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Thanks to Caroline Buckee for 
inspiring this “extra” slide!)

glupyter

https://www.predictionx.org/uncertainty-covid19
https://www.gluesolutions.io/social-impact
https://www.gluesolutions.io/social-impact
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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





 
“Customizable Complexity”



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

2009 GRC Oxford

Discussing: 

2009
 

“Customizable Complexity”

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


14 years later…



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”



 
“Customizable Complexity”
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“Customizable Complexity”



“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


extin
ctio

n & re
ddening, fr

om color im
aging

Can infer matter’s distance from dust’s effects on stars.

Green et al. 2019

WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)
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Bialy et al. 2021

Ask for an AR demo later, please.

https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://miro.com/app/board/uXjVMd2ZnGM=/?moveToWidget=3458764559097551815&cot=14


THE “MAKING OF” THE PER-TAU EXPLAINER—WHY WE NEED TO DO BETTER…



OVERVIEW CARTOON STARS IN 3D 3D→2D (Sky) view shifting “special” region indications (2D) 

interaction, with user data added models, direction, scales, grids layer control + slicing (not shown)pop-outs

3D moving CARTOON User data + CARTOON data + CARTOON + regions fully interactive attitude control

THE “MAKING OF” THE PER-TAU EXPLAINER—WHY WE NEED TO DO BETTER…

glue
multidimensional data exploration



great 1D, 2D and 3D data manipulation, 
flexible architecture facilitating plug-ins, data 

transfer, and interactive data exploration; 
“glupyter” flavor runs in web pages

plug-in in-use on Hayden 
Planetarium dome 

plug-in shows  WWT images in 
context 

limited 2D all-sky images

great 3D functionality

great 2D object and all-sky images

limited 3D functionality



glue
multidimensional data exploration



milkyway3D.org



Photo of Dr. Cahterine Zucker & MIcah Acinapura at the Hayden Planetarium, NYC, Fall 2022



glue
multidimensional data exploration

Video recorded at the Hayden Planetarium, NYC, Fall 2022



glue
multidimensional data exploration

Dr, Bob Benjamin, leading Milky Way 
expert, Vienna conference June 2023

Video recorded at the Hayden Planetarium, NYC, Fall 2022
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dashboard-style
guided experience for 
learners, no coding,  only 
interactive webpages

 
“Customizable Complexity”

fully flexible, 
scriptable, 
extensible.

“simple” “complicated”



guided experience for 
learners, no coding,  only 
interactive webpages

glue
multidimensional data explorationNarrator + Science PI of “Cosmic Data Stories” SciAct Project: Dr. Pat Udomprasert

“mini” DS

https://www.youtube.com/watch?v=2b7emFztUIM
https://cosmicds.github.io/minids/pinwheel-supernova/
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guided experience for 
learners, no coding,  only 
interactive webpages

 
“Customizable Complexity”

fully flexible, 
scriptable, 
extensible.

“simple” “complicated”

dashboard-style

https://10qviz.org/glue-how-did-they-meet/


dashboard-style

code is open at 
github.com/jfoster17/SAVE

The Data+Climate Search-Analysis-Visualization-Environment (“SAVE”) 
is maintained by Dr. Jonathan Foster,  using fully flexible, scriptable, 

Data+Climate
a Harvard-Google (Data Commons) Collaboration

Examples drawn 
from the  

part of 

https://github.com/jfoster17/SAVE
https://github.com/jfoster17/SAVE
https://github.com/jfoster17/SAVE


Thanks to Dan Pisut, or ESRI, today, for 
demo where we made this!

[ask later about this!]

https://www.youtube.com/watch?v=L1Fb9R4q5lA
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glupyter

glue now runs in JupyterLab  
(in addition to Jupyter Notebook). 

Web-based glue is a big part of our 
future plans. Ask me later if you want 

to connect your work/app/ideas. 



glupyter

[ask for a demo & about “hieroglyphics”]



glupyter

“classic” 
(Qt)

glue genes

education+  
outreach

What’s next?

Something 
for 

everyone?


dashboards
augmented  

reality  
(& plot.ly)

MILKYWAY3D.org

research+ 
edu+outreach 
+planetarium



solutions
glue
inc



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



“H
igh-dim

ensio
nal D

ata
”: G

enomics



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



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…
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Collage and decoupage are both paper crafts involving 
cutting and gluing. They both take images, photos and 
materials from one source and turn them into 
something completely different. However, they are 
not one and the same. Collage is considered a formal 
art, while decoupage is considered a craft.


 
Collage has been around for hundreds, if not thousands, 
of years, with some believing its earliest forms were 
found in 200 B.C. China. The art form was not always 
referred to as collage, in fact coinage of the term is 
attributed to Pablo Picasso in the early 20th century. The 
word collage comes from the French word coller, 
which means to glue. The fine art community agrees 
that collage as an art form began in the early 20th 
century as part of modernism. A mixed-media or photo 
collage is a work of art, meant to be framed and 
admired.


Decoupage, on the other hand, comes from the French 
word decouper, which means to cut out. In this craft, a 
surface is covered with glued paper cut-outs.


Due to its decorative nature, the decoupage crafter 
must take extra steps to protect the surface once the 
decorations have been applied and glued.

from: factorydirectcraft.com/factorydirectcraft_blog/decoupage-collage-art-crafts/# from: beadfx.com/wordpress/index.php/2016/02/03/paper-jewellery-collage-or-decoupage/ 

https://factorydirectcraft.com/factorydirectcraft_blog/decoupage-collage-art-crafts/#
https://www.beadfx.com/wordpress/index.php/2016/02/03/paper-jewellery-collage-or-decoupage/
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Cells to Genes and Back Again
Using glue genes for single cell exploratory data analysis


(slides from) Jonathan Foster, CTO, glue solutions, inc.
gluesolutions.io/the-software/glue-genes 

https://www.gluesolutions.io/the-software/glue-genes
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From ChatGPT: A 
gene is a specific 
sequence of DNA that 
carries instructions for 
creating proteins or 
functional RNA 
molecules, while a 
marker is a specific 
DNA sequence used 
as a reference point 
to identify the 
presence or absence 
of a gene or genetic 
variation without 
directly contributing to 
the production of 
proteins or RNA 
molecules



Display cell properties over experimental factors 



Get differentially expressed genes from subsets



Two matrices “glued” by row names (genes)
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Select genes to see which cells express them  
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