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@ Agenda

@ Status of CernVM

@® Status of CernVM-FS
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@ CernVM Users Workshops

e Much of the work this year was defined by the workshop in March
Indico Werap-up Slides

o Feedback from experiments and sites

e Invited guest speakers from
Google, Amazon, Citrix, Basho, and University of Notre Dame

e Sharpened our view on containers (e.g. Docker)
e Strengthened the relationship to the
Parrot development team at Notre Dame

— Next workshop: 6th June 2016 at RAL
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https://indico.cern.ch/event/348657
https://indico.cern.ch/event/348657/session/3/contribution/23/attachments/688143/945052/wrapup.pdf

@ Releases at a Glance

e CernVM 3.4, June '15

Scientific Linux 6.6, Docker and Ixc, image signatures

e CernVM 3.5, August '15

Scientific Linux 6.7, Microsoft Azure, CloudStack, glideinwms-vm

e CernVM-FS 2.1.20, March '15 (~50 JIRA tickets)
S3, Stratum 1 Geo-API, garbage-collected repositories

e CernVM-FS 2.2.0 Server Only Pre-Release, September '15
(N15 JIRA tickets) bugfix and consolidation release

e Independent libcvmfs-stable summer '15

Being finalised:
e CernVM 4 RHEL 7 compatible
e CernVM-FS 2.2.0 (~100 JIRA tickets)

semantic versioning, extended attributes, data federations, HPC
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0 New Journal Publication

Journal paper together with D. Thain:

The Evolution of Global Scale Filesystems for

Scientific Software Distribution,

IEEE Computing in Science and Engineering 17(6), Nov/Dec 2015

Link
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http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7310920

@ Status of CernVM

@® Status of CernVM-FS
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197.4k visits

e ~28000 new CernVMs per day
e Covering ~75 countries

[ |
| Boot of New CernVMs FSS-Sk
e ~40% from U.K. |
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©

Known Users

CernVM: complete and portable environment
for developing and running HEP data processing tasks
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Known Users

CernVM: complete and portable environment
for developing and running HEP data processing tasks
( N e . 0
Use Cases Infrastructure-as-a-Service Cloud

@ IaaS Clouds

@® Development
Environment

©® Volunteer
Computing

@ Long-Term
Analysis
Preservation

@ Outreach &

Education

Various clouds:

ATLAS HLT farm

Cloud resources seamlessly integrated with experiment
task queues (e.g. ATLAS CloudScheduler, LHCb VAC)

ALICE software release testing on

CERN OpenStack

Commercial providers (“Helix Nebula")
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@

Known Users

CernVM: complete and portable environment
for developing and running HEP data processing tasks

Use Cases

Interactive Users through CernVM Online

@ 1aaS Clouds

@® Development
Environment

© Volunteer
Computing

O Long-Term
Analysis
Preservation

©® Outreach &
Education

O O O /3 bashboard Cernvi Online |

Lu

= € | @ hitps://cernvm-online.cem.ch/dashboard

About

%0 A
Logged i s chala | Log aut &
" Y

) PrivateCloUd4ALL

Dashboard
Commands Dashboard
Dashboard
e our context definitions
Create Context o ®

& PrivateCloud-CatalogServer 22b13425€f7244c4b7de60dbbcac4728
e 3 rvateCioud Worker 263207a03c0647742c93181c9086640
) & Privatecl
fEra=Coucitonay & Pprivate-Desktop 79383bc71d72476028397cc2e8d2a2ed
D @ PprivateCloud4ALL

37bb4937803b4078bIA69AES Tac74c

~300 users in 2015, out of which ~65 external users

3 Use as template

 Use as template)

& Use as template,

3 Use as template

% Use as template
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D Known Users

CernVM: complete and portable environment
for developing and running HEP data processing tasks

(Use Cases ) rTest4Theory and Computing Challenge )
@ IaaS Clouds S ——————
@ Development AU n O
Environment R S—
© Volunteer e -
Computing pT——
@ Long-Term

Analysis sty
Preservation .

® Outreach &
Education
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0

Known Users

CernVM: complete and portable environment

‘ for developing and running HEP data processing tasks

Use Cases

ALEPH software in CernVM

@ laaS Clouds

@ Development
Environment

© Volunteer
Computing

O Long-Term
Analysis
Preservation

©® Outreach &

Education

Cacae

4 jakob — aleph@cernvm-aleph01:~/test/ALPHA — ssh — 66x18

Demonstrates that VMs can bridge 10+ years

8/32


http://arxiv.org/abs/1512.02019

©

Known Users

CernVM: complete and portable environment
for developing and running HEP data processing tasks
( N e 0
Use Cases CERN OpenData Portal, CERN@School
@ 1aaS Clouds opendata ABOUT SEARCH EDUCATION  RESEARCH
@® Development
Environment entific Linux on any operating system and access the CERN working
©® Volunteer
Computing (CMS
= ALICE
@ Long-Term
Analysis ual Machine ALICE Virtual Machines
Preservation
@ Outreach &
L Education ) %
= J
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©

CernVM Hypervisor Support Status

L

The success of CernVM is largely based on the fact that it runs in practically

all cloud environments. J

Hypervisor / Cloud Controller Status

VirtualBox

VMware

KVM

Xen

Microsoft Hyper-V

Parallels »

Vagrant

OpenStack

OpenNebula
CloudStack

Amazon EC2

Google Compute Engine
Microsoft Azure

Docker

! Release Candidate

support added this year
+ support for glideinWMS-VM
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0 Vagrant

e Facilitates the instantiation of reproducible and portable development
environments using virtual machines.

e Wrapper around hypervisors and cloud controllers,
e.g. around VirtualBox.

e For Linux, Windows, OS X

(Example

> vagrant box add -name CernVM <cernvm image>.box
> vagrant init CernVM

> vagrant up
>

vagrant ssh
(. /

https://www.vagrantup.com

CernVM documentation
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https://www.vagrantup.com
http://cernvm.cern.ch/portal/vagrant

@ Reminder: Building Blocks of CernVM

Twofold system: pCernVM boot loader + OS delivered by CernVM-FS

User Data Sl

(EC2, OpenStack, CernVM Online, ...) atlas  alice
)

OS + Extras ] [ 8 ]
AUFS Writable Overlay — ] -

initrd: CernVM-FS + pContextualisation

o 1[ auFs ) Fuse )

-

e

Scratch
Disk

~

Il
1r
©w
(S
(%)
—
o
%)
-
~

Boot Loader
~
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CJ Status of the Building Blocks

Boot Loader (Image) 0S on CernVM-FS

e Linux Kernel + “guest additions” ® Based on Scientific Linux
® FExtra features: + Configuration and tuning

zRAM, x32 ABI, AUFS, ... w7 (CoS e
+ Extra packages
® This year: 3.10 — 3.18 — 4.1

¢ Cryptogra'phlc signature SL4 Prototype, LEP experiments
added to images SL5 Stable

® Available repositories:

GUI and contextualization
SL6 Production, in 2015

2 major releases,

16 security hotfixes
SL7 Release candidate

® Production repository:
® 6G, 210k files
® 800 curated packages

® 1600 total packages
® 30 custom packages
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Container Virtualization

Containers in CernVM

(Docker

—

Docker and 1xc (Linux containers) available in CernVM

A Ha v B

=2

) Applications Menu | & Teminal - root@localhost~

e
pi File Edit View Terminal

Terminal - root@localhost:~

Go _Help

[root@localhost ~]# service docker start

[root@localhost ~]# docker run -i ubuntu /bin/bash
Unable to find image ‘ubuntu:latest’' locally

ubuntu:latest: The

Starting Docker:

511136ea3c5a: Pull
fad4fd76b09ce: Pull
1c8294cc5160: Pull
117ee323aaa9: Pull
= 2d24f826cb16: Pull
Status: Downloaded

cat /etc/issue
Ubuntu 14.04.2 LTS

image you are pulling has been verified

complete
complete
complete
complete
complete
newer image for ubuntu:latest

\n \1

[root@locatlhost ~1# I
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Containers in CernVM

_ Container Virtualization
©

Resource Containers and Isolated Environments

The cernvm-fork utility allows for simple creation of resource containers
with isolated environments

$ cernvm-fork fork03 --new --fast --cvmfs=sft.cern.ch \
--run=/cvmfs/sft.cern.ch/my_app

e Facilitates sharing of multi-core virtual machines

L ® CernVM-FS cache shared across containers )

CernVM
Pythiab : i Pythia6 : @ Pythia8
+ L+ EE 4

Pilot /-\genté Pilot Agenté Pilot Agenté
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CernVM as a Container

Container Virtualization
@

L/

(CernVM (Docker) container

@ Make CernVM-FS repositories available inside a container

@® Work around missing union file system for writable overlay

© Options for CernVM-FS ® Root file system (/) layout
@ Fuse, mapped from host / ® cvmfs
e Shared cache | @ usr ﬂ | eus
e Collaboration from host link
—elibss — s @libo4
@® Using Parrot-Cvmfs :
copy
e Pure user-space (ptrace) o OQetc —— | @t
® |less pclerff)rm.ant, var copy ® var
some limitations ]
.g. suid binari - ‘
L (e. g. suid binaries) ] tmp
& J
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CernVM 4

@ cvm4 05

cpujjmem i net 0KIiB|| 0 KiB -

B Q@ v @

_
File System

CernVM

Software Appilance

ROOT
http:froct.cern.ch




U

CernVM 4

o B @ o @ 2
) Applications |1 Eve Main Window B Terminal - atlas@localho cpu mem|j net o kig | | o i I‘ & | 1026 [5]
- Eve Main Window. 4 - O X
Browser Eve AliEve Tools ‘
Eve | Fites | 3D view |
(3 VindiowManager Hide 3D View Actions

(LI Viewsrs
(L seenes

Style | Guides | Clipping | Extras |

GLViewer [TGLSAViewer]

Update behaviour
I Ignore sizes
¥ Reset on update

Update Scene
_ camsatoms |
Max HQ draw time: | 5000 2]
Max LQ drauw time: 100 2]
Clear Color [l [
Light sources

¥ Top V¥ Botiom
7 Left  Fight
¥ Frant P Specular

Point-size scale: | 10 5|
Line-widih scale: 102C
‘ 1

Command |

Command (local); |
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0 CernVM 4

Tasks for Scientific Linux 7 Support

=

CernVM-FS support for file capabilities (extended attributes)

CernVM-FS systemd integration as a “low level storage daemon”

System configuration and tuning with systemd

e ~25 minor issues open

Boot time optimization:

Scenario CernVM 3 CernVM 4
ADSL 120s 55s
CERN 60s 40s
Warm Cache 37s 17s

Speedy boot is particularly important for the cloud use case
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@ Status of CernVM

@® Status of CernVM-FS
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@ Topics for CernVM-FS 2.2.0

® Access to CernVM-FS on HPC resources
® Exploring data distribution

© Monitoring

O Code housekeeping
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@ CernVM-FS on Supercomputers

Login Node

&

Compute Nodes

e

e
4 GPFS /
Lustre

gl

| Issues

® No Fuse on compute nodes — Parrot connector

® No Internet access —
preload CernVM-FS cache on the cluster file system

20/32



@ Parrot Connector

Deployment on supercomputers

inflate+verify —~

/

Parrot Sandbox il -
fd file descr. _ (g ~ HTTP GET
open(/ChangeLog) }e - ~| libcvmfs & —
SHA1 >
“=WoLe

user space
----syscall /fParrot -~ - - - - - - - oo
kernel space

VFS
inode cache

dentry cache NFS

ext3
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http://ccl.cse.nd.edu/software/parrot

D Parrot Connector

Deployment on supercomputers

Parrot Sandbox

_ ~—
fd file descr. (S
open(/ChangeLog) }e --- ~| libcvmfs 3
l SHA1
> 10 b
® ~10 bugs fixed by us

user space
----syscall /Parrot -~ - - - - - - - oo
kernel space

® ~.15 bugs fixed by the

. VFS cctools team at Notre Dame
inode cache N ) )
dentry cache ® Test suite to verify that

LHC experiment frameworks
work under parrot
J

Parrot
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http://ccl.cse.nd.edu/software/parrot

@ Parrot Connector

Deployment on supercomputers

10k CMS job slots at Notre Dame

Parrot Sandbox

- —
fd file descr. (S
open (/ChangeLog) }e --- <| libcvmfs
l SHA1
B
® ~10 bugs fixed by us

user space
----syscall /Parrot -~ - - - - - - - oo
kernel space

® ~.15 bugs fixed by the

. VFS cctools team at Notre Dame
inode cache N ) )
dentry cache ® Test suite to verify that

LHC experiment frameworks
work under parrot
J

Parrot
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http://ccl.cse.nd.edu/software/parrot

- CernVM-FS on Supercomputers
[—ﬂ Preloading

cvmfs_preload

e Self-extracting binary, can be copied to the login node
® Same code than stratum 0 — stratum 1 replication
e Very efficient in transferring change sets (seconds to minutes)

o Allows for partial preloading of the namespace

J
e " M
Example Invocation
> cvmfs_preload -u http://hcc-cvmfs.unl.edu:8000/cvmfs/alice.cern.ch \
LT /shared/cache -d <dirtab> )

CernVM documentation


http://cernvm.cern.ch/portal/filesystem/hpc

m CernVM-FS on Supercomputers
=J

Preloading

cvmfs_preload

Self-extracting binary, can be copied to the login node

® Same code than stratum 0 — stratum 1 replication

Very efficient in transferring change sets (seconds to minutes)

Allows for partial preloading of the namespace

e " M
Example Invocation

> cvmfs_preload -u http://hcc-cvmfs.unl.edu:8000/cvmfs/alice.cern.ch \
LT /shared/cache -d <dirtab> )

CernVM documentation

Prototyped with ALICE on NERSC, next step: scale test


http://cernvm.cern.ch/portal/filesystem/hpc

5 CernVM-FS for Data Federations
©

Contribution from Brian Bockelman & Derek Weitzel / OSG

Use CernVM-FS as a POSIX compliant, consistent,
cryptographically secured name space for data files.

Site A

(Contributions
@ Grafting files [merged]

Describe name space without

processing of files
® Uncompressed files [review]

© External data [review]
Separate downloads of file catalogs
and data files

@ HTTPS/VOMS support [review]
Login to HTTPS data server with
grid certificate
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O CernVM-FS Monitor & CernVM-FS Browser

[ Available Stratum 0 Repo: x

€« c cernvm-monitor.cern.ch/cvmfs-monitor/Ihcb.cern.ch/

Main : Stratum0 : Incb.cem.ch

&j LHCD (Ihcb.cern.ch)

Project Information

Browse: Ihcb.cen.ch
Stratum 0
Stratum0 Revision: 33736
Oldest Stratum1 Revision: 33736
Last Modified: 12/11/2015 3:20:34 PM
Whitelist Expiry Date: 12/24/2015 1:11:35 PM (12 days left)
Root Catalog Hash: 1fof6
Number of known Stratum 1 Replicas: 6

Stratum 1 Replicas

CERN Replica
Revision: 33736 (Last Replication: 12/11/2015 12:10:57 PM)
URL: http://cvms-stratum-one.cern.ch/opt/lhch

Revision: 33736 (Last Replication: 12/11/2015 3:44:19 PM)
URL: http://cemvmfs.gridpp.rl.ac.uk/opt/lhcb

? RAL Replica
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CernVM-FS Monitor & CernVM-FS Browser

[ Cloud Browser - /lib x
<« e | ce .cern.ch/cvmf /cb/br r .cern.ch/latest//lib
( Home) » 1ib
oate: 117122015 Change Nom
» I Name Content Type | Size || LastModifiea
e B et 402050781 oA SSIBAOIH 35 o s 1, 2008, 12:08 .

[ Gangaconig
[C] LCb_config.py

(7] LHCb_confg.pyc
LbLogin.bat
LbLogin.csh
LbLogin.sh

[ RootConfig

B cont

[ contrib

B e

El group_extra_settings.csh Shal 526 bytes March 16, 2015, 4:18 p.m.
[[] group_extra_settings.sh Shai 540 bytes March 16, 2015, 4:17 p.m.
[5] group_ogin.csh 390 bytes June 14, 2011, 1:28 p.m.
[2] group_login.sh fas 377 bytes June 14, 2011, 1:29 pum.
[5] group_shell.csn - Shal 498 bytes June 14, 2011, 1:29 p.m.
[5] group_shellsh gt 82 bytes June 14, 2011, 1:30 p.m.
B htmi 3bytes  Dec. 7, 2015, 2:32 p.m.
[[] install_project.py 107.6 KB Sept. 17, 2015, 5:50 p.m.
[7] install_project.py.old - fc98c4b268ac8b144c453dbr42e9838fbBI047e4 Shal  107.6 KB Sept. 17, 2015, 5:50 p.m.
0] tetest_instal_project.py 107.6KB Dec. 11, 2015, 3:19 p.m.
B - - bytes  Aug. 27, 2015, 10:38 a.m.
B he - - 3bytes  March 6, 2015, 9:01 am.
Eyteg - - Sbytes Dec. 7, 2015, 2:32 pm.
B sica_amdsa_gee3s - - 3bytes  April 30, 2009, 10:30 a.m.
March 19, 2009, 10:22
B sica_io32_gec34 Sbytes Mo
3 targz - -~ 3bytes Dec. 7, 2015, 2:32 pm.
B tmp - - 3bytes Dec. 11,2015, 3:19 p.m.

Shat

application/x-python-
code

text/plain
application/x-csh
application/x-sh

4006500095 116245¢d061129761bf35df3edafs Shal

3Ibytes
a.4K8
31K8
51 bytes
51 bytes
50 bytes
4.0K8
4.0K8
4.0K8
14 bytes

Sept. 5, 2010, 11:03 p.m.
May 25, 2009, 1

May 25, 2000, 1
Sept. 17, 2015, 5:51 p.m.
Sept. 17, 2015, 5:51 p.m.
Sept. 17, 2015, 5:51 p.m.
July 22, 2015, 9:29 a.m

March 6, 2012, 10:10 a.m.
Nov. 1, 2010, 10:32 a.m.
Sept. 17, 2015, 5:51 p.m.

Revi

n 33736 - generic-2015-12-11T1

This web application is meant to be available only in web browsers, but with no warranty.

Change

senerc2015-12:
& Lm0

& trunk
generic-2015-12-
& [Maisiooz

& trunkpreviovs
seneric2015-12:
L grisincrsrs

seneric: zms .
L gviiv:
generl:rZDJS—er
¥ 11712:15:02;
‘generic-2015-12-
& {01502z

generic-2015-12-
& [iT00:10:407

generic-2015-12-

& 1iT08:10:492
generic-2015-12-

& 1iT08:15:002

senenc 2015-12:
L &%
senenc zms 12:
L&
genencrzms—lzr
L&

conanentiaz:
& 1170459487
aeneric-2015-12
¥ 11704:15:027
Qeneric-2015-12-
& 11703:59:502

generic-2015-12-
L grionin>s

generic-2015-12-
& {iT02:15:002

Regular files 16100272
Directories 2357862
Symlinks 116583
Total flesize  758.1GB
Chunked files 9680
Chunked file size  156.0 GB
Number of chunks 38157
Nested catalogs 2105
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O

[ cernvm-monitor.cern.ch

CernVM-FS Monitor & CernVM-FS Browser

x

| cernvm-monitor.cern.ch/cvmfs-monitor/cb/diff/atlas.cern.ch/latest/11000//.cvmfsdirtab

latest 11000
[ }/repo/dev/atias-gce/* [ 1[/repo/dev/atias-goe/*
2|/repo/sw/agis/+/* 2|/repo/sw/agis/*/*
3/repo/sw/atlas-gcc/* 3l/repo/sw/atlas-gce/*
d/repo/sw/cctools/* d/repo/sw/cctools/*
5|/ zepo/sw/ddn/* 5|/ repo/sw/ddn/*
6//repo/sw/ddn/rucio-clients/* 6/repo/sw/ddn/rucio-clients/
7|/ repo/sw/database/DBRelease/* 7|/ repo/sw/database/DBRelease/*
8/repo/sw/external/* 8/repo/sw/external/*
9|/ repo/sw/IEM-N/* 9|/ repo/sw/JEM-HN/*
[10]/ repo/su/muon/Lcps/* 10}/ repo/sw/muon/Lcps/*
1)/ repo/su/python/* 11}/ repo/su/python/*
[12)/ repo/su/software/*-o 12)/ repo/su/software/*-opt/*
Ie[13 /zepc/sv/se(tv-!ze/}\th'/'-opt/' k|
L4l 1 _64/root/* [ 13 1 _64/root/*
15/ xepor. 1 _64/python/+| |1 sLocal _64/python/
16//zepor 11 _64/boost/* | |1 sLocal _64/bo0st/*
17 i
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Add-On: Android App

]
r
.

CernVM
File System

CMS (cms.cern.ch)

Enter

peerrrooef

01512-11707:24:402

https://drive.google.com/file/d/0B8QL3WDIY49cV3FGOEhrcnJGUEU
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https://drive.google.com/file/d/0B8QL3WDIY49cV3FGOEhrcnJGUEU

C

Code Housekeeping

| CernVM-FS Code Base

o ~50kSLOC production code
® ~40kSLOC unit and integration tests

e Code base ages

— Testing and continuous code cleanup

Orderby | ~

@ cvm-689
Code Housekeeping

Sub-Tasks

1. @

2. O

10.@

Verify and fix code style

Add make test

Add make doc

Add pre-commit hooks framework

Consistently use lock guards

Overhaul cvmfs_swissknife

Use Database::SetProperty<> where

appropriate

Use CVMFS_* config variables directly in
ovmfs_server

Eliminate unclear Catalog::path() and
Catalog::root_prefix()

Consistently Sort Include Directives

]

RESOLVED

RESOLVED

RESOLVED

CLOSED

OPEN

OPEN

RESOLVED

OPEN

REOPENED

RESOLVED

Jakob Blomer

Jose Molina Colmenero

Jose Molina Colmenero

Jakob Blomer

Jakob Blomer

Rene Meusel

Rene Meusel

Rene Meusel

Jakob Blomer

Jakob Blomer
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@ Testing

José working on
the code coverage

900 50,000
Adding server side
garbage collection
675 37,500
@ on CERN Stratum Os g
w
c
5 S
8 450 25,000 B
S [
3 [oR
= 5
g 3]
2 Q
225 N e e 12500
Unit Tests ’
Integration Tests
Ko X A W =
W\%'”\;/\% "':;;S\\ ﬂr\@'»\f\\bw\@ wﬁ q,m"
~ o o 3 3 0 z
o o o o o o (o]
sV N sV N N N =

Source: Meusel
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@ Testing

Testing Strategy in Practise

g * Development unit test set

:8 - * ~ 600 tests (< 2 minutes)

53 R * 39% code coverage

[

2 * Full multi-platform unit test set

a * ~ 660 tests (~ 15 minutes)

Z + runs on all build platforms

§’ * 43% code coverage

2 * Multi-platform integration and unit test test

% * ~ 820 tests in various configurations (~ 16 hours)
g * 80% code coverage (73% integration + unit tests)

Source: Meusel
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Ti] Build Targets

Configuration Matrix docker-i386 docker-x86_64 bare-armv7hl osx10-x86_64 arm64 cvmfs-power8
sied Q Q Qo e @ ("]
sles Q Q Qo e @ (]
slcs Q Q ") @ @ ()
ce7 @ Q "] @ @ @
fedora21-power8 < @ <9 * ] Q@ 0
fedora22 0 0 0 0 0 0
sles11 0 0 o 0 0 0
opensusei3 0 o 0 o 0 0
ubuntu1404 0 ° Q 0 0 0
mac Qo Q [ Q "] (]

Recently added: Power8, ARM64, OS X El Capitan
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d

Summary

(CernVM

~

(CernVM-FS

e Close to 30000 new VMs / day

e Gives access to practically all
open-source and commercial
cloud environments

e Release candidates:

e CernVM 4
e CernVM container

Tight collaboration with OSG
and University of Notre Dame

Screened by CERN KT group
for commercial applications,
interest from Mesosphere

Parrot and the new preloader
allow for access to CernVM-FS
on Supercomputers

Exploring CernVM-FS as a
name space for data repositories

Ongoing work on monitoring
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