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Previous results of optimization
Levels of optimization:
1. External optimization on the base of distributed computing (data parallelism). Multithreaded Geant4. PROOF.
2. Internal optimization – removing of «hotspots». Vectorization (compiler vectorization, intrinsics, libraries), parallelization.

PROOF (Parallel ROOT Facility)

Part of ROOT (CERN & MIT).

The PROOF system allows:
 parallel analysis of trees in a set of files;
 parallel analysis of objects in a set of files;
 parallel execution of scripts
on parallel computing systems.

Geant4 multithreading 

Event-level parallelism.
Multicore CPU. Thread-safe.

ROOT Data 
Analysis 
Framework 

HiEn physics events are independent => data parallel => multitask parallelism, 
may be implemented on computing clusters and multicore CPU. Thread-safety!



Optimization loop

1. Hotspot analysis.

2. Optimization.

3. QA and speedup evaluation.
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Hotspots of the BmnRoot decoding modules

10000 events.
Experiment of 2018 with Ar beam.

Software tool of hotspot analysis - Intel® VTune™ Profiler.
Main focus of analysis – module of decoding signals from the BM@N detectors of the BmnRoot. 

Two most important hotspots:

1. CalcEventMods – 29% of total 
execution time;

2. PrecalcEventMods – 8% of total 
execution time.
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Vectorization

The data is packed into 
vectors, which are then 
processed in parallel.

Dimension and size of vector 
depend on version of SIMD-
extension. 
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Intrinsics

Example of vector overloading

SIMD extensions are 
assembly functions, and 
programming languages     
with any higher level of 
abstraction cannot 
process them directly. 

However, there are built-
in wrappers for their use, 
which are called 
intrinsics.
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Vectorisation of decoding module (SSE)

Code fragment of the vectorised CalcEventMods function
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Results of SSE vectorization

List of first hotspots when decoding data after vectorization 
using SSE instructions

• Speedup of CalcEventMods 
is 2.

• Speedup of 
PrecalcEventMods is 1.25.

September 2022 9TH COLLABORATION MEETING OF THE BM@N EXPERIMENT.     S.NEMNYUGIN 9



 AVX (Advanced Vector Extension) vectorization
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Results of AVX-vectorization

List of the first hot spots when decoding data after 
vectorization using AVX instructions

• CalcEventMods function - 
8% of total runtime

• PrecalcEventMods function - 
6%

The acceleration of the entire 
decoding program is more than 
22%.
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QA

Distribution of signals by channels on different elements of the 
detector chamber
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Summary

• Intel® VTune™ Profiler was used to analyze the code of the BmnRoot software package.

• The most time-consuming parts of the BmnRoot software package decoding module have 
been identified.

• SSE and AVX vectorization of the BmnAdcProcessor module of the BmnRoot package 
were performed.

• The changed code was checked for efficiency and correctness with a positive result. The 
execution time of event decoding is reduced by more than 22%.

• The vectorized code was uploaded to the official repository of the BmnRoot software 
package.
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Thank you for attention
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