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‘@) A cloud-aware analysis facility

A

Distributed computing on the Cloud

» Resources are heterogeneous
S ierue Grig oLt on g more generic level

- Virtual machines are disposable
— Cattle, not puppies: http.//bit.ly/cattlecloud

Building a cloud aware application

- Scale quickly when resources vary
— No prior pinning of data to process to the workers

» Deal smoothly with major failures
— Automatic failover and clear recovery procedures

Usual Grid workflow — static job pre-splitting # cloud-aware
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A

admins provide user’s workflow
virtual clusters does not change

Cvd) @D @Evd

geographically distributed independent cloud providers

Virtual Analysis Facility = analysis cluster on the cloud in one ¢
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chrn)) PROOF is cloud-aware

PROOF: the Parallel ROOT Facility

» Based on unigue advanced features of ROOT

» Event-based parallelism

» Automatic merging and display of results

* Runs on batch systems and Grid with PROOF on Demand 2 x

PROOF is interactive
S @enstant control and teedback of attached resources
- Data is not preassigned to the workers = pull scheduler

» Workers dynamically attached to a running process

Interactivity is what makes PROOF cloud-aware
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W) PROOF is cloud-aware

PROOF on Demand: runs PROOF on top of batch systems

$> pod-server start
Starting PoD server.

Zero ConﬁguratiOH updating xproofd conflguratio

: . _ starting xproofd..
it G starting PoD agent 2
Per-user, no system-wide installation s bop ot T
select user defined environmes
selecting pre-compiled bins &

Stab|||ty PoD worker package: /Users/v
Potential failures affect only one user — [SNERESTEIRESIEEIES

PROOF connection string: prog

Self-servicing
@sedea resiart ner PROOEF server

Advanced scheduling
Uses scheduling
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chun)) PROOIE (s @elie—clae

Adaptive workload: workers ask for data to process when reddy

master worker

nonuniform workload distribution

Packets per worker

§4000 ;—
get hext - =
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3000 f—
X 2500
E 2000
_§ 1500 Worker activity stop Zseconds)
[ ] “ 87
E : 1000 4 Rﬁﬁ
(D) * = -
L 500 16
3 ' 8 all workers
uo : m O 0.83 0.77 0.5 0.23 0.17 0.33 0.47 0.27 0.37 0.67 0 14 _—
e ; 't are done
12_— '
% - 1N NZ O S
U 10_—
Q. -
Elny
6F
4k
v +
) ° ° -_|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
un’form Complet,on time 2260 2270 2280 2290 szgrc))l \Przfm 2320 2330/
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chun)) PROOIE (s @elie—clae

Dynamic addition of workers

new workers can join and offload a running process

initially available

bulk init §' = & .
E = 5 '-."
‘é’o ?} .030 .
8 k
% wo rker wo rker
Talls new workers autoregister

deferred init

Talls

Iﬂlt

process

process
process
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N PROOF aynamic workers

A
User requests N workers

Old Workflow i i New Workflow

Wait until at least one worker
becomes available

Wait until “some” workers
are ready

A bunch of workers is started

Run the full analysis on

such workers only Run the analysis

Other workers will gradually become available

They will be available Additional workers join
at next run only the processing

Minimal latency and optimal resources
See ATLAS use case here: http.//chep2013
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G PROOF aynamic workers

SoA 4

1200

RORE

| GE) i Batch jobs (best num. workers scenario)
g 1000 — | ———— PROOF pull and dynamic workers
T i
g— -
S 800 |— Derived from startup
k5 i latency measurements
©
E -
% 600 —
L] -

400 Batch jobs: num. of workers is fixed and

chosen optimally for each process time
200

5000 10000 15000 20000 25000 30000 35000
Total process time required [s]

Dynamic workers are never idle:

time alw nt in computin : i
HpLihealivaysis PENTINECOMPUNRG Dynamic workers reduce completion

time of a constant ~30%
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%E?W The virtual analysis facility

+ What: a cluster of yCernVMs with HTCondor
— One head node plus a scalable number of workers

+ How: contextualization configured on the Web
— Simple web interface: http.//cernvm-online.cern.ch

» Who: so easy that can be spawned by end users
— You can have your personal analysis facility

» When: scales up/down automatically whenever it's needed
— frees unused resources
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) The virtual analysis facility

A

Integration to the CernV/M ecosystem and HTCondor

» uCernVM: one-flavor SLC6 operating system on demand

« CernVM-FS: HTTP-based cached FUSE ftilesystem

» CernVM Online: sate context GUI and repository

— See previous talk: http.//chep2013.0rg/contrib/213

— Both OS and experiments software downloaaded on demand

— See previous talk: http;//chep2013.org/contrib/185 '-;"fi

A sesst High Throughput Computing

» HTCondor: light and stable workload management system

— Workers auto-register to head node: no static resources configuration

The full stack of components is cloud-aware
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running working

working

running

SIJA SUIUUNY

running

waiting

T Condor queue

cloud controller or
_ CernVM Cloud

waiting

Experimental meta cloud controller

Jobs waiting too EC2 interface: » Accepts scale requests
long will trigger a credentials given » Translates them to multiple clouds

scale up in the context
— ’ Code available at
an be usea on any http://bit.ly/elasti
HTCondor cluster : 4 X
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) Elastic cloud computing in action

A

Context creation with CernV/M Online. http.//cernvm-online.cern.ch

Context template
C reate new Please fill the following parameters and click create in order to create a new virtual machine context definition

special context

Dashboard

Your context definitions

User configuration

Name
8 A Thes Mter vt Context name: My PROOF Master
1)
Role: | Master + |
& VAF Ibex Node vl — B
CUStom IZ€ Num. pool accounts: 50

HTCondor shared secret: |type in any password

|
@ Create new context...] few o ptiO NS Proxy for CVMFS: http://proxy.cernch |
|
|

Context password: [
' Create context '
Dashboard
Get generated N
Your context definitions
user-data
Name ID Operations
£ My PROOF Master | 5e81170380b043222ed63e40e1d90bbd &g aone]@ Publish][@]@
&  VAF Ibex Master v1 - dd3d44092b094f898eca4464e3d65124 | (7§ Clone Clone with full options
Get rendered context
£ VAF Ibex Node vl 327336b3485b4ba2918202b64021c6¢5 | (4 Clone Get raw u S Hata
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CERN

\ Flastic cloud computing in action

A

el R e N 5 R L N SR i AP PN o SN TR AN RTINS SR gl B o S i e a N AN L

0 g OpenNebula Sunstone: € x Pl <
€« C' £ hitps://one-master.to.infn.it YO w @ = i
OpenNebula Documentation | Support | Community Welcome proof | Sign out 2}
T —— . Virtual Mact“m o + New Update properties S L ? -4

prenme——— .

Configuration

A Show 10 : entries gpow / hide columns Search: l ;
. V::lp ;r;-‘:oums S' D¢ Owner &  Group & Name ¢ Status $ IPs ¢ A‘Qgs ¢
Virtual Machines 0 3737 proof ec2 ec2-mi-medium  RUNNING 172.16.212.121 BB -~
E:;Z':m proof ec2-m1arge RUNNING 17216212122 BB g
e i proof Jarge RUNNING 172.16.212.123 |BE ]
w Marketplace - proof ; RUNNING 172.16.212.124 BB
RUNNING 172.16.212.125 [WE
RUNNING 172.16.212.126 BB
ano@localhost 12127 (BB
Rd
=
m

Initialization time: 0.4 secs
Estimated time left: 3 min 7 sec i 2 Next Last
Processing status: 47684014 / 100000000 events - 0.00 M8

Processing rate: 827183.6 evis/sec
avg: 279466.8 evts/sec (0.0 MB/sec)

Screencast: I Close dialog when processing is complete
http://youtu.be/t1s2jFaXf64 Showtogs | _Pedomencepit | _ MemoyPiot | Ensble spesdomeer |

Run in background | Stop | Cancel | Close |

I Smooth speedometer update

OpenNebula 3.8 4 by C12G Labs
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) UCernVM+PROOF startup latency

Measured the delay before requested resources become availaple

Target clouds:
Note: not comparing cloud

* Small: OpenNebula @ INFN Torino infrastructures. Only measuring
- Large: OpenStack @ CERN (Agile) pCernvVM+PROOF latencies

Test conditions:
Measuring latency due to:

» UCernVM use a HTTP caching proxy

— Precaching via a dummy boot * HCernVM boot time
« HTCondor automatic
- pCernVM image is 12 MB big registration of new nodes
— image transfer time negligible » PoD and PROOF reaction time

» VMs deployed when resources are available
— rule out failures and delay due to lack of resources
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) UCernVM+PROOF startup latency

S
16:00 |
— 1400 - |
E 1200 - Compatible results: latency is ~6 minutes
g (when we need to start VMs)
| s 10:00 - |
2
S 800 -
s
=  6:00 -
e
e 400 -
£
2:00 [
0:00 |- .

Latency due to CERN OpenStack CERN OpenStack Torino OpenNebula
legacy hostname Landb

registration issues
(this test ignored)

Software and OS precached
on local Squid proxies by a
previous test run

10 VMs started in the test
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céun)) @aohcllsions

A

Every VAF layer iIs cloud-aware and elastic

» PROOF+HTCondor deal with dynamic addition/removal of workers
+ uCernVM is very small and fast to deploy

+ CernVM-FS downloads only what is needed

Consistent configuration of solid and independent components
* No login to configure: all done via CernVM Online context

» PROOF+PoD also work dynamically on the Grid

- Elastiq can scale any HTCondor cluster, not PROOF-specific

» Reused existing components wherever possible
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C\j References

* PROOF (the Parallel ROOT Framework)
nttp.//root.cern.ch/drupal/content/proof

- Virtual Analysis Facility client and Elastiq
nttps.//qgithub.com/dberzano/Virtual-analysis-facility

* The CernVM Ecosystem
nttp.//cernvm.cern.ch/portal/publications

* Cloud @ INFN Torino
nttp.//chep2013.0rg/contrib/4 /4

« CERN Agile Infrastructure
http.//chep2013.0rg/contrib/86
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