Center for Astrophysics.

Enter your e-mail address and we'll keep you in the loop.
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