DATA MANAGEMENT
CHALLENGES AT CMS
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Large Hadron Collider (LHC), CERN, Geneva, Switzerland

= Circumference: 27 km

= Current proton kinetic energy: 4 TeV

» 99.999997% of speed of light
» 8 m/s slower than light

= Current total energy in beam: |35 M|

» Equivalent to an aircraft carrier moving at 3.8 MPH
» or a Subaru Impreza moving at 1045 kilometers/hour (nearly the speed of sound)
» Or calories in seven 8” Cold Stone Creamery “Cheesecakes Named Desire”

= Superconducting magnet temperature is 2 K (colder than
outer space)
= Colliding protons like shooting two needles at each other
' from a distance of 6 miles and having them hit in the middle

- u‘i‘u \“';\i

-“:( 2*'}’? u.‘\ . \'



Large Hadron Collider (LHC), CERN, Geneva, Switzerland

= Circumference: 27 km

= Current proton kinetic energy: 4 TeV

» 99.999997% of speed of light
» 8 m/s slower than light

= Current total energy in beam: |35 M|

» Equivalent to an aircraft carrier moving at 3.8 MPH
» or a Subaru Impreza moving at 1045 kilometers/hour (nearly the speed of sound)
» Or calories in seven 8” Cold Stone Creamery “Cheesecakes Named Desire”

= Superconducting magnet temperature is 2 K (colder than
outer space)
= Colliding protons like shooting two needles at each other
=  from a distance of 6 miles and having them hit in the middle
& = Truly international effort: >10,000 scientists from over 100
countries

- u‘i‘u \“';\i

-“:( 2*'}’? u.‘\ . \'



“¢ - W

" ALICE]|

v Jo- )
3 < E
LT

ot ‘-
.‘.
LR R L

3
§ %

-

-

<




—~~
i)
c
()
=
(O]
=
O
>
S
|
Z
~—"
O
L
—
| Q
-
)
)
<
L
c
()
£
L
()
(ol
X
LLJ
V9]
2
O
()
i
T

e
.




THE CMS EXPERIMENT

% Weighs the same as
30 jumbo jets
¢ 2500 African elephants
s Tracking detector

s World’s largest silicon detector:
enough to cover a tennis court

% 76 million readout channels

s Detector 1s 100 m underground

¢ Constructed in pieces on surface,
and lowered

Total Weight: 12500 T~ © Largespice: 2000 T
g s Collaboration
Diameter: 15 m (50 ft)

% Over 3000 scientists and engineers

Length: 2 1 .5 m (70 ft) % 172 Universities and Labs

% 4] countries
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¢ Study incredibly rare processes

/A

.
i

¢ Higgs boson, new types of matter?

Al

* Need to 1solate these from much more plentiful (but
less interesting) processes

N
I~

* Processes of interest can occur once every ~ 1 billion
collisions or more

e
—

i

¢ collisions occur at 20 M Hz

e

 Need to collect and analyze as many collisions as

possible
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HOW FAST DO WE NEED TO GO?

Basic facts:
= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

TN

60 kHz 300 Hz

50 EB 200 PB 1-2 PB

g 45 Million CPU 170 Thousand

years! CPU years 360 CPU years
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HOW FAST DO WE NEED TO GO?

Basic facts:
= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

x [ )

Data

Collected

Data Rate

20 MHz

300 Hz

50 EB

1-2 PB

ing 45 Millhion CPU

Mike Hildreth

years!

170 Thousand
CPU years

860 CPU years
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HOW FAST DO WE NEED TO GO?

Basic facts:
= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

Proton Collisions Level 1 Trigger

in Detector

Data Rate 20 MHz

Data
Collected

Processing | 45 Million CPU

time years!

50 EB

For 1 year’s
worth of data
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HOW FAST DO WE NEED TO GO?

Basic facts:

= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

FPGA Chips do
very simple
analysis
~ ps to analyze
data

Level 1 Trigger

Proton Collisions
in Detector
Data Rate 20 MHz
K Data
s @ 50 EB
3;)3 Collected
o
= fé‘ Processing | 45 Million CPU
= 2 time years!

Mike Hildreth
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HOW FAST DO WE NEED TO GO?

Basic facts:
= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

20 MHz 60 kHz

50 EB 200 PB

- 45 Million CPU | 170 Thousand
years! CPU years
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HOW FAST DO WE NEED TO GO?

Basic facts:
= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

Proton Collisi : . :
r(;no?) et(e)czcs)lrons Level 1 Trigger High Level Trigger
Data Rate 20 MHz 60 kHz Computer 4
farm with e T
~ 1000 CPUs [ iEbsngn L
N f_}d D t T R

- 11a = . 50 EB 200 PB [
O Collecte High speed L
= g Processing 45 Million CPU 170 Thousand nethork/ i

. O 3 switch .
= time years! CPU years N
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HOW FAST DO WE NEED TO GO?

Basic facts:
= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

Simplified analysis

code
~ msS to analyze
data

(m

Proton Collisions

Level 1 Trigger High Level Trigger

1in Detector

Data Rate 20 MHz 60 kHz Computer =

farm with il T

i) - 1000 CPUs [ EEEER S SN
I a 50 EB 200 PB R i
0 Collected High speed !
g fé‘ Processing 45 Million CPU 170 Thousand netv‘.,:f{/ K
g SR years! CPU years T .
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HOW FAST DO WE NEED TO GO?

Basic facts:
= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

60 kHz 300 Hz

50 EB 200 PB 1-2 PB
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HOW FAST DO WE NEED TO GO?

Basic facts:
= Data from detector: ~250 kB/ collision
= Processing time for analysis: 5 sec (basic)

physicists

60 kHz 300 Hz

50 EB 200 PB 1-2 PB

45 Million CPU 170 Thousand

years! CPU years 860 CPU years

i UNIVERSITY OF

o | s NOT RE DAM E

Mike Hildreth 74



PROCESSING CMS DATA

Simulated Data

SESSERS

improvements
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WORLDWIDE LHC COMPUTING GRI
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WORLDWIDE LHC COMPUTING GRIIL

A
bl

s Over 160 sites around world (including OSG sites in US)
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WORLDWIDE
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WORLDWIDE LHC COMPUTING GRIIL

s Over 160 sites around world (including OSG sites in US)
3% > 200k CPU cores available

A

¢ As many as 1 million jobs submitted in a single day
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s Over 160 sites around world (including OSG sites in US)
3% > 200k CPU cores available

\V/
7N

P

As many as 1 million jobs submitted in a single day

Al
Z\\y

s > 300 PB of total storage available
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DATA FLOW ORGANIZATION

CERN
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CERN

m All LHC data passes through TO for imitial processing
= Provides less than 20% of total CPU resources for
LHC experiments

= Basic data processing common to all analyses

UNIVERSITY OF

Mike Hildreth 10 NOTRE DAME




DATA FLOW ORGANIZATION

oo

Taipel Canada Germany

Spain

France

Netherlands

United Italy
Kingdom
USA (FNAL) USA (BNL) Dlotoi
Countries
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DATA FLOW ORGANIZATION

Canada Germany Spain

France

Netherlands

United Italy

Kingdom

Nordic

Countries

USA (FNAL) USA (BNL)
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DATA FLOW ORGANIZATION

Tier 2
!

Tier 2 . Tier 2
Tier 2 Tier 2 Tier 2 Tier 2 Tier 2 Tier 2
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DATA FLOW ORGANIZATION

Tier 2

Tier 2

Tier 2

Tier 2
Tier 2

Tier 2

Tier 2 ' Tier 2
Tier 2 Tier 2 Tier 2 Tier 2 Tier 2 Tier 2
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COMPUTING TIER SUMMARY

CERN Lab
Geneva, Switzerland

National Labs
(Fermilab, etc.)

»‘\ Universities
SR Bvl Byl Byl eee (MIT, Wisconsin,
‘<‘4’ ( Nebraska, Purdue, etc.)
7

QO

Universities

‘ ‘ ‘ ‘ ‘ ooo (ND, Colorado,

UMD, OSU, etc.)

e e ]
I

Provide “Local” computing for individual groups
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DETAILED PLANNING REQUIRED'Y

A

data, which formats, how many copies, etc.

Tier-1 Disk Storage Tier-2 Disk Storage

3.0E+04 30000 -
Tier-1 Space
2.5E+04 - -

25000 -
Tier-1 Temp Disk

2.0E+04 20000 -
i i i
@ 156408 Disk Space Skimming ® 15000
1 M Disk Space AOD MC
1.0E+04 10000
_ « Disk Space RECO MC
5.0E+03 5000 -
0.0E+00 = e -DlskSpaceRAWMC
5888882585825 ¢858 Disk Space AOD Data ge8IdgNYNNA
2V LT E >k >E £ o RRRRRRARRRR/RR
s S5858538338¢% W Disk Space RECO Data £8§§§§%§§26§
= 3 ) s 2 €< 3 = S 8
8 : 5 g g 8 =2 W Disk Space RAW Data E” § 5 £ & g - )
3 o w - 3 a J g
= v o 2 3

s Models of data usage needed to decide where to put

Space at CERN for Analysis

Tier-2 Space

M Production Space on Tier-2s

“ User Space On Tier-2s

w AOD MC on Disk

RECO MC on Disk

i AOD Data on Disk

i RECO Data on Disk

2 shatt to higher usage of reduced data formats essential to

meet current storage budget

Mike Hildreth 15
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#* Computing and storage are currently ¢he limiting
factor on how much data CMS can collect

—_— .

* Trigger and DAQ capable of writing data at least 2x as

fast as current limit

—

“* Forced to discard potentially interesting events

#2012 Running: CMS 1s pursuing “Data Parking”

=

—

¢ alternate trigger streams with a total bandwidth equal to
the “high priority” triggers 1s being written to disk/tape

Al

¢ no prompt processing

—_— .

* will be processed later (during next year’s shutdown) at

the Tier 0 and Tier 1’s

¢ efficient use of computing resources during shutdown

UNIVERSITY OF

Mike Hildreth 16 NOTRE DAME




% What to do with all of this data?

Al

2 Irreplaceable resource

N2

% should be preserved, some how, for the future

* DPHEP Working Group

Al

¢ Convened by International Committee on Future Accelerators

(ICFA)
% ~ 100 members from ditferent HEP experiments, Labs

Al

 Two Reports:

% DPHEP-2009-00, _http://arxiv.org/pd{/0912.0255
% DPHEP-2012-01, May 2012, arXiv:1205.4667v1

Al

% Conclusions:
s “an urgent and vigorous action is needed to ensure data preservation in HEP”

“A clear and internationally coherent policy should be defined and
implemented”

UNIVERSITY OF
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http://arxiv.org/pdf/0912.0255,
http://arxiv.org/pdf/0912.0255,
http://arxiv.org/abs/1205.4667v1
http://arxiv.org/abs/1205.4667v1

=

—

CMS//_

% DPHEP effort defined four data tiers:

1. Published results, along with additional analysis-related information,

leading to more complete documentation of a given analysis

2. Processed data available in a simplified format (i.e., particle four vectors)

that can be used for outreach and simplified additional analyses

3. The ftull processed experimental data and simulated data and the

associated software for accessing and analyzing the data

4. The tull raw data of the experiment and all of the software necessary for

processing the data into a form where it can be useful for analysis

=

—

—

¢ cooperation between national
each experiment

Al

Mike Hildreth 18

#* DPHEP 1s planning a global

coordination project

labs, stakeholders within

% 1ncludes no- longer -running experiments like BaBar and Tevatron

UNIVERSITY OF
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TIERS AND DATA PRESERVATION X

Preservation Model Use Case
, e : Publication :
1 Provide additional documentation ‘ Documentation
related info search
Preserve the data in a simplified Outreach, simple :
D Outreach/Science
format analyses
Full scientific ,
: , Technical
Preserve the analysis level software analysis, based on ,
5 P Preservation
and data format the existing , ,
: Projects/Science
reconstruction
Preserve the reconstruction and Retain the full Technical
4 |simulation software as well as the potential of the Preservation
basic level data experimental data Projects/Science

i UNIVERSITY OF

NOTRE DAME
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% Current efforts exist for Tiers 1 and 2:

i

2t supplementary INSPIRE content gives more complete
information for publications (http://inspirehep.net/)

s
— -

2 outreach efforts using Tier 2 data already

s Also: : re-run analysis given new Monte Carlo specified by

outside queries (JHEP 1104 (2011) 038 [arXiv:1010.2506])

3
P
g

% Serious work needed tor Tiers 3 and 4

i o

“¢ necessary within experiments themselves to preserve
their own data for future analysis

2

A
7N

outreach/public access component could be added 1n

parallel

UNIVERSITY OF
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http://inspirehep.net
http://inspirehep.net

CMS DATA PRESERVATION

.
=

% CMS has approved a Data Preservation and Access plan

—

KA

s first LHC experiment to do so

Al

2 other LHC experiments also considering similar policies

A

s prompted by US groups needing to define “Data

Management Plans” for the funding agencies

A

¢ Under Collaboration Board oversight, calls for:

Al

% appointment of “Data Preservation Coordinator”

¢ just done: Kati Lassila-Perini will hold this position

Al

% “prompt” public release of Tier 1 and Tier 2 data

s delayed release of Tier 3 data (Tier 4 will not be released)

/

¢ hopes to release some fraction of reconstructed 2010 data in 2013

A

3% Creative Commons CCO waiver for released data

http://creativecommons.org/publicdomain/zero/1.0.
Mike Hildreth 21
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http://creativecommons.org/publicdomain/zero/1.0
http://creativecommons.org/publicdomain/zero/1.0

PRESERVATION COORDINATION

A

¢ Next: implementation of technical infrastructure,
policy, etc. to make data available

% guidance, but no FTEs (yet) from DPHEP

¢ suggestions of overall structure, but no concrete implementation plans

Al

% CMS will rely on internal expertise, coordinate with
external agencies

A

s would be most ethicient to build infrastructure that 1s re-
useable by other experiments, or even other disciplines

Al

2 Several efforts 1n this area exist or are 1n the pipeline

e UNIVERSITY OF

(1) NOTRE DAME
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DASPOS

% Data And Software Preservation for Open Science

— .

Al

“*multi-disciplinary proposal just submitted to NSF

% Links HEP etfort (DPHEP+experiments) to Biology,
Astrophysics, Digital Curation

—

Al

% aim to achieve some commonality across disciplines in

¢ meta-data descriptions of archived data

2% What's in the data, how can it be used?

I
[\

7N

computational description

d

% how was the data processed?
% 1.e.: follow Tier 3 reconstructed data to final physics result

“¢ 1impact of access policies on preservation infrastructure

e UNIVERSITY OF

NOTRE DAME
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CMS//_

-
— .

2 In parallel, will build test technical infrastructure to
implement a data preservation system

— -

2% “scouting party’ to figure out where the most pressing
problems lie, and some solutions

.

% Incorporate input from multi-disciplinary dialogue, use-case
definitions

¢ Will translate needs of analysts into a technical

—

implementation of meta-data specification

—_—

¢ Will implement “physics query” infrastructure across
small-scale distributed network

—

% end result: “template architecture” for data preservation
systems

UNIVERSITY OF
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DASPOS

% Final Milestone: “Curation Challenge”

Al

2t an analyst will reproduce some physics result using only
curated information

Al

2 success defined by external auditing team

;
:
:

experiment's processing environment : tested fabric

i UNIVERSITY OF

NOTRE DAME
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CONCLUSIONS

5% CMS: Lots of data

#* Global data flow, storage 1ssues are under control

.

.

% Ethicient use of resources 1s the main limitation

Al

¢ more $$$ would help, obviously, but...

Al

2% creative solutions (“Data Parking”) can allow more physics
output with little additional cost

.

% Data Preservation and Access will be major 1ssues

Al

2t merely preserving data for re-use within the experiments
will be a major challenge

Al

“¢ No technical infrastructure in place to handle public
release, access to data

% DASPOS project could help

e UNIVERSITY OF

NOTRE DAME
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CMS TIER 3 @ ND

Mike Hildreth

Tler 2

(3 0 20 0 0 0 0 G
(3 0 2 0 0 0 0 G0
(3 0 2 0 0 0 0 G0
(3 0 2 0 0 0 0 G0 6
(3 0 2 0 0 0 0 G0
(3 0 2 0 0 0 0 G0

600 CPU core Condor cluster

ndcms

headnode 30 TB

Interactive storage
node

(coming soon)

4
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NS,

—

€ 2-3 teams (1-2 faculty, 1 PD, 1-3 students + outside

collaborators)

-

¢ Analysis workflow

¢ Process data using GRID at T2 sites; transter 15-25 TB
output to ND T3

¢ Further processing: generates another < 1 TB additional
data

P~

¢ CPU-1ntensive computations: negligible additional data
generated

¢ Make discoveries! Publish papers

—

 Replace dataset with updated/larger dataset every 6-12
months

: : *4_‘ UNIVERSITY OF
ANl 99 NOTRE DAME
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N

* Have kept 80 TB storage tull for ~ 1 year

Al

¢ Primary processing and storage for several students
about to graduate (Sean and Jamie)

Al

s¢ Shared resources with collaborators from other

institutions (UVa, OSU, Milano)

¢ Shared both storage and processing resources

¢ Using standard CMS/GRID interfaces
¢ Undergrad participation in CMS research grows

—

—

from 0 to 5 students in 2 years

UNIVERSITY OF
ANl 30 ' NOTRE DAME



ND SUCCESS STORIES

T3_US_FNALLPC
T3_FR_IPNL

T3 US Colorado
T3_IT_Padova

T3_US_NotreDame

Terminated Jobs per site

T3_IT _Trieste -
Year to date
T3 CH _PSI —
T3_IT_Bologna o
T3_US_UCR .
T3 _US TAMU : : : B
0 500000 1000000 1500000 2000000
[ terminated B app-successful app-failed Bl site-failed B aborted canceled app-unknown
5.0 k
4.0 k l
g 3.0 k \
o
m 2.0k
1.0 k
0.0 A
Week 11 Week 12 Week 13 Week 14 Week 15
B Running [ Pending T3 US NotreDame
Jobs f ] h
OoDS Irom last mont Running 603 485 600
Pending 4619 1398 1934

Mike Hildreth
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