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Canadian Astronomy Data Centre

« Heterogeneous collection:
» Multiple missions, facilities and
wavelengths
. . Canadian Astronomy
* Pointed and survey observations Data Centre ‘
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CADC Usage Numbers

« Size:
i 66M fiIeS ga?agantAstronomy

ivanced Data Products - | Services - | Advanced Search

® 4 3 4 I B Telescope Data Products - | Ad
CADC Home
target Search

* Users
 Authenticated access: 511 = | &

« Anonymous access: 3,234 =
» Registered: 6,207 -

« Data handled in the last year | . "
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Telescope Data Products Advanced Data Products Services Advanced Search

§ CADC Home

Search for data by target Search

Advanced Search

Telescope Data Products Advanced Data Products Services
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Advanced Search

« Enabled by the Common e S — Canadt
Archive Observation Model Pata Centre

 Telescope Data Products - | Advanced Data Products  pr——— Login |
« CAOM Advanced Search
» Single query interface to “all”

CADC collections

Observation Constraints Spatial Constraints Temporal Constraints Spectral Constraints

» Observation ID » Target » Observation Date » Spectral Coverage
» P.I. Name » Pixel Scale » Integration Time » Spectral Sampling
. . » Proposal ID ") Do Spatial Cutout » Time Span » Bandpass Width
 With proprietary metadata
» Proposal Keywords Coverage
Do Spectral Cutout
Science and Calibration data 4

and data access
. Many years in the making B oETF Er. e ==

Gamma-ray FUSE ACS 182NM_MBP (1) Raw Standard image object
Infrared HST FOC 191NM_NBP_(CIII) | (2) Calibrated spectrum
Millimeter HSTHLA FOS 270NM_MBP (3) Product
Optical RIS HRS 280NM_NBP(MGII)
Radio JeMT NICMOS Blank
[ ] w MACHO STIS CLEAR_FOC/96
X-ray oMM WFC3 CLEAR_HRC
Unknown UKIRT WFPC CLEAR_NIC1
VGPS WFPC2 CLEAR_NIC2

D e I I l O Date modified: 2014-05-01
»
Terms and conditions | Transparency \ /

About us News Contact us
Our mandate

Email
Acknowledgements Address




Virtual Observatory

* New perspective on VO standards

* Services

« Data Models: ObsCore, SIA (Simple Image) versions
1and 2

* Queries: ADQL, TAP (Table Access) and VOSpace
« Data access: DataLink

» Authorisation: CDP (Credential Delegation)

* UWS (Universal Worker Service)

» Notifications: RSS capability on TAP and VOSpace
» Monitoring: VOSI (Standard Interface)

» Storage: VOSpace 2.0

 |f you use CADC services, you are using VO
services




Users: b

IR - . 1° 4.
browsers. rich clients,
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Cloud
Computing

custom scripts, etc ‘
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private AP[ ——




Development Environment

* Linux Fedora
» Core development:
Java, Python and C
« Browser app:
Javascript, WET
« GIT
« Agile with 3 week iterations
Continuous integration (Jenkins)
» Open source repository:
* VO-related modules
CAOM data model tools

@ opencadc

Open Source Software from the Canadian Astronomy Data C¢

Project Home Wiki Issues Source

Repository: | default + | Checkout Browse Changes Clones

Source path: git/ Download zip
Directories Filename

vgit No files in the selected directory.
etc
vprojects
» cadcCDP
» cadcDALI
» cadcDownloadManager
» cadcGMS
» cadcHCompress
» cadcJS
» cadcLog
» cadcRegistry
» cadcSampleGMS
» cadcSampleUWS
» cadcTAP
» cadcTestServiet
» cadcTestTAP
» cadcTestUWS
» cadcTestVOS
» cadcTomcat
» cadcUWS
» cadcUtil
» cadcVOS
» cadcVOSI
» cadcVOTV
» cadcWCS
» wesLibJNI




Operational Environment

Linux: RHE and SL
Multi-Gb LAN
1 Gb WAN = 10 Gb (real soon!)

Service oriented architecture

» Ecosystem of web applications and interacting RESTful web services
Web Servers:

* Apache/Tomcat

* 4 master (round-robin); 4 slave

* 1 beta; 2 development

Databases:

» Sybase: 2 operational; 1 hot-spare; 1 development

» Postgres: 1 operational; 1 development with operational mirror

Storage and Processing
» On-site and off-site clusters integrated in a unified infrastructure



Current Projects — Advanced Search

Canadian Astronomy

Data Centre

Telescope Data Products - | Advanced Data Products Services | Advanced Search

CADC Home > Advanced Search

Advanced Search

seoen (Y D 0 T
—— pr— S St

» Observation ID > Target » Observation Date » Spectral Coverage
» PI Name > Pixel Scale » Integration Time » Spectral Sampling
» Proposal ID () Do Spatial Cutout » Time Span » Bandpass Width
» Proposal Title > Rest-frame Spectral
» Proposal Keywords Coverage

) Do Spectral Cutout
Science and Calibration data 4

Additional Constraints

Band Collection Instrument Filter Calibration Level ~ Data Type Observation Type
AlL(8) DAOPLATES Al (9) All (584) All (3) Al (2) Al (1)
Gamma-ray FUSE ACS 182NM_MBP (1) Raw Standard image object
Infrared HST FoC 191INM_NBP_(CIII) | (2) Calibrated spectrum
Millimeter HSTHLA FOS 270NM_MBP (3) Product
Optical RIS HRS 280NM_NBP(MGIT)
Radio cMT NICMOS Blank
w MACHO sTIs CLEAR_FOC/96
X-ray OMM WFC3 CLEAR_HRC
Unknown UKIRT WFPC CLEAR_NIC1
VGPS WFPC2 CLEAR_NIC2
Date modified: 2014-05-01
Terms and conditions | Transparency \ * /
About us News Contact us
Our mandate Email

Acknowledgements Address

Improving metadata
Adding functionality
 Drill down
 Single-click download
* Auto-completion

« ADQL editing and
submission

DatalLink interface
Improving query performance
Many other ideas!




Current Projects — ALMA

» ALMA Science Archive Query Interface
* Maintenance
* Development (VO interfaces)

ALMA Science Archive Query

|' Query Form |

Position Energy Time Polarisation

Source name (Sesame) Frequency Observation date Polarisation type

Source name (ALMA) Bandwidth Integration time

RA Dec Spectral resolution
Band

Observation Project Options

Water vapour Project code View: (s)raw data () project
Project title o public data only
Pl name

™ science observations only




Current Projects — SKA

« Science Data Processor Work Package
« DELIV and DATA sub-elements

* Moving data and processing to regional
centres g

 CANFAR-like infrastructure
* Pre-construction phase

« Contributing to data models and user
facing services

« VO is an important part

SAUARE KILOMETRE ARRAY .




Current Projects — MOST

« Microvariability & Oscillations of Stars Telescope
* 11 year mission ending later this year
* First time-series collection into CAOM




Canadian Advanced Network for Astronomical

Research

A Cloud Ecosystem for Data Intensive Astronomy

« A user facing service
« Create and interactively configure a VM
« Store and share a VM
* Run batches with a VM
« Store and share data
» Using research cloud resources

 Compute Canada
« CADC

é”e« o compute « calcul <~
A CANADA Westg,id




Context:

Science Team Support

Virtual organisations

 Forming around a given multi-year survey
project

« Handling large datasets

» Faced with acquiring and building project
infrastructure

Require infrastructure
« Larger datasets

« Data management, data distribution, data
processing

« Challenging a team’s ability to produce
and maintain infrastructure

One time use of project-specific
infrastructure

Strong central institution not always present




Context:

Compute Canada

« Large national computin
infrastructure
« Agencies pushing
researchers to use it

* Limited success in data-
Intensive astronomy

» Users must adapt to local OS,
software and policies

» Conflicting demands
« Limited mobility

Home

€D computecanada.ca  htl

CADC #§ CADC Test
(9 ] Home

Frangals

Home  AboutUs

QUICK LINKS

FAQs
Apply for an account
Upcoming events

Research showcase

RECENT NEWS

25/04/2012
‘Western astrophysicist ancovers
pessible secret origin of brows dwarfs

10/04/2012

Harper Governmesnt lavests in
Universities to Create Valae-Added Jobs
Through innovation

05/04/2012
Srain Code

05/04/2012
Ontaric Bailding One of the Worid's
Largest Srain Research Databases

16/03/2012
Compute Canada Appoints Interim
Executive Director

27/02/2012

Compute Canada Allocates Nearly $80
Million Worth of Powerful Compating
Resources To Support Canadian
Researchers

Home AboutUs Reglonal Divisions

VOSpace ¥ GMS Certificate (%} opencADC

¢ | ([@]~ Google Powered SQ ) | (2] A- A -
[E3 Bookmarks v

Password

Support Contact Us

CANADA A |

Welcome to Compute Canada

Welcome to a new look and design for the Compute Canada website. After many months of behind-the-scenes
planning, design and implementation, the site now provides you with more information about Compute Canada
and its national platform, showcases the teams within this distributed organization, and celebrates the leading
edge research Compute Canada supports. As you will see, the site now features dedicated pages highlighting
Compute Canada resources, support links, and a step-by-step process for applying for an account. The new
site also makes it easier for you to stay connected with Compute Canada news, announcements, and upcoming
events. As we continue to add content and enhance the site’s capabilities, please send us your feedback.

Research Showcase

Dr. Chris Pritchet, CANFAR

The Canadian Advanced Network for Astronomical Research (CANFAR,
financially supported by CANARIE and NRC) supports forefront scientific
discovery by providing a cloud computing research portal for the delivery,
processing, storage, analysis, and distribution of very large astronomical
datasets. The portal connects computing and storage resources with data
management and workflow management tools in support of collaborative
astronomy projects. Data used in the portal is gathered from major
astronomical facilities, including the Hubble Space Telescope, the Canada
France--Hawaii Telescope, the James Clerk Maxwell Telescope, and the twin
8-m telescopes of the Gemini Observatory.

090000

Resources Support Documentation

Copyright 2011 Compute Canada. Al Rights Reserved.




Solution: CANFAR

A new model for supporting community projects
» Platform for collaborative teams on distributed computing resources
» Extensible on Compute Canada

Elements
 Virtual Storage (VOSpace) "
* Virtual machines a
* Virtual Clusters (Cloud)
* Group management

« VO Standards

Developed and operated by CADC

If you use CADC services, you are using CANFAR
services



AAVSO Photometric All-Sky Survey
ANDROIDS

CFHT Ecliptic Plane Survey

CFHT Legacy Survey

CFHT Megapipe

CFHTLens

Disc Emission vis a Bias-free
Reconnaissance

HST Processing

JCMT All-Sky Survey

JCMT Cosmology Legacy Survey
JCMT Gould Belt Survey

Kuiper Belt objects simulations
L-Band Local Group Legacy Survey
MACHO Reprocessing

Millenium dark matter simulations
studies

New Horizons Target Search

Next Generation Virgo Cluster
Survey

NuGrid stellar evolution
Outer Solar System Origins Survey

Pan-Andromeda Archaeological
Survey

Supernova simulations



CANFAR Services

Interactive
VM

RPI Services Pools

Vashbos Compute
y et Canada
Batch Pools
Storage
<>
Group — PEER File
| Membership Metadat
Credential a
. I Delegation
9 Compute
Canada
B CANFAR Storage
= Public Interface B CANFAR (NEP 110) Nodes J

—= Private Interface ] NRC



CANFAR VO Science Example Interactive &

Batch VM
Pools

VIVl U

Demand

Dd AT
Processing —
VOSpace

N~
AT
N

Abil

Storage =

Storage

Nodes




CANFAR Science Example Interactive &

Batch VM
Pools

@ User creates and configures VM »
»Ys <
Processing "

VOSpace

- ot

T
AT
N

-

Storage =

Storage

Nodes




CANFAR Science Example Interactive &

Batch VM
Pools

VIVl U

@ User creates and configures VM Demand
@ User saves VM img in VOSpace Processing C

» VOSpace

Abil

Storage =

Storage

Nodes




CANFAR Science Example

@ User creates and configures VM
@ User saves VM img in VOSpace »

@ User launches X instances of
image in batch processing

Interactive &
Batch VM
Pools

VIVl U

Demand

B e

Processing

VOSpace

Abil

Storage =

Storage

Nodes




CANFAR Science Example Interactive &

Batch VM
Pools

VIVl U

@ User creates and configures VM Demand
@ User saves VM img in VOSpace Processing C

@ User launches X instances of VOSpace
image in batch processing

@ VMs use TAP to find data from »
ObsCore

Abil

Storage =

Storage

Nodes




CANFAR Science Example Interactive &

Batch VM
Pools

VIVl U

ObsCore

@ User creates and configures VM
@ User saves VM img in VOSpace C
@ User launches X instances of
image in batch processing \_/
@ VMs use TAP to find data from “— C
| Daaink

»

B VMs use Datalink to access S
data

torage =

Storage
Nodes




CANFAR Science Example Interactive &

Batch VM
Pools

VIVI U

@ User creates and configures VM Demand
@ User saves VM img in VOSpace Processing C

@ User launches X instances of » VOSpace
image in batch processing

@ VMs use TAP to find data from
ObsCore

Abil

B VMs use Datalink to access
data

|
|

Storage =

® VMs save science results in Storage
VOSpace Nodes




Processing Storage

 University of Victoria  University of Victoria
» 2 cores/job; 2 GB/core « 655 TB
« 720 core years * Near-line backup

« University of Calgary « University of Saskatchewan
« 24 cores/job; 8 GB/core « 655 TB

« 58 cores years

« CADC « CADC
» 2 cores/job; 2 GB/core - 1.4 PB
« 176 core years




Virtual Machine on Demand

CANFAR*

Canadian Advanced Network for Astronomical Researc h

Processing

New VM | Boot VM Running VMs Submit Job(s) Running Jobs

Boot Virtual Machine

Virtual Machine Location

VM Name: [3dass

-OR-
Location:
Processor Cores: |3 v
Memory (GB): [12 v
Staging Disk space (GB): [ggg v

| Boot | | Reset |

CANFARRestAPl > Nimbus > Xen
N T Y- '




Multi-cluster Batch Processing

CANFAR*

Canadian Advanced Network for Astronomical Research

Processing

‘ New VM | Boot VM Running VMs Submit Job(s) Running Jobs

Job Submission

Virtual Machine Location

VM Name: 'img'gz

VOSpa Ce: |vos://cadc.nrc.calvospace/ShaimaaAli/vmstore
vos:/ /cadc.nrc.calvospace/adriand /[vmstore
vos://cadc.nrc.calvospace /aikema/vmstore
vos:/ /cadc.nrc.calvospace/chiggs/vmstore

-OR -
URI/URL:
Processor Cores: [ 1 ¥
Memory (GB): [ 3 :
Staging Disk space (GB): [ so :

CANFAR rest API Condor

Cloud Schedulef™ >——»> Nimbus >_——» Xen



Usage: CPU

Slot Count Usage, Last Two Years

40 ' ' ’ ’ ' ' Hermes Used
CADC Used
400 + 1 Breezy Used mmmm
CADC Configured
350 Hermes Configured
I ] Breezy Configured ——
300 +
S 0t
0
0
8 20}
n
150 +
100 +
5 + bl y
. H H | mulm [ .
03/01/12 05/01/12 07/01/12 09/01/12 1100112 02/01/13 03/01/13 05/01/13 07/01/13 09/01/13
Time



Usage: RAM

RAM Usage, Last Two Years

14e+06 T T T T T T T T ' ' Hermes Used
CADC Used
Breezy Used mmmm
12e+06 | CADC Configured
Hermes Configured
Breezy Configured ——
le+06 +
@ 800000 r
2
>
S 600000 -
400000 +
200000 +
0 A
03/01/12 05/01/12 07/01/12 09/01/12 11/01/12 01/01/13 03/01/13 05/01/13 07/01/13 09/01/13
Time



Virtual Object Store

« Storage web services
using several
distributed storage USask CADC UVic

reSO u rce S VestGrid Host Site Network o WestGrid Host Site Network
ni WestGrid
orage orage

Storage

» Optimization and QoS
strategies not user nor
provider dependent

« Same system for both | "= |- - e .
archive and users

* File in/File out




Virtual File System:

VOSpace

» User storage

 Virtual machine image
repository

» Cloud processing file
persistence

* Asynchronous query input and
output o

ddddddddd
Upload folder
ddddddd

Add bookmark

L
z

[ 14 5]
.’:‘.3.“-
g s
LI

ERREER
449 3

* Programmatic access
« curl, wget, vosClient T
 Browser Ul

* Mount-able file system (vofs)

ER
< o

* Full access control
* Notifications via RSS feeds



Virtual File System:
VOSpace

CANFAR*

Canadian Advanced Network for Astronomical Research

(IRl pmoer

10 items, 49.95 GB available

Name Size Last Modified (UTC)

Actions
Add files ] ESAC_talks 16.93 MB 2012-09-19 - 23:55:11
Add foider (1 Euclid_Bologna 12.50 MB 2012-09-21 - 10:18:35
Upload folder
Add link .| HST_previews 1.97 MB 2012-09-19 - 23:54:52
Add bookmark | L] rsstest 2.41 MB 2012-09-19 - 23:53:25
link
) || rsstestpub 1.85 MB 2012-09-19 - 23:53:25
Download
Delete (| sao_Paolo 11.92 MB 2012-11-15 - 00:36:11
Move || Talks 2.19 MB 2012-10-01 - 06:21:09
Edit permissions (1 TAP 98.75 kB 2013-02-21 - 16:39:14

) | Ll TAP_queries 100.58 kB 2012-09-19 - 23:54:52
Manage Groups

C L vm 0 bytes 2011-05-09 - 22:59:45

Powered by

g

-
'

B
l,f. E b O
L1 Y .Z"u,:[-:ﬁ_‘:,,l
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Virtual File System:
VOSpace

Terminal — tcsh — ttys006

[daxka-2:~] gaudet% mountvofs --véspace vos:gaudet --mountpoint /Volumes/gaudet
[daxka-2:~] gaudet¥ cd /Volumes/gaudet

[daxka-2:/Volumes/gaudet] gaudet¥ 1s
ESAC_talks/ HST_previews/ TAP/ Talks/ rsstestpub/

Euclid_Bologna/ Sac_Paolo/ TAP_gueries/ rsstest/ vm/
[daxka-2:/Volumes/gaudet] gaudet¥ ||




Virtual File System:
VOSpace

TAP

< 88 = My mi | | X ~ W =y Y o )

o
ror

Précédent Présentation Action depliant.pdf Organiser Partager Modifier les tags Recherche

FAVORIS (%) Disque distant (] ESAC_talks - M UseCase-1.6.sql.out

&} gaudet = Mflcintosh HD * [ Euclid_Bologna
™ Réseau ~ (] HST_previews
[ Documents 2\ vos/gaudet ~ [ rsstest

] work (] rsstestpub

r/.\g Applications g 1S—alok_PaoIo

- alks

|z Bureau (] TAP

(] Utilitaires (] TAP_queries

=l Tous mes fichi... L vm
@ AirDrop

APPAREILS
O Disque distant

PARTAGES
Ld Tous...

TAGS

[\ vos/gaudet » [ TAP




VOSpace Usage in 2013

Bytes (TB) Files (millions)

® Telescopes
®VOSpace

® Telescopes
®VOSpace

60% VOSpace 5% VOSpace




VOSpace GETs: Files per week (Aug 2012 — Apr 2014)

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

~0.4 million files per week
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Geography of VOSpace PUTs
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Geography of VOSpace GETs
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The Power of VOSpace Views

* VOSpace Views: an powerful optimization
* “‘Move the code to the data, not the data to the code”

* Views allow one to define a set of operations that usually
reduce the number of bytes that need to be transferred.

* VViews in use at the CANFAR:
* On FITS files (data nodes):
» Cutout view, WCS view, FITS header (fhead)
* On Container nodes:
 Manifest view, RSS view



Growing Pains and Lessons Learned...

« As VOSpace usage grew, we had to adjust to meet
demand

 Made and learned from mistakes along the way

* The bottleneck kept shifting: fixing one vulnerability would
expose the next

« Examples:
* Tuning database transactions, locking
Authorization techniques
Contention on root nodes in DB
Resource pooling
Recognizing our system limits, “try again later” rather than fail
Building smart clients, identifying problem ones



Access Control

* Project, team or user

managed
* Processing, storage, o

guerying, annotations = ]G’°“'° ""a“age"‘e":
« X.509 certificates .. —

 Not userfacng . "

» Self-signed

» Platform service accepted by T —

resource prOVIderS ® UserID | capc Username or X.509 Distinguished Name

« Based on VO:

* Single Sign-On T I

» Credential Delegation Service
» Group Management Service



Access Control

* |t's the glue!
* It's the integration

Cha”enge' Group Management

* It has to be done

‘ My Groups l

Update Group

Owner Name Severin Gaudet

Name  MAP

Description Multi-Archive Project

Members [ Severin Gaudet

Delete Selected Members

® UserID | caApC Username or X.509 Distinguished Name

Add member




CANFAR Current Projects

* Moving from Nimbus to * Virtual machine on demand
OpenStack (VMQOD)
* Integrated identity and « Sharing virtual machines and
authorization vm images
 Virtual machine image « Software as a service virtual
mirroring machines
* Incremental deployment * Ipython/julia notebook portal
« Server-side visualization of
« VOSpace improvements large datasets

e Random access o Long-lived virtual machines

« Scalability and robustness

- Decentralized persistence * Access control moving to
LDAP



CANFAR Current Projects — Data Publishing

@[ <] AstrobataCitationDOI ) CISTLCADC >

2 items, 100.00 GB available

Last Modified (UTC)

oooooooooooo

eeeeee

Edit permissions

J B

« Data Object Identifiers (Data publishing using VOSpace)
» Science teams use VOSpace as working space
» User creates a publishable directory
» Transfer publish-able directory to CADC control

« Support refereeing, revision, DOI issuing and finally publication
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