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Qutline

What is experimental High Energy Physics!?
What our computing workloads look like?

Components of our Distributed Cloud

Cloud Scheduler: Batch Job Management
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ATLAS




@ATLAS
EXPERIMENT

http://atlas.ch

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST

40 million
collisions
per second
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Scale and other experiments

Each interesting ‘event’ stored on disk

ATLAS experiment roughly 170 PB on disk today, now
growing all the time




High Energy Physics Computing workloads

® High Throughput Computing workload composed of
mostly embarrassingly parallel tasks (jobs).

® |obs for HEP are usually 1-24 hours in length and can be
done single core, or multi core jobs (memory saving)

® |obs are either Monte Carlo simulation of collisions or
analysis of real collision data from the detector readout

® Most of the workload today is run on ethernet
connected Linux clusters from 500 - 10000 cores at
Research and Education institutions around the world

® On any given day there is roughly ~300K cores running
HEP jobs for the Worldwide LHC Computing Grid
(collection of non-cloud federated Linux clusters)
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Our laaS timeline

CERN

Can we Amazon Open_Stack goes
use Xen? EC2 Arrives OpenStack

2005 2007 2010 2013

l l L

O ? O 9 Q @ @ Major Traction in HEP

A

We discover Multiple Multiple
Nimbus Nimbus OpenStack
Project Clouds Clouds

2006 2008 2012

,,,,,,
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Today’s Problem and Opportunity

Lo “'

Imperlal College
London
ISP
o 2

3".
= *‘.k ;

Ve wish to be able to run across multiple clouds without having any
'special’ relationship with those cloud providers. In other words we
can’t impose any requirements on them.
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Components of the Solution

Discover Web Caches:
Shoal

manage Jobs:

LHICoNdOr

Manage VM images:
Glint




2 High Throughput Computing Worker Node 1

Head Node Startd

Negotiator

Worker Node 2
Schedd

Startd

Collector

Master

Worker Node 2

Startd

lan Gable, University of Victoria 15



CloudScheduler

Create, Destroy, |

| and Status laaS :
| Calls I

- etmetnetetnetm————
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Cloud Interface Cloud Interface Cloud Interface

(OpenStack) (EC2)

Cloud Interface
(OpenStack)

custom

OpenStack Cloud 1
OpenStack Cloud N
Amazon EC2
Google Compute Engine
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Node Node Node Node Node Node Node Node

:-VM registration
| and Job

I submission

HTCondor

<@— Batch Systems Calls
<¢— laaS Calls

Batch Jobs
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universe = vanilla

=== job parameters ===

dir = $ENV(HOME)/logs/analy

output = $(Dir)/$(Cluster).$(Process).out
error = $(Dir)/$(Cluster).$(Process).err
log = $(Dir)/$(Cluster).$(Process).log
executable = runpilot3-wrapper.sh

arguments = -s ANALY IAAS -h ANALY _|AAS -p 25443 -w https://pandaserver.cern.ch -u user
environment = "ATLAS_SITE_NAME=IAAS APF_PYTHON26=1 RUCIO_ACCOUNT=pilot"
request_cpus = |

request_memory = 2000

request_disk = 10000000

requirements =VMType =?= "atlas-worker" && Target.Arch == "x86_ 64"

x509userproxy = $ENV(HOME)/atlaspt.proxy

$ condor_ submit atlas-sub.sub ﬁ === job behaviour ===

stream_output = False
stream_ error = False
notification = Error

| should_transf
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[chameleon]

auth_url: https://proxy.chameleon.tacc.utexas.edu:5000/v2.0
cloud_type: OpenStackNative
regions: regionOne

tenant_name: FG-54
vm_domain_name: .novalocal

key name: rd_key
networks: FG-54-HEP-NET
security _group: default
username: DRRR
password: stk
Cloud Scheduler Define Resources Available secure_connection: true
Define resources available: enabled: false
/etc/cloudscheduler/cloud resources.conf [cc-east]
auth_url: https://east.cloud. computecanada ca:5000/v2. O

OpenStackNatwe S

| cloud_type:
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Example Operational Task

State of the System on Monday Morning:

® |000 Cores of Belle-1 1 jobs running
® Each job is roughly 12 hours long and each job is in a different

state of completion
® There are several thousands jobs waiting in the Condor job

queue

Email on Friday:
Goal:

“Hey Mike,

No users jobs are killed and all VMs are shutdown cleanly before

We are taking cloud-x down Tuesday at 9:00 Tuesday
9:00 central time can you make sure you
aren't running anything important.

Operations on Monday Morning:
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https://github.com/hep-gc/cloud-scheduler
https://github.com/hep-gc/cloud-scheduler

Problem: Too many clouds to manage VM images manually




| Keystone

Cloud 2
| Keystone
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OpenStack with Glint

APl | CLI

Pages Paqges

[ ) OpenStack
(] Glint Additions

lan Gable, University of Victoria



Horizon Interface with Glint Pages

B iImages - OpensStach
& beeps://rat01.hepre.uvic.ca Qe @

B Images - OpensStach

(* [k b&pS//rat01.heprc.uvic.ca QAse @ n openstack Belle-ll crio & Sign Out

n openstack ATLAS SR Project |mages
Project |mages Compute

Image Distribution

Compute

Remote Repositories .
Overview

Overview DiStribUtiOn ‘ all Project Shared Public |

Repositories + Add Repository

Instances
Rat01 (Belle-ll) DAIR (NEP_HEPnet) Mouse (HEP) Alto (belle-ii)

Instances
Cloud
Name Identity Service Endpoint URL Type Actions Volumes v Pending
fedora-image

Volumes

Alto http://132.246.148.7:5000/v2.0 Openstack EditCredential  More |
mages
Images uCernVM-

http://nova-ab.dair- Openstack AddCredaniial prod.1.18-2

atir.canarie.ca:5000/v2.0 Access & Security

Access & Security

uCernVM-prod-

Mouse http://206.12.154.1:5000/v2.0 Openstack EditCredental 1.1841
Network Network

. Fedora-x86_64-
Object Store 19-20130627-
sda.qcow2

Object Store Displaying 3 items

Orchestration

Orchestration

atlas-node-si64

o4 2 v " » .
belle-worker-s|64 Pofing Pending Pending

https://rat01.heprc.uvic.ca:8483/project/images/?tab=...
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Goals for Glint

We have learned a lot this week. PyPI:

https://pypi.python.org/pypi/glint-service/

Take advantage of keystone
federation. User won’t have to launchpad:
provide creds for multiple clouds

https://launchpad.net/python-glint



https://pypi.python.org/pypi/glint-service/
mailto:rd@uvic.ca

The Virtual Machine Image




CernVM and CYMFES

CVMFS is a caching network file system

CernVM is RHEL compatible HEP based on HT TP and optimized for
software appliance in only 20 MB software, i.e. millions of small files

(EC2, ()1 nStack,
= Repositories
E I AUFS R/W Overlay 8
U)

initrd: CernVM-FS + pContextualization
S m AUFS Fuse

comes with it’s own CDN!

http://cernvm.cern.ch

Requires fast and near HT TP cache

26
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The caching challenge on laaS cloud

When booting VMs on different arbitrary clouds they don't
know which squid they should use

In order to work well, VMs need to able to access a local
web cache (squid) to be able to efficiently download all the




Shoal

VM Node VM Node

REST call
Get nearest squids

I Regular Interval AMQP :

! message

y Publish: IP, load, etc |
et~

shoal_agent shoal_agent
£ £
& &

(9) ) )
AN N oz

Squid Cache Squid Cache Squid Cache
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uses the highly Scalable AMQP
protocol to advertise Squid servers

to Shoal

uses GeolP information to
determine which is the closest to

eachVM

Squids advertise every 30 seconds,
server verifies if the squid is

functional

https://github.com/hep-gc/shoal



https://github.com/hep-gc/shoal

Total Number of Jobs by Site

[Ms by Cloud

LCG.DESY.de 1149081.0
DIRAC.UVic.ca 542687.2

LCG.Napoli.it 495470.3
LCG.KEK2.jp 437108.0
LC

' A e A N -‘: A A A I . )
G.MPPMU.d 282603.1 +
LCG.KMIL jp iy 220146 9 S u St ra Ia
LCG.Cosenza.it 2017545

LCG.KIT.de 193038.2
LCG.Pisa.it 187461.1

LCG.SIGNET.si 185874 .2
LCG.Frascati.it 149875.8
LCG.CNAF.it 133398.2

DIRAC.PNNL.us 131282.3
LCG.CESNET.cz 131141.1

DIRAC.BINP.ru 129298.9
LCG.UA-ISMA.ua 111533.7
LCG.HEPHY.at 108294 0

LCG.CYFRONET.pl 105986.6
LCG.NCHC tw 84017.3

LCG.McGill.ca 716951
CLOUD.CC1 Krakow.pl 65714 .2
CLOUD.AWS Sydney.au 59909.0
LCG.KISTIL kr 52582.5
LCG.Torino.it 518491
CLOUD.AWS Tokyo.jp 46835.6
LCG.ULAKBIM. tr 33997 .4
LCG.Melbourne.au 31961.6

LCG.NTU tw 20650.9
DIRAC.Nara-WU.jp 19279.2 15 16 17

DIRAC.Yonsei kr 17442.9 b Wdair-qc
LCG.Legnaro.it 17131.3 “ar-queensland
DIRAC.TIFR.In 16769.0
SSH.KMI.jp 16397.7
DIRAC.Osaka-CU.jp 15627.5
DIRAC . Niigata.jp 141991
O DIRAC.Tokyo.jp 10612.3
B DIRAC.CINVESTAV.mx 10336.9
LCG.Pisa.it @ DIRAC.TMU.jp 3333.0 15 16 17
[0 DIRAC.Yamagata.jp 2963 .4 May 2015 [J cc-east
LCG.SIGNET si 0 DIRAC.Beihang.cn 2495 .4 use [ nefos
O CLOUD.AWS Singapore.sg 1057.0
B ANY 829.0
... plus 3 more 8,264)
Generated on 2015-05-20 06:36:54 utc 20,899)

O Weeks from Week 11 of 2015 to Week 20 of 2015
DIRAC . UVic.ca

LCG.Napoli.it

LCG.DESY.de
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Summary

CloudScheduler/HTCondor flexible way to run Batch
Jobs on Clouds.

Key enabling technologies for this:
CVMFS + CernVYM
2H0aL Svnamic Squid cache fublisbing
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