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Data Preservation
Raw Data

Reprocessed Data
Simulated Data

Final Plots
Documentation
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Data Preservation
Where
How
Why
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How Much Work?



What does Data Preservation Enable?
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$
Reproducibility New Physics/New Ideas Funding Agencies

Experimental Uniqueness #OpenScience Education and outreach



Documents
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Documentation
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Journal Articles

Internal Notes

• Built to hold large public collections 
of documents

• Conference proceedings
• Peer Reviewed journal submissions
• Notes written by people in the field 

(particularly theory authors)
• Requires author to be known. There 

is a bar, but not much…

(archived in journal 
of record as well!)



Documentation
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Journal Articles

Internal Notes

If there is one thing we in HEP 
do right, it is article archives!

(archived in journal 
of record as well!)

• Can host private or public 
collections

• The paper and the meta-data are 
separate



Invinio
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Personality Module

CDSInspire
A toolkit that provides all the plumbing to build an article archive

Large collections CDS is ~ 1 Million articles

https://github.com/inveniosoftwareOpen Source

MARC Database Standard bibliographic data format

• In many cases standards already exist, and it 
is a matter of implementing them to suit our 
needs

• This is especially true in data preservation, 
which touches on fields of computer science 
and information science.
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Fidelity
PDF

TeX + 
Images

Text, Tables, 
Plots, Images

Extract text, 
reconstruct plot, 
search PDF text…

Text, loose table 
reconstruction, 

formulas

Build new plots 
from data, tables, 

combine with 
other papers…

Data Size
Information 

Content



HepData
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http://hepdata.net/

Also now powered by

A structured data 
repository

• Can download 
data as yaml, yoda, 
root, or csv

• API so you can 
write apps to 
ingest it

• IPPP Durham
• Tuned for very 

small data (e.g. 
plots)
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The Digital Object
Identifier

10 13126. / Book 2015 6. .

DOI Directory Publisher Publisher Defined ID



The DOI
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http://www.doi.org/

There are ~100 Million DOI’s now (birth: 2000)

Growing at ~ 16%/year

Meant for objects that will be around forever

A paper reference



Custom Software
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TeX

Well recognized file formats

Publically documented

How important is it to preserve the software along with the files?



Experimental Data
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Experimental Data
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About 10 Petabytes 
per experiment

Tevatron (Fermilab)

Large Hadron Collider (CERN)

About 15 Petabytes 
per experiment per 
year

$1M/year in the cloud

$1.5 M/year in the cloud

(high availability storage, Azure)

(high availability storage, Azure)

Almost certainly cheaper over time



Data
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About 10 Petabytes 
per experiment

Tevatron (Fermilab)

Large Hadron Collider (CERN)

About 15 Petabytes 
per experiment per 
year

Time

As technology changes…
Just copy the bits to the 
new technology

Bits are a universal format



Data
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The biggest problem with data is that each 
year we project to produce more.

The nature of HEP

We are relying on technology to 
solve this problem for us
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Data Preservation
Where
How

The physical preservation of the 
data turns out to not be too 

difficult

Why

What you want to do with the data is where it gets
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What format will you store the data in?
What detail level will you keep?

How long must you keep it readable?
What do you want to do to the data

• Repeat previously done analyses?
• Do new analyses on old data?
• Develop new object-ID algorithms?

What format does the data start in?

• Can you convert it?
• Can your tools be converted?
• Will the format be readable long term?
• How much money do you have?



4-Vectors
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Several large csv files
• Derived quantities: mass, sum 𝑝𝑇, etc.
• Primary quantities: leading jet 𝑝𝑇, Missing 𝐸𝑇

All quantities are highly processed

• Calibrations applied
• Selection cuts to remove uninteresting data
• Dataset is tuned for a very narrow type of analyses

Easy to produce while running (by product of existing analysis)
Small, and easy to export to the world
Format is simple
But limited usefulness down the road

(30 MB compressed)



Raw and Reconstructed Data
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Do you want to archive both?
Yes

No

Reconstructed Data

Raw Data

• Repeat analyses already done
• New analysis with reconstructed object quantities

• New Object ID (jet algorithm, soft jets, sub-jets, etc.)

• Calibrations, luminosity database, detector configuration, etc.
• MC Generation files and configuration
• Monte Carlo common background samples
• Analysis Scripts

Fi
d

el
it

y

the raw data is not useful without a huge investment in computing

Can only do an analysis possible with high level data



What Version of the Data Do You Store?
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It is the same raw data

Data 21 𝑓𝑏−1

Reco 17.5.6.11

Data 21 𝑓𝑏−1

Reco 17.5.6.11



“Ancillary” Preservation
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Common tools like ROOTTools

Experiments validate their software against various versions of scientific Linux!Operating Systems

Many developed in-house by experiments, typical IoC containersSoftware Frameworks

Calibration data, detector conditions data, providence of data, etc.Databases

Batch systems, coordinated with data tracking, etc.Production System



How Long Would You Like To Keep It?

G. WATTS (UW/SEATTLE) 26

5 years • It might be cheapest to keep the current systems running

20 years • Wrap everything up into virtual machines
• Rewrite infrastructure (if needed) to deal with new environment at end of 

experiment lifetime.
• Is the Docker interface stable on this timescale?
• Physical media change at least once perhaps twice

50 years • Will hyper-visor technology change?
• x86 still around?

Alternative… • Roll forward with each technology change and update infrastructure
• Do you have the money?



Politics
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Each experiment “owns” the data

Host lab could eventually force the issue

Current Policies at the LHC experiments:

50% 3 years after data was taken

50% after 5 years, 100% after 10 years

http://opendata.cern.ch/collection/Data-Policies

ATLAS:

10% after 5 years, 100% after 10 years

Difference between preservation and open access

CMS

LHCb

join the collaboration

ALICE

CMS: 50% of 2010; 30TB



The Solution
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Well…
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Current experiments are rather unique in their approach

Most software grew up organically 
and had been constantly re-

engineered.

Best we can do is a bunch of toolkits that can be put together 
into a solution with a great deal of work by the experiment.



Data Preservation in Particle Physics
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This is a big enough deal that ICFA got involved

Formed a study group: DPHEP

Series of workshops exploring current trends and costs, and 
status of the various experiments

Lots of meetings – can gather current state. See:

https://indico.cern.ch/category/4458/

Next workshop is Feb 2nd, at Lisbon.



The Problem

G. WATTS (UW/SEATTLE) 31

Paper that attempts to outline all this
Defined 4 levels of data preservation

1. Provide additional documentation
2. Preserve the data in a simplified format
3. Preserve the analysis level software and data 

format
4. Preserve the reconstruction and simulation 

software and basic level data

Documentation

Raw Data



BaBar
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Behind a firewall so that the OS version 
doesn’t have to be upgraded

The next b-factory won’t be built 
for a while yet

Experiment that ended in 2008

This was meant to be a long-term 
preservation effort

Dedicated hardware with VM’s

All data available on local disk 
served by xrootd



Tevatron Experiments
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The only 𝑝  𝑝 machine – no new similar 
collider foreseen.

Preservation goals:

So it is important to preserve as long as possible

• Ability to do full analysis
• Until Scientific Linux 6 end-of-life (2020)

About 10 PB per experiment have been archived

All source code has been archived



Tevatron Experiments
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Fermilab is an active laboratory Current experiments are at the Intensity Frontier

A lot of common software infrastructure

Adapt the Tevatron experiments to use the IF infrastructure

• All machines are virtual – no dedicated hardware.
• Use CERNVM as the virtual machine tool
• Transition from old data storage system (SAM) to new 

(SAMWeb)
• Maintain the Oracle DB used for all data provenance 

records

A significant amount of retro-fitting had to be done

• All software releases are now distributed by the 
cernvmfs

• Retro fit job submission to use general purpose 
virtual machine farm at Fermilab.



CERNVM
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CERNVM Virtual 
Guest OS

Software

Web Server

The VM image is very small – the 
boot loader can be 15 MB

cernvm filesystem (cvmfs)

Caching filesystem
Uses webserver to get files on an 
as needed basis

ATLAS release: ~ 7 GB
Required to run reconstruction: 400 MB

Uses normal infrastructure, and very easy to setup
Now compatible with Docker

Recent improvements allow 
for 100 GB data files to be 

efficiently distributed



The LHC Experiments
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The LHC is projected to produce collisions till 2043!

Data preservation is going to be on-going Looking at data from 2010 is already hard

Active feedback to the experiments software 
infrastructure and design for Data Preservation issues

Tools that lend themselves to data preservation are already in use in the software environment

CERNVM, xrootd, etc.



CERN’s Open Data Portal
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Based on Invineo
Attempts to serve as one stop shopping for:

Education & outreach data

Full Analysis Data

CMS: 50% of its full 2010 dataset

The ATLAS Higgs Challenge

• Data is served by xrootd
• Software and 

environment by CERNVM
• All analysis software is 

open source



Analysis Capture
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The Next Frontier

The Mess



Analysis Capture
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Preserve the mess

Encourage Cleanliness

• The analysis environment is essentially untouched.
• Techniques must capture everything that is done

• Setup
• Software accessed
• Database accesses
• Network accesses
• Etc.

• Force analyzer to use a restricted set of tools
• Tools leave behind a log of input, output, config
• Less choices for analyzer, but makes capture relatively easy
• Buy-in from analyzers is hard to see!

Relatively easy
Can’t extend

Hard
Easier to extend



Capture
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•Workflow
•Code
• Statistical Models
•Documentation
•Data
• Environment

Open Data Portal

Automate the capture of all this information



Using Parrot to Preserve The Mess
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Parrot traps all file and network system calls And allows one to arbitrarily modify the results



Clean Up The Mess
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The steps analysis is the hardest part to archive and preserve

Detector

Reconstruction
& Calibration

MC Simulation

Analysis

• Arbitrary scripts
• Multiple jobs
• “Weird” files communicate output of one job to input of another 

Production systems are automated

• Reconstruction, MC production
• Instructions and configurations often stored in databases
• Thus each to reproduce

Clean Up The Mess means making analysis look more like production

• Explicitly declaring the various steps
• Automating it
• Build server?



RECAST
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http://recast.perimeterinstitute.ca/

Preserve the analysis 
as a series of steps.

Each step is a Docker container

A JSON configuration 
stiches together the 
steps in the right order

“RECAST”

Run the “same analysis” against a 
new simulated signal

Infrastructure must remain!



Meanwhile, outside HEP
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Fermi
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Immensely successful experiment

Download main software – 1 GB

A particle physics detector in space

A calorimeter with some tracking

Funded by NASA

• Data must be made available to public!
• Tight restrictions on how quickly (months)

They have made all their analysis 
software available



Step By Step Instructions
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Sample Analysis page for practice

Standard Tools



Successful?
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• No DOI’s.
• Data files measured in the GB range
• They could benefit from the container or VM approach

The goal was public sharing of data

Definitely

• But they ended up with something that could be easily 
archived

• They designed their processing pipeline to be easily 
exportable

Some Differences



Was the Higgs Challenge Successful?
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Git Large File Storage
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Integrate with data catalog…

Git Large File Storage

• Built as an extension to git
• Allows you to store large files in a 

specially optimized repository

Git is already a way to preserve code

• Data is a little trickier
• Large binary files are not optimal for source 

control

• You could refer to large files and 
use the grid as the storage medium



The General Trend of Public Data
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US Government: ~20K datasets available

NIST (National Institute of Standards and Technology)

~100 databases
Many different schemas



Other?
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Funding agencies are willing to provide for research!



Future Trends
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Automation
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Any tool that encourages 
analysis automation is 

good for Data Preservation

Source Control

Automation Controller

Analysis Steps

Analysis Steps

Analysis Steps
C

o
n

fi
gu

ra
ti

o
n

VM/Container 
Repository

Data Repository
Container/VM 

Builder

Containers

Continuous Integration Servers



Containers
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Virtual Machines replicate the complete environment of a machine

Unit of hardware

But there aren’t analysis work flows that really are VM aware in any significant way

Infrastructure is aware: batch systems, GRID, etc., can spin up/spin down…

Docker is a light weight VM – usually meant for a single program

• Takes 100 milliseconds to spin up – so much more like running a program
• Runs isolated, in a known environment
• Single point of configuration
• Cross platform (native on Linux, soon on Windows, and perhaps Mac too)

It is very possible analyses will become aware of this.

This is clearly been 
a revolution in 
how production 
infrastructure 
works in HEP

Analysis 
Revolution?



What Makes Me Nervous
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Commercial Cloud Tools

Tools that let you play

Functional Languages
Web Interfaces

More than Infrastructure (VMs and Containers)



Second Talk
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Data Preservation usually comes last

Perhaps we can design it in from the start?
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Data Preservation Is GoodOthers can search for things you missed
You can reproduce the results quickly a year after publication

You can quickly check the analysis against a new signal
Education and Outreach

Morally, it is the right thing to do
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Fears and Hopes
The Resource question is a serious one

◦ But given computing trends, it is inevitable

Political Will is something that must be over 
come

Documentation is well in hand
◦ We have the tools

◦ We have enough examples

Technical Challenges for Data Preservation
◦ Each analysis and experiment is a snowflake.

◦ For large collider experiments that will never 
change

We have many tools available to us
◦ Out of which one must build a solution

Automation is key to flexible preservation
◦ Being able to repeat an analysis with new inputs

◦ Independent of how you archive the bits that 
are the input to the analysis steps.

Serious efforts have been ongoing for more 
than a decade now
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The Way Forward
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Current in-use frameworks need 
to adapt to make this task easier!

Perhaps two more iterations?


