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Available in 6.16!
-Druntime cxxmodules=0ON
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C++ Modules in a Nutshell



C++ Modules in a Nutshell

#include <stdio.h>

- Compile-time scalability
- Reparse the same header

- Fragility
- Conflict with local variables
Rcpp.h Users’ code

#define Pl 3.1415.. #include <Rcpp.h>

double Pl = 3.1415.. // Screwed
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C++ Modules in a Nutshell

Modules

- Header information stored in precompiled PCM files.
- Lazily loading AST information

* No more header parsing during ROOT's runtime.

/Compile-time scalability
Fragility




From C++ Modules to
Runtime C++ Modules



From C++ Modules to Runtime C++ Modules

C++ Modules is a mechanism to boost compilation time

* Turns into Runtime for ROOT as we have C++ interpreter



From C++ Modules to Runtime C++ Modules

Each PCM file (e.g. Core.pcm) corresponds to a library (e.g.
ibCore.so)

Core.pcm MathCore.pcm RIO.pcm TMVA.pcm Hist.pcm
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From C++ Modules to Runtime C++ Modules

PCH files are precompiled header files and work similar to C++
modules.

allDict.cxx.pch
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From C++ Modules to Runtime C++ Modules

Each PCM file (e.g. Core.pcm) corresponds to a library (e.g.
ibCore.so)

Core.pcm MathCore.pcm RIO.pcm TMVA.pcm Hist.pcm
ular!
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Implementation
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Implementation
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User Interface

ROOT

o

rootcling
< Cling

(enerate

Integration with ROOT
libraries and provide
ROOT specific features

pcms and | C++
libraries lljterpreter
interface

Clang

Provide fundamental
implementation of C++
modules
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Benefits
Make ROOT Modular!
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Benefits - Make ROOT Modular!

Modularise experiments

Still using texual includes (Not even PCH!)
PCH cannot be used for technical constraints

Working with CMS to introduce C++ modules into CMSSW

Interpreter




Benefits - Make ROOT Modular!

We can make ROOT modular for lazy installing packages
- ROOT package manager
- See Oksana’s talk for more information!

Minimal
( Package Module \ ROOT
~— R / (ROOTBase

— P / )
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TMVA . . < cuDA . Tree
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“ MathCore .‘-. -
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Benefits - Correctness
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Benefits - Correctness

Without Modules

$ bin/root.exe -

root [O] gMinuit // Cannot load variable
IncrementalExecutor::executefFunction:
symbol 'gMinuit’ unresolved while
inking [cling interface function]!
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Benefits - Correctness

With Modules

$ bin/root.exe -

root [O] gMinuit // Could load libMinuit
(TMinuit *) nullptr
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Status and roadmap
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Status and roadmap

Memory - hSimple

https://rootbnch-grafana-test.cern.ch/

I RSS HSimgnleRT (Release) 2
o Autoloading libraries ~
cxxmodulesRT
Min: 103 MiB
o f“_ Max: 671 MIB
Avq: 228 MiB
o nomodulesRT
Min: 85 MIB
Max: 114 MiB
e Check fCXXRecordDecl Cache v 106 MiE

- Implement Bloom filter

Preloading all modules
“""Pin vtable N

e (‘\r’ 1"\ a . ™ )
Z018-03-Al) 7 3:00:00.200

3/16 4/1 4116 5N 5/16 6/1 6/16 A 7/16 81 8/16 9/1

.... And More!!

Enable Cling modulemap

195 MiB

98 Mig@="

0 KiB
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https://rootbnch-grafana-test.cern.ch/

Status and roadmap

Real time - hSimple

https://rootbnch-grafana-test.cern.ch/

RealTime HSimpleRT (Release)
10s |

cxxmodulesRT
Min: 697 ms
o Max: 249.71 s
Avg: 2.60 s
nomodulesRT
Min: 614 ms
Max: B.71s
Avg: 761 ms

8s

6s

python-master
Min: 2 ms
Max: 4 ms
Avg: 3 ms

4s

2s

Ous

3/16 41 4/16 51 5/16 6/1 6/16 71 7/16 8/1 8/16 9/1
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Status and roadmap

Status

Fundamental Construction in ROOT Core, which effects every
code passed to ROOT
Working with industry and CMSSW

Good progress in performance optimization

Roadmap

Reach complete production level before 6.16
Continue working on optimization
Modularise CMSSW!
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Thank you for your
attention!
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Backup Slides
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