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Story from the past K

Computer-science meets astronomy

e matching 3 lists, 200k each
3 nested for-loops, without break statement = o(n°)

e 12 days compute time, 7 days remaining,
but only 5 days until observation run

VS.

e scanning version on presorted lists

=) 0(N)

e results after 4 seconds
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It's not just about big-data

spatial spectral temporal

DA T Fell Hy 6 .
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how to deal with complex shapes
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Simplifying life / putting things in boxes
Morphology of galaxies / Edwin Hubble's classification scheme

‘ ‘ Sc

Sb

Sa 2 >~
Ellipticals \ .
EO E3 E5 E7 SO
o-o-a @ Spirals

www.sdss.org
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Cheap humans

Analyzing 200.000 stellar spectra

e Annie Jump Cannon
aka “Pickering’s Computers”

e TurningA,B,C,D,E, F, G, ...
into O, B, A, F,G, K, M

Smithsonian Instit/ution -
Annie Jump Cannon (1863-1941), sitting af desk

What about 50.000.000 images of galaxies?
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Outsourcing the

work / citizen science

€

galaxyzoo.org

- hubble tuning Fork wBe ¥+ @

a8 zooniverse.org

wBe ¥

- zooniverse

fi

Hg¢

Yo
un

zooniverse.org v zooniverse

wBe ¥ & =

€ galaxyzoo.org

Sp

CLASSIFY SCIENCE

wBa + A&

English

- radio galaxy zoo

polsterer
SIGN OUT

PROFILE

In Search of Erupting Black Holes

Help astronomers discover supermassive black holes observed by the KG Jansky Very Large
Array (NRAO) and the Australia Telescope Compact Array (CSIRO)

Search for Black Holes

Black holes are found at the center of most, if not all, galaxies. The bigger
the galaxy, the bigger the black hole and the more sensational the effect
it can have on the host galaxy. These supermassive black holes drag in
nearby material, growing to billions of times the mass of our sun and
occasionally producing spectacular jets of material traveling nearly as
fast as the speed of light. These jets often can't be detected in visible
light, but are seen using radio telescopes. Astronomers need your help to

find these jets and match them to the galaxy that hosts them.
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The challenge / Radio GalaxyZoo 3

rotation /  flipping invariant
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The solution )_

have an expert inspect every data-item
VS.

machine learning

e don’t ask scientific questions directly
e ask computers, to structures/sort the data
e do your individual interpretation/analysis

— use dimensionality reduction
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Similarity measure )_

calculate Ethe Ildé xel based IStance

for all

via

minimization
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Example self-organizing map )_
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Example self-organizing map )_
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Example self-organizing map )_

January 15, 2020 WE-Heraeus-Seminar | The Science Cloud | Accessing Complex Structures | Kai Polsterer 13/55




Example self-organizing map )_
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HITS
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Results >l

doubles separated
wee doubles
elongated AR BT triples
objects
OISy i \
images AT TR = L extended
| ' objects
Slngle < weak + miSSing
rpe sources
sources
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doubles separated
Results
elongated + triples
objects HITS
noisy &

extended

images .
objects
single weak + missing
compact < sources
sources

very likely /

‘ similar

.

very unlikely /
different
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Results ).

outliers....

on distribution of distances

relative number

istance to closest prototype
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Result Ko

1 master-student + 4 GPUs [6 month]

e — catalog of morphologies for 1,000,000 sources in
FIRST + IR counterpart analysis

VS.

10,000 Volunteers + 4 PostDocs [4 years]

e — catalog of morphologies for 200,000 sources in
FIRST + IR counterpart analysis

January 15, 2020 WE-Heraeus-Seminar | The Science Cloud | Accessing Complex Structures | Kai Polsterer 20/55




LOFAR web-tool

j ] HITS

AST({ON Netherlands Institute for Radio Astronomy ~ Home Morphological outliers Downloads Acknowledgements

Show heatmap SOM properties

Radio sources from LOFAR survey that resemble the selected prototype (19,17):

LOFAR-PINK Visualization Tool by Rafag&l Mostert

On the left you can see where the
radio source you clicked on s located
on the sky. The source might be
accompanied or wteracting with other
sources or be part of some larger

shructurel

January 15, 2020

Mostert 2017
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Start to go GRG hunting

* Cross reference to SDSS for redshifts
e Only using spec-z, have photo-zs as well
* 17 GRGs between 0.7 — 1.5 Mpc

e Neuron FoV comes into play

* Model was not trained for GRGs

e Just a product of model understanding
the structure of data

—+= FIRST Maximum Distance (O IR Predicted Position > Glosest WISE Cookie-Cutter
¥  FIRST Components - WISE Cookie-Cutter A AlIWISE Sources
*  Nearby FIRST Components

Tim Galvin CSIRO
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HITS

Starformation history

APOD, Roger Smith
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Analysis of stellar cluster P4

mag g —mag,

magy

magz—magy;
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Dlenllly reductlo MABS S s

January 15, 2020 WE-Heraeus-Seminar | The Science Cloud | Accessing Complex Structures | Kai Polsterer 25/55




Dimensionality reduction )_
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j 1 HITS

what is it
good for?
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Results X

i | | | | | | | | | | | | | | | 4 * Stars
-F0.5
® Cluster

‘I

January 15, 2020 WE-Heraeus-Seminar | The Science Cloud | Accessing Complex Structures | Kai Polsterer 28/55

oa

f1.0r
L3 T
F20r
e

2
. o
o i 1
| | |
3 Y |
. i
e | HEF
1 [ | |
x i 4 = E el | |
: . k 1
L™ v -
1% & x LA e
- r e,
- - & - o’ L~ 1
S e WAN g r L { .
- " . [ . C a
| - R T 1 s L '] [ [ 2|
" L > ] . Ty 3 |
e - o L ] |
0 H - ; - . i - - - .- . 1 +
' | . 3
S £y 1 [ =1
13 s . L] i N
B =X 5 e re e
J .- ? . I i
¥ B =
' W T
2= A i ] ' = ; | | !
e ' - e I . |
2 1 - |
o . .~ o T 1
1 o - iy e 5 1
o E: = E . 1 | 1
. J p [ 4
It .
- |
F
. i |
' = - e 1
| B 4 | |
k- i, o |
& - o .I- - .
5 1 { g
e b e . f B I
i : A il -
E! L s - . g |
] ] L k : L ] : L e is !
= T T b v
: | i L g - -
- 1 . ; i I, = - K
o Sl ey - = | |
| } ] g m =F -
B = . - gl W i ” =
| _ ; x : i b B 5 -
| b dom b Rl g - :
eml 1 e | - bl A ] wkl L i -4 i : ] : == P
o ; 1 i - T ! _ L T 1
r r - { |
- 3 4 i |
L . #
| ¥ |
3 '
|
|
74, { & i pu]
| |
| | |
| | |
| |
|
?5' I:I = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |

F3.07r
TR Al ¥
7401
4.5
20 15 15 17 15 15 14 3 12 Ll 10 2 =] 7 &

DEC
o

X W0s
A ROS

=

I~

L




Heidelberg Institute for
Theoretical Studies

e Y taking temporal nature into account
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Time series analysis

| J jsidiiy 1 .II- Ll M | T “1 il | |.|Ihh||| ||.|.|l i

j ] HITS

heta

kappa
gamrma

S leaoocae

January 15, 2020

treat merely
as vectors
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Recurrent neural network )_

take temporal nature into account

activations it
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ECN + Autoencoder
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Time series analysis

j ] HITS

beta
kappa
gamma
kai

e o e

January 15, 2020

& oG8

beta
kappa
gamma
kal

Gianniotis et al. 2015
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L essons learned

tem pO I'a| behavior is

more than

a simple

j ] HITS

vector

S |leoce
=
=
-
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beta
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Kepler data / stellar objects

on

AE component 2

=2

AE component 1

January 15, 2020

AE component 1

(a) Metallicity

AE component 1

(b) Temperature

AE component 1

(c) Surface gravity
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Physical model & autoencoder )_
Timeseries of stellar binary systems

h! g . hn .
xlrgf»z __9/1.‘_)(

fit physical model | compress to 2D reconstruct reconstruct flux

physical using physical
parameters model
‘ & ' ‘ A ' '

- "‘ﬁ". f’\
Y o ol f
i: * ‘: [ ] d. - ™

w . ¢ ~ (6.5, 84.2, 0.4, 11090.2) (6.4, 82.9, 0.6, 11074.0) .
(0.22,0.63) . 3
4 ]
. ¥

minimise ||x — x||* suchthat h(g(f(f))) =X
?g
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Project data

Rt f g
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Analyze distance

ht o f g
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Plot iIso-lines

ht o f g
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j ] HITS

Mass, Temperature
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Heidelberg Institute for
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Spectral Data Analysis y

dealing with spectral data
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Playing with spectra K

ESCAPE project ESO/CDS/HITS
e exploring 300k spectra in realtime on a laptop
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writable
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Data cubes / ppv-data
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Schema

January 15, 2020

database

doubles separated
doubles

elongated + triples

objects

noisy _a—
“._images extended
y : -« We,?’/
\O
&

WE-Heraeus-Seminar | The Science Cloud | Accessing Complex Structures | Kai Polsterer

j ] HITS

Zooniverse
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L essons learned

=
ontyjas

your system

use stupid, but fast

computers

for the boring tasks

do the

creative

interpretation of the data
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Starting a project in 2015 )_

M ® @ polsteki@magny-login:/hits/fastfain/Data/RadioGalaxyZoo/RGZ/TARS
[polsteki@magny-login TARS]S 1s

[polsteki@magny-login TARS]S i
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Preprocessing )_

matrix from fits

extract s

| A | A 1

normalize v\

flux relative to the maximum

cutout

iInteresting region

=<V
<Y
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Speeding up preprocessing )_

single core python = 48
hours

on 4x1 Gcores— 4

file access was still the bottleneck!
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New images extracted )_

50 tar files
220 GB

@ S E polsteki@magny-login:/hits/fastfain/Data/RadioGalaxyZoo/RGZ/TARS
[polsteki@magny-login TARS]S 1s

[polsteki@magny-login TARS]S ]
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The downsides of this approach )_

a lot of local copies e

no orchestration of work-flow

bad exchange of
iIntermediate results

very exclusive concerning &=
hardware requirements

| | | | (l (l {

NVIDIA Tesla K40
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2015 / used Amazon Web Services )_

provided the larges variety of services
and the best infrastructure

SKA grant from

amazon \bq S
webservices™
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Today / bringing code to the data

HITS

SciServer &

.

A new vision for science

A collaborative research environment for large-scale data-driven science

SciServer Betelgeuse v2.1.0 Login to SciServer
) =" =N
b= —
About Hosted Datasets Compute Images Science Education Help
@ Bringing @ Full datasets @ Freevirtual @ Global © Real science @ Short tutorials
analysis to (=2 PB) machines interdisciplinary data @ Full
data Multiple @ Jupyter teams @ Template documentation
@ Ongoing disciplines notebooks @ Published educational © Feedback and
research and @ simple online @ Preinstalled results notebooks contact
development visualization with software @ Knowledge @ Ideal for both information
at JHU IDIES and analysis packages sharing with short labs and
@ Creating tools community independent
for science research

Sciserver is administered by

idies

@ JOHNs HOPKINS

UNIVERSITY
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Challenges with data that still exist X

how to extract 1,000,000 thumbnails of 64x64 pixel?

e required for a lot of machine learning tasks
e standards exist but often not/partially implemented

how to train a model without downloading the data

e extraction/pre-processing
e reproducibility/training+test data

how to deal with distributed data-sets
e deal with radio and IR-data

January 15, 2020 WE-Heraeus-Seminar | The Science Cloud | Accessing Complex Structures | Kai Polsterer 53/55




Healpix / HiPS / IVOA

i) | atlas-spt-hips.s3-we utheast-2.amazonaws.com/?23:32:13.05&-54:43:19.6&Fov=0.5 ¢ | |Q search w B

| rrm— 7

/ J2000 ~ ﬁ;
Base image layer

| WTF
| Color map:

\
\ \

Overlay layers

231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

230 if-  name

HITS

b
= i L1
150 =%
100 |- ' g .
: |
} ;
] R
% i 50 100 ' 150
survey| om/ATLAS-5PT-64x64"
Ssurveyruure

coordinate = [350.86, - -55.225]
size-=-[200,200]
resolution-=-8.082

myHiPSfs = -HiPSfs(surveyAddress)
image-=-myHiP5fs.extractCoordinate(coordinate, -size, resolution, -nested=True)
pyplot.figure()

pyplot.imshow((image), -aspect="auto’', interpolation="nearest")

pyplot.gca().invert yaxis()
pyplot.show()

January 15, 2020 WE-Heraeus-Seminar | The Science Cloud | Accessing Complex Structures | Kai Polsterer 954/55




Conclusion )_

machine learning — accessing data

but, we have to make the data accessible to ML
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