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Data and Analysis Preservation
• We'll use the term DAP to refer to data and analysis preservation

• DAP is commonly described as a union of

– bit preservation

– software Infrastructure and application code

– analysis know-how (knowledge management)

• The goal is to have a reproducible analysis capability over a long period of time

– also the capability to perform a modified or new analysis within the same framework

– extension of short-term reproducibility typically required to ensure quality of the analysis

• Funding agencies in the US increasingly require both new and existing experiments to plan/to have DAP 
capabilities

– the challenge: nobody in the research community has “spare cycles” so implementing DAP is hard or 
impossible w/o additional resources allocated to it

• In the following, we shall consider some common DAP issues of RHIC experiments but focus mainly on 
PHENIX as perhaps the most challenging and representative example
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RHIC Experiments
• BRAHMS, PHENIX, PHOBOS, STAR... and sPHENIX

• Status in reverse chronological order:

– sPHENIX - a few years before start of data taking, computing model in development

– STAR - active, ongoing, large number of publications annually

– PHENIX - finished data taking in 2016

• active analysis ongoing with O(10) papers published annually

– BRAHMS (finished operations in 2006): 2 papers published since 2010 (most recent in 2016)

– PHOBOS (finished operations in 2005): 5 papers published since 2010 (most recent in 2016)

• For STAR, PHENIX, BRAHMS and PHOBOS, “bit preservation” is in place i.e. the experiment’s data is 
preserved by the BNL Scientific Data and Computing Center (SDCC) according to current standards

– but analysis preservation for the two latter experiments will probably be impractical due to entropy - 
people moved on a long time ago, hence lack of available expertise/critical mass/available effort

• It is interesting to consider sPHENIX, STAR and PHENIX as different points in the lifecycle of an experiment - 
future, current, and analysing previously collected data
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RHIC Experiments (cont'd)
• sPHENIX

– experienced (but small at this point) software and computing team actively working on the computing 
model, production and analysis framework

– ample opportunities to plan ahead and implement a robust DAP plan

– execution will depend on the effort available for DAP

• STAR

– a well-coordinated software organization with a broad spectrum of expertise

– current practices include analysis code review, stringent requirements for analysis notes (e.g. level of 
detail including technical)

– experience with containers, demonstrated portability (including DB snapshots)

– most ingredients in place for DAP

• PHENIX

– production continues, and many active analyses under way

– well maintained general infrastructure

• build and release procedures in place, production jobs run in containers etc

– ...but there are challenges - see next slide
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DAP Challenges in PHENIX

• Software and infrastructure documentation (becoming obsolete)
• Personnel (leaving or migrating to other  projects)

– continuity of knowledge is a problem
– software effort underfunded, so then -

• Little effort available for active management of the analysis software
– lacking revision control, packaging and archiving of the analysis software developed 

mainly by individual researchers
• Packaging of certain calibrations/conditions types of data (files outside of DB)

– also, custom “data artifacts” created in individual analyses e.g. augmented dead or 
hot/warm channel maps which are hard to trace and reproduce

• More in the backup section...
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Organizing DAP in PHENIX

• A DAP Task Force has been created, meetings are held periodically
– includes documentation and analysis coordinators for PHENIX, members of the 

Nuclear and Particle Physics Software Group (NPPS)

• An initial DAP plan has been drafted - work in progress

• In the RHIC Science and Technology Review which took place in September 2019 there 
was strong support for addressing DAP
– a separate PHENIX review in December, DAP is on the agenda

• Collaboration is/will be seeking support for dedicated effort
– key to the success of this effort
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Software Landscape
• Both STAR and PHENIX originated in the GEANT 3 era

• Simulation tools and geometry description were all based on GEANT 3

– “starsim” framework in STAR

– “PISA” framework in PHENIX

• Most tools, production and analyses are however done with ROOT

• In each experiment there is a translation layer/tools for geometry and data

• For true reproducibility GEANT 3 and related software need to be preserved in a working condition

– should we be able to build this software?

– or are we content keeping existing binaries/libraries in operation?

– can the VM/container approach help?

• Of course ROOT itself is not a static piece of software either

– need to preserve specific versions and libraries

• PHENIX uses the “Fun4All” processing framework developed by the Collaboration

– to achieve reproducibility, documentation needs to be updated, examples and tutorials refreshed as 
many analysis macros are using Fun4All machinery

• Last but not least - VMs and containers to preserve the environment, OS and beyond
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Current work in PHENIX aligned with DAP
• Improvements in simulation and analysis software organization are aligned with DAP

• Looking primarily at embedding procedures in a few types of analyses as examples of 
complex workflows and prime candidates for preservation

– supported by NPPS

• Capturing user/analysis code in custom repos (used as scratch space for now)

– making changes to reduce or eliminate extraneous dependencies, cleanup etc

• Creating and/or improving documentation

• Often requires reverse engineering (see next slide)

• The interim goal is to create “self-contained” examples of analysis that are essentially 
ready for preservation

– i.e. collections of software, data products, documentation, containers and other 
components as required

– does not necessarily need to comply with a strict template as analyses are different
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An example of an actual user directory used in analysis
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Knowledge Management (KM)

• Knowledge management is key to DAP

• Keeping record of minute (but still crucial) details of the analysis procedures requires a 
non-trivial extra burden on the researcher

– getting a quality paper published is the top priority, KM usually takes the back seat

– ideally needs dedicated support

• curation of the analysis procedures

• Unless DAP is built into an experiment from day one, proper knowledge management 
will be the part of DAP which will require most resources

– also in terms of cost
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Knowledge Management - Analysis Notes
• It is a common practice to require analysis notes from PWG prior to a decision about publication

• Each note encapsulates the know-how of a particular analysis (at least it’s the goal)

– cross references to other analysis notes in place

• Typically kept in a well-organized archive

– however there is no standard for such archives across experiments

– often kept private (a potential issue for DAP)

• Must be complete in terms of the physics content and adhere to specific requirements

– in particular describe the software and its location and details of its operation

– in reality rarely done and hard to enforce

• PHENIX has a well-defined note template and policy (although compliance may be an issue)

– STAR has strict guidelines and policies in place

• The PHENIX app created a while ago to serve as an archive of analysis notes has its limitations:

– in reality limited to a single PDF document (with links to revisions)

– search function is pretty basic

– Custom platform based on PHP… is it durable/maintainable for DAP?
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PHENIX Analysis Notes Archive - the query page
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PHENIX Analysis Notes - the archive contents
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Considerations for Invenio
• Know-how can be preserved in the form of collections of documents, data and software

– analysis notes (see above) - hopefully with step-by-step instructions

– associated analysis code (in repos or archives e.g. tarballs)

– containers

• Software infrastructure

– VMs, CVMFS

– conditions and calibrations type data stored in files

• As mentioned above, PHENIX has a custom archive system for analysis notes. There is also a common tool 
for document management in the US - the “DocDB” developed at FNAL in early 2000s, deployed at FNAL, 
BNL and other labs

– some useful functionality...but getting old and hard to develop and maintain (Perl)

– no full text search

• Need a modern and durable tool for DAP, store collections of related objects

• Migration to a modern platform like Invenio RDM would be welcome

– will have to wait till late 2020 due to the current timeline of the project
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Invenio@BNL
• The SDCC is working with CERN and 10 other 

multidisciplinary and commercial institutions to build a 
research data management platform named InvenioRDM

– Intended to be completed by mid 2020

• Two BNL scientific communities are developing and using 
Invenio V3 base custom applications hosted by SDCC (full 
cycle from dev to deployment)

– open science repository designed to manage/harvest material 
science related records

– deployment of Federated Identity to access resources
• CILogon, Federated ID (InCommon / COmanage) support for 

authentication using Invenio’s OAuth2 native module.

• Nonproliferation and National Security Department
– the production environment required the deployment of isolated 

resources, 2FA DUO capable for authentication using Keycloak and 
Invenio’s Oauth native module.
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Extending Invenio support at BNL

• Evaluation in sPHENIX as a replacement for DocDB
– hoping for long-term support of Invenio and derived products
– working on a set of requirements 
– while InvenioRDM is still in development, looking for alternatives such as creating 

an interim Invenio V3 based application, discussions ongoing with various BNL 
groups

– SDCC is helping to coordinate this effort
• Evaluation for the BNL EIC working group

– ties into the EIC Collaborative Tools effort (NPPS)
– may have to wait for InvenioRDM…..   Interim solutions?
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Declarative Analysis Tools

• In recent years there is growing interest in declarative analysis tools i.e. description of 
data and analysis workflow in a declarative as opposed to procedural language

– declarations of workflows and data transformations as opposed to functions called 
in the event loop

• Interesting materials presented at recent CHEP, among others:

– CMS effort (REANA) - yadage, CWL

– “Fast HEP” toolkit

• Modular, compact descriptions of complex analyses

• May facilitate CI

• Looks promising for reusing analysis tools in the context of DAP

• RECAST: a powerful platform, worth studying
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Declarative Analysis Tools cont’d
• Concern 1: prioritization of effort. If the software is ready to be wrapped into a 

declarative platform, it must be already in a very good shape. Are we there yet?

– depends on the situation in a given experiment

• Concern 2: what is the learning curve? Does it fit into the limited resources allocated to 
DAP?

– CMS is using REANA

– for an experiment just starting on this path this may not be realistic

– use in PHENIX currently in doubt due to limited resources
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The role of BNL SDCC

• BNL SDCC is Tier-0 for all of the RHIC experiments
– Provides critical services including bit preservation and others related to DAP
– Tens of PB of data preserved
– According to the US DOE mandate to preserve RHIC data

•  SDCC has a versatile team of experts that help solve problems outside of core 
production activities (cf. Invenio)
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PHENIX - BNL as the host site

• In recent years BNL SDCC serves as the single fully functional center of the PHENIX 
computing infrastructure. At present virtually all of the stages of data processing and 
analysis (including simulation) take place at BNL

• A variety of data products necessary for operation of PHENIX software (databases, files 
containing conditions/calibrations data etc) are stored and managed by SDCC

– complete removal of dependencies would be very costly

• For that reason, any DAP plan in PHENIX needs to assume that future reuse and analysis 
of the data will take place at BNL
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Summary of the current DAP plan in PHENIX
• DAP Elements included in the current plan:

– bit preservation

– configuration/Conditions data management at the analysis level (TBD)

– knowledge Management (KM): information gathering + documentation

– a DAP Metadata system for KM (Invenio the current prime candidate)

– software (containers, CVMFS for provisioning) + reference data for validation

• Prioritization of the data for DAP based on statistics, stability and quality

– start with “golden datasets”

• Time profile and distribution of the effort

– with people leaving the experiment the expertise is dissipating fast

– there is a window of opportunity to capture knowledge and it must be done now

– resources would be spent most efficiently within 1-2 years from now, whereas in 3+ 
years the return on investment will be much less
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RHIC DAP effort and Community Collaboration

• What can we at BNL learn/borrow/reuse?

– General guidance, best practices

– Tools e.g.

• Help/collaboration with Invenio RDM

• Can the CAP system be ported/adapted for use outside of CERN?

• How can we contribute to DAP in the community?

– N.B. BNL is already a part of the effort on Invenio RDM

– Invenio-based applications

– Possible contributions to other common tools (e.g. testing)

– Sharing our experience of implementing DAP in a complex environment
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