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with SO many others working on glue, glupyter, and adjacent efforts!

Seeing the universe, more clearly, with glue.pyter







A little bit about astronomy.



(de)projection color&





Jupiter

aladin.cds.unistra.fr/AladinLite/planets-explorer/ worldwidetelescope.org/webclient/ 

For aficionados: these tools can be connected in a variety of means, via:

http://worldwidetelescope.org/webclient/
https://aladin.cds.unistra.fr/AladinLite/planets-explorer/
http://worldwidetelescope.org/webclient/


WWT, today: 2D↔3D easy

worldwidetelescope.org/webclient/ 

Galileo, 1610, 2D↔3D caused a revolution

Galileo’s “notebook” for Siderius Nuncius

http://worldwidetelescope.org/webclient/
http://worldwidetelescope.org/webclient/
https://en.wikipedia.org/wiki/Sidereus_Nuncius


WWT, today: 2D↔3D easy





What is glue?
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glue
multidimensional data exploration

selections across all views



What is ?



It’s not an acronym. 



It is open-source software that
glues data, 
glues graphs & 
glues tools.



numbers (tables, arrays, spreadsheets)

data cubes

data

images & maps (FITS, JPEG, GIS and more)

(3D, 4D, and more)



data files’ common attributes are glued 



avoiding the need to merge data files



“graphs”
common statistical graphics

(scatterplots, histograms, tables, curves, overlays)

maps & images
(greyscale, color, contours, layer control…)

3D displays
(scatter plots, volumetric rendering, sliders…) 

specialized & custom charts
(dendrograms, polar plots, + domain-specific options) 





selections propagate across all graphs



for real-time data exploration & insight 



tools

web services (across domains)

plug-ins (user-defined formats, plots, layouts…)

command-line (built-in terminal, scriptable )





for easy customization



glues data, 
glues graphs & 
glues tools.

glueviz.org



save “sessions” to continue where you left off
export graphics
use/export to Jupyter environments
export to plot.ly (javascript)
export to augmented reality

learn how at glueviz.org.

BONUS: save, share, or publish what you learn—

http://plot.ly


glueviz.org

supported by solutions
glue
inc





“High-dimensional”  
or  “multivariate”  
data challenges  

are similar across 
astro & bio.

 

Goodman et al. Nature, 2009 (IIC) Elde et al. Nature, 2008

Origins of glue

+  
we wanted all these 

plots to talk to  
each other & be 

interactive in 
publications!



Origins of glue

2012

2008

2005-8
2011

$ 2013, launch 2022

c. 2011

pyter

c. 2019

http://onlinelibrary.wiley.com/store/10.1002/asna.201211705/asset/505_ftp.pdf?v=1&t=h3nkvzhv&s=5b5b7ca3564eee0e7fc4410b1ea2a1ebc1509c1d




d3po

Communication

Cognition

Da

Language*

Pictures

enabled by d3.js (javascript) outputs, in 2013

[demo]

Many thanks to Alberto Pepe, Josh Peek, Chris Beaumont, Tom 
Robitaille, Adrian Price-Whelan, Elizabeth Newton,  Michelle 

Borkin & Matteo Cantiello for making this posible. 

c. 2017

https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future


Triumphs of glue (and plot.ly)

http://plot.ly


Triumphs of glue (and plot.ly) ++

This one is EMBARGOED—I will show you a 
demo, but please do not post it, or share it.

http://plot.ly


The Radcliffe Wave, Alves et al. 2020, Nature

The Local Bubble in Context

Zucker et al. 2022, Nature

The Perseus-Taurus Supershell

Bialy et al. 2021, ApJL

←AR Codes

a “handout”

 Scan this code for



qt glue: The Radcliffe Wave & the Local Bubble



zoom, February 5, 2021

NYT, January 25, 2022

And how easy/hard is it to use?



The Future



TINYURL.COM/UNIVERSE-IN-MY-HAND AUGMENTED REALITY

The Future of Publishing

http://tinyurl.com/universe-in-my-hand


++

This one is EMBARGOED—I will show you a 
demo, but please do not post it, or share it.

Triumphs of glue (and plot.ly)

http://tinyurl.com/local-bubble-stars
https://ralfkonietzka.github.io/files/RW_final_figures/Figure_1.html
http://plot.ly


glue
multidimensional data exploration

http://milkyway3d.org


milkyway3D.org





glue
multidimensional data exploration



glue
multidimensional data exploration





Triumphs of glue (and plot.ly) ++

This one is EMBARGOED—I will show you a 
demo, but please do not post it, or share it.

http://tinyurl.com/local-bubble-stars
https://ralfkonietzka.github.io/files/RW_final_figures/Figure_1.html
http://plot.ly


Progeny of glue



later…a Google Drive souvenir…
with plenty of notebook samples.

Progeny of glue



solutions
glue
inc
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Ståhl PL, Salmén F, Vickovic S, Lundmark A, Navarro JF, Magnusson J, Giacomello S, Asp M, Westholm JO, Huss M, Mollbrink A, Linnarsson S, Codeluppi S, Borg Å, Pontén F, Costea PI, Sahlén P, Mulder J, 
Bergmann O, Lundeberg J, Frisén J (2016) Visualization and analysis of gene expression in tissue sections by spatial transcriptomics. Science, 353(6294):78–82. https://doi.org/10.1126/science.aaf2403

“H
igh-dim

ensio
nal D

ata
”: G

enomics Spatial 
Transcriptomics



High-dimensional Data: Astronomy High-dimensional Data: Genomics++



Reads Genomic Data 

Bed

Bedgraph


Bedpe

BigWig


RNA-seq and ATAC-seq data 
matrices


3D models from 3D-GNOME

Single-cell data (AnnData)


CSV

Excel


Numpy Savefile

HDF5


Images


Standard and Custom Viewers 

1D histogram

2D scatterplot


2D images

3D scatter

3D volume


2D heatmap

QTL viewer


Small multiples viewer


Analysis plug-ins 

Get differentially expressed genes from 
two subsets of cells


Measure/display expression of gene 
subsets over cells


Get KEGG pathways for gene subsets

2023 features of



glue genes alpha
Data loaders

Genome Viewer
Heatmap Viewer

Core glue changes
3D model Viewer

glue-single-cell
Small Multiples Viewer

AnnData loader
cells-to-genes plugins

Enrichr plugins

glue genes 1.0
Data loaders

cell-to-gene plugins
Core glue changes
Heatmap Viewer

Small Multiples Viewer

glue genes 1.1
glue genes 1.0

glue-spatial-trans

glue-spatial-trans
OME-NGFF Zarr loader
Display region-like data

Core glue changes

glue genes 1.2

glue genes experimental
Genome Viewer

gosling viewer
Improved genome viewer

and next…



Progeny of glue

later…a Google Drive souvenir…
with plenty of notebook samples.

https://drive.google.com/drive/u/1/folders/1nMVQDHE2IhuDiaD8WSHcxbSQbrJwR_RC


gluesolutions.io/
the-software/

glupyter 

tinyurl.com/dimensionsofdiscovery

dashboard-style

Guided experience for 
learners, no coding,  only 
interactive webpages

Fully flexible, 
scriptable, exensible.

“LEVELS” of interaction/users

http://gluesolutions.io/the-software/glupyter
http://gluesolutions.io/the-software/glupyter
http://gluesolutions.io/the-software/glupyter
http://tinyurl.com/dimensionsofdiscovery


Coming in 2023, glue in           v.0.1
grant to: glue (A. Goodman),  
Jupyter (F. Perez)  developed  in 
collaboration with S. Corlay et al at 

video & UX design: Gabriela Vives 



Coming in 2023, glue in           v.0.1
grant to: glue (A. Goodman),  
Jupyter (F. Perez)  developed  in 
collaboration with S. Corlay et al at 

ask QuantStack experts here today for a demo





Seeds for discussion…



Seeds for discussion…

https://presentation.timelineapp.xyz/embed/?tsf=https://tsf.sfo2.digitaloceanspaces.com/Path%2520to%2520Newton%2520Final%252010.tsf
https://docs.google.com/document/d/17hoob2BAyCqF3fUY_I-J0RMh_1q8vgVg/edit
http://10qviz.org


demo: path-to.org

The Path to Newton

or

predictionx.org 

https://www.labxchange.org/library/pathway/lx-pathway:72afb67e-d4b0-45e3-a1fd-01bb36592b22/items/lx-pb:72afb67e-d4b0-45e3-a1fd-01bb36592b22:lx_simulation:2835149e
http://path-to.org
http://PredictionX.org


IS ASTROPHYSICS  
BEING (RE)ORGANIZED?

The New Universe

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

MEMPHIS, SUNDAY OCTOBER 23, 2022

ARE COMPUTERS THE 
NEW TELESCOPES?

WHAT DO EXPENSIVE 
NEW TELESCOPES DO 

FOR HUMANITY TODAY?
Are mega-projects like ALMA, 
LIGO, JWST, and Gaia worth 
the billions?

Opinion

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

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.

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


ARE COMPUTERS THE 
NEW TELESCOPES?









ELECTRONIC COMPUTERS

“ARE COMPUTERS THE 
NEW TELESCOPES?”

AI/MACHINE LEARNING

NUMERICAL SIMULATION

BAYESIAN STATISTICS

INTERACTIVE DATA VISUALIZATION



Seeing the universe, more clearly, with glue        glupyter&

These slides, along with a link 

to the Google Drive with all the 

demos/notebooks, will be 

posted to my website and to 

the JupyterCon 2023 Slack.


MANY thanks to Pat Udomprasert, Jon 

Carifio, Jonathan Foster, Cami Pacifici, 

Theo O’Neill, Catherine Zucker, Mike 

Foley, Ralf Konietzka, Cameren 

Swiggum, and Peter Williams for 

providing the ipynb examples!
NOTEBOOKS!


