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Cyber	  infrastructure	  is	  defined	  and	  capacity	  has	  been	  
idenIfied	  to	  handle	  data	  volume

• Summit-‐Base	  network	  will	  be	  installed	  by	  the	  project.
• Working	  with	  NSF	  funded	  network	  consorIums	  on	  capacity.
• InternaIonal	  protected	  network	  idenIfied	  and	  quoted.

+ CC-IN2P3
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Data	  Access	  Services Processing	  Middleware

System	  Administra8on,	  Opera8ons,	  Security

Long-‐Haul
Communica8ons

Physical	  Plant	  (included	  in	  above)

Base	  Site

Applica8on	  Layer	  (LDM-‐151)
• ScienIfic	  Layer
• Pipelines	  constructed	  from	  reusable,
	  	  	  	  standard	  “parts”,	  i.e.	  ApplicaIon	  Framework
• Data	  Products	  representaIons	  standardized
• Metadata	  extendable	  without	  schema	  change
• Object-‐oriented,	  python,	  C++	  Custom	  SoZware

Middleware	  Layer	  (LDM-‐152)
• Portability	  to	  clusters,	  grid,	  other
• Provide	  standard	  services	  so	  applicaIons	  
	  	  	  	  behave	  consistently	  (e.g.	  provenance)
• Preserve	  performance	  (<1%	  overhead)	  
• Custom	  SoZware	  on	  top	  of	  Open	  Source,
• Off-‐the-‐shelf	  SoZware

Infrastructure	  Layer	  (LDM-‐129)
•Distributed	  Pla`orm
•Different	  sites	  specialized	  for	  real-‐Ime	  
	  	  	  	  alerIng	  vs	  peta-‐scale	  data	  access
•Off-‐the-‐shelf,	  Commercial	  Hardware	  &
	  	  	  	  SoZware,	  Custom	  IntegraIon

Science	  Data	  Archive
(Images,	  Alerts,	  Catalogs)

Alert,	  Calibra8on,	  
Data	  Release	  

Produc8ons/Pipelines

Applica8on	  Framework

Science	  User	  Interface	  and	  Analysis	  Tools

Archive	  Site

Data	  Management	  System	  Layered	  Architecture

Data	  Management	  System	  Design	  LDM-‐148
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Data	  Management	  Faces	  Many	  Challenges

• LSST	  Data	  Management	  system	  must	  deal	  with	  an	  unprecedented	  data	  volume.

– one	  6-‐gigabyte	  image	  every	  17	  seconds
– 15	  terabytes	  of	  raw	  scienIfic	  image	  data	  /	  night
– 100-‐petabyte	  final	  image	  data	  archive
– 20-‐petabyte	  final	  database	  catalog
– 2	  million	  real	  Ime	  events	  per	  night	  every	  night	  for	  10	  years

• The	  soZware,	  framework	  and	  database	  designs	  are	  in	  place	  for	  highly	  reliable	  open	  source	  
system.

• Infrastructure	  is	  idenIfied	  and	  anIcipates	  modest	  technical	  advancement	  consistent	  with	  trends.



✤ A- Data acquisition / primary storage (Cerro Pachon/La Serena - Chile)
✤ B- Nightly processing: alerts & transients  (NCSA) 
✤ C- LSST data processing pipeline (NCSA, CC-IN2P3) 

✤ Data management : DBMS & data access → PetaSky 
✤ Image processing, calibration
✤ Object detection & catalogs , time series (light curve, proper motion)
✤ photo z  

✤ D- Dark Energy science data analysis (WL, SN, P(k)/BAO, clusters …)
✤ E- Public data release 

LSST computing levels



LSST-computing

✤ Un des trois principaux sous-projets de LSST : 
✤ Télescope et site
✤ Caméra
✤ Calcul, Distribution des données  (~ 1/4 du coût total, 140 M$)

✤ Calcul sous la responsabilité de NSF principalement, Jeff Kantor et M. 
Juric et forte implication de SLAC

✤ Architecture OO, C++ / Python - Base de données distribuée (Qserv)
✤ Participation française à hauteur de 50% de la production du niveau 

C : R.A, C. Arnault (coord. technique), D. Boutigny, D. Fouchez



PetaSky

✤ Groupe 1 : accès aux données, bases de données
✤ Groupe 2 : Analyse d’images et Visualisation 
✤ Groupe 3 : fouille des données, apprentissage 
✤ Laboratoires impliqués:

✤ LIMOS (Clermont-Ferrand) - F. Toumani
✤ LIRIS (Lyon)
✤ LPC-Clermont - E. Gangler
✤ CC-IN2P3 
✤ APC 
✤ LAL

✤ Journée MASTODONS CNRS 5 Décembre 2012



Compléments
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LSST	  Database

Table	  sizes:	  the	  largest	  table	  in	  the	  
last	  release,	  raw	  size,	  uncompressed,	  
no	  replicaGon,	  indices	  not	  included
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Source
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Source
3.6PB

Forced
Source
1.1PB

Object
109TB

Ccd	  Exposure
~0.6TB

Moving	  
Object
5GB
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Table Size [TB] rows columns description

Object 109 ~38 billion ~500 Most heavily used, for all common queries 

on stars/galaxies, including spatial 

correlations and time series analysis using 

summarized information

CalibSource 24 ~100 billion ~25 Sources used for calibration

DiaSource 71 ~200 billion ~50 Alert-related follow up analysis

Source 3,600 ~5 trillion ~100 Time series analysis of bright objects and 

detections

ForcedSource 1,089 ~23 trillion ~7 Specialized analysis of faint objects and 

detections

Reliability. The system must not lose data, and it must provide at least 98% up time in the face 

of hardware failures, software failures, system maintenance, and upgrades.

Low cost. It is essential  to not overrun the allocated budget, thus a cost-effective,  preferably 

open-source solution is strongly preferred.

4.2 Data Production Related Requirements

In  a  nutshell,  the  LSST  database  catalogs  will  be  generated  by  a  small  set  of  production 

pipelines:

• Data Release Production – it produces all key catalogs. Ingest rates are very modest, as 

DRP takes several months to complete and is dominated by cpu-intensive application 

jobs. Ingest can be done separately from pipeline processing, as an post-processing step.

• Nightly Alert Production – it produces difference image sources, and inserts/updates the 

Object and Moving Object catalogs. Since alerts need to be generated in under a minute 

after  data  has  been  taken,  data  has  to  be  ingested/updated  in  almost-real  time.  The 

number of rows updates/ingested is modest: ~40K new rows and updates every ~30 sec 

[59.].

• Calibration Pipeline – it produces calibration information. Due to small data volume and 

no stringent timing requirements, ingest bandwidth needs are very modest.

In addition, the camera and telescope configuration is captured in the Engineering & Facility 

Database. Data volumes are very modest. 

16

LSST catalogs



PetaSky

✤ Masse de données ( 1-10 PB) / architecture du DMS
✤ Système parallèle et distribué 

✤ Gestion de données hétérogènes (LSST/EUCLID/…) 
✤ Lien avec VO (Virtual Observatory) 

✤ Traitements complexes (images, corrélation de catalogues d’objets …)
✤ Visualisation ( Voir VO aussi)

✤ LIMOS (Clermont-Ferrand) - F. Toumani
✤ LIRIS (Lyon)
✤ LPC-Clermont (E. Gangler) CC



Parallel processing/storage (MPP)
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Querying database from pipeline is simple and non-challenging, in particular when compared to 

user query access: we expect several full table scans over the course of the entire Data Release 

Production (several months), while user query access will need to deliver many such scans on 

daily/weekly bases.

3.3 User Query Access

The  user  query  access  is  the  primary  driver  of  the  scalable  database  architecture.  Such 

architecture is described below.

3.3.1 Distributed and parallel

The database architecture for user query access relies on a model of distributing computation 

among autonomous worker nodes. Autonomous workers have no direct knowledge of each other 

and can complete their assigned work without data or management from their peers. This implies 

that data must be partitioned, and the system must be capable of dividing a single user query into 

sub-queries, and executing these sub-queries in parallel – running a high-volume query without 

parallelizing it would take unacceptably long time, even if run on very fast CPU. The parallelism 

and data distribution should be handled automatically by the system and hidden from users.

3.3.2 Shared-nothing

LSST's catalog will involve petabytes spread over many nodes. Operating under the assumption 

that  locally-attached  storage 

always has the highest bandwidth 

per  unit  cost,  a  shared-nothing 

architecture  allows  each  node  to 

focus on its own work on its own 

data.  There is  no contention  at  a 

shared  storage  apparatus  for 

bandwidth  or  IOPS,  and there  is 

no wasted time spent coordinating 

other  than  receiving  work  and 

returning  results.  Interconnection 

fabric  can  be  constructed  of 

simple  low-cost  commodity 

networking  hardware  without 

specialized  high-bandwidth  or 

low-latency hardware. 

10



Query Access prototype (Qserv)  
implementation
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A Scalla/Xrootd cluster is implemented as a set of data servers and a redirector(s).  A client  

connects  to  the  redirector,  which  acts  as  a  caching namespace  lookup service  that  redirects 

clients  to  appropriate  data  servers.  In Qserv,  Xrootd data servers become Qserv workers by 

plugging custom code into  Xrootd as a custom file system implementation. The Qserv master 

dispatches work to workers by writing to partition-addressed Xrootd paths and reads results from 

hash-addressed Xrootd paths.

8.2 Partitioning

In Qserv,  large spatial  tables  are fragmented into spatial  pieces  in the two-level  partitioning 

scheme. The partitioning space is a spherical space defined by two angles φ (right ascension/α) 

and θ (declination/δ). For example, the Object table is fragmented spatially, using a coordinate 

pair  specified  in  two  columns--right-ascension  and  declination.  On  worker  nodes,  these 

fragments  are  represented  as  tables  named  Object_CC and  Object_CC_SS where  CC is  the 

“chunk id” (first-level fragment) and SS is the “sub-chunk id” (second-level fragment of the first 

larger fragment. Sub-chunk tables are built on-the-fly to optimize performance of spatial join 

queries. Large tables are partitioned on the same spatial  boundaries where possible to enable 

joining between them.
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