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Motivation

Science is becoming a global endeavour

CERN Laboratory in Geneva
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ATLAS Detector

44 m wide 25 m diameter
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Event image (Higgs candidate)
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WLCG Computing Grid

~<<ogpw = CERN Tier O
10 Tier1 sites
60+ Tier2 sites

40 million collisions per second

150 PB data

100,000 collisions selected
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Clouds in High Energy Physics

Long-term preservation of
software and data of HEP
experiments

Utilize special computing
resources attached to the
detectors

Simplify the management of
heterogeneous in-house
resources
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Use commercial clouds for
exceptional computing
demands
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Overview of distributed compute cloud
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Operate three HEP
HTCondor/CS Instances

ATLAS

Bellell

Total work loads average 1500 cores
Peak work loads 2500 cores

1000 cores on Amazon EC2

Working on APl to Google GCE

Over 1.6M Jobs Completed

Canada/US

M AUSTRALIA-NECTAR (400,702)

Over 140,000 Jobs Completed

0 b
2014-0.

2-02 214-03-02

W CERN-PROD {122,261) GRIDPP_CLOUD (27,497)
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Need for a cloud

VMs can appear anywhere

Software in the world
repository
rplication Software repository and
selielbzits application database
T servers are fixed nodes
Run job Data

No input data repository
HTCondor

Cloud Scheduler - Single output data
Request VM . repository

We also have access to repositories distributed around the world
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Software distribution

CernVM file system (CVMFS)
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Software distribution

Squid HTTP Cache
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Software distribution in a context-aware cloud

Shoal — a group of Squids
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Shoal

github.com/hep-gc/shoal

VM Node Rk A Shoal used in production operation

[Lshoal_clent ] [shoal_cient ] i ' '
Allows for dynamic creation of Squids
A cloud could boot a Squid-VM

|
) REST call

| Get nearest squids
)

Shoal
Server

AMQP

| message
) Publish: IP, load, etc

shoal_agent shoal_agent
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Data Management

Approximately 100 sites (150 PB of data)

Compute
Facility

Storage

Primary use of cloud resources
Element imary . :
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We have three types of facilities

Two of those types of facilities host the data samples

Compute Compute
Facility Facility Compute

| G Facility

Element | Storage

Element

We want to run jobs with data on the cloud sites

The data is retrieved from the nearest SE

We need a “data federation”
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HEP Data Federation

Data
Federator

The LHC experiments operate an HEP-specific data federation — FAX

We are testing a more general data federation
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We have adopted WebDAV for file access

Data
Federator

Custom (CERN) Data Federator
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Data Federation Status

Currently testing the data federation with our two test clouds

Next step is to use it with the ATLAS application
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Image distribution system

&

|

VM Distribution Dashboard

VM Distribution ]
Service
IRY)
> J | .
clouds can access images from
external repositories (such as our

Repoman repository)

and clouds require that
we manually upload images to each
cloud
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Glint

Created to integrate with the individual
repositories of each OpenStack cloud

B Images - OpenStack | x
.= c django-dev.heprc.uvic.ca

E OpenS'[aCk 1o jn Out of UVic HEF
Project |]‘nages HEP

Compute
Local Images

Images # Project (7) Shared with Me (1) | Public (0) + Create Image
Image Name Type Status Public Protected Format Actions
Image Active No No QCow2 Launch
Image ve Qcowz Launch
Image ve NO Qcowz Launch

Network

~hi . mage ve OCOW?2 Launch
Object Store Image Qcowz aunch

Orchestratio
rchestration Image NO Qcowz Launch

Image ve Launch

Image ve NO Qcowz Launch

is designed to be part of the OpenStack GUI
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manages images on multiple OpenStack clouds

3 Images - OpenStack ' x §
L c django-dev.heprc.uvic.ca:8081

ﬁ OpenStaCk hap crib & Sign Out of UVic HEP
Ll Images HEP

Compute
Remote Repositories

Sites =+ Create T’Se

Instances Create Site
Site Name Cloud URL Auth Port Cloud Type Actions

ALTO http://alto.cloud.nrc.ca 5000 Openstack AddCredential ~ More

Ima jes
DAIR Cloud http://nova-ab.dair-atir.canarie.ca Openstack AddCredential ~ More

& Security
Mouse http://mouse0l1.heprc.uvic.ca Openstack AddCredential = More

Network
Displaying 3 items

Object Store

Orchestration

This image shows the remote repositories
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Bl Images - OpenStack = x |\

C' [ django-dev.heprc.uvic.ca:8!

Create Site

Name: *

Format: *

Description:

Description:
Specify a site for the Glint Service

B Images - OpenStack = x |\

C [} django-dev.heprc.uvic.ca:8081/p

Add Credential

Tenent: *

User Name: *

Password: *

Description:
Add a Credential to a Site using the Glint Service




B3 Images - OpenStack | x
€« & django-dev.heprc.uvic.ca

E OpEnStaCk AT crib & Sign Out of UVic HEP
Sl Images HEP

Compute

QAL all Project Shared Public

NEP_HEPnet on

hep on Rat01 hep on ALTO DAIR Cloud

test-worker-sl64_2.qcow2

Home Repository

The images on the Home Repository can be different than those
on the Remote Repositories
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B Images - OpenStack | x §
[ c django-dev.heprc.uvic.ca

E OpenstaCk hep erit Sign Out of UVic HEF
Project Images HEP

Compute
e\Qistribution

all Project Shared Pfiblic

Instances
nstan NEP_HEPnet on

HEP M K ALTO
on Mouse hep on DAIR Cloud

test-worker-sl64_2.qcow2

Images

b_sl6_april24

atlas-node-sl64
Network

Object Store
0ssos_v2_test

Orchestration

sobie-belle

sobie-belle2

ucernvm-pro:

to_share_with_ron

fedora-image

Fedora-x86_64-19-20130627-
sda.qcow2

is under beta-test and will in production before September 2014
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Summary

We have been operating a distributed cloud computing system for scientific
applications for many years

We are extending the functionality and reliability of the system by making it a
context-aware distributed cloud

We expect the system to group in scale to 5000 cores by 2015
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