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Intro

e Working with some local installs of common generator SW
o  Pythia8 - installed & working, not had too much attention yet.
o  Sherpa + OpenLoops - working
o MadGraph5_aMC@NLO - recently working

e Starting to look at some general profiling data, with aim to gain understanding
of both generator structure and vtune. Look for leads.



Sherpa Z+jj

e Split into two jobs, integration and event gen.
e Modification to example run card to make the integration less taxing
O NJET:=4; LJET:=2,3,4; QCUT:=20.; ->NJET:=2; LJET:=2; QCUT:=20.;

() Top Hotspots

This section lists the most active functions in your application. Optimizing these hotspot functions typically results in im
application performance.

Function Module CPU Time -

NNPDFDriver:lh_polint  libNNPDFSherpa.so 171.255s

__ieee754 log_avx libm.so.6 160.965s

NNPDFDriver:xfx libNNPDFSherpa.so 117.127s - - - -

ibcsos 771095 Single-threaded so no MT investigation here
__muldc3 libgce_s.s0.1 54.670s

Others] 1671.9125

*N/A is applied to non-summable metrics.

(V) Effective CPU Utilization Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin an
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Sherpa

Plateaus with the possibilities
of easy gains

Integrate

libPhasicMain.so.0!PHASIC: :Phase_Space_Integr..

-
2
i
B
g
2
| MM

libPhasicMain.so.0!PHASIC: :Phase_Space_Handle..

libSherpaMain.so.0!SHERPA: :Sherpa: : InitializeTheRun

Sherpal_start



Sherpa Integrate Hotspots #1

e Possible hotspot in PDF evaludation
e NNPDFDriver::lh polin2 <- NNPDFDriver: :xfx <-
PDF: : PDF NNPDF': : GetXPDF

CPU Tlme v 3 'g viewing 41 01 21 7 SE1ECLEU SLALKLS)
Function / Call Stack Effective Time by Utilization 1 spinTi Overhead Ti | SPGB TR
Idle @Poor 1 Ok @ldeal @ Over SIS verneacime libNNPDFSherpa.so!NNPDFDriver::lh_polint - cmath
] 8 R [ | [ |
NNPDFDriver:ih_polint 171.255s Os ‘libNN % | libNNPDFSherpa.so!NNPDFDriver:lh_polin2+0xa6 - NNPDFDriver.cc:499
» _ieee754 log a 160.965s | 1 0s 0s | libm:sc libNNPDFSherpa.so!NNPDFDriver:xfx+0x397 - NNPDFDriver.cc:479
» NNPDFDriver:xfx 117.1275 | os| os TbNNE | IPNNPDFSherpa.solPDF::PDF_NNPDF::GetXPDF+0x5f - PDF_NN.C:206
b int-malloc - 77‘1895 I 0s 0s Ii'bc = libPDF.s0.0!PDF::Structure_Function::Weight+0x34 - Structure_Function.C:35
— : =20 1 ibPDF.s0.0!PDF::ISR_Handler:PDFWeight+0x113c - ISR_Handler.C:358
3 Idc3 54.670s m 0 Os | lib;
__muldc .670s S s | libgec_

. libPhasicProcess.so.0!PHASIC::Single_Process::AddISR+0x11e3 - Single_Proc...

L _lnt_free 46.119s I— 0; Os I|bc.sof jIibPhasicProcess.so.O!PHASIC::Single_Process::ClusterSequencelnfo+0x8f-S...

» METOOLS: Vertex::Evaluate 40.070s Os_ 0s ~IibME1 libPhasicProcess.so.0'PHASIC::Single_Process::Differential+Ox15ee - Single_...
» PHASIC:METS Scale_Setter::Calculate 29.989s N Os | Os libPhas libPhasicProcess.s0.0'PHASIC::Process_Group::Differential+0x5c - stl_vector...
» __atan_avx 28.948s (00 | 0s 0s | libm.sc libPhasicMain.so.0!PHASIC::Phase_Space_Handler::CalculateME+0x18 - Pha...
) __ieee754_pow_sse2 28.270s |50 Os | Os libm.sc libPhasicMain.so.0'PHASIC::Phase_Space_Handler::Differential+0x55a - Pha...
b __libc_malloc 27.779s | 0Os Os libc.s0. | |ibPhasicMain.so0.0!PHASIC::Phase Space Integrator:Calculate+0x8eb - Pha...
) PDF:ISR_Handler:PDFWeight 24.120s (00 | Os | Os | 1ibPDF. | ibPhasicMain.s0.0!PHASIC::Phase_Space_Handler:Integrate+0x9b6 - Phase...
b __expl 17.938s @B 0Os Os libm.sc | |ibPhasicProcess.s0.0!PHASIC::Process Group::CalculateTotalXSec+0x16f - P...
» PHASIC::ComputePhi 15.439s [ 0Os Os | libPhas | libSherpaPerturbativePhysics.s0.0!SHERPA::Matrix_Element_Handler:Calcul...
|+ std::operator<<unsigned long, unsigned long> 14.821s ! Os Os | libCom | libSherpalnitialization.so.0!SHERPA::Initialization_Handler::CalculateTheHard...

DO: dp w= & i fos 200s 400s 600s 800s 1000s 1200s 1400s 1600s # [Thread
®|  Sherpa (TID: 5474) (¢! [ Running
£ ) saa CPU Time




Sherpa Integrate Hotsy

e Possible hotspot in PDF evalud
e NNPDFDriver::lh polin2

PDF: : PDF NNPDF': : GetXPDE
CF
Function / Call Stack Effective Time by Utilizatio
§idile @§Poor § Ok @ldeal
b __ieee754 _log_avx 160.965s |
» NNPDFDriver::xfx 117.127s |
) _int_malloc 77.189s [
b __muldc3 54.670s D
b _int_free 46.119s [0
» METOOLS::Vertex::Evaluate 40.070s W
» PHASIC::METS_Scale_Setter::Calculate 29.989s
b __atan_avx 28.948s [0
b __ieee754_pow_sse2 28.270s |00
b __libc_malloc 27.779s |
» PDF:ISR_Handler::PDFWeight 24.120s 00
b __expl 17.938s 0
» PHASIC::ComputePhi 15.439s [
> std::opemtor¥<unsigﬁed long, unsigned long> 14.821s I
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void NNPDFDriver::lh polin2(double xla[], double x2a[],

double ya[] [fN],
double x1, double x2,
double& y, double& dy)

double yntmp[fN];

double ymtmp[fM];

for (int j = 0; j < fM; j++)
( V,
for(int k = 0; k < £N; k++)
yntmp (k] = ya[j][k];

lh_polint(xZa!yntmp(fN,x2,ymtmp[j!,dy);
}
1h_polint(xla, ymtmp, fM,x1,y,dy);

double x



Sherpa Integrate Hotspots #2

e Also in NNPDFDriver, 1% of CPU spent on log function (1ibm. so)

Function / Call Stack

NNPDFDriver:lh_polint

b __ieee754 log_avx

) NNPDFDriver:xfx K
b _int_malloc

b __muldc3

[ 3 ;int;free

) METOOLS::Vertex::Evaluate

» PHASIC::METS_Scale_Setter::Calculate
) __atan_avx

I __ieee754_pow_sse2
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» PDF:ISR_Handler::PDFWeight
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libNNPDFSherpa.so!NNPDFDriver::lh_polint - cmath
libNNPDFSherpa.so!NNPDFDriver:lh_polin2+0xaé - NNPDFDriver.cc:499
libNNPDFSherpa.so!NNPDFDriver:xfx+0x397 - NNPDFDriver.cc:479
libNNPDFSherpa.so!PDF::PDF_NNPDF:GetXPDF+0x5f - PDF_NN.C:206
libPDF.s0.0!PDF::Structure_Function::Weight+0x34 - Structure_Function.C:35
libPDF.s0.0!PDF::ISR_Handler::PDFWeight+0x113c - ISR_Handler.C:358

. libPhasicProcess.so.0!PHASIC::Single_Process::AddISR+0x11e3 - Single_Proc...
I libPhasicProcess.s0.0'PHASIC::Single_Process:ClusterSequencelnfo+0x8f - S...
libPhasicProcess.so.0'PHASIC::Single_Process::Differential+Ox15ee - Single_...
libPhasicProcess.s0.0!PHASIC::Process_Group::Differential+0x5c - stl_vector...
libPhasicMain.so.0!PHASIC::Phase_Space_Handler:CalculateME+0x18 - Pha...
libPhasicMain.so.0!'PHASIC::Phase_Space_Handler::Differential+Ox55a - Pha...
libPhasicMain.so.0!PHASIC::Phase_Space_Integrator::Calculate+0x8eb - Pha...
libPhasicMain.so.0'PHASIC::Phase_Space_Handler:Integrate+0x9bé - Phase...
libPhasicProcess.s0.0'PHASIC::Process_Group::CalculateTotalXSec+0x16f - P...
libSherpaPerturbativePhysics.s0.0!SHERPA::Matrix_Element_Handler::Calcul...
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Sherpa Integrate Hotspots #3

106
e Malloc quite high, large number of .
calls from std: : vector T e —

e Identify vectors which should be calli m pdEwgt (w), m_Flux(f), m_o

113 ' inline void AddSpllttlng(const doubles& t,

reserve () ) USIng emplace const double& xa, const double& xb,
115 const inté& fla, const int& £1lb)
CPU Time ¥ [ A xh £la, F1bY) 5
Function / Call Stack Effective Time by Utilization ] oy o
§ iet g Eoar (P Ok (el Uiy Ko libc.so.6! int_malloc - [unknown source file]
I =
b G 76N ToR i 160965 | S | libc.50.6!__libc_malloc+Ox4b [unknown source file]
) NNPDFDriver:xfx 117.127s | libstdc++.s0.6!cperator new+0x17 - [unknown source file]
b fotomalioe ‘\ 77.189s | libPhasicProcess.s0.0! _gnu_cxx:new _allocator<ATOOLS::Cluster_Step>::all...
b __muldc3 54.670s (R | 2 3 ;
b _int_free 46.119s | | libPhasicProcess.so.0!std::allocator_traits<std::allocator<ATOOLS::Cluster_St...
» METOOLS: Vertex:Evaluate 40.070s W libPhasicProcess.so.0'std:: Vector_base<ATOOLS::Cluster_Step, std::allocato...
b PHASIC::METS_Scale_Setter::Calculate 29.989s 3 4
g 28.948s ) libPhasicProcess.so.0!std::vector<ATOOLS::Cluster_Step, std:allocator<ATO...
) __ieee754_pow_sse2 28.270s |E50 | _libPhasicProcess.so.0'std::vector<ATOOLS::Cluster_Step. std::allocator<ATO...
b __libc_malloc 27.779s | D . : =Y
__libc_| ] us - =
> PDF-1SR_Handler-PDFWeight 24.120s @B | libPhasicProcess.so.0'ATOOLS::Cluster_Sequence_Info::AddSplitting+0x8 - ...
b __expl 17.938s 00 libPhasicProcess.so.0'PHASIC::Single_Process::AddISR+0x808 - Single_Proce...
» PHASIC: compUtePhl 15439s ®@ 00 | ---- var = va | Morias g ioShierparer (Wroduvernysics, 0.V R CrrAGIvidunx_cieliem_mdNuer tuditul.,
b std: operator<<unsugned long, unsigned long> 14.821s I Os 0Os libCom EhbSherpalmhahzahon s0.0!SHERPA::Initialization_Handler: CalculateTheHard
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Flame Graph
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Sherpa Evgen Hotspots

e OpenlLoops did not get picked up - need to understand why...
e Sherpa parts share similarities to Integration phase. Another area with large

CPU spend in

log()

S.. A

Source

% CPU Time: Total '*

571 void Sudakov::ProduceT ()

Grouping:| Function / Call Stack

Function / Call Stack

572 {

573 . double ne=2.*M PI/m lastint; |

574 |2 m kperp2 *= exp(log(ran->Get())*Max(ne,1.0e=-3)); 1.4% =
—575 | ) ]

§idle Poor § Ok @lideal @Over | e | vEiEan e |
b __ieee754 log_avx 929.335s IS Os 0Os libm.sc
» NNPDFDriver:lh_polint 565.868s Os Os libNNF
b __ieee754_pow_sse2 498.102s Os Os libm.sc
> NNPDFDriver:xfx 395.388s 0Os Os libNNF
b_expl 327.076s D 0s 0s  libm.sc
b _int_malloc 308.765s Os 0Os libc.so.
) ATOOLS::Random::Ran2 273.141s D 0Os Os | libTools
b __ieee754_exp_avx 257.803s Os Os libm.sc
b __memmove_ssse3_back 203.795s 0s | Os libc.so.
b _int_free 164.783s 0 Os Os libc.so.
b __libc_malloc 133.541s 00 Os 0Os libc.so.
I+ std::_Rb_tree_increment 125.353s D Os Os | libstdc:
» PHASIC::FlavourComp::operator() 124.633s 0 Os Os libPhas
» CSSHOWER::Sudakov::Generate 109.794s [ Os Os libCSSI
) AHADIC::Soft_Cluster_Handler::DecayWeight 98.511s i Os Os  libAhat
PO dp == i i j0s 2000s 3000s 4000s 5000s 6000s

3| Sherpa (TID: 4411)
=

' libm.so.6!__ieee754 log_avx - [unknown source file]
libCSShowers.s0.0!CSSHOWER::Sudakov::ProduceT+0x2e - Sudakov.C:574

' libCSShowers.s0.0!CSSHOWER::Sudakov::Generate+0x7e0 - Sudakov.C:332

| libCSShowers.so0.0!CSSHOWER::Shower::TrialEmission+0x59 - Shower.C:623

' libCSShowers.so0.0!CSSHOWER::Shower::SelectSplitting+0x36 - Shower.C:612
"‘ libCSShowers.s0.0!CSSHOWER::Shower::EvolveSinglet+0x374 - Shower.C:483
1 libCSMain.s0.0!CSSHOWER::CS_Shower::PerformShowers+0x3c3 - CS_Show...

" libSherpaPerturbativePhysics.s0.0!SHERPA::Perturbative_Interface::PerformSh...

i libSherpaSingleEvents.so.0!SHERPA::Jet_Evolution::AttachShowers+0x7b8 - J...

. libSherpaSingleEvents.so.0!SHERPA::Jet_Evolution: Treat+0x39b - Jet_Evolutio...
- libSherpaSingleEvents.so.0!SHERPA::Event_Handler:lterateEventPhases+0x1d...
| libSherpaSingleEvents.s0.0!SHERPA::Event_Handler:GenerateStandardPertur...

\ libSherpaSingleEvents.so.0!SHERPA::Event_Handler:GenerateEvent+0x394 - ...

f::;IibSherpaMain.so,O!SHERPA::Sherpa::Gene(ateOneEvent+Ox318 - Sherpa.C:222
| Sherpa!main+0x5c - Main.C:27

.] libc.so.6!_libc_start_main+0xf4 - [unknown source file]

| Sherpa!_start+0x28 - [unknown source file]
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©) F]apsed Time 7. 54.982s
Madgraph

Paused Time Os
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This section lists the most active functions in your application. Optimizing these hotspot functions typically results in impr

even tS tt’ ma trix on Iy) application performance.
- . Function Module CPU Time “
[ lh_PO l 1n t S h OWl n g U p Ih_polint_ madevent 1.142s
nnevolvepdf_  madevent 0.831s
h e re to O e ffvl_2_ madevent 0.679s
longest_match libz.so.1 0.611s
e MG is using multi-core T e I

*N/A is applied to non-summable metrics.

() Effective CPU Utilization Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and

Target Utilization




Madgraph Threading

Should run more events, processes look too short-lived
Blocking may relate at least in part to the I/O

Sync Object / Function / Call Stack

Wait Time by Utilization ¥
@idie @Poor §Ok @Iideal @Over

‘ Wait Count ‘ OblectTypN
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Viewing
sz andF |
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x4018c0+0x1be - [unknown source file]
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tee!func@0x401640+0x135 - [unknown source file]

[UNknown]![Unknown]

H !
teelh nc@Ox4018¢0 libc.s0.6!

Stream tee!furg@0x4018c0

Semaphore Ilbnytho .7.50.1.0'thread_PyThread

S | TUnk Unk T
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tee!func@0x4017cf+0x28 - [unknown source file]
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Status Summary

e Started some “standard” profiling over Sherpa and Madgraph.

e Some potential easy fixes seen, but more in-depth dives into profile outputs
are needed.

e Also started to look at the meta-level of ME code generation, post-compile
optimisations - but no results here yet.



