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ROOT Users’ Workshop
✤ The ROOT Users’ Workshop took place in Saas-Fee

✤ https://indico.cern.ch/event/349459/
✤ ~70 participants, 45 presentations 

✤ Goals:
✤ Feedback on the long-term directions introduced in the next few 

slides and subsequent presentations during the workshop
✤ Identify collaboration opportunities within the long list of wishes 

from the developers and the user community
✤ What changes users would like to see in areas such as user 

support, documentation, training etc. 
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Agenda
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Agenda (2)
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Outline
✤ 20th Anniversary
✤ User Feedback
✤ ROOT Current Status
✤ Ongoing Developments
✤ User Support
✤ New Ideas
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20th Anniversary Presentations 
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Rene Brun, Fons Rademakers 



First web page (1995) to last (2015)
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Rene Brun, Fons Rademakers 



Technology and User Support
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Fons Rademakers 



ROOT Users Survey

9

John Havey



Lots of Experiment Feedback
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CMS: David Lange
Alice: Jochen Klein 



More Experiments
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Belle II: Thomas Hauth 
FairROOT: Florian Uhlig



ROOT Status



ROOT 6 Completion
✤ Introduction of PCMs (Pre-compiled Modules)

✤ Minimize parsing of headers (the biggest source of extra memory 
consumption) 

✤ Avoid to need of headers deployment
✤ To achieve a smooth integration of PCMs to the experiments software  

systems will require some work
✤ Still some technical decisions to be taken

✤ Windows support
✤  New versions of LLVM should work on Windows

✤ Aiming for completion for version 6.08 in May 2016
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Version 6 Releases Timeline
✤ Last ROOT workshop - technology preview
✤ 6.00 - May 2014

✤ End-user preview for the ROOT6 features
✤ 6.02  - November 2014

✤ Usable by the LHC experiments
✤ 6.04 - May 2015 - Current production

✤ New JIT, new TFormula, new platforms on the way (Aarch64, 
PowerPC), ROOT-R, etc.

✤ 6.06 - Scheduled for November 2015
✤ In time for 2016 running 

✤ 6.08 - Scheduled for May 2016
✤ Targeting PCMs and Windows support
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Build and Testing System
✤ ROOT uses the CMake cross-platform build-generator tool as a 

primary build system
✤ Native windows builds, support for many build tools: GNU make, 

Ninja, Visual Studio, Xcode, etc
✤ See instructions at https://root.cern.ch/building-root
✤ Classic configure/make will still be maintained, but it will not be 

upgraded with new functionality, platforms or modules.
✤ Unit and Integration tests (~1200) have been migrated to CTest
✤ Binary installations are packaged with CPack
✤ Nightly and Continuous integration builds are automated and 

scheduled with Jenkins, as well as all the release procedures
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https://root.cern.ch/building-root


Doxygen Reference Guide
✤ ROOT Reference Documentation is now generated with Doxygen

✤ https://root.cern.ch/doc/master/index.html
✤ Work in progress!! 
✤ To achieve this, the  

comments in the source  
code needed to be  
formatted and written  
specifically for Doxygen  
to generate proper  
documentation.
✤ Time consuming!
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New ROOT Web 
✤ ROOT website migrated to 

Drupal 7
✤ hosted in CERN web 

infrastructure
✤ Took the opportunity to revise 

the content, to revise the 
organization and to give a 
new look
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Nefeli Kousi



Training
✤ The ROOT team are preparing 3 ROOT courses for inclusion in the 

CERN Training Programme
✤ see : https://root.cern.ch/root-training-proposal

✤ Basic Course
✤ the interpreter, histograms, files, trees, fitting, python interface, 

GUI
✤ Advanced Analysis Course

✤ RooFit, RooStats, multi-variate analysis, PROOF
✤ Advanced Developers Course

✤ rootcore, geometry, event display, httpserver, javascript (JSROOT), 
ROOT as a service (ROOTaaS)
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JavaScript ROOT
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Betrand Bellenot, Sergey Linev 



RooFit
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Wouter Verkerke 



Math Libraries
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Lorenzo Moneta at al.



Graphics
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Olivier Couet



Packaging ROOT
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Mattias Ellert 



Ongoing Developments



Development Main Directions
✤ Cling Interpreter and its full exploitation

✤ C++11/14, JIT compilation opens many possibilities (e.g. 
TFormula, automatic differentiation, improved interactivity, etc.)

✤ Modern C++ interfaces
✤ Explore better C++ interfaces making use if new standards (C++14, 

C++17)
✤  Parallelization

✤ Seek for any opportunity in ROOT to do things in parallel to better 
exploit the new hardware (e.g. Ntuple processing, I/O, Fitting, etc.) 
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Development Main Directions (2)
✤ Packaging and modularization

✤ Incorporate easily third party packages (e.g. VecGeom in TGeom)  
✤ Build/install modules and plugins on demand. Facilitate 

contributors to provide new functionality
✤ Re-thinking user interface

✤ Explore new ways to provide thin-client web-based user interfaces 
✤ ROOT as-a-service

✤ Thin client plugged directly into a ROOT supercomputing cloud, 
computing answers quickly, efficiently, and without scalding your 
lap
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Modern C++ interfaces
✤ Aiming to improve friendliness and standardization
✤ Many interfaces can be improved in C++14, 17

✤ Type-safety instead of runtime crashes, for instance ownership and 
drawing options; simple and focused classes,  etc. 

✤ Resulting in improved user productivity
✤ Dramatically reduce memory errors, wrong results, etc.

✤ Extent support for and more extensively use of new C++ constructs
✤ std::string, std::string_view
✤ std::array, std::shared_ptr, std::unique_ptr

✤ Gradual introduction of new backward incompatible interfaces

27



New C++ Interfaces Proposal
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Axel Naumann

Interoperability
Simplicity
Task-Parallel
Robustness
etc.



Development:Parallelization

✤ Re-engineer Proof-Lite or develop something new for executing 
parallel tasks in both multi-process and multi-thread

✤ Prototype solution(s) for a number of use cases:
✤ Histogram/ntuple filling, TTree processing (TTreeDraw), I/O 

pipeline, Minimization/Fitting, etc.
✤ Make parallelization transparent when possible, provide user-friendly 

means otherwise 
✤ Solve problems for merging efficiently the output objects produced by 

the parallel tasks: (histograms, trees, etc….) 
✤ Introduce thread-safety where needed (e.g. I/O) 
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Seek for any opportunity in ROOT to do things in parallel to better exploit 
the new hardware



Multi-process
✤ Developing a new lightweight framework for multi-process 

applications
✤ Inspired by the Python multiprocessing module
✤ Idea to re-implement Proof-Lite using it 

✤ Distribute work to a number of fork()’d workers, then collect results
✤ Main advantage: workers have access to complete ‘master’ state 
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TPool pool(8) 
auto res = pool.Map(  
  [ ] (string f) {return myMacro(“opt”, 12, f);},  
  {“file1”,“file2”,“file3”} 
)

Gerri Ganis, Enrico Guiraud



Parallel TTree Reading

✤ Started prototyping a parallel TTree 
reading using a “task programming 
model”  (e.g. TBB)
✤ speeding up the TTree:GetEntry(i)  

31

Tree

Branch 
1

Branch 
N…

GetEntry(i) GetEntry(i)

Task Task

Read

Unzip
Deserialise

U
nRe De

Enric Tejedor



Development: Packaging

✤ Need to incorporate new external packages in the core of ROOT
✤ e.g. VecGeom, vc, vdt, TBB, new random lib, …  
✤ streamlined procedures for building, testing and deploying
✤ optional functionality will require external libraries to be either 

installed previously or be included as part of the build/installation
✤ Develop model for  building/installing modules on demand and 

evolve ROOT into BOOT
✤ Essential for contributors  
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Easy use third party packages  
Build/install modules and plugins on demand
Slimed down initial ROOT installation (BOOT)



Development: Rethinking UI

✤ Increase interactivity using 
modern web technology 
(javascript) in a client-server 
model
✤ No need to install anything in 

the client side 
✤ 3D geometry viewer

✤ Built on the HttpServer of Sergei 
Linev and JSROOT of Bertrand

✤ CERNBox Example
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Explore new ways to provide thin-client web-based user interfaces



Exploring Jupyter Notebooks
✤ Jupyter offers a browser-based 

notebook with support for code, 
rich text, mathematical 
expressions, inline plots and 
other rich media
✤ Ideal for training material
✤ Possible way to document and 

share analysis 
✤ Built-in client-server support

✤ User ‘sends commands’  
(python, C++) and gets objects 
back (textual, graphics, etc.) 
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ROOT as-a-Service

✤ Natural evolution of modern applications
✤ Computations run on a backend Cloud 

infrastructure
✤ Scale on demand
✤ VMs + Containers?

✤ User with a web-based interface
✤ No local ROOT installation

✤ Combines the work on parallelization to 
exploit many cores and nodes together 
with the new web-based interface to 
provide a modern and satisfying user 
experience 
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Thin client plugged directly into a ROOT supercomputing cloud, computing 
answers quickly, efficiently, and without scalding your lap



Proposing ROOTaaS Pilot
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Danilo Piparo, 
Enric Tejedor

Got very positive 
feedback and 
suggestions



New Ideas



Writing Good C++ 14
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Bjarne Stroustrup 



Everware
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Tim Head



Bioconductor
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Wolfgang Huber 

the HSF for 
bioinformatics !



R
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Wolfgang Huber 

Omar Zapata



Machine Learning and HEP

42

Tobias Golling 

- Interest HEP & ML community to 
bring MML to HEP – Very promising 
initial results / work done  
- Still a lot to do: data-MC 
comparison, systematics, etc.  
- Better long-term support for TMVA  



The SSD Challenge
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Andrew Hanushevsky 



New Languages: Julia
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Joosep Pata 



Digesting Feedback and Preparing  
Programme of Work



ROOT Team Retreat
✤ Organized a 1 day discussion meeting to give answer to a number of questions to guide our development
✤ Main Topics

✤ User Support
✤ Collaboration and Contributors
✤ Modularization and BOOT
✤ Interoperability with other languages and libraries
✤ Documentation.
✤ Training
✤ New C++ interfaces
✤ Expressing Parallelism
✤ Input and output (partially treated also in the parallelisation section)
✤ Interpreter, reflection, core and typesystem:
✤ Graphics, Gui and Visualisation
✤ ROOT as a Service
✤ ROOT 7 PLANS
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Main Decisions
✤ Made quiet a lot of progress and took a number of decisions, although 

we didn’t manage to reach agreement on everything
✤ Different viewpoints and priorities from team membe

✤ The main decisions are documented at:  
                  https://root.cern.ch/root-retreat-2015-minutes  

✤ ROOT 7 plans:
✤ timescale for ROOT 7 is end of Run II
✤ prepare a document with proposed feature-set of ROOT 7
✤ use Wednesday meeting to discuss this with users/experiments
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https://root.cern.ch/root-retreat-2015-minutes

