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Big Data in My Own Work: The IIIustris Simulations
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Big Data in Observational Data too

New instruments

more data

LSST: 200PB/decade expected
Sloan Digital Sky Survey (SDSS): ~120TB

Dark Energy Survey (DES): ~200GB/night,
~PB in last decade.

Square Kilometre Array (SKA): 1000 PB per year
expected




Workflow of a Typical Computational Astrophysicist

(AMR) (SPH)

Pick a code for your
physics problem.

v

Add physics: (how stars form, supernovae feedback, how elements are
created/destroyed, sources of material/heat external to your simulation
domain...)

v

Send to supercomputer... and wait

v

Visualize and Analyze

Usually special program for the specitic AMR/SPH code, or yt



Workflow of a Typical Computational Astrophysicist

(AMR) (SPH)

Pick a code for your
physics problem.
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Add physics: (how stars forgﬁ, supernovae feedback, how elements are
created/destroyed, source:é of material/heat external to your simulation
domain...)

Visualize and Analyze

v

Make a super cool movie




Workflow of a Typical Computational Astrophysicist

(AMR) (SPH)

Pick a code for your
physics problem.
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Add physics: (how stars form, supernovae feedback, how elements are
created/destroyed, sources of material/heat external to your simulation
domain..
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QWh;t- |.s: an effective and intuitive way to do

kﬂﬂ{] {Visualize and Analyze

Make a super cool movie




Searching for Fast, Intuitive, Open Access Visualization in
the Land of Big Datasets

Requirements to implementing this workflow

- low latency
- fast access to remote data
- both stunning visuals AND analysis capabilities

Ease of handing data over to large studios vs. giving early
career scientists tools for their own visualization tools.



Combining Visualization and Analysis
... Where we are

High-end 3D modeling,

Viz and analysis packages : :
ysis P g volume rendering, Visual

written for scientists

DL Effects, etc
¥ Maya
astropy B'e”d.ef
Vislt Houdini
ParaView
Vapor Websites with 3D
Glue Capabilities:
Misc Python packages Sketchfab
(I'm sure I'm missing your Thingverse
favorite!)

Google Sketchup



Combining Visualization and Analysis

... a collection of fun things as a place to start...

AstroBlend
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AstroBlend
www.astroblend.com

- v! 23| Blender Render '! £2) V2.74 | Verts:8 | Faces:6 | Tris:12 | Objects:1/3 | Lamps:0/1 | Mem:20.86M | Cube

N Frame:1 | Time:00:00.03 | Ve:8 Fa:6 La:1 | Mem:20.84M (0.00M, Peak 29.25M) N\ =34 View Search
L L
- UV Image Editor/Viewer e
©) RenderLayers |
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@ File Render Window Help || 'l 53

Python Console View  Image 53] (& view % [ %] slot1 @ 7‘9‘7‘”_’
. User Persp . ;? &J Scene

¥ Render ez
3D View B e )

» Dimensions
Lamp » 4 Anti-Aliasing
» @ Sampled Motion Blur
> Performaice
» Post | ro .
> @ stamp
» Output
> Bake

PYTHON INTERACTIVE CONSOLE 3.4.2 (default, Nov 25 2014, 12:01:44) [GCC 4.2.1 Comp : : — > @ Freestyle
atible Apple LLVM 6.0 (clang-600.0.54)] :

Command History: Up/Down Arrow

Cursor: Left/Right Home/End

Remove: Backspace/Delete

Execute: Enter

Autocomplete: Ctrl-Space

Zoom: Ctrl +/-, Ctrl-Wheel

Builtin Modules: bpy, bpy.data, bpy.ops, bpy.props, bpy.types, bpy.context, bp

y.utils, bgl, blf, mathutils
Convenience Imports: from mathutils import *; from math import *
Convenience Variables: C = bpy.context, D = bpy.data

——

(1) Cube

>>> ]

(=1 )

| Autocomplete |

Console
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AstroBlend
www.astroblend.com
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- Console | Autocomplete |

View Marker Frame  Playback |® &) ¢

N N —
> import science \. Frame:l|T|me:00:09.64|Ve:8052\9 8 view search TR

import numpy as np

" ©- dJ Scene

# Enzo data iy ® /)] RenderLa:
filename = '~/data/IsolatedGalaxy/galaxy0030/galaxy0030' A @ World
sphere rad = 200.0 # in kpc N

-/ Allen_0

# Density will be the isosurface determinant - so pick 2 densities
rho = [2e-27, le-27]

# transparencies of densities - inner is 100% opaque, outer is 50%
transparencies = [1.0, 0.5]

# how 1s emissivity calculated?
def Emissivity(field, data):
return (data['gas', 'density']*data['density’']*

np.sqrt(data['gas', 'temperature'])) ¥ Render

# isosurfaces at 2 and 1 x 10™-27 \[l:eﬁender 12 Audio |

isosurface value = rho,
surf type='sphere', radius = sphere rad,
radius units = "kpc", surface field="density", e EPR
meshname = 'Allen’, RERR /. 2 sl > £ Anti-Aliasing
transparency = transparencies, Ny g T -~
color field='temperature', i X » (@ sampled Motion Blur -
emit field= Emissivity) oL et . :

light = science.Lighting('EMISSION') % I\ — SIEEIE

myobject = science.Load(filename, scale = (50.0, 50.0, 50.0), e Display: l
; g ) el .

~| P Dimensions

» Performance

cam = science.Camera() .
cam. location = (-6, 2, 0) > Post Processing
cam.pointing = (0, 2, 0) » @ stamp

y
myobject.location = [(0,0,0), (0,4,0)] X > Output
> Bake

> @ Freestyle

Naiman 2016
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AstroBlend
www.astroblend.com

» Slice Plots
» Projection Plots
¥ Phase Plots

g Link Oby DomanBox galaxy

Fig Name: | My Phacerion
- EmptyMySlice
J Lamp |

Units:

lv'/l:’. 2

:_-1 Render lig\n-naf.-:\i», Audio

Y . )
Display: Image Editor v

¥ Dimensions

Color M.

Locatio

Generate Phase Piot

Delete Phase

@ 8o
v €4 Anti-Aliasing

@ Fun sampie Si: 1,000 px
» @ sampled Motion Blur

» Shading

» Performance

» Post Processing

» @ stamp

¥ Output

Analysis plots are made to be interactive Naiman 2016
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AstroBlend
www.astroblend.com
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AstroBlend
www.astroblend.com

Naiman 2016


http://www.astroblend.com

AstroBlend
www.astroblend.com

Code, Tutorials, Resources on the website and Bitbucket
Repo

Naiman 2016
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Ytini
www.ytini.com
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Ytini
WwWw. ytini.com
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http://cadens.ncsa.illinois.edu

Naiman et al. 2017



Ytini
WwWw. ytini.com

http://ytini.com/blogs/blog_amr_2016-11-02.html Naiman et al. 2017




Sketchfab fun with Banneker/Aztlan
INnstitutes

www.astroblend.com/ba2016




Some final thoughts on increasing access to science

Computational Astrophysics and Visualization Home Days-

Day Pages: Astrophysical Visualization

Day 1

Start to think about how to use visualization in your research, make some movies

Day 2 Second week - make 2D and 3D
ke 1OVIES Of the planetary systems
and galaxies

g statically in 3D and start making some movies

Day 4

A few thoughts to finish up, and resources to look into for more computational astronomy and visualization stuff,

Day Pages: Computational Astrophysics

Day 1

Analytical and Numerical Solution of 2-Body Problem

Day 2

More on the 2-Body problem.

First week - calculate orbits of
planetary systems and motion of
stars in merging galaxies

www.astroblend.com/ba2016




Some final thoughts on increasing access to science




Some final thoughts on increasing access to science

Moved on to:

3D Planets https://skfb.ly/RyZo

3D Galaxies https://skfb.ly/QHwx



Where we go from here

Requirements to implementing this workflow

- low latency data preprocessing and AMR capabilities
i some capabilities in yt to
fast access to remote data be fully utilizec

- both stunning visuals AND analysis capabillities

fuller integration of yt into
Blender/Houdini (and Glue)




Thank you!

jillLnaiman@cfa.harvard.edu

www.astroblend.com

http://yt-project.org/

http://bannekerinstitute.fas.harvard.edu/about

http://www.ncsa.illinois.edu/

www.sketchfab.com/jnaiman

www.vtini.com

www.astroblend.com/ba2016




