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What is i ©glue ?




It’s not an acronym.




It is open-source software that
glues data.

glues graphs &

glues tools.



e
data

i numbers (tables, arrays, spreadsheets)

@ images & maps (7175, JPEG, GIS and more)

@ data cubes :p. 4D, and more)



T
datafiles’ common attributes are glued




avoiding the need to merge data files




14 J)
graphs
‘ ll ‘ : common statistical graphics ‘ /
(scatterplots, histograms, tables, curves, overlays) « S0

mj maps & images TR

(greyscale, color, contours, layer control...)

3D displays B I
(scatter plots, volumetric rendering, sliders...)

:% specialized & custom charts =

(dendrograms, polar plots, + domain-specific options) LE







selections propagate across all graphs

A% %

= Yl




for real-time data exploration & insight




e
tools

)',( plug-ins (user-defined formats, plots, layouts...)

.| web services (across domains)

command-line (built-in terminal, scriptable )






for easy customization




glues data.
1 C'D glue glues graphs &
glues tools.

glueviz.org



BONUS: save, share, or publish

save “sessions” to continue where you left off
export graphics

use/export to Jupyter environments

export to plot.ly

export to augmented reality


http://plot.ly

GORDON AND BETTY

supported by NA solutions M(OORE

INnc FOUNDATION




IIC

A% AMERICAN ASTRONOMICAL SOCIETY

WORLDWIDE
TELESCOPE

Exploring High-Dimensional Data e
in Astronomy, Genomics, and beyond, glue

using glue

glupyter
i+ glue
ts




NICK HOLLIMAN'S PERSEUS, C. 2007 (VOLVIEW)




“DATA, DIMENSIONS, DISPLAY"




mm peak (Enoch et al. 2006)

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

13CO (Ridge et al. 2006)

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

Optical image (Barnard 1927)

.4 :‘ZD,Aimqge_,'_compqsr}tevby Jongthan Fester; ¢ 2006
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Spectral-line mapping (what's “p-p-v” space?)

Spectral Line Observations
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mm peak (Enoch et al. 2006)

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

13CO (Ridge et al. 2006)

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

Optical image (Barnard 1927)

2D image composite by. Jonathan Foster;c 2006

thirteen
thirteenCO._
thirteenCC

thirteenCl
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DATA-DIMENSIONS-DISPLAY

1D: Columns = “Spectra”, “SEDs” or “Time Series” (x-y Graphs)

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



AS TRONOMICAL MEDICINE

“Keith” “Perseus”

Tmage size: 520 X 274 = thifteenCO_249.tif
View size: 1305 x 733 thirteenC0_249.tif
WL: 63 WW. 127 thirteenC0_249.tif
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“z” is depth into head “z” is line-of-sight velocity




mm peak (Enoch et al. 2006)

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

13CO (Ridge et al. 2006)

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

Optical image (Barnard 1927)

2D image composite by. Jonathan Foster;c 2006
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3D Viz made with VolView by. Nick Holliman, c. 2007
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Data

File 1

standard data
loaders

Data
File 2

custom data
loaders

+options

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

define new variables, import/
export insights, interactive plots
for the web,
save state, all from GUI

link data files’
attributes

custom buttons, features ‘ plots

e e 2= I e -\
k3

standard

1D, 2D & 3D
plots

W,
highlight live or N
algorithmic selections

with Boolean logic

custom

¥ All structure ]

run & inferact with glue from

IPTy through built-in IPython terminal Jupyter notebook & other tools J

glueviz.org


http://glueviz.org

|INKED VIEWS OF HIGH-DIMENSIONAL DATA

3D

John Tukey

2D

100
75
50
25

0

Statistics

Data Abstraction

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



http://adsabs.harvard.edu/abs/2012AN....333..505G

JOHH TUKES'S LEGACH
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LINKED VIEWS OF HIGH-DIMENSIONAL DATA (N PY THON)

>glue

video by Tom Robitaille, lead glue developer
glue created by: C. Beaumont, M. Borkin, P.Qian,T. Robitaille, M. Breddels, and A. Goodman, PI




File 1 define new variables, import/ .
standard data export insights, inferactive plots .:o standard .
loaders for the web, R 1D, 2D &3
Data save state, all from GUI plots J
File 2
link data fles’ highlight live or ™
: attributes algorithmic selections EE)
custom data N with Boolean logic custom i g u e
loaders . custom buttons, features p|ot3 I_El'il ., mulidimensional data exploration

user config.py file i~ access to all matplotlib functions @ 'un&interact with glue from
(loaders, colors, plot types, +) WTP through built-in IPython terminal Jupyter notebook & other tools

+options

glueviz.org


http://glueviz.org
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Glue (/Usersfaagoodman/Dropbox/Talks/2023|VizTiG/demo_Persesus_complete.glu)

Open Session [ Export Session Import Data [ Export Data/Subsets @) Link Data  x* Arithmetic attributes Active Subset: | None/Create New (B (the next selection will create a subset) @ Terminal £ Preferences  Error Console
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1D Profile
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biot Options - 2D Scatter
Limits  Axes  Legend

xaxis  TIRAS

To slide through any cubes
in image viewers that show
the same data as the one
here, drag the handle from
side to side.

Declination

Tie Asteomsica. Jouksas, 643932-944, 2006 June |

Note that modifying the
sliders in the image viewers
will not change the slider
here or in other viewers.
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THE COMPLETE NATURE OF THE WARM DUST SHELL IN PERSEUS
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Right Ascension star-forming clusters NGC 1333 and IC 348 and the well-stdied outflow source in BS. However, when studicd at
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[demo; a 1-year data synthesis study in 5 minutes=Ridge et al. 2006]

Online material: color figure



https://iopscience.iop.org/article/10.1086/502957/pdf

COLLABORATION EXPLANATORY VISUALIZATION

combined
data
sources

- : @)Astro y

open source,
modular,

software

plug-in
architecture

—collaborative
software
development

oMo mmo

linked-view exploratory analysis of
high-dimensional data

EXPLORATORY VISUALIZATION

New Thinking on, and with, Data Visualization
Alyssa A. Goodman, Harvard University

Michelle A. Borkin, Northeastern University
Thomas P. Robitaille, Aperio Software Ltd.

arxiv.org/abs/1805.11300


https://arxiv.org/abs/1805.11300

Where Our Bubble Ends, Our Understanding Begins
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Tog(

ultidimensional dal

@

OpenSpace CosmicDS
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great 1D, 2D and 3D data manipulation,
flexible architecture facilitating plug-ins, data
transfer, and interactive data exploration;
“glupyter” flavor runs in web pages
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CosmicDS Hayden Planetarium dome
WORLDWIDE —— " nT___
TELESCOPE
OpenSpace
great 2D object and all-sky images limited 2D all-sky images

limited 3D functionality great 3D functionality
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\—04\, MilkyWay3D.org Home Data Software Science Gallery Events Collaborators ~Q

Welcome to a new view of the Milky Way... in 3D!

Soon, milkyway3d.org will serve as a hub for the interconnected set of outreach, education, and research resources that will result from the
interconnections we're in the process of making.

Our project includes new software development; approaches to data sharing; and scientific research questions propelling our collaboration
forward.

milkyway3D.org
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DDD in some of the Local ISM, recently

Zucker et al. 2022 Bialy et al. 2021

GOAL = DDD in all of the Local Milky Way as we know it




great 1D, 2D and 3D data manipulation,
flexible architecture facilitating plug-ins, data
transfer, and interactive data exploration;
“glupyter” flavor runs in web pages

& ©glue

(f_\ Prototype plug-in in-use
\{ﬂj (e.g. Radcliffe Wave on
CosmicDS Hayden Planetarium dome

A5 AMERICAN ASTRONOMICAL SOCIETY

Prototype plug-in shows WWT
\/.I\./EOLESLE\(/)\/;[E)E images in context in 3D.

OpenSpace
great 2D object and all-sky images limited 2D all-sky images
limited 3D functionality great 3D functionality

The “Perseus-Taurus Superbubble”
a demo of the need for 2D-3D contextualization functionality

This video was composited using the WWT and OpenSpace, making
some use of prototype plug-ins, but 2D and 3D imagery was aligned
manually by experts. As a generalizable STEM concept, it explains
the deceptive “forced perspective” made possible in when objects at
very different distances, in 3D, appear to touch in 2D.



https://www.youtube.com/watch?v=bYgPC-5Wak0




OVERVIEW CARTOON

> openspace

STARS IN 3D

<5 Openspace

3D—2D (Sky) view shifting

3

- “special” region indications (2D) '

"

.

.

SOmH

pop-outs
’ \_ but do they really?
&

look like they touch
on our night Sky...

interaction, with user data added

models, direction, scales, grids

i yellow line from sphere's center points back toward Earth

layer control + slicing (not shown)

'

&

: yellow line from sphere's center points back toward Earth

3D moving CARTOON

User data + CARTQON

data + CARTOON + regions

ol

fully interactive attitude control




Opinion

Che New Universe

MEMPHIS, SUNDAY OCTOBER 23, 2022

WHAT DO EXPENSIVE
NEW TELESCOPES DO
FOR HUMANITY TODAY?

Are mega-projects like ALMA,

LIGO, JWST, and Gaia worth
the billions?

ARE COMPUTERS THE
NEW TELESCOPES?

New galaxies in-silico, the early Universe
without physics, and new stars forming
in your hand.

IS ASTROPHYSICS
BEING (RE)ORGANIZED?

Lone stargazers are a rarer and rarer
breed in professional astronomy.
Teams and data scientists seem the
way of the future, and tools that talk
to each other are essential.

=-SEAMLESS
" ASTRONOMY

Linking scientific data, publications, and communities

Editor: Alyssa Goodman, Center for Astrophysics | Harvard & Smithsonian, @AlyssaAGoodman


https://twitter.com/AlyssaAGoodman/status/1546675001755111424?s=20&t=5dXg3hHAKqrEt3aN7ji5yA
https://www.google.com/search?q=fire+synthetic+milky+way&client=safari&rls=en&sxsrf=ALiCzsZCDHwMNCm1V89n3OPXaZM0lIGANg:1666455447654&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiT1_annvT6AhVzomoFHR9rCzwQ_AUoAXoECAEQAw&biw=1261&bih=827&dpr=2#imgrc=0dUCq1bur14rzM

Scale

Opacity

Augmented reality figures from Bialy et al. 2021. Now funded to make “AR for all” by NSF
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Exploring High-Dimensional Data e
in Astronomy, Genomics, and beyond, glue
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gluesolutions.io/
the-software/

glupyter

Cousins of

ﬁ:%glupyter

mutidimensional data exploration

@

Quick insights for Images,

Spectra

JDAViz

includes: ImViz, CubeViz, SpecViz,

MOSViz

Sponsor: NASA, James Webb Space

Telescope

Read more (blog post at 10QViz.org)...

L —

® CosmicDS

Open-Source GIS Data Data Science Education

Exploration
Cosmic Data Stories

SAVE
Sponsor: NASA, Science Activation

Search-Analysis-Visualization- Program (funded proposal)

Environment
Read more

Sponsors: Harvard+Google atCosmicDS website...

Data+Climate GitHub

Read more

at Data+Climate site...
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