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Outline

» Research Environments and Data processing

 Data Publication

* Virtual Observatory

« Only some aspects of our work are presented
« Supercomputing will be presented additionally soon

* Afternoon hands-on session will focus on data access and SQL
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Some Infrastructure Projects

« German Astrophysical Virtual Observatory (GAVO),
AIP Co-Pl, 2003 — 2016

* AstroGrid-D, AIP PI, 2005-2009
* WissGrid, AlIP in Steering Committee, 2009-2011

* DFG Project Radieschen (General Set-up for
Interdisciplinary Research Data Infrastructure), AIP
in Steering Committee, 2011-2013

* DFG Project Sustainability of Virtual Research
Environments, 2013 - 2014

A
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RAVE Pipeline & Archive

2009/2010: Rewrite pipelining process:
from single core pipeline

RAVE PIPELINE
» RAVE Cat.
Bi-weekly update [[{ RV processing REOBS Cat.
|
» VALID Cat.

SQL Database
RV's Cat.

Tycho-2

HTML interface

Field Cat.

Supercosmos IVN

Spectra : RV's
RV corrected

Continuum subs.

Validation Cat.

Fibinfo Bibliographic Cat.
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RAVE Pipeline & Archive

2009/2010: Rewrite pipelining process:
to N-Core multi node processing (Speedup ~ N cores)

alma016.lin.gw
8 Cores

pipeline resources

alma017.lin.gw
8 Cores

corvus.aip.de L
pipeline resources

sraw/reduced fields
pipeline results (final)

edatabase
alma018.lin.gw
8 Cores
alma241.lin.gw pipeline resources
NFS, raw data, 16 Cores
template lib pipeline resources

OB dataproducts
R RrRrRrRrBBBBr™™w™x™xxyy»—™m—= "
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RAVE Pipeline & Archive

» source control for pipeline (preprocessing+ SPARV)
 tracking of individual fibers instead of whole fields (= 150 fibers)
* Improved data products

Sky Lines
©
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« quality control and observer comments extraction from fits files

» provenance information for each filed and fiber

« UCD for each column in database (Unified Content Descriptors)

« cross match with multiple catalogs

 web based interface to all data, differentiated access levels
(public, collaboration, DMG), sql queries
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Collaborative Research Environment (CRE)

CLUES project as example:

* huge data space
« for raw data
« for post processing product data
* post processing tools
 scientific programs, compiler, libs, viewers...
* management procedures for a collaboration
e user accounts etc. managed by collaboration
 membership not bound by relation to institute or university
* mailing list
* accessible, secure machines
« project web space for collaboration results
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CRE erebos configuration

40 GBit/s (QDR)
48 Cores, 2 TB Infiniband

cosmdatb:
/store/erebos

cosmdatc:

puEqIUUI
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/store/clues

cosmdata: /store/reionization
/store/bolshoi

/store/multidark

/store/stellcomp




MUSE Data Management: Raw Data Flow

ESO Archive
Pc‘m

To‘se GTO

§ MUSE data
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MUSE Data Management: Current Setup of MUSEWise

®

ESO Archive

GTO data

MUSEWise
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Digitization of astronomical photographic plates

DFG project of AlIP, Dr. Remeis Sternwarte Bamberg and Sternwarte
Hamburg
(also continuation of former efforts (WFPD, M.+K. Tsvetkov) )
Digitizing plates, extraction of logbook metadata
« 10000 AIP
40000 Bamberg
« 35000 Hamburg
« Definition of FITS header extensions for digitized plates
« Source catalog extraction from images
« Photometric information with suitable calibration for many
objects (by crossmatch with other catalogs)
« pyPlate software package and pipeline
« Working on calibration of spectral plates ongoing
« Archive and publication via webinterface @ AIP
« APPLAUSE (Archive of Photographic PLates for Astronomical USE)
(https://www.plate-archive.org)
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Improved solution with SCAMP

more: https://escience.aip.de/ag2014/Tuvikene AG2014.pdf

Improving solution with SCAMP software in sub-fields
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Data publication

 Publication of research data is pushed forward by:
- Politics: European Commission, Bundesregierung

Funders: DFG, BMBF, Horizon 2020

Journals: Nature, PLOS

—_ |ncreaS|ng amount Of SC|ent|StS opendata ABOUT SEARCH EDUCATION RESEARCH

» Recent example: CERN

MuOnia primary dataset in AOD format from RunB of 2010

— open data.cern.ch (/MuOnia/Run2010B-Apr21ReReco-v1/AOD) 014

/MuOnia/Run2010B-Apr21ReReco-v1/AOD

"
[} L] Citeas: CMS collaboration(2014).MuOnia primary dataset in AOD format from RunB of 2010 (/MuOnia/Run2010B-Apr21ReReco-
. V1/AOD).CERN Open Data Portal.DOI:10.7483/OPENDATA.CMS.TME9.7FP2

- Geosciences

| Description

Climatology

MuOnia primary dataset in AOD format from RunB of 2010

- Humanities | characterstics

Dataset: 2917files 2.6 TB in total

— Social Sciences | system becas

Software release: CMSSW_4_2_1_patch1

Astronomy !!!

| Indexes
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Astronomy on the forefront

/ %4 SkyServer DR7 Sewch

| [} cas.sdss.orp

? Sloan Dig T SkyServer OR7 Sewch  x  [B] ditabase astronomy sql - x| 46 Simbad: TAP Service x \

| [ simbad u-strasbg.fr =

; RAVE Database - Quer % ' 4% Miternium Smulaions  x [l MutDark Database % ADQU Query x

v TP v
@) |/ %a SkyServer DR7 Sewch x | 23 RAVE Database - Que X, % Milernium Simulaions X B MrDark Daabase % | 4 ADQU Query
| gavo.mpa-garching mpg.de

ieR - Aladi i T

DR7 Tools

CDS - Simbad

SO | v
’: R SkyServer DR7 Sewch x| z3; RAVE Database - Quer % | %% Miternium Simulaions  x [l MutDark Database

| [ rave-data.aip.de

. \
~ Execution options | R SkyServer DR7 Search % ' 3 RAVE Database - Quer x | %% Milernium Simwlmions  x

MutiDark Database

Documentation
Query name: [ [ wwwmuttdark.org
Example 7 CREDITS/Acknowledgments
e /' R SkyServer DR7 Sewrch x ' 3z RAVE Database - Quer % ' 4% Milernium Simuliions  x [l MutiDark Database
Format wistmtion /
VOTable News ‘ dc.zah uni-heldelberg de

Max records: FAQ s s
A Dstabases AVO ADQL Query
# Batch mode + millimil (context) e

On this p: you can use ADQL to query some of our tables. This is
v -
Check before start Help mainly for ing: use TAP for larger jobs (e.g.. using TAPHandle

within your brow:

» Upload(0) Senvice info

To learn what ADQL is or for further information on this

[ » TAP resources Related implementation, see the service info
Tables available
— ThP resq for ADQL ADQL query
o Whatis TAP ? Metadata
Mentifier >>
* ADQL cheat
s Description >

* Simbad tabl

Keywords >

# DB: RAVEINH
ata [

+ DATA

Timeoutafter 5

[s]

To protect your nerves, the server inserts a TOP 2000 phrase unless you give a imit
yourself. Thus, i you hit the 2000 record limit and want to override it, you can
limit yourself (ke SELECT TOP 20000...)

There is a fixed limit to 100

rows on this service. If this bugs you, use TAP

SQL (or ADQL) is the de-facto standard in astronomy.
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Some issues ...

Custom made applications, hardly reusable.

Some Closed-Source components.

Considerable maintenance per website.

More and more projects want to or have to publish
research data in a similar way.

Performance issues for very large datasets.
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What do we need?

 Single software stack to publish SQL databases.
» Highly configurable, but still maintainable.

» Suitable performance for huge datasets.

» State-the-art technology, modern user interface.

* VO compliant. Fully Open-Source.

Our Solution

Daiquiri: A web framework for scientific database publication.

PaQu & Spider Engine: Parallel SQL database queries.
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Daiquiri

» Highly customizable framework for database publication

« Many applications — one code base
N a——
* Queued SQL queries including SQL query assistance :@a
* Can be used together with PaQu for Parallel queries
* Query result table viewer, quick plotting tool

» User database space, download in different formats

« VO compatible meta data management for databases
« UWS (VO Universal Worker Service) interface
 SAMP connection to VO tools (e.g. Topcat)

» User management, Contact messages, WordPress
integration, Meeting organization, ... v

————————————————————
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Daiquiri

« PHP5, Zend Framework

« MySQL database + some custom MySQL plugin

» Gearman application framework

* WordPress

* jQuery, Bootstrap, Angular JS, CodeMirror for the client

» Separation of

- The web application (app)
- Core functionality (daiquiri)

* Licensed under AGPL v3

* published on github
- https://github.com/jochenklar/daiquiri

7

- https://github.com/jochenklar/daiquiri-app

*——
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PaQu & Spider Engine

Spider Engine

« distribution of the database over 10 nodes

» orchestrated by a head node

» simple queries can be performed in parallel
PaQu

 reformulates queries for joins, aggregates, etc.

e e.g. count rows
— count on each node

— sum on head node

* head node collects data via federated tables
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The full picture

User Admin

MariaDB
Query queue DBIngestor / Asciilngest

Spider
€ [ederated

Spider engine

MariaDB
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What is it used for?

CosmoSim

Gaia@AIP

« CosmoSim database
gregor.aip.de  News instruments Query  Contact  Impressum Login ° Ga|a database
cenatallite nalaviae and . ® RAVE database

APPLAUSE plate archive

Welcome to the JUBILEE database.

Alpha verslon. Please, report any error using the contact form,

* CLUES user management
e et + GREGOR website
R  4MOST workshop 2012

» Dwarfs workshop 2014

 Heraeus-Seminar 2015

« CosmoDB @ Tartu

« JUBILEE @ Madrid

"___—________/

05.12.2014/ AIP Colloquium 23



AN
Leibniz-Institut fir
AIP  Astrophysik Potsdam

Virtual Observatory




Motivation
Variety of data

* Multi-wavelength data

« Different types of data:

- Photometry, astrometry, spectra, time series, simulations

 Different people, institutions and telescopes

« Complex, individual data formats

J120838.1-025712 ©=18.70 10=050 2z= 2.3251

How to handle this? v

b A
1 | 'NIL\W% _
waw w W""W‘»A\i

00 s 5000 5500 5000 6300 7260 7500
Mavelength (2}

i)

sl {ﬁ—s-__

/__—’_—_/
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International Virtual Observatory Alliance

ﬁ China

Participating member organizations

#___________________—
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Goals of the VO

Data access
— Allow and improve access to all kinds of data

Data discovery

- Make it easy to find data for given object/position/type/...

 Data publication and archives HOW’?
— Publish and archive data
- Useful metadata Standards and

interoperability!

Software

— To discover, access, handle and exchange data

=> Maximize scientific output of existing data
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Standards
— Data formats (e.g. VO-table)
— Data descriptions (UCDs, provenance)

Virtual Observatory 8 I/I

Access (tables, images, spectra)
- Exchange (SAMP)

* Interoperable tools & applications

 Distributed data centers
— All over the world, using the same standards for VO integration

VO registry

- ,yellow pages” of the VO services and data

- VO services and their data collections registered
— easy data discovery

05.12.2014/ AIP Colloquium



GAVO

German AStrOphyS|Ca| V|rtua| Observatory GERMAN ASTROPHYSICAL

GAVO

German contribution to the IVOA

VIRTUAL OBSERVATORY

People from Heidelberg, Potsdam,
Garching, Munich, Tubingen, Bonn

Publication of

— Observational databases
— Simulation databases

GAVO data center software

« Standard creation and implementation

 Qutreach:
- VO Days, AG-meetings, Tutorials

05.12.2014/ AIP Colloquium



VO at AIP

Observational databases
« RAVE

- Pipeline

— Database structure

 Digital plates archive
« SDSS mirror

< Sloan Digital Sky Survey / SkyServer
B8 =B [© Mirror site at AIP

Tool oject:

he DI

SkyServer Tools

Science Projects Info Links
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RAVE stars in Blender

Aladin v8.0 elolEls
File Edit Image Catalog Overlay Coverage Tool View Interop Help 3 o
@ @ Location x| frame[ca |7 @
DSS SDSS +2MASS - WISE - GALEX PLANCK -XMM -Fermi - Simbad -NED +
PLARESUT eolur 506550 @B [

"__—__/



VO at AIP

Simulation databases

e CosmoSim

Database with cosmological simulations
250 registered users from 35 countries

MultiDark and CLUES project, 6 sim., 64 — 1000 Mpc/h l

Data curation, data structures and documentation

Use case for Daiquiri+Spider+PaQu

Facilitating the work flow (DBIngestor + extensions)

astroquery.cosmosim package (Austen Groener)
for scripted access

CosmoSim Queries (astroquery.cosmosim)
This m

Requirements

Getting started

05.12.2014/ AIP Colloquium
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VO at AIP

Standards implementation & development
« UWS for job handling
 SAMP for data exchange

» Drafts for Provenance Data Model

— Describe origin of data, workflow
— Retrace bugs

Agent Activity Method
. . - —  — -method -
— Attribution
aaaaa 1 -ucd
0..%
------ 0 -associatedMethod
*
aaaaaaaaaaaaaaaa nMaj
-role
DataComp
d 1] d
-dataComponent ucd
0..%
-dataCol llection
DataCollection @ | ~ |DataCol llectionDescription

————————————————————
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VO at AIP

Tools
« UWS client

— http://qithub.com/adrpar/uws-client

— Python client to access any UWS-enabled web service
— Submit queries, download results, delete jobs

UWS --host www.cosmosim.org/uws/query --user XXX --password Xxx \

job new \
query=“SELECT x,y,z FROM MDR1.FOF LIMIT 10" \
--run

uws --host www.rave-survey.org/uws/query --user XXX --password xxx \

job new \
query=“SELECT RAdeg, DEdeg FROM RAVEPUB DR4.RAVE DR4 LIMIT 10%\
--run

* mysqgldump-vo
— http://github.com/adrpar/mysqgldump-vo

— Directly export data from a database as VO table

e ————
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806 PPMXL Cone Search

GAVO data center R

aﬂ mb PPMXL Cone Search

‘VaruAL OsseevaToRr

For more advanced queries to PPMXL, consider using ADQL.

Help See also the service info.
Service infc
[ [ envice o position/Name
[ ] Related Coordinates (as hm s, d m s or decimal degrees), or SIMBAD-resolvable object
ADOL avery
Cormection to USNO-B Search radius

Correction to UCAC-3 Search radius in arcminutes

~ includes TAP with ADQL, SIA, SSA, ... e A

Nows >>
Description >> Table Sort by | Limitto (100 ] items.
Keywords >>

Crsrs L R T—

Croated >>

» Supports custom forms T I

Reference URL >>

— e.g. Cone search Ae—

* Registry included c

— data immediately visible SIS oo -

(] /o) AIP DacHS

Chromium

— accessible via VO tools like Topcat

Welcome to this data center. The operators have not yet customized their root.htm!
template, which is why you'e reading this template text

In addition to the services listed below, on this site you probably can access numerous
tables using TAP or form-based ADQL.

Please check out our site help.

Services available here

By Title By Subject
A..
« AIP DaCHS TAP service |il
he AIP DaCHS's TAP end point. The Table Access Protocol (TAP) ets you execute
nspex own data. It
15 thus e VO's premier way 10 access pubic data hokdings. Tabies exposed thiough this

endpoint nclude: 1 capabity, nlertace. 1 nt_pasam,  relationsiig,

1.1e5_detau,m.rosource, I 165_ole, 1 765_Schema, I es_subject, 1 es_

1.tc_sedshif, .stc_spatil, mstc_spectral, . ic_tempord, 1 table_column,  validation,
he

tp. 1ap. tap
tap_schema key_coumns. ap_schema keys. tap_schema schemas, tap_schema tables.
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Summary

E-Science since 2003

Pipeline and data management for RAVE
Implementation of CREs for CLUES, MUSE, etc.

Development of Daiquiri web framework for data publications

High performance databases with PaQu and Spider engine

Data curation, VO conform publication

VO standards and interoperability
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Tutorials — afternoon, 13:30 pm

* First steps with Aladin (20 min)
 RAVE with Topcat and Aladin (20 min)
* CosmoSim + Topcat (20 min)
« AIP‘s Data Access Service (20 min)
* Open questions (10 min)
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