KIT B

The Belle Il Experiment:
ROOT 6 at the High-intensity Frontier

Belle IT

Thomas Hauth for the Belle Il Collaboration | 18. September 2015

KARLSRUHE INTISTUTE OF TECHNOLOGY (KIT) - GERMANY

KIT — University of the State of Baden-Wuerttemberg and National Laboratory of the Helmholtz Association


http://www.kit.edu

Super KEKB and the Belle Il Experiment ﬂ(“.

a KEKB was a electron-positron collider in Tsukuba/Japan which studied the
decay of B mesons at the Y(4S) resonance
a Discovery of the CP violation in the B-quark system by the Belle experiment
at the KEKB and by the BaBar experiment at SLAC
m Nobel Prize in Physics 2008 to Kobayashi and Maskawa
a The SuperKEKB collider and the Belle 1l detector will build on the previous
success:
m Study B meson system in far greater precision
m Probe for new physics in a wide range of interesting topologies

m The Belle Il Collaboration: 634 scientists from 99 institutes in 23 countries !

| KEKB |  SuperKEKB | Factor
Instantaneous Luminosity | 2 x 103%*cm=2s~' | 8 x 10®¥ cm—?s~' 40
Integrated Luminosity 1ab™’ 50ab~' (projected) 50
Runtime 1998 to 2010 start in 2017 -
Detector Belle Belle Il -
Raw Data 1PB 100 PB (projected) 100
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Karlsruhe Intitute of Technology

Belle Il Detector

KL and muon detector:
Resistive Plate Counter (barrel)
WLSF + MPPC (end-caps)

EM Calorimeter:
Csl(Tl), waveform sam
Pure Csl + waveform sa

electron (7GeV)

Beryllium beam pipe

2cm diameter ///%/%’

Vertex Detector
2 layers DEPFET + 4 |& > | :
- 2 positron (4GeV)

Central Drift Chambe
He(50%):C2Hs(50%), S
lever arm, fast electronics
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Computing @ Belle Il

m The 100-fold increase in collected data
poses challenges to the computing, net-
work and software

a The data processing will be performed
distributed on grid sites

a The DIRAC grid system is used to man-
age grid sites, jobs and data

https:/indico.cern.ch/event/304944/session/15/contribution/550

Karlsruhe Institute of Technology
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The basf2-Framework ﬂ(“.

a Event processing framework for Belle Il written in C++11

® Modules read event data from a common DataStore and write their results
back

a All processing steps of recorded and Monte-Carlo events are implemented in
basf2:
Event generation, Simulation, Digitization, HLT, Reconstruction and Analysis

m Important libraries are bundled into externals: ROOT, gcc, Geant4 ...

Module chain
P

DataStore

N
Path
Module| |[Module| |Module| |Module
#1 #2 #3 #4
1 1
| I | I
Fy T v T v Ty |

Some distinct features:
m Steering files connect modules to paths and are written in Python
® Modules can be written in C++ and Python
m Parallel processing is implemented via process forking after the initialization
stage
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ROOT usage in basf2

The ROOT framework is used to implement many features of the Belle Il
Software Stack (incomplete list):

m Storing and loading objects from/into the DataStore using ROOT I/O

a Streaming of DataStore objects in the HLT setup using ROOT I/0

a Multi-variate methods during reconstruction and analysis via TMVA and it’s
plug-in facility

Implementation of the Event Display using Eve

PyROOT to access ROOT's classes and Belle 1l DataStore from Python code
ROOT macros for creating some of the validation plots

While most of the validation plots are Python using TGraph, TH1D and
friends
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Welcome ROOT 6 ! AKIT

stitute of Technology.

a We were following the progress of the ROOT 6 effort

a The ROOQOT 5 integration in the basf2-framework was
stable and working well

m But the decision was taken: As early as possible (if clear migration path be-
comes feasible)

m Delayed switch will only complicate things as Belle II's software stack is in active
development and will further grow

m The more time between such a major upgrade and the start of data taking,
the better (now: 3 years)

New ROOT 6 features which our developers were interested in:
a The ability to have C++11 keywords in dictionary classes (override,final)
a Improved stability and error reporting capabilities of the c1ing compiler

m To be honest: The switch was not so much feature-driven as it was out of
necessity
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The migration process: technical aspects | ﬂ(“'

a Belle Il is using subversion for version control and SCons for its build system

a The framework team used git-svn to have a branch of the framework code
and the externals which were adapted to ROOT6 (and rebase regularly to the
current svn head)

a Work on this was started ca. 6 month ago

a This branch was used to identify problems and show stoppers in either our
code or ROOT 6

To check for problems in the code base, the following tools were used:
a Compile the framework code with gcc, clang and Intel icc
a Run our suite of unit tests (around 600 tests) and look for failing tests
a Run the integration tests and look for failing tests

m Run the validation suite: look for failing validation scripts and compare the
output to a ROOT 5 build
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The migration process: technical aspects Il ﬂ(“'

The SCons build system needed to be adapted to:
m use rootcling instead of rootcint
a copy the . pcn files to the proper folders
m produce .rootmap files (more on that later)
The Belle Il code base needed some modifications to play nice with ROOT 6

a Fix more strict C++ interpretation of c1ing (more on that later)
Remember #define private public ?

® Removing workarounds for ROOT 5 (feature works properly in ROOT 6)
m Minor issues (missing STL-header includes etc.)

Final patch for the ROOT 5 to ROOT 6 migration had only around 300
changed lines.
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The migration process: social aspects ﬂ(“.

a Given the high involvement of ROOT’s functionality, possibly every developer
can be affected by problems arising from the ROOT 5 to ROOT 6 migration

a Therefore, it was important to the framework team to inform our developers
early and honestly about the intended upgrade: "Things will probably break.”

a The framework team can only spot problems in the unit tested/validated code

m The framework team cannot find problems in the users private scripts (but
help to solve them once they appear)

m Cannot test/debug every architecture and OS
However, we implemented various steps to ease the transition:

a Fix all problems in the testable code base

m Provide a patch which users can apply to enable the ROOT 6 and test their
setup

m Provide a list of most prominent problems and fixes related to ROOT 6 (mostly
more strict macro code needed)
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Technical Challenges (and Solutions) ﬂ(“.

Especially the C++-Interpreter in ROOT6 is a lot more stricter than before:

m The operators . and -> cannot be used inter-changeably to access class
content

m TObjects cannot be accessed by their name directly, but only by the correct
pointer:

TChain* ch = new TChain("tree");
// worked in ROOT5, not ROOT6

tree->Draw( ... );
// works in both
ch->Draw( ... );

Solution fixed legacy ROOT macros
a ROQT6 auto-loads dictionaries, code of this form is not working any more:

gRO0T->LoadMacro("libdataobjects.so");

Solution implemented dictionary auto loading via . rootmap files
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Technical Challenges (and Solutions) cont’d ﬂ(“'

Generating self-contained dictionary files

a ROQT 6’s dictionary files (. pcm) can also contain the C++ header text neces-
sary to build the class information during runtime (via -inlineInputHeader)
a Unfortunately, rootcling is not able to process the #pragma once exten-
sion properly
m This extension is used quite heavily in our framework’s header files

Solution Have the dictionary headers files available during runtime
Use $ROOT_INCLUDE_PATH environment variable to point ROOT to the correct lo-
cation to look for the headers

https://sft.its.cern.ch/jira/browse/ROOT-7113 https:/sft.its.cern.ch/jira/browse/ROOT-7282
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ROOT6 performance evaluation - Runtime ﬂ(“.

Compared are the performance of basf2 with ROOT5 and ROOT®6 with the
standard Gen-Sim-Reco workflow
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Blue: basf2 + ROOT version 5 — Green: basf2 + ROOT version 6
a Startup with ROOT6 takes slightly longer
® Runtime in the event loop equal between ROOT5 and ROOT6
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ROOT6 performance evaluation - Memory ﬂ(l

Karlsruhe Intitute of Technology

Compared are the performance of basf2 with ROOT5 and ROOT6 with the standard
Gen-Sim-Reco workflow
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Blue: basf2 + ROOT version 5 — Red: basf2 + ROOT version 6 caches disabled —
Green: basf2 + ROOT version 6 caches enabled

m Initially, ROOT 6 had a higher mem consumption (+200 MB in RSS) than ROOT 5

m Main origin were ROOT-interpreter internal data structures (cling::) and TBuffers
in the TBranches

m Disabling ROOT 6’s TTreeCache brought some improvement (red line in plot), but far
from ROQT 5 performance
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Memory improvements

Karlsruhe Intitute of Technology

a In conversations with the ROOT team, we learned that unnecessary loading
of ROOT dictionaries might be the cause of the added memory consumption

a Quick summary: Loading dictionaries allocates memory in c1ing which won'’t
get freed (yet)

a The ROOTDEBUG environment variable was extremely helpful when tracking
down the sources of unintended auto-loading of dictionaries:

Info in <TInterpreter::AutoParse>: Parsing full payload for
Belle2::ARICHAeroHit

Info in <TInterpreter::Autoparse>: >>> RSS key Belle2::ARICHAeroHit
- before 534.428 MB - after 593.832 MB - delta 59.404 MB
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Memory improvements ﬂ(“.

Karlsruhe Intitute of Technology

Using trial-and-error we were able to located the two locations in the basf2 code
base which triggered the auto-loads:

a One very small Framework module that was implemented in Python, for re-
moving intermediate hits from tracks (essentially 3 lines)
Solution Implemented in C++, no other Python modules in the default pro-
cessing chain

a To protect from trying to write classes without a dictionary back to disc, we
had the following check:

if ('cl->GetClassInfo())
return false; //no dictionary for class, so no streamers

This forced ROOT 6 to load all dictionaries of all our persistent classes ...
We moved to:

return cl->TestBit(TClass::kHasCustomStreamerMember);
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Memory improvements ﬂ(“.

Karlsruhe Intitute of Technology

Rss Memory usage
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Blue: basf2 + ROOT 5 — Red: basf2 + ROOT 6 default — Green: basf2 + ROOT6
optimized dictionary loading

m Removing the dictionary auto-loads frees around 100 MB of RSS memory

m ROOT 6 still needs 100 MB more than ROOT 5, but the increase is now in an accept-
able range
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Features we are longing for ... ﬂ(“.

Problems affecting us directly:
m Properly exporting methods in namespaces to dictionaries
a Full support for #pragma once in rootcling
ROOT-internal improvements:
a No wasted memory when loading ROOT objects via PyROOT
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ROOT 6 arrived - Lessons learned ﬂ(“.

The Belle Il collaboration moved its framework to ROOT 6 on the 3.9.2015.

First release with ROOT 6 expected in October 2015

Lessons learned:

a The help and fast feedback provided by the ROOT team was essential - thank
you very much!

m Serious preparation necessary before doing the switch - if you don’t want
your code base to be in limbo for some time

m Include the developers early and actively in the migration process
a Report bugs and problems you find to the ROOT Jira so everyone can profit

Thomas Hauth for the Belle Il Collaboration — The Belle Il Experiment:ROOT 6 at the High-intensity Frontier 18. September 2015 19/19



