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“Linking Scientific Data, Publications, and Communities”

Joining me:  Dr. Eric Koch 
Director of Seamless Astronomy at the CfA
+ expert glue/CosmicDS/WWT dev, Dr. Jon Carifio 



Communication

Cognition

*“Language” includes words & math

Data
Language*

Pictures

“Paper of 
the Future”

Key collaborators  
Josh Peek, 
Catherine Zucker, 
Jackie Faherty are 
here at AAS today.
Fernando Perez is 
here in spirit, as are 
many other 
collaborators!

https://authorea.com/users/23/articles/8762/_show_article
https://sites.google.com/gluesolutions.io/live-environments/who-are-we




The FutureThe Future 



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

The Future of Publishing

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


The Future of Publishing

https://ui.adsabs.harvard.edu/abs/2021ApJ...919L...5B/abstract
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/6ODS8M


Examples per DOI discussion earlier…
dataverse.harvard.edu/dataverse/
local_bubble_star_formation 

dataverse.harvard.edu/dataset.xhtml?
persistentId=doi:10.7910/DVN/6ODS8M 

https://dataverse.harvard.edu/dataverse/local_bubble_star_formation
https://dataverse.harvard.edu/dataverse/local_bubble_star_formation
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/6ODS8M
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/6ODS8M
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/6ODS8M
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The time has arrived to publish data, words, and images, TOGETHER.

https://authorea.com/users/23/articles/8762/_show_article


Video too.



Communication

Cognition

*“Language” includes words & math

Data
Language*

Pictures

“Paper of 
the Future”

Why 2015 20242009

https://authorea.com/users/23/articles/8762/_show_article


The Modular, Personalizable, Approach we  
“Can”, “Could” (& Should!?) Take to Interactions

2009 GRC Oxford

Discussing: 

2009

https://scholar.harvard.edu/agoodman/talks-2009
https://www.grc.org/visualization-in-science-and-education-conference/2009/


 
“Customizable Complexity”
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[demo]

https://authorea.com/users/23/articles/8762/_show_article
https://www.authorea.com/doi/full/10.22541/au.148769949.92783646/v2
https://www.authorea.com/doi/full/10.22541/au.148769949.92783646/v2
https://www.authorea.com/doi/full/10.22541/au.148769949.92783646/v2
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Transforming Surgical Pathology through Digital 
Functional HistoPathology is the Science Demonstration 
project for 

a request to NSF TIP for a 
research-enabling software 
infrastructure build-out

“MilkyWay3D.org" is the Science 
Demonstration project for 

CosmicDS, Data+Climate, and more 
are Science Demonstration projects for 

LIVE GIS LIVE Bio 

LIVE Environments

live-env.org

Note: this is not a “platform,” 
in the sense Gus discussed.

http://live-env.org
http://MilkyWay3D.org
http://live-env.org


2024



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





“classic” 
(Qt)



2020 2022 2023

2021

The New Milky Way made possible 
by glue (& 3D dust mapping)

NY Times 
Jan 22

http://tinyurl.com/radwave
http://tinyurl.com/local-bubble-stars
http://tinyurl.com/local-bubble-b


“MilkyWay3D.org" is the 
Science Demonstration 

project for 

LIVE Astro 

http://MilkyWay3D.org


1. choose a framework
• choose a template (or not) 
• add tools (as-needed)

2. access/add data

3. link data

4. explore, using linked visualizations

5. share your interactive environment

Creating a 
Linkable Interactive Visualization Exploration (LIVE) Environment 

in real-time

see live-env.org 
for details

http://live-env.org
http://live-env.org


A few minutes on where
Linkable Interactive Visualization Exploration (LIVE) Environments 

came from & what “or not”  & “as-needed” mean



gluesolutions.io/
the-software/

glupyter 

tinyurl.com/dimensionsofdiscovery

dashboard-style

guided experience for 
learners, no coding,  only 
interactive webpages

fully flexible, 
scriptable, extensible.

“LEVELS” of interaction/users

…at Jupytercon 2023

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


dashboard-style
guided experience for 
learners, no coding,  only 
interactive webpages

fully flexible, 
scriptable, 
extensible.

 
“Customizable Complexity”

“simple” “complicated”



“flavors” of glue
…at Cape Code 2023 (with Maarten Breddels et al.)

http://glueviz.org/install.html
https://www.cosmicds.cfa.harvard.edu
https://gluesolutions.github.io/glue-genes/
https://sites.google.com/cfa.harvard.edu/data-climate/pilot-zero
https://jdaviz.readthedocs.io/en/latest/
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687
https://miro.com/app/board/uXjVMtdk5r8=/?share_link_id=922945517687


Imagine an MSWD-style “templates” paradigm
glue (Qt), new session = “Blank Document”

glue (Qt), existing session = Existing Document

glupyter Imviz = Imviz Template

glupyter MOSviz = Mosviz Template

glupyter Specviz = Specviz Template

glupyter Cubeviz = Cubeviz Template

glue genes (Qt), with custom plug-ins  
= Blank Document, with user plug-ins

Cosmic Data Story = CosmicDS Template (site)

dashboards

Data+Climate (GIS-featured) site  
= GIS Story Template (site)

And other special-purpose uses can rely on new “templates,” 
fuilt from scratch or by combining existing templates.



https://miro.com/app/board/uXjVMd2ZnGM=/?share_link_id=418411255120


 Imagine ‘Jupyter apps’ 

(built using Solara, which has already been tested  
re:Imviz & is planning stages re:CosmicDS HubbleDS)



Jupyter apps can be started from 
the notebook  

Side by side (ala Sidecar) 

Can be shown in a separate 
browser tab

October 2023 experiment 
after Cape Code



…and now, glupyter in Solara is already working…

thanks to Maarten Breddels/Widgetti & Jon Carifio!

MDI allows for tear-off in-browser also good for Jupyter Notebooks



very early prototype/POC, showing the google-modelviewer in glue-Solara, then on the phone, and on the quest 3… 
Slack message from Maarten Breddels to Jon Carifio & Alyssa Goodman, 1/10/24

“But wait, there’s more!”
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https://sites.google.com/gluesolutions.io/live-environments/learn-more/talks


The Future of Publishing

https://ui.adsabs.harvard.edu/abs/2021ApJ...919L...5B/abstract
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/6ODS8M
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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
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https://www.authorea.com/doi/full/10.22541/au.148769949.92783646/v2
https://www.authorea.com/doi/full/10.22541/au.148769949.92783646/v2
https://www.authorea.com/doi/full/10.22541/au.148769949.92783646/v2
https://www.authorea.com/doi/full/10.22541/au.148769949.92783646/v2
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Oh, and yes, we already have AI-enabled 
data set linking working…

(More AI for metadata too??)

https://sites.google.com/gluesolutions.io/live-environments/capabilities/data-access


glue is an open-source Python library to 
explore relationships within  

and between related datasets  

Vaex is a python library for lazy Out-of-
Core DataFrames (similar to Pandas), to 

visualize and explore big tabular datasets.  

TOPCAT Does what you want with tables 

The overall goal of Astro Data Lab is to 
enable efficient exploration and analysis 

of the large datasets now being 
generated by instruments on NOIRLab 

and other wide-field telescopes 

Aladin lite is a lightweight version of the 
Aladin tool, running in the browser  

and geared towards simple  
visualization of a sky region 

ESASky is an application that allows you 
to visualise and download public 

astronomical data.

yt is an open-source, permissively-licensed 
python package for analyzing and visualizing 
volumetric data. 

JS9 brings astronomical image display to 
your browser and desktop 

The Mikulski Archive for Space Telescopes 
is an astronomical data archive focused on 
the optical, ultraviolet, and near-infrared.  

AAS WorldWide Telescope is a tool for 
showcasing astronomical data and 
knowledge. 

CARTA is the Cube Analysis and Rendering 
Tool for Astronomy, a new image visualization 
and analysis tool designed for the ALMA, the 
VLA, and the SKA pathfinders. 

OpenSpace is open source interactive data 
visualization software designed to visualize 
the entire known universe and portray our 
ongoing efforts to investigate the cosmos.

vaex

you
r f

ave
s?
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vaex

Credit: Mark Taylor 
et al. 2011

SAMP 
Hub

A 2021 “SCIENCE PLATFORM”: PLUG-INS, CODE-SHARING & HUBS

NOTE: I know this diagram has missing links! Please suggest via Slack & I’ll add them during this session—slides will update online.

ENABLED BY 

… for
 dis

cu
ssi

on?
?

http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
http://www.star.bris.ac.uk/~mbt/topcat/
https://datalab.noirlab.edu
https://aladin.u-strasbg.fr/AladinLite/
https://sky.esa.int
https://yt-project.org
http://glueviz.org
https://vaex.io/docs/index.html
https://vaex.io/docs/index.html
https://archive.stsci.edu/hst/
http://worldwidetelescope.org
https://js9.si.edu
https://js9.si.edu
https://js9.si.edu
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://cartavis.org
https://www.openspaceproject.com
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/
https://keflavich-astropy.readthedocs.io/en/latest/vo/samp/


developments:


1. Advancements in Technology: Modern computing power has dramatically increased, enabling the handling of complex visualizations and large datasets 
with ease. This was a significant limitation 15 years ago.


2. Availability of Specialized Tools and Libraries: Today, there is a plethora of tools and libraries specifically designed for visualization, such as D3.js, 
Plotly, and Matplotlib. These tools offer modular components that can be easily integrated and customized, making the process of creating complex 
visualizations much simpler.


3. Widespread Adoption of Open Standards and APIs: The growth of open standards and APIs has made it easier to integrate different software modules 
and services. This interoperability was much more limited in the past, making it challenging to combine elements from different sources.


4. Improved Software Development Practices: Modern software development practices, like Agile and DevOps, encourage modular design, continuous 
integration, and testing. This was not the standard approach 15 years ago, making modular development more cumbersome.


5. Greater Community and Support: The open-source community has grown exponentially, offering extensive resources, tutorials, and forums for 
troubleshooting and support. This community-driven support system was less developed 15 years ago.


6. Cloud Computing and Virtualization: The advent of cloud computing and virtualization has made it easier to deploy and scale visualization systems. 
These technologies provide flexibility and scalability that were not available or were very expensive 15 years ago.


7. Enhanced User Interface (UI) Frameworks: Modern UI frameworks and design languages have made it easier to create intuitive and interactive 
visualizations. These frameworks are often modular, allowing developers to integrate and customize components efficiently.


8. Data Availability and Big Data Technologies: There is now an abundance of data available for visualization, and big data technologies have made it 
possible to process and visualize this data in real-time, something that was much more challenging 15 years ago.


Overall, the combination of technological advancements, better tools, open standards, modern development practices, and a supportive community has 
made the task of designing integrated visualization systems using modular elements much more accessible and efficient today.

AI agrees it’s time!



(but, AI is not so great at visualization, yet…)






