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Astronomical Data Intensive Science @ IoA
CASU, Gaia, PLATO and AstroMedical

Develop and run advanced data analysis pipelines for astronomical data
« Science data fills major archives: e.g. ESO SAF, ESA Gaia Archive
« CASU operational repository for internal science team releases

Generation of efficient code
* Design, implementation, testing, standards, code repositories
« e.g. CASU code release

Significant data management and data distribution

 Interfaces, standards, documentation, hardware configuration and support
Collaboration in a range of project consortia, large and small

« Space based: ESA / Ground based: ESO/ ING etc

Participation in the science programs of the projects
« Science survey team leadership and membership
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CASU: Data for Data Intensive Science

Significant compute infrastructure in place
Installation in the APM includes:

« 20 racks

1500 cores

« 2 PB RAID disk

* All connected via 2x1Gbit links to the main
UCam backbone

* Recent significant infrastructure upgrades
(IMAXT/ WEAVE/ 4MOST/ LSST) to West
Cambridge Data Centre)

* Pilot access to CASU@IRIS resources

%\- A ioa 18 Nov 2020 Nic Walton - CASU@IRIS Science @ IRIS




IRIS @ CASU: Services in build 2020

Running pipelines and services in containers

Jupyt;r  Jupyter allows for interactive data access and A
o’ expk)rat()ry analySiS close to where the data are
ocated

Lf DASK. Dask natively scales python, supports parallelism

, » Docker provides stable and reproducible
3 environments in containers

docker .
« Kubernetes (K8s) allows for deployment, scaling [e¥:¥eil
and management of containers in a cluster
woemetes  * OpenStack manages large pools of compute IRIS

n resources
4 I

y openstack”
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https://jupyter.org
https://www.docker.com
https://kubernetes.io
https://www.openstack.org

Applications running in containers

Web archive servers, postage stamp services, on-demand data
analysis

Prototype architecture running pipelines in containers in a Docker
swarm cluster

CASU JupyterHub running in the swarm cluster and spawning

analysis notebooks in containers allows interactive analysis
closer to where the data are

Parallel and distributed pipelines.

Architecture upgraded to Kubernetes, running on top of
OpenStack (deployed to IRIS at Cambridge CSD3)

18 Nov 2020 Nic Walton - CASU@IRIS Science @ IRIS AHM 2020 5



s _ S Menthly dellvery of data .
. Imaglng Smence - A f--products to Public Survey Pls
S Preparatlon and deI|very of
Plpellnes e Pha,se 3 data products to ESO' |

A e -PSF photometry development

_and deployment for selected £
surveys (eg Bulge and

I\/Iagellanlc Cloud surveys)

VST + OmegaCAM VISTA + VIRCAM VISTA Alerts: rapid processing



Imaging Surveys: VISTA

2014 (pre-discovery)

JN | NGC 4993 - >

x Discovery +8.5 days
-

Main image: HST F110W: |

© 2017. The American Astronomical Society. Panels: VISTA Y,J,Ks RGB
images

The Emergence of a Lanthanide-rich Kilonova
Following the Merger of Two Neutron Stars: Tanuvir,
Levan, Gonzalez-Fernandez et al, 2017

\\/

% ioa 18 Nov 2020 Nic Walton - CASU@IRIS Science @ IRl -

lOoA developed and operate
pipeline processing for
VISTA IR surveys
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~ Imaging Sweyé VST
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http://casu.ast.cam.ac.uk/surveys-projects/vista

Large Scale Data Fusion Example:

Known PN matched to Gaia Sources in DR2

Chornay & Walton, 2020
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Chornay & Walton, 2020 A tomation of cross

match and cut out ® ® O O O 0 o O

-0.50 05 1 15 2 2.5 none

service, access to Gaia
CSPN MatCh catalogues and VST oP - R
Images via o - M
tch KB18 GS19
Examples Jupyter@CASU@IRIS " "
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World class image analysis powering
UK data intensive astronomy

Design of complete data system

SpeCtrOSCQpic architecture

Development of QC pipeline = P

P l pel INes Development of Operational =] ===

aaaaaaaaa

- n ! Observations Hi
-~ r £ M\ L ! T
e @ |1 ! y \ K : ¥ Adva ocessing Syster m
v 4 "3 : ) . 1 WL AT e 3 : : H
e : ‘ . » B P 5
- - . - 5 S waetn: B i i £ 3 Level 2
= : - g . o e W ’ . Quick look i3 £l k
1.’- i 1‘ P N Fe y iy A B 3 7V . pipeline I %, ¢ Processing
LITL)K ISy = 1

IVISTA WEAVE@WHT
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AMOST

S1 Milky Way Halo LR Survey 16-20.0
S2 Milky Way Halo HR Survey 140 12-15.5 0.08
| |
h tt ps - //WWW. 4 m ost - e u S3 Milky Way Disk and Bulge LR Survey 10-30 14—18.5 10.7
S4 Milky Way Disk and Bulge HR Survey 140 14-15.5 1.8

S5 Galaxy Clusters Survey 4 18—22.0 1.1

Why? Galactic structure (Gaia ETEE 4
complement), High energy sky s comon et ooy i o o
(eROSITA complement),
Cosmology i i

= Product Retrieved for Analysis

What? loA lead development (and [T

DMS L1 IWG8

future operations) of the complete | e

(QC/LO/L1/L2 Op Repository) e ¥ e -
processing system Qi) (L] 7 Lo Lo [ [wea | ) &

When? Surveys start 2021 with e L e
pSyS P» ESO > aa y A 2NN

Operations phase 5+5 years/ plus T ]
likely 5 year additional survey a5s ,I

operations
%\ A iod 18 Nov 2020 Nic Walton - CASU@IRIS Science @ IRIS AHM 2020 12



https://www.4most.eu/

WEAVE:
http://www.ing.iac.es/weave

~1000 fibres (+mIFU and IFU)
over ~T1 deg?
at R up to 20,000
for A ~366-959nm

WEAVE 7 year surveys commence
early 2020

vy o
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http://www.ing.iac.es/weave

! Last run: 1000874 CAT-NAME: JOPR2 tost 1131 CAT-RA: 110506 _CAT-Dec: 74 41 096

RUN UT  IMAGETYP ARM Grating Plate  CAT-NAME  CAT-RA CAT-DEC EXPTIME

WEAVE Data Flow (simplified)

3 racr

Tiles & Fields (TNG)

(fibre allocations)

Nspec FIBREID FIBRERA FIBREDEC XPOSITION YPOSITION STATUS TARGID TARGX TARGY YAlGSlV‘ = Target
sy
BB e ot ] e it T o e g o St e i R P ALY 17 i g TR A R R ey g P S % ] 2P A AR e e oy S 1 2232862 2975234 -146,856 76,3184 GA-MKR ol Cal s
| ! | |
| ! ) |
i| Science Team PIWEAVE | | : o i
i| Targetlists non survey ¢ £ N. Level 0/Level 1 : T 5
i i % Processing : P 5
: . % (CASU) | &
] 1 ] 1l =75 =50 =25 0.0 25 5.0 75 100 125
] 1 | ] f_mag « (£.0)
1 1 I | Q
1 1 1 H sectrum widget
i 1 | . I
| puk Galnlogies E E Core Processing System |
] ] s
I 1 | | g
1 ! | | X
] | | | “«
] 1 I |
1 | | s 5 | o 2500 5000 7500 pixel 8 10000 12500 15000 17500
! ot Operational Repository (CASU) : WEAVE Archive & €5 ld alx
: I :
] I
: | :
1 1

pr—rve—
(IR

; o L . -
ﬁi %@@ T Goals: Galactic structure (Gaia

;g 1— complement), Galaxy evolution
i . Ingestion ata Access (interna
—_— e BirveyHonkaing & Progees (LOFAR complement)

oA lead development (and future

l}l Aheorioes] Bvoosssiog Systern operations) of the Core (QC/LO/L1/ Op
_ Q o Repository) processing system
paine. % Proessing Surveys start 2021 with Operations

phase 7 years
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Spectroscopy: WEAVE data full system tests

e S ] Output from OpR3

/“ allowed full
' e L1 processed data assessment Of

» Survey scheduling

* Quality of L1 and L2
data

« WEAVE archive

Simulated raw data

.

* Overall system
erformance
: MV‘” N M D .
 —— * QOperations both
O»;.)e_ar.ational Repository T - L1QAdiagnostics WEAVE and SCience
teams

% A ioa 18 Nov 2020 Nic Walton - CASU@IRIS Science @ IRIS AHM 2020 15



CASU Archives and Operational Repositories

40R: supporting internal releases

G b B0 ah s

4MOST OB progress monitor

B0tarmt @Pwaces @ Pwang

Crbarving Bk A apsions
[T - WOy P
Dymasic tabie heywerd o=

o (o

Targess in this Ress

OCTUe oRsTIME
I e
e oace
i can

CASU provide access to
data both internally to
survey teams and externally
to consortia. Database
access via IRIS will provide
enhanced resilience.
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Query farm for RAMW €ana
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Gaia-ESO Survey Archive

Home Overview Observations Objects Processing Help

L T o

The olbumbng (e 4015 the Chapering Buchs KOG hased 40 e sown Bhurs. Posse cick Reset s s Sene Biers

8
e Wiyl Tages RVTL
o8 11] .
s 2] o

Home

Coordinates:

File name:

ESO name:

OB 1D:

Date of observation:
Exposure Time:
Alrmass:

Seeing:

Targets

Overview  Observations

Y KV Awier

Gaia-ESO Survey Archive

ML

Objects  Processing  Help

GES_MW_1528035-504234HR10

Welcome to the Gaia-ESO archive at CASU

Gaia-ESO is a public spectroscopic survey, targeting = 105 stars, sampling all major components of the Milky
Way, from halo to star forming regions, providing the first homogeneous overview of the distributions of kine-
matics and elemental abundances. This alone will revolutionise knowledge of Galactic and stellar evolution.
When combined with Gaia astrometry the survey will quantify the formation history and evolution of young,
mature and ancient Galactic populations.

From this archive you will be able to search and download processed data. Data are in multi-extension FITS files
which contain both images with spectral data and tables with meta-data and derived information about each
object. Processing information will all be written to the relevant FITS header. The database allows users to
receive data in two forms:

* AFITS file with several image extensions and some table extensions. Each row in the image represents a
spectrum taken in a particular OB. This may be a single exposure or it might be a summed (stacked)
spectrum. But it will be all the spectra for a given configuration.

* AFITS file with a single image extension and several table extensions. This will be the format for a
spectrum of a single object. Again, this may be from a single exposure of that object or a summed
spectrum. There will be several versions of the spectrum representing different levels in the reduction.

In order to download data you need a username and password. If you don’t have one please contact the project
Pl

Cambridge Astronomy Survey Unit - Institute of Astronomy

Quick links

My requests Logout

Search for observations - Query
the database for observations and
download FITS files containing all
the objects observed in each
configuration.

Search for objects -~ Query the
database for particular objects
and retrieve their spectrum.

Processing status - Follow the
status of processing, link sto log
files and weather monitoring.

Help - How to use the archive.

Spectra Data and Formats
Document - Description of
available data, naming convention
and formats.

M33250 GAM2VEL_HR15N_580_1 Oh_6 H665.0 200223927

My requests

Logout

15:28:03.5 -50:42:34
C€20120312_00034_fn.fit
GIRAF.2012-03-13T08:46:21,579.fits

Grating:
Filter name:
Grating resolution:

200226309 Grating order:
2012-03-13T08:46:21.579 Allocated objects:
1800.0034 Allocated sky:
112 Unallocated objects:
1.32 Last modified:
Name Coordinates
6012201 15:27:02.31 -50:38:39.4
6000182 15:127:04.62 -50:49:58.3
6015115 15:27:09.21 -50:36:07.3
6007202 15:27:14.85 -50:42:56.6
6007485 15:27:18.47 -50:42:40.3
6001370 15:127:21,43 -50:48:34.6
6010092 15:27:21.99 -50:40:26.0
6014454 15:27:27.63 -50:36:44.1

6600

6650 6700 6750

Wavelength (Angstroms)

6800

7000
My requests  Logout 6000
5000
2
Q
H548.8 < 4000
HR10 X
40000.0 o
10
118 (1) 3000
21(0)
1
2012-09-04 08:49:42 2000
10006450 6500 6550
Magnitude Spectrum
16.92 Spectrym
16.61 Spectrum Coodinates 08:08:52.14 -47:22:57.9
16.87 Spectrum Image name C20120101_00015_st
16.89 Spectrum
16.60 Spectrum \bridge A " vey Unit it
16.92 Spectrum
16.88 Spectrum
16.74 Spectrum



- o "'_plylngﬁ ‘astro’ techniques
~ to the medical domain

image: ESO \@ e astronomical image analysis and data analysis

e developed at CASU, loA, Cambridge applied to
K SPA medical imaging data
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IMAXT Data Analysis and Infrastructure |meractive data

Cancer Research UK Grand Challenge visualisation
onG 2 .

Gd(160) CD4 (red), Sm(149) CD11b (blue), Er(168) Ki67 (cyan), Ir(193) DNA-193 (yellow)

CREATING A VIRTUAL REALITY TUMOUR

| | Deployment
could be
made on
Openstack@
IRIS

Pipeling

| sz B8 | WNESUITIIRIINNERR. . 7 | Data pipeliné§7 L | |

\ view and analyseit /

< : |\ simultaneously. ""—'x._ . : ;| :
R A Interactive | @ w = O @ ® -

y 3 : S’ P :
: - N - ¢ Proxy K8s ' atabase

data access |

,r'ﬂb CANCER © Jupyter upyter t - [ Pipeline
LET'S BEAT CANCER SOONER £ RESEARCH UK | Servirs i JURYSEr i i
cruk.org gl GRAND ' ® 2 P

""" CHALLENGE :

i Computation

analysis and data infrastructure — 99 4 o 99 d 4 Qn,.n::,:?m
transfer of CASU technology from TTTTTTYTTTTTTTT T T T —

astro to medical domain . HAAEEEES - BOEEEEEER -

.
CASU responsible for primary image | =« @& @& & © = OO O =
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JupyterHub Deployment: CASU@IRIS

CASU Interactive Analysis Platform

File Edit View Run Kernel Git Snippets Tabs
+ B * C ¢ [Z Launcher X
-/

Name -

B8 dask-worker-space Notebook
@8 Devel
| ML
B8 Shared

e [W| cutouts.ipynb

& cutouts.py

Python 3

Terminal

Show
Contextual Help

Settings
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CASU Interactive Analysis Platform

Help CASU Version: imaxt/casu-notebook:2020.07.21 ~ File Edit View Run Kernel Git Snippets Tabs Settings Help CASU Version: imaxt/casu-notebook:2020.07.21
= + B * C ¢ & Launcher X | [# cutouts.ipynb [ ]
-/ B+ XOMO » = C » X Download  Code v 0 © =it Python3 O
Name - o
[71: fut = []
. B dask-worker-space for item in res.head(n=12).itertuples():
0 8 Devel fut.append(delayed(extract_cutout)(item, ra, dec, size))
.| ML .
images = dask.compute(*fut)
@8 Shared
0 ™ cutouts.ipynb fig, ax = plt.subplots(nrows=3, ncols=4, figsize=(16,12))
@ cutouts.py ax = ax.ravel()
i Q
J[?\Y:::SISD)( E‘ for j, img in enumerate(images):
cutout_imshow(ax[j], img)
k-
L4 -
» R - L ]
(I )
Ko
- L
@ = . e
... L ] . -
Javascript Octave * ,‘. b .1
(Node.js) .,
L eente . ‘ '.
—ﬁ'j. . )
L] - °
» e Jc L ]
2
Fe
<
° .
’. L - -
Diagram Python File Markdown File Tensorboard " ‘e
b % '.
. .
" % ,
- .
K > . .
v . A . k2
4 ~
£ ' .
- .
o .
.
“- 0. . .
-
a Il
Ths R T
. .
(
Saving completed Launcher 2 3 & Python3|Idle Saving completed Mode: Edit © Ln10, Col 33 cutouts.ipynb

Nic Walton - CASU@IRIS Science @ IRIS AHM 2020 19



7

Processing 100 images in distributed
containers usmg 60 cores

12 ]

10 -]

30—2
25—5
20—2
15—3

10 J

Bytes stored: 9.19 GB

1 1
Bamg 311y

Tasks Processing

T8 Ndv 2020

f
17

Task Stream — R QT B O
a :

1/01 5s 10s
Progress -- total: 3800, in-memory: 259, processing: 3252, erred: 0
102 / 400 | apply_wcs 0/400
85 /400 | wesfit 0/100
121 /400 mosaic 0/100
59 /400
111 /400
43 /400
extract_objects 271400

getitem Nic Walton - CASU@IRIS 3¢iéhce @ IRIS AHJ\/I 2020
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Query VISTA database around position

vistadb = VISTADB()

# Coordinates to search for
ra, dec = 194.30, -64.75

# Columns to print

columns = ['filename', 'coords’','filtername’,
'totexptime', 'obsfwhm',

# Execute query and dissplay first 10 results
res = vistadb.query_radec(ra, dec)

res [columns].head(n=18)

filename

id
62124 v20100218_00330_st_tl fit
68702 v20100228_00495_st_tl fit
70725 v20100304_00444 _st_tlfit
81752 v20100315_00327 st_tlfit
83062 v20100316_00361_st_tl.fit
83235 v20100316_00499_st_tl.fit
83254 v20100316_00511_st_tlfit
83273 v20100316_00523_st_tl.fit
120735 v20100422_00425_st_tlfit

120754 v20100422 00437 st_tlfit

“wopts RGB [width=100@, height=500]
hd.datashade(points)

‘surveyname',
'obstatus', 'qcstatus']

coords filtername surveyname

13:02:18.02 -64:35:28.7
13:02:18.02 -64:35:28.7
13:02:18.02 -64:35:28.7
13:02:18.02 -64:35:28.7
13:02:18.02 -64:35:28.7
13:02:18.02 -64:35:28.7
13:02:18.22 -64:35:29.9
13:02:18.22 -64:35:29.9
13:02:18.02 -64:35:28.7
13:02:18.22 -64:35:29.9

Ks
Ks
Ks
Ks

Ks

Ks

VAR
NA%
A
VvV
VALY
Vv
VvV
VW
Vv

VvV

‘nightobs”’,

nighto

201007
201002
201003
201003
201003
201003
201003
201003
201004

201004

df.count().compute()
ra 1692586238
dec 1692586238
dtype: int64

7 ioa
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Architecture diagram for the IRIS-
CASU deployment. OpenStack
provides the infrastructure as a set of
virtual machines (VM) where a
Kubernetes (k8s) cluster is installed.

Kubernetes Master

*“ Docker engine
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http://sci.esa.int/plato

PLATO

PLATO 2.0: Rauer et al 2013

PLAnetary Transits and Oscillation of stars

Goals: will detect and characterize Photometric transits | ... Asteroseismology
I I voor | o Power spectrum HD43385 (GO) 137 days
planets down to Earth-size by high . va‘wwwwwﬂw,mﬂS . i 136 ggl,GM{__«
precision photometric transits around ~1M: b " ot s Pt el
% oy AW 4 '.r ya L “’: st “_‘5 - x5 2 4
bright stars. Planetary masses will be I e s i s IS - |
41000 3 = F 1
determined by ground-based radial veIOC|ty T s " i “ ‘ d ‘ " l L
measurements. Stellar parameters like age’ - S 0 B o0 10 o
and mass will be obtained by c.g. Kepler-10b (V=11.5) Frequency (uHz)
asteroseismology For solar like stars PLATO will give:  ————
gé'éfé - T o 5~ ’ + . .
What? loA Radius to ~3% )% of +. M ﬁ _JH
development and \ * Mass to ~10% 2 B +‘;~+.,.}..:~'
operations of ~_Age to ~10% o e
EXOpIanet AnaIySiS RV follow-up from ground v

System pipelines.

%\- A ioa 18 Nov 2020 Nic Walton - CASU@IRIS Science @ IRIS AHM 2020

When? Launch end 2026. 4 to 8
years operations plus post operations
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PLATO Data Processing Centre
Exoplanet Analysis at @ Cambridge

ms  aceemsa  PDC and interactions for L2/L.3 generation
lAuiniary Tonboard s/w
SOC PLATO Data Center Data Processing PLATO Science
Algorithms
PDC Overall Management (LESIA WP32) L3 ssiont Management
MPSSR WP30 : - scientific
( ) LO/L1 ‘algonthms validation
Lo/ L1. : Data Processing PSM Coordination "'?1"" <
processing <«+—— |0 algorithms + L1 S/W Development Support (WP10) "‘ﬁ«k’.ﬁ«“}c DP2,.DP6 vﬂ_"{,?(ﬁﬂf
SSR W — |5 4/__/_1210,.14 5 \cﬁ‘;;'
(MPSSR WP31) Target/Field S Dg e
—— it Input Catalogue PDPC-A Input catalogue Characterisation PDEUBINDP validation
Input rﬂ T (SSDC WP34) I specifications and Selection 2
Lo | L1 Catalogue 9 (WP13)
Catalogue Preparatory & FU o
Preparatory, Lg | Database Management 00® Follow-Up
< Lg — PDPC-L Coordination
(LAM WP35) < (WP14)
LO, L1, DP3-5, 5
Preparatory, Lg Exoplanet e—L2/L3 algorithm Exoplanet Science
= cleaned L1 PDPC-C specifications (WP11)
PLATO i DP2, DP6 (loA WP36)
Archive OFs, Dpy D L L2 algorithm
$OPs Stellar PDPC-| specifications . el
LO, cleaned L1, | (IAS WP37) Science (WP12)
Lg, Preparatory
: Tools specs
L0-3, Lg ,| Data Analysis Support [« Complementary
Preparatory Tools PDPC-M 1 Pipeline results Science (WP16)
<+— Feedback —1  (MPSSR WP38) L2/L3 analysis
support
‘\— Calls for Proposals Toolset —————————— * A I specs
v
entif bbrati 9 L data flow: ~110 GB/ d
Scientific ". PMC Calibration/ Performance Ground-based (R darge ata flow: ay
Community g @@ Operation Team Team Observation i G Combplex data
Programme Team p
access to public data Payload calibration, monitoring scientific and Payload prime sample IRIS AHM 2020 24
and control specifications aspects [




Gaia and DPAC @ Cambridge

ESA Gaia/ DPAC

o
o
|

(@)

apping the Milky Way: 2 Billion Stars
ala Data Release 2 (Apr 2018):

aia Early Data Release 3 (3 Dec 2020)



https://www.cosmos.esa.int/web/gaia/dr2

West Cambridge Data Centre

220 nodes provide combined
compute+storage

o000

€ c @

All Applications

Logical GPU Count Total Total Memory Total Disk Space

10536 54.0 TiB 2.315 PiB

cru

CPU Utilization - Average

500 180 1900 1020 200 203 2100 2120 200 230 2300 2330 000 0030 0120 01:30 0200
= cpuuser = cpu_systam — cpu_nios — CpUIe — CpU_WD ~ cpu_inkr ~ cpu_sintr — cpu_steal

SYSTEM LOAD

D —
AR

System Load - Average

Bl

en e el

leslem

Memory - Average Memory - Total

2300 0000 o100 0200 0300 0400 0500 o500 ormn 0

DISK UTILIZATION
DISK 10

Disk 10 - Average

Disk 10 - Average Disk 10 - Total

0500 0600 oro0 a0 1800 18:00 2000 21:00 220 2300 000 o100 0200 8

~ resd_bytes == writs_bytes.
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Cambridge DPCI Software Stack

* The processing stack
has transitioned from
MapReduce to Spark

* Provides flexibility as
Spark processing can
be deployed on non
Hadoop Cluster
architectures

* Opens the possibility
to deploy on IRIS
type infrastructures

.\ Apache Ambari

Processing and

Systems Analysis

Management Java"

g !Scala @ python” (R

APACHE

Application Layer
Spark

 om 8
% o 0 @ ,
»éApache Zeppelin [1-Jﬁ {;

Resource Management

Storage Layer

Layer
Data Management
PostgreSQL
| /4 .
=/
ACTIVEMQ g
S RIS

Will investigate use of IRIS for future Gaia Core processing

§ ioa
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".‘.‘L,T:-_CASU actlvely partlc:lpatlng in the IRIS |n|t|at|ve
-« Current activity involves deployment of data analysis and
database access to VIS TA imaging data —

« Expand capability to provide user access to analysis chains
linked to all CASU science data products .
 Improved science consortium access to internal data releases

» |Investigate deployment of core Gaia processing to IRIS in the
2023/24 timeframe (assumes IRIS or similar provision longer *j
term and UKSA/STFC agreement)

« Experience informs: deployment of PLATO processing centre post
2025




