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Introduction

Profile typical LHC use-cases of Pythia8 with valgrind/gprof/prof tools
and optimize if possible.
Pythia8 244, LHAPDF-6.2.3
GCC 9.2.0, -std=c++17 -fPIC -O2 -g
configurations for benchmarking:

I 13 TeV pp, hardQCD:all=on+LHAGrid1 [hardQCD+LHAGrid1]:
F LHAGrid1 is Pythia8 class to work with LHAPDF sets without

LHAPDF6 - very general use case with some assumptions.
I 13 TeV pp, hardQCD:all=on+LHAPDF6 [hardQCD+LHAPDF6]
I 13 TeV pp, hardQCD:all=on+NNPDF class [hardQCD+NNPDF]

F NNPDF modified version of the code provided by NNPDF authors,
used to read NNPDFs before LHAPDF arrived.

Systematic error of CPU time measurements is roughly 0.5-1%
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Pythia8 code for benchmarking
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Three configurations for benchmarking
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[f_lhapdf] first glance at [HardQCD+LHAPDF6]

>30 % spent in LHAPDF::lexical_cast
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[f_lhapdf] first glance at [HardQCD+LHAPDF6]

many calls to pdf->xMin(), pdf->xMax(), pdf->q2Min(),
pdf->q2Min() in LHAPDF6::xfUpdate(). These LHAPDF functions
return boundary values(metadata) for PFG set converting strings to
numbers.
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Solution:
Introduction of class members _xMin, _xMax, _q2Min, _q2Min
pdf->xMin(), pdf->xMax(), pdf->q2Min(), pdf->q2Min() moved
to initialization step.
protection will be also implemented in LHAPDF6.

Save 40 % of CPU time
(when use LHAPDF6)
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[f_xCompFrac*] BeamParticle::xCompFrac() refactor

f_xCompFrac

BeamParticle::xValFrac() and BeamParticle::xCompFrac()
inlined
Number of calls log(xs) reduced to one.

f_xCompFrac2
Sequentially called xCompFrac() often uses the same input parameters;

Add static allocated cache for previous computed result.
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[f_refactor] [f_refactor2] BeamParticle::xfModified()
refactor

f_refactor

cached size of resolved vector used, as it is not changing in the
function
conditional expressions moved outside loops
different loops with same iteration conditions joined

f_refactor2

branching reduced in xfModified() by refactoring of large
else{...} branch.
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[f_refactor3] BeamParticle::xfModified() refactor
Overview:

Often xfModified() is called inside for loops with constant iSkip
and Q2 parameters, causing re-calculations of identical lines;
xfModified() is called in other classes via BeamParticle::xfISR()
and BeamParticle::xfMPI();

Optimizations
Move almost all iSkip and Q2 related code from xfModified() to
new function xfModifiedPrepare() which returns struct with
precomputed values.
Other classes use precomputed results where possible and pass the
struct to xfModified();
Several for loops are refactored;
Original BeamParticle interface isn’t changed but extended.

Save 10 % of CPU time
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[f_polint] polynomial interpolation - NNPDF::polint()

Pythia8: general (Neville’s?) algorithm for general case (polynomials of
degree n)
Used with Pythia8 NNPDF class
Pythia8 spent 23% of CPU cycles here

Modifications:
pre-computed functions for 2 and 4 points (as only these cases are
used internally in Pythia8)
NNPDF::polint() is rewritten using Neville’s algorithm (optimized in
CPU instruction terms, used for n != 2, n != 4)
inlining Pythia8::polint* functions (they are just expressions)
using pure functions
creation and filling of temporary array removed

Save 13 % when NNPDF class used
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[f_lhagrid] refactoring of LHAGrid1 class

Rotate pdfGrid[iid][x][q] matrix to reduce read cache misses;
CPU reads data left-to-right sequentially. ’Jump’ to next matrix row causes
cache miss.a0,0 . . . a0,n3q

...
. . .

...
a3,0 . . . a3,n3q


Before

Always 4 reading cache miss

⇒

 a0,0 . . . a0,4
...

. . .
...

an3q,0 . . . an3q,4


After

1/2/4 reading cache miss

Manually unrolled for loop can be optimized by compiler.
Numerical result is changed (probably) due to differences in double
arithmetic. Physics validation needed

Save 4.5 % when Pythia8 interpolation used
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Patches structure
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Results: LHAPDF6

Branch User time, sec ∆t
tPythia8

, %
Pythia8.244 303.8 0.0
f_lhapdf 181.2 40.3
f_polint 304.9 −0.4
f_main 181.7 40.2

f_refactor 176.2 42.0
f_refactor2 176.6 41.9
f_refactor3 153.6 49.4

f_xCompFrac 173.0 43.0
f_xCompFrac2 171.0 43.7

f_lhagrid 180.7 40.5
f_main2 153.3 49.5
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Results: NNPDF

Branch User time, sec ∆t
tPythia8

, %
Pythia8.244 157.5 0.0
f_lhapdf 149.5 0.0
f_polint 137.2 12.9
f_main 136.9 13.1

f_refactor 130.1 17.2
f_refactor2 130.2 17.3
f_refactor3 106.4 32.4

f_xCompFrac 127.2 19.2
f_xCompFrac2 125.5 20.3

f_lhagrid 135.2 14.1
f_main2 106.2 32.6
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Results: LHAGrid1

Branch User time, sec ∆t
tPythia8

, %
Pythia8.244 126.8 0.0
f_lhapdf 126.9 −0.1
f_polint 128.2 −1.1
f_main 127.8 −0.8
f_refactor 121.8 3.9
f_refactor2 122.0 3.8
f_refactor3 98.3 22.4

f_xCompFrac 118.1 6.8
f_xCompFrac2 116.7 7.9

f_lhagrid 121.0 4.5
f_main2 98.3 22.5
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Validation in LHCb nightly tests with Pythia8240 (Gloria
Corti)

32 % reduction seen by LHCb in different process.

Dmitri Konstantinov, Grigory LatyshevNRC «Kurchatov Institute» – IHEP, ProtvinoPythia8.244 code optimization 02.03.2020 17 / 24



Validation in LHCb nightly tests (Gloria Corti)

No numerical changes in physical results.
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LHAPDF-6.2.3 - LogBicubicInterpolator
21 % spent in LHAPDF::LogBicubicInterpolator::_interpolateXQ2
LHAPDF::LogBicubicInterpolator::_interpolateXQ2 is called 10 times
(from LHAPDF6 indirectly) with same x and Q2 but with different
PID.

Introducing “static” for logx, logq2 + for all variables mentioned by Andy in
@todo and reusing them for consequent calls with same x and Q2.

Save 10 % on top of patched Pythia8 version
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Pythia83XX: VINCIA and DIRE - part of Pythia8

VINCIA (VIrtual Numerical Collider with Interleaved Antennae) is a
versatile dipole-antenna shower program, by Peter Skands and
collaborators.
DIRE (DIpole REsummation) is another dipole shower program for
initial and final state radiation, by Stefan Prestel.

From VINCIA callgrind - 30 % of CPU time spent in new/delete/malloc:
many vectors are used without allocation capacity (reserve())
usage of map<int, T> instead of simple array or vector.

Fixing it we got 20 % speedup for VINCIA.
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Summary

three configurations are bench-marked and optimized:

Configuration Pythia8.244, sec f_main2, sec ∆t
tPythia8

, %
hardQCD+LHAPDF6 303.8 153.3 49.5
hardQCD+LHAGrid1 126.8 98.3 22.5
hardQCD+NNPDF 157.5 106.2 32.6

All patches are applicable to previous Pythia8 versions as well as to
Pythia83XX
few patches are changing numerical results and more thorough
validation is required.
All patches are sent to Torbjörn Sjöstrand and will be included into
next Pythia83X release.
additional 10 % can be gained from modification of LHAPDF6
(hopefully will be included into next LHAPDF6 release).
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Notes

Likely more speed-up can be achieved by revision of Pythia8 logic but
it is much more work.
continuous profiling is needed during development stage (better to
have it from very beginning)
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Many thanks to everyone who helped us: Gloria Corti and LHCb,
Philip Ilten, Torbjörn Sjöstrand, Peter Skands, Efe Yazgan, Ivan
Razumov, Mihaly Novak, Richard Bachman, Pere Mato, Gerri Ganis.
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Backup - xfModified

xfModified and xfModifiedPrepareData

Use-case:
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