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VISUAL + DATA-RICH + OPEN

Why Is Astronomy Interesting?
Astronomy has always been data-driven....
Now becoming more accepted in other areas as well

» Important spatio-temporal features
» Very large density contrasts in populations
» Real errors and covariances

» Many signals very subtle, buried in systematics

» Data sets large, pushing scalability
> LSST will be 100PB 2 i

Jim Gray 1944-2007(2)
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Home Data Schema  Education  Astronomy SDSS Contact Us Download  Site Search Help History NEW!
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supported by

Data Release 14

NEW: SkyServer now contains data from the new SDSS Data Release 14! For more information,
see the DR14 documentation on the SDSS website.

Welcome to the DR14 site!!!

This website presents data from the Sloan Digital Sky Survey, a project to Data
make a map of a large part of the universe. We would like to show you the Release 14 (DR14). What's new
beauty of the universe, and share with you our excitement as we build the in DR14, known problems
largest map in the history of the world.

Data Access Education Links Help

Navigate | Finding Chart For Educators sdss.org Start Here | FAQ
Quick Look | Explore Lesson Plans Data Release 14 Glossary

Image List College Lab Activities Surveys | Instruments Algorithms Microsoft
Search Instructor Guides SDSS Science Cooking with Sloan

IQS | SQS | IRSQS Student/Public Research Science Archive Server SQL Tutorial Site Traffic
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AS TRUNOMICAL MEDICINE
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chandra.harvard.edu/photo/2014/m106/ Chang, et al. 2011, brain.oxfordjournals.org/content/134/12/3632
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AS TRUNUMICAL MEDICINE

“KEITH"

“Z” is depth into head

Image size: 520 x 274
View size: 1305 x 733
WL: 63 Ww: 127
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|INKED VIEWS OF RIGH-DIMENSIONAL DATA
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John Tukey
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figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”
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J VIEWS OF RIGR-DIMENSIONAL DATA (N PY THON)

[ New tabs provide canvases for additional visualizations J

e 00
Data Collection
Data e 006 W5 Image - PRIMARY W5 Catalog
@ W5 Image ﬁ.o Aﬁ\)utﬁ() ¥ D 9
W W5 Caalog The image and points are linked, so new
61°30 25
4 7 selections here will propagate to both
20} e o 1
[Datasets and subsets J 0o 8
15 g
= N X | @ LnkData =
Plot Layers - Image Widget é 60°30° g e
] b
~ @ J-H> 2 Ws Catalog) -5 o
M X J-H>2 (WS Image) 8 2 05
~ @ Forming Stars (W5 Catalog)
™M x Forming Stars (W5 Image) 00
™ & W5 Image 0ol
Layer editor for data 05
¥ = 59°30°
viewer windows
-10}
46°00' 45°00' 44°00' 43°00' 42°00' 41°00' s on o 8 e 40 3
. 4 data: 463.953 Right Ascension [4.51-15.8]
Plot Options - Image Widget Polygonal ROI Declination=60.21362331177655  Right Ascension=45.10697893459201 [461) pan/zoom 5 = p
T . [4.5] - 23] . [ IPython console to interact with data J
P N = .
Attribute | PRIMARY : oa The x-axis variable was created on-the-fly | i ts1: data - data_cottectionr1)
Aspect | Sauare Pixels from two separate table columns In [9]: data. subsets[0]. to_nask()
() Monochrome ~ RGB s A Out[9]: array([False, False, False, ..., False, False, False], dtype=bool)
In [10]: state = data.id['Jmag'] - data.id['Hmag'] > 2
A ctive data viewer In [11]: data_collection.new_subset_group('] - H > 2', state)
= - OQut[11]: <glue.core.subset_group.SubsetGroup at @x1151fa%e8>
window options X
z In [12]:
50 |
Dragging datasets onto the main canvas
- area creates new data viewer windows
4 8 10
[4.5]-[24]
x=6.23107 y=158.845



LINKED VIEWS OF RIGH-DIMENSIONAL DATA (N PY THON)

bLUE

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

paws_correct - PRIMARY

Subsets

Q) Link Data

Image Widget

Plot Layers

paws_correct

v/

Slice Extraction

Image Widget

Plot Options

Data paws_correct

* Monochrome

Attribute PRIMARY

Right Ascension

Declination

video by Chris Beaumont, glue developer

C. Beaumont, M. Borkin, P.Q

, . Robitaille, and A. Goodman, PI
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multidimensional data exploration
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° g multidimensional data exploration
...
LX) d

+Linked Views

||I| C’)

link data files’ highlight live or

attributes algorithmic selections
with Boolean logic




° g multidimensional data exploration
...
LX) d
L]

c define new variables, "
Pl standard data import,/export insights, % standard
=) loaders interactive plots for the web, KL 1D, 2D & 3D
0 save state, all from GUI plots

link data fles’ highlight live or

attributes algorithmic selections
with Boolean logic




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

link data files’

attributes
custom data

plug-in
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lue

multidimensional data exploration

highlight live or

algorithmic selections
with Boolean logic

loaders custom buttons, features

custom
plots



lue

multidimensional data exploration

i?gg

define new variables,
import/export insights,

user setu p interactive plots for the web, user'setu p

save state, all from GUI

“input “output

formats” link data files’ highlight live or formats”

algorithmic selections
with Boolean logic

attributes

custom buttons, features


http://glueviz.org

+options

° g multidimensional data exploration
...
LX) °
L]

run & interact with glue from
Jupyter notebook & other tools

user config.py file

(loaders, colors, plot types, +)
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° g multidimensional data exploration
...
LX) d
L]

define new variables,
standard data import/export insights, standard
loaders interactive plots for the web, 1D, 2D & 3D
save state, all from GUI plots

link data files’ hlghllght |iVG or

algorithmic selections
custom data with Boolean logic custom

loaders custom buttons, features plots

attributes

user config.py file run & inferact with glue from

Jupyter notebook & other tools

+options

(loaders, colors, plot types, +)

glueviz.org
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multidimensional data exploration

-I-C;gglue

c define new variables, . dard
- standard data import/export insights, ':. standar
=) loaders inferactive plots for the web, e 1D, 2D & 3D
0 save state, all from GUI plots

link data files’ hlghllght IiVG O.I'
algorithmic selections

custom data with Boolean logic custom

loaders custom buttons, features plots

attributes

plug-in
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user config.py file run & inferact with glue from

+options

(loaders, colors, plot types, +) Jupyter notebook & other tools

glueviz.org
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Which Parts are Novel?

define new variables, : ‘

standard data import/export insights, o

loaders pp— inferactive plots for the web, .
linking save state, all from GUI

arbitrary 2D

with link data fles’ highlight live or \
shared ulﬂributesl algorithmic selections | : \ selections

with Boolean logic

attributes

custom data

loaders

user config.py file

+options

(loaders, colors, plot types, +)

connection
to Jupyter
notebook

glueviz.org
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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”
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PHYSICAL PROPERTIES OF LARGE-SCALE GALACTIC FILAMENTS 20l| 7

CATHERINE ZUCKER, CARA BATTERSBY, ALYSSA GOODMAN!

! Harvard-Smithsonian Center for Astrophysics Th e B 0 n e Wu rS

Abstract

The characterization of our Galaxy’s longest filamentary gas features has been the subject of a
number of studies in recent years, producing not only a sizeable sample of large-scale filaments,

but also confusion as to whether all these features (e.g. “Bones”, “Giant Molecular Filaments”)

are essentially the same. They are not. We undertake the first standardized analysis of the phys-
ical properties (densities, temperatures, morphologies, radial profiles) and kinematics of large-scale
filaments in the literature. We expand and improve upon prior analyses by using the same data
sets, techniques, and spiral arm models to disentangle the filaments’ inherent properties from selec-
tion criteria and methodology. Our results suggest that the myriad filament finding techniques are
uncovering different physical structures, with quantities length (10-268 pc), width (1-40 pc), mass
(3 x 10> Mg — 1.1 x 10° Mg), aspect ratio (3:1 - 104:1), and dense gas fraction (0.2-100%) varying
by at least an order of magnitude across the sample of 45 filaments. We perform a s tioms s 100 - pas van S — B —— [mc.) glue
velocity (p-p-v) analysis on a subset of the filaments and find that while 60%-7Q% e Wy |

the Galaxy, only 30-45% also exhibit kinematic proximity to purported spiral ¢ °* yesummsssssis
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Plot Options - 2D Image
mode: One color per layer
aspect: Square Pixels
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dollars logo - Google Search

Installing Glue

Getting started

User Interface Guide

3D viewers in Glue

Using the IPython terminal in Glue
Working with Data objects

Starting Glue from Python
Configuring Glue via a startup file
Customizing your Glue environment

Programmatically configuring plots

B Building Custom Data Viewers
The Goal: Basketball Shot Charts

Shot Chart Version 1: Heatmap and
plot

Shot Chart Version 2: Court markings
Shot Chart Version 3: Widgets

Shot Chart Version 4: Selection
Viewer Subclasses

Valid Function Arguments

Ul Elements

Other Guidelines

Watching data far chanees

& Read the Docs

i
Gl

Building Custom Data Viewers — Glue 0.9.0 documentation balzer82.g aF

Docs » Building Custom Data Viewers O Edivormsmrom

Building Custom Data Viewers

® OO0

@8 O O |+ ¢

300

250

200
150

100

so -

-200 -100 0 100 200

pan/zoom

Glue's standard data viewers (scatter plots, images, histograms) are useful in a wide variety of data
exploration settings. However, they represent a tiny fraction of the ways to view a particular dataset.
For this reason, Glue provides a simple mechanism for creating custom visualizations using
matplotlib.

Creatinga custom data viewer requires writing a little bit of Matplotlib code but involves little to no

GUI programming. The next several sections illustrate how to build a custom data viewer by



JUPYTER LABS

& (& 127.0.0.1:8888/lab

File Notebook Editor Terminal Console Help

?

i L‘,’.nt’itl(l}.(jv.\.gyggitlv!“T.ermm{'ﬂ"j m‘).(m.“i’yt.h'\?rl; ’“1! el s Launcher X | mri_with_eeg.py % D
= ; : ; g
i e ;quickref :: éz‘;gidgg‘ééiznig? overview of IPython's features. #1/usr/bin/env python C) é
@ | Clear Cells h?p , - Pyth9r11's Ewn h?lg'sys'lcem. obiectar’ f nn %
C Execute Cell Shift-Enter geg(i:{é. -> Details about ‘object’, use ‘object??' for extra ';hii now uses the imshow command instead of pc 6
E | Interrupt Kernel o é Iy

New Julia 0.4.5 console from _ future__ import division, print_function

In [1]: xmatplotlib inline

New Python 2 console
New Python 3 console
New R console

Switch Kernel

EDITOR

Close all files
Line Numbers
Line Wrap
Match Brackets
Save File

Vim Mode

Vim Mode Off

FILE OPERATIONS

from numpy.random import beta
import matplotlib.pyplot as plt
plt.style.use('bmh")

def plot_beta_hist(a, b):
plt.hist(beta(a, b, size=10000), histtype="stepfilled",
bins=25, alpha=0.8, normed=True)
return

plot_beta_hist(10, 10)
plot_beta_hist(4, 12)
plot_beta_hist(50, 12)
plot_beta_hist(6, 55)

5
2

import numpy as np

from matplotlib.pyplot import *

from matplotlib.collections import LineCollection

import matplotlib.cbook as cbook

# I use if 1 to break up the different regions of code visually

if 1: # load the data
# data are 256x256 16 bit integers
dfile = cbook.get_sample_data('s1045.ima.gz")
im = np.fromstring(dfile.read(), np.uint16).astype(float)
im.shape = 256, 256

if 1: # plot the MRI in pcolor
subplot(221)
imshow(im, cmap=cm.gray)
axis('off"')

Close Al Ctrl-Shift-Q 8 if 1: # plot the histogram of MRI intensity
Close Document Ctrl-Q ol i:bglﬁ;fzrgsél (im)
New Notebook Ctrl-Shift-N im = im[np.nonzero(im)] # ignore the background
New Text File Ctrl-O 4 im = im/(2.0%%15) # normalize
: hist(im, 100)

Revert Document 2 xticks([-1, -.5, @, .5, 1])
Save Document Cmd-S yticks([])

2 4 6 08

HELP

About JupyterLab
FAQ

IPython Reference
JupyterLab Launcher
Markdown Reference
Matplotlib Reference
Notebook Tutorial
Numpy Reference
Pandas Reference
Python Reference
Scipy Lecture Notes
Scipy Reference
SymPy Reference
IMAGE WIDGET

Reset Zoom
Zoom In
Zoom Out

20 10
In [2]: s%run ~/Downloads/mri_with_eeg.py

loading eeg /Users/fperez/usr/conda/lib/python3.5/site-packages/mat
plotlib/mpl-data/sample_data/eeg.dat

MRI density

0 1 2 3 4 5 6 7 8 9
time (s)

xlabel('intensity')
ylabel('MRI density')

if 1: # plot the EEG
# load the data

numSamples, numRows = 8060, 4
eegfile = cbook.get_sample_data('eeg.dat', asfileobj=False)
print('loading eeg %s' % eegfile)

data = np.fromstring(open(eegfile, 'rb').read(), float)
data.shape = numSamples, numRows

t = 10.0 % np.arange(numSamples, dtype=float)/numSamples
ticklocs = []

ax = subplot(212)

xlim(@, 10)

xticks(np.arange(10))

dmin = data.min()

dmax = data.max()

dr = (dmax - dmin)*0.7 # Crowd them a bit.

y@ = dmin

yl = (numRows - 1) * dr + dmax

ylim(y@, y1)

segs = [I]
for i in range(numRows):
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= FourSeals | UNSAVED (ﬁ

T ® 2 B [ @ 6 = %, M
— o Ga
Tables Graph Map Slider Calc Text Undo Redo Tiles O, % ‘e
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Common Online Data Analysis Platform (CODAP), from Concord Consortium


https://codap.concord.org

AEMO TE DATA ACCESS++

+data abstraction layer

+replace matplotlib with OpenGL-backed 3D viewer
+data shaders

E Power Bl

(® My Workspace GetData > Datal ore > Azure SQL Database

Content Pack Library

My Organization

Services

(B Samples SpOr K

Import or Connect to Data

&) Files

Azure SQL Database Azure SQL Data Warehouse saL server Analysis Spark on Azure HDInsight
Services
@ Databases & More

Azure SQL Database

Azure SQL Database is a fully managed relational database-as-a-service that makes tier-1

capabilities easily accessible. SQL Database supports massive scale-out, predictable
performance, flexible manageability and includes built-in high availability and

self-management for near-zero maintenance. With Power Bl, you can create dynamic reports, learniMore

mashups with data and metrics you already have in your Azure SQL Database.






What (and How) Can Linked-View Visualization

tell us about the Universe, and Brains?
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Alyssa A. Goodman

Harvard-Smithsonian Center for Astrophysics & Radcliffe Institute
with Chris Beaumont, Michelle Borkin, Penny Qian & Tom Robitaille
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@astrofrog Tom Robitaille, lead developer +NSF-Scientific Software Elements



http://glueviz.org
https://github.com/glue-viz

