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Introduction.

From Mega — Tera — PetaFlops/s — ExaScale computing.

As computing power increases we can simulate larger systems and more realistic.

The code complexity increases with the both the scale and size of the problems.

Lattice Gauge Theory (LGT) require a large amount of computing power resources.

It requires a large code development resources gathered from computer scientists, physicists and mathematicians.

LGT is a very powerful ab-initio numerical tool to study non—perturbative physics when analytical methods are simply not possible.

On the lattice we can study particles, light Hadron spectrum, gauge dependent quantities (propagators), energy transfers between particles, form
factors, QCD vacuum, topology of the gauge groups, composite models (physics Beyond the Standard Model) ...

We then compare the results with experimental data coming from CERN-LHC, JLab and/or other particle accelerator, or large scale experiments.

LGT works in both ways:

o Provides insights to experimental for energy scale probes.

9 Experimental data is used to create more accurate models and confirm theory.



Benchmarking The nucleus with its nucleons
Anucleon g yp=15 Mev

piproton

Scale: 1 nm = 1x10°m

sdéri . 1A =1x10®m

Frédéric Bonnet Y &P g quarks, 1<myc<10MeV 1tm =1x10"m
S g gluons, m=0

a: down

QCD: strong force

Introduction

The atom

The nucleus t " ; \
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G ’ \ QED: weak force !
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Electron = 0.510998946(31) MeV :
: “® S
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* Very Early Universe (speculative): Planck epoch (up to 10 sec after big bang) -» Grand / / i
unification epoch (between [10%_. 10%] secs) - Electroweak epoch, Inflationary epoch B Proton = 938.27 Mev ¢ .
(between [10_. 1077 secs). N Neutrons = 939.66 MeV = 1.672x107 kg

Lifetime > 2.1x307 ye:
N Charged ramus p) = 0 B7GB(G§)

* Early Universe: Supersymmetry breaking (energy not lower than 1 TeV) - Quark epoch M: guantum mechanics f
(between [10%2_, 10¢] secs)— Hadron epoch (between [10" 1] secs) — Lepton epoch N . r
(between [1- 10] secs) - Photon epoch: , matter (between 5 ~ o € s

[10-. 380,000] secs). ) N =

* Scale is important and can determine what kind of mathematical framework one can use. ~ T

*  Quark scale (strong forces) - Lagrangian non-abelian field theory: Quantum Chromodynamics (QCD) — 10x10'*m
* Nuclear scale (Weak force) - Lagrangian abelian field theory: Quantum electrodynamics (QED) - 10x10"°m
*  Atomic scale (Electromagnetic force) - Hamiltonian theory: Quantum Mechanics (QM) - 10x10'°m

Nano scale (Electrostastic, magnetic, molecular, interparticle forces) . Hamiltonian theory (QM), statistical physics (Stat. Phys.) » 10x10°m
113
Proton size: 0.8768(69)(fm), Protein volume: v (nm*)=1.212x10"*(nm®/ Da)x M (Da)- R =(ﬂ) (nm)
) \ min =\ 20 )
The space between is mostly particle free, example nucleus = 1m -. first orbiting electron 50 Km away!

LQCD(2003):v=24x48 @
LQCD(2019):V=64'x192 @

100(fm) -~ Physvol24t x 48 (im) 10°configs max! Pure gauge and full QCD (2+1) O(a) mostly
068(1) < 0.1(fm) » Phys Vol 4.352% 13.056 (fm) >> 10° configs...  Full QCD (2+1+1, u,d,s and ¢) O(a%)

The entire universe is made up of these fundamental particles.
Physics model the world differently to mathematics (boundaries, infinities, object contacts etc...)

Theory used and framework needed usually determines what kind computing resources one will require, it is governed:
« disk, CPU, memory, network intensive or all of these.
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A lattice at a fixed time.

3D cubic lattice
(Space).

T

(ix.iy.iz.it) Py propagation
A lattice site,e/%?f/ v
the quarks live a U,(x) : The gauge links.

at the sites.

L=na

Lattice Gauge Theory (LGT)

Is a discretisation of the continuum on a hypercubic volume with periodic boundary conditions.

At each lattice site we attach a gauge group with a tunable lattice spacing.

All of the dynamics are contained in the action functional S[A(x), q] constructed from plaquettes
1y Ut‘“” Y

s

Uix) Uy(x 1)
#

We then compute a path integral using Monte Carlo techniques, a heat—bath and/or Hybrid-MonteCarlo (Hamiltonian).
Sample configurations are then collected to compute an observable(s).
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In this study we have used 2 underling main codes!:
® Grid: software used to do computation in QFT. (GPU-CPU).
® HiRep: LGT software used for physics beyond the standard model (BSM). (CPU)

The codes
The benchmark codes used are:

app (CPU) and probes:

® SOMBRERO: Sits on top of HiRep and is a benchmarking m
- case-1: SU(2) with adjoint matter
- case-2: SU(2) with fundamental matter
- case-3: SU(3) with fundamental matter (QCD)
- case-4: Sp(4) with fundamental matter
- case-5: SU(3) with two-index symmetric matter
- case-6: Sp(4) with adjoint matter

® BKeeper: Instantiates classes from Grid framework on an extended range of Gauge groups. XML driven to match SOMBRERO cases.
The frameworks for the benchmark:

® Bench Grid.-HiRep framework: Software used to deploy over a set of HPC cluster. It provides an automated way to deploy and launch simulation
from a remote host.

https://github.com/paboyle/Grid, https://github.com/claudiopica/HiRep, https://github.com/sa2c/sombrero,
217 https://github.com/RChrHill/BKeeper, https://github.com/fbonnet08/Bench_Grid_HiRep
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https://github.com/claudiopica/HiRep
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Benchmarking

Frédéric Bonnet

The benchmarking results

We ran the codes on a benchmark call EHPC-BEN-2024B10-015 then EHPC-BEN-2025B03-046:

® Vega(Slovenia):
- [Vega-CPU: 2x(64c AMD EPYC 7H12-2.6-3.3GHz), 256GB-1TB RAM, local 1.91TB M.2 SSD]
- [Vega-GPU: 4x(NVIDIA-A100), 2x(64c AMD EPYC 7H12), 512GB RAM, local 1.91TB M.2 SSD]

® Leonardo(CINECA-Italy):
Benchmarking - [Leonardo-DCGP: 2x(56¢ Saphire 8358-2.0GHz), 512GB RAM]
results - [Leonardo-Booster: 4x(NVIDIA-A100), 1x(32c Xeon 8358-2.6GHz), 512GB RAM]

® Lumi(Finland):
- [Lumi-C: 2x(64c AMD EPYC 7763-2.45-3.5GHz), 256-512-1024GB RAM)]
- [Lumi-G: 8x(AMD-MI250), 1x(64c AMD EPYC 7A54), 8x(64GB DDR4) RAM]

® MareNostrum-5(Spain):
- [MeraNostrum-5-GPP: 2x(56¢c Xeon 9480-1.9GHz), 8x(16GB HBM2), local 960GB NVMe]
- [MareNostrum-5-ACC: 4x(NVIDIA-H100), 2x(40c Xeon 8460Y-2GHz), 16x(32GB DDR5)]

® EHPC-BEN-2024B10-015: — {BKeeper, SOMBRERO} V systems:{Vega, Leonardo, Lumi}.
® EHPC-BEN-2025B03-046: — {BKeeper, LLR} V systems:{Vega, Leonardo, Lumi, MareNostrum-5}.
® Cases: — {small, large, weak, strong} V systems: in all calls.
® LR — {weak, strong, volume} V systems on EHPC-BEN-2025B03-046 only.
The figures can be found in https://doi.org/10.5281/zenodo.15782266.


https://doi.org/10.5281/zenodo.15782266
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BKeeper? results

We screened a set of MP| combinations over the nodes with a given number of GPU available on that node over space-time:

"gpu
- +
M = r= I xwazt | T=ngpu, and i,j,k,I=1,..,ngpu €Z
isjyk,j=0
—_ . . = +
— M = {xi, yjs 2k, tl},-,j,k,/:L”,ngp“ = [1,ngpu] €Z7. 1)
BKeeper
results

® Small lattice: 243x32 = npoges = {1,2} -

® Large lattice: 323x64 and 643x96 —> Nhodes = {4,8,12,16, 24,32} .

® Lattice spacing (a) for the conjugate gradient was set at its default size: a = 0.1(fm)
® EHPC-BEN-2024B10-015: ——Vega, Leonardo and Lumi.

® EHPC-BEN-2025B03-046: —Vega, Leonardo, Lumi and MareNostrum-5.

2 .
219 https://doi.org/10.5281/zenodo. 15782266
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1 and 2 Nodes (separated) Vega-GPU and Leonardo-Booster

FIgU re: Su(2)-Adjoint & SU(2,3)-Fundamental using BKeeper (24°x32). a). Vega-GPU node001. b). Vega-GPU node002. c). Leonardo-Booster
node001. d). Leonardo-Booster node002. x-axis: mpi_-distribution «— y-axis: CG Run Time (s).
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FIgU re: SuU(2)-Adjoint and SU(2,3)-Fundamental using BKeeper (243x32). a). Lumi-G node001. b). Lumi-G node002. x-axis: mpi-distribution
<— y-axis: CG Run Time (s).

® Large disparity in the run times, but 3 : {min, max} V Representations.

® The {min} = best MPI distribution on that n,,,qes for a given system.
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Flgu re: SU(2)-Adjoint, SU(2,3)-Fundamental [node001, node002], Small lattice 243 x 32, a). Vega-GPU, (CG Run Time (s)). b). Vega-GPU,
L2 (Flops/s (GFlop/s)). c). Leonardo-Booster, (CG Run Time (s)). d). Leonardo-Booster, (Flops/s (GFlop/s)).
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Figure: su(2)-Adjoint & SU(2,3)-Fundamental on ny,oqes = {4, 8, 12}. a). Vega-GPU, (CG Run Time (s)) (323 x 64). b). Vega-GPU, (Flops/s
(GFlon/s)) (323 X 64) ¢). Vera-GPU. (CC Run Time (s)) (643 X 96) d). Veea-GPU (Flops/s (GFlon/s)) (643 x 96)
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4, 8, 12, 16, 24 and 32 Nodes (combined) Luni-G

Flgu re: SuU(2)-Adjoint & SU(2,3)-Fundamental on npoqes = {4,8, 12,16, 24, 32}. a). Lumi-G, (CG Run Time (s)) (323 X 64). b)
(Flops/s (GFlon/s)) (323 X% 64) ¢) Lumi-G (CC Run Time (s)) (643 X 96) d). Lumi-G (Flops/s (GFlon/s)) (643 % 96).

. Lumi-G,
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SOMBRERO?® results

Sombrero is a CPU only code, we screened by varying ny,odes = {1,2,4} and number of tasks per node as nntpns = {1,2,3,6, 12,24, 48,96}.
® We are looking for communication.

® |ooking at scaling: [Weak, Strong] for all case-1:-case-6:

Gauge Group 2 Representation Matrix n—elements
SU(2) with adjoint matter 2x2 4
SU(2) with fundamental matter 2 %2 4
SOMBRERO SU(3) with fundamental matter (QCD) 3x3 9
enlis Sp(4) with fundamental matter 4 x4 16
SU(3) with two-index symmetric matter 3x3 9
Sp(4) with adjoint matter 4 x4 16

3
21-16 https://doi.org/10.5281/zenodo. 15782266
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Benchmarking [case-1:-case-4: Strong, mpi_distribution] Leonardo-DCGP

Frédéric Bonnet

_strong], Case 1, [Leonardo], SU(2) adj [Sombrero_strong], Case 2, [Leonardo], SU(2) fun
s ,,. Latice Size / Simulation size 00 oo | Lttice Size  Simulation ize
atice sz y
— ksl — wimanaa
150 R 250 JE
Outlook S sz
g = targe % 20 = Lare
q 2 g
Introduction & 100 - 8
T wih 2 w0 Y .
-~ -4 75 g
Lattice Gauge g I~ 3
- g o ! 2 w0 —
Theory (LGT) Y e T s i o
2 » - TR
The codes M e
Tt T Y
o of v e
Benchmarking
results & &
MPI Distribution
BKeeper
results
_strong], Case 3, [Leonardo], SU(3) fun [Sombrero_strong], Case 4, [Leonardol, Sp(4) fun
SOMBRERO o | Latice sz Simulaton size o | ot size Simuiaton sze
200 atice_sz lice_s2
results — 32x2424x24 200 — 32x24x20x24
R JE
simul_size simulsize
S e Smal - Smal
Summary 313 e K} = e
H g o
& &
. - 5 s e
a1 2 100
s &
5 ! 5
s0 o
o o

FIgU I'€. SOMBRERO on njodes = {1,2,4}, Leonardo-DCGP, Strong cases. a). (case-1: SU(2) adj). b). (case-2: SU(2) fun). c). (case-3: SU(3)
AR fun). d). (case-4: Sp(4) fun)




Benchmarking

Frédéric Bonnet

Outlook [Case-5:—case—6: Strong, mpi_distribution] Leonardo-DCGP
Introduction

Lattice Gauge

[Sombrero_strong], Case 5, [Leonardol, SU(3) 2-index sym [Sombrero_strong], Case 6, [Leonardol, Sp(4) adj (Sp(4) 2-index sym)
Theory (LGT) w Latce iz Smutton size woifis | Latic Size Simuiaton size
; s ttce 52 20 lattice 52
— 2aeeees — aamanas
= sexoamones = soxoenomss
The codes 150 ey s 5t
o Sl - J——
: 3 e 3 e
Benchmarking 5 H
H H
results @ 100 n
g i w0 w
a7 = 2
BKeeper & i 2
5 5
results 50 o
2 b
SOMBRERO
o
results °
£ S g g & 4 & & &
& & o 5 g
& &S & F s
Summary & & @ & d s & &

& &
MPI Distribution

FIgU €. SOMBRERO on nyoqes = {1,2,4}, Leonardo-DCGP, Strong cases. a). (case-5: SU(3) adj). b). (case-6: Sp(4) adj).

21-18



Benchmarking

Frédéric Bonnet

Outlook
Introduction

Lattice Gauge
Theory (LGT)

The codes

Benchmarking
results

BKeeper
results

SOMBRERO
results

Summary

21-19
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® We have tested our codes on EuroHPC machines: Vega, Lumi, Leonardo & MareNostrum-5.

® The test were done on a 3—-month benchmark EuroHPC cycles: call EHPC-BEN-2024B10-015 mostly, but also on EHPC-BEN-2025B03-046.
® In all cases, we observed that the mpi_distribution has large impact on the overall performances.

® |t is then possible to work out using warm up runs on n,odes = {1,2} for best set of mpi_distribution on a particular machine.

® We can also see which machine provides best performances for a particular problem at hand.

® The framework Bench_Grid-HiRep can deploy, launch and analyse very fast a large set of cases, and remotely from a simple host laptop to any
machine with given access.
Summary

21-21
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KEY CHALLENGES FOR IN SILICIO BOILING

Vast dynamic range of active space and time scales
Handle large density ratios
Resolve interfaces

Collective dynamics is 3D by nature

So far mostly 2D or reduced models

Recent HPC advances enable fully resolved 3D boiling
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ESSENTIALS OF THE LATTICE BOLTZMAN METHOD

Solves Boltzmann eq. for quasi-particle distribution in position-momentum space f(r, p, t)

A 9f _ (a_f)
at m Vf+F ap at/ coll

Approaches Navier-Stokes equation in continuum limit

Position-momentum space is discretized on a lattice:
1. Streaming step (communication between lattice points)

2. Collision step (expensive, but fully local)
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NUMERICAL IMPLEMENTATION
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PERFORMANCE

90

(0.9]
o

-3
e}

[
=
—
D
o

Time/iter [ms]

Efficiency|%]

@® overlap

X no-overlap

(S}
o

ideal scaling
B 1536 x 5122

3072 x 10242
B 6144 x 20482

=
=

w
=

16 32 64 128 256 512

16 32 64
Number of GPUs

Number of GPUs

Results optained on EuroHPC

EuroHPC
MareNostrum 5

Joint Undertaking

WL
WL

\_\_L|_1_L/



MP4 edited with https://ezgif.com/reverse-video




PHYSICS OF BOILING

Matural convection Mucleate Transition Film
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TRANSITION BOILING
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TRANSITION BOILING

Convection Nucleate Transition [ Film boiling _‘ . ]
boiling eaeet

Heat flux
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CONCLUSIONS

Advances in HPC enable investigation of fully resolved boiling in 3D

Lattice Boltzmann method
with phase change
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Interleaved GPU/CPU
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in transition boiling
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Szabolcs Borsanyi

The QCD crossover line
in a finite volume
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Dark energy
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QCD’s role in cosmology

Particle Data book, Chapter 22, Big Bang Cosmology
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Figure 22.3: The effective numbers of relativistic degrees of freedom as a function of temperature.

The sharp drop corresponds to the quark-hadron transition. The bottom panel shows the relative
ratio between the number of degrees of freedom characterizing the energy density and the entropy.

[Borsanyi et al Nature 2016]




A phase diagram of strong interactions
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The crossover line in the phase diagram

- Quark Gluon Plasma -
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Direct result from lattice QCD

k = 0.015(2)

Pisa 2015, Wuppertal 2015, Bielefeld/BNL 2018, Wuppertal 2020




Expansion to finite density

Lattice QCD samples gluon configurations with the probability corresponding to its weight in the
quantum field theory.

If we break the charge conjugation symmetry by a chemical potential:
complex probabilities

A Taylor expansion can be defined, nevertheless, the )(ff (T') coefficients can be simulated.
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This work

. Crossover temperature extracted from the peak of static quark entropy SQ

P is the Polyakov loop [Bazavov et al (TUM), 2016] 3.5
. We worked out a power series expansion .
scheme for /og /P/ (previously existing for the pressure)
. Simulated cca. 2 million configurations 4.5
at 18 temperatures on a 16> X 8 lattice. %
N
. Extracted the full chemical potential dependence 4
of the configurations using the
. 3.5
reduced matrix formalism [Hasenfratz & Toussaint 1992]

. Extrapolated the transition line in the Taylor expansion up to pus =400 Me_,’V

0Tlog|P|

(T) =

Wg=0 MeV
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Lp=400 MeV
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Taylor coefficients of the pressure

Before this project

0.10 Fx8

After this project
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Extrapolation coefficients of Fqo=-T log |P]
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Test case: extrapolation to
the imaginary direction,
where direct data exists:
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The resulting transition line
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Work for the 2nd project year:
- extension to up to 500 MeV using a different proxy
- extension to up to 600 MeV and beyond using a different algorithm

Target: 600-650 MeV, where functional methods predict a critical point
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Volume dependence of T measures
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Extrapolation strategies

Roberge-Weiss
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Ripples around the critical point
Extrapolate x4/ x»2 using Ratio of Taylor

~4 ~6
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B B B
X 4L, UB Y2 + X4 a0 T X8@r T X10gr
250 250
—~—= Tc-line =D ’ -== Tc-line
2254 ——-- Freezout ¢ 22541 ——- Freezout
e olxi/s1>1 ¢ m olxf/x51>1
200 - i 2001 0 Sys. Dev. > 20
s 175- 175
~ One of the predictions based on functional methods:
150'--. | 150 [Fu, Luo, Pawlowski, Rennecke, Yin 2023]
e Nt [ Lu,Gau,Liu,Pawlowski 2025]
125 - 125 -
100 100

100 200 300 400 500 600 700 100 200 300 400 500 600 700 ——DSEchial -~ -foezoou Ancronicctal.|
MB [MeV] MB [MeV] 170 — T T T T T~ T T T _ Xal'X2

using up to x1o 150_:

)

— T 1 T 1T r T T T
0 100 200 300 400 500 600
ug [MeV]



Wiy,
\\\\“\ " Ny,
S %,
S 7
S 5 %
S X 2
V4. % =
< =
q

Hierarchical Dynamic Load Balancing
Strategy for a p-adaptive
Discontinuous Galerkin Compressible LES
Solver

Paolo Valvo?, Antonella Abba2
aDAER Dipartimento di Scienze e Tecnologie Aerospaziali, Politecnico di Milano

3" EuroHPC User Day, Copenhagen, Denmark
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: POLITECNICO MILANO 1863 Paolo Valvo, Antonella Abba

Discussion Layout

Goal: implement hardware-locality informed dynamic load balacing in
the adaptive CFD LDG solver dg-comp (FEMilaro library)

Layout
Formulation of the problem
Zoltan: methods and capabilities
> Geometric methods
» Connectivity-based methods
Concept of hierarchical partitioning
Test case: flow past a square cylinder

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



 POLITECNICO MILANO 1863 Paolo Valvo, Antonella Abba

Formulation of the problem (1/3)

dg-comp: load repartition by means of grid decomposition

- MPI Task 1
m MPI Task 2
MPI Task 3
--- Periodic BC side

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



POLITECNICO MILANO 1863

Paolo Valvo, Antonella Abba

Formulation of the problem (2/3)

Grid partitioning == Graph partitioning

o|lo|e]e ; l : l (Vi Wiy x4)
o|o|eo|e —o—¢ o‘/
o|le|e|e| m oo 9o

30/09 - 01/10/2025

3"4 EuroHPC User Day, Copenhagen, Denmark



Paolo Valvo, Antonella Abba

POLITECNICO MILANO 1863

Formulation of the problem (3/3)

A useful metrics: the communication volume

Pt
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Zoltan: methods and capabilities (1/2)

Geometric methods
Vertices agglomeration via geometric criteria, ensuring:

Z w; ~ const. Vk
Py,

Zoltan provides three methods:
RCB (Recursive Coordinate Bisection)
RIB (Recursive Inertial Bisection)
HSFC (Hilbert Space Filling Curve)

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark
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Zoltan: methods and capabilities (2/2)

Connectivity-based methods
Partition the graph to achieve:

Z w; >~ const. Vk
Py
min{ Veomm VP

Zoltan provides a native multilevel graph partitioner

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



POLITECNICO MILANO 1863

Paolo Valvo, Antonella Abba

Concept of hierarchical partitioning

Divide the partitioning process
iIn multiple steps.

With CPU binding, hardware-
locality informed partitioning is
achieved

MPI
RANK
0—7

<

0 1
(5 3
4 5
\
6 7

30/09 - 01/10/2025

3"4 EuroHPC User Day, Copenhagen, Denmark



POLITECNICO MILANO 1863 Paolo Valvo, Antonella Abba

Test case (1/4)

Turbulent flow past a square
cylinder

[529*00 Polynomial distribution

Momentum magnitude Grid partitions (RCB)

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



; POLITECNICO MILANO 1863 Paolo Valvo, Antonella Abba

Test case (2/4)

Leonardo supercomputer: 0 =6

+ 3 nodes, 2 56-cores processors each _,

-« Total: 336 MPI tasks 55 111

3 step hierarchical load balancing 119 163 594 930

« 3 partitions (connectivity) 4-; “ 4-}
» 2 partitions (connectivity) 167 223 279 335

» 06 partitions (geometric)

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark
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Test case (3/4)

Effectiveness of hierarchical partitioning

... [ '5(')5' }"{ 1'516'1

14142 12630 20460 | 4164 4626 4047

|
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30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark 11/13




POLITECNICO MILANO 1863 Paolo Valvo, Antonella Abba

Results accuracy: load
balancing introduces a
small but acceptable
noise

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



POLITECNICO MILANO 1863 Paolo Valvo, Antonella Abba

THANK YOU FOR YOUR ATTENTION!

Link to FEMilaro source code:
Questions?

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark


https://bitbucket.org/mrestelli/femilaro/wiki/Home
mailto:paolo.valvo@polimi.it
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Appendix A: adaptation strategy

Indsp(K) =[S Dy (K) — DISO:
(%]

Dij(x,r) = (lui(x +1,1) — ui(x, )] |uj(x +1,1) — u;(x,1)])

Adaptation loop:

1. Average the indicator value for a time dt,q.pt, COMputing it each dtinaicator

2. Each dt,qqp1 Vary the polynomial distribution according user-selected
indicator thresholds

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark
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RCB & RIB

Note: RIB uses the
principal axes of inertia
as splitting direction

Initial graph

2le

W, =1/3 W=

Paolo Valvo, Antonella Abba

000000000606
00000000000
LS EIeeUS DS
0080000000006
000000000006

X First splitting: direction x, a=1/3

* second splitting: direction y for blue
partition, x for green, a=1/2

X Third splitting: direction y, only purple
and green partitions, a=1/2.

Image from
FEMILARO
documentation

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



POLITECNICO MILANO 1863 Paolo Valvo, Antonella Abba

Initial graph and a surrounding Graph and a space filling curve for
geometry the geometry Q

Note: Zoltan uses Hilbert e Image  from
Cu rveS to fl ” the doma| n . Partition of the grid following the Final partitioned graph. Note the FEMILARO
line (3 partitions, uniform weight) spatially disjoint partition documentation

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



POLITECNICO MILANO 1863

Connectivity-based

In dg-comp, this implies a
multilevel graph partitioner
with an agglomerative inner
product matching coarsening
strategy and an approximate
Fiduccia-Mattheyses

refinement algorithm.

Paolo Valvo, Antonella Abba

’ Initial graph and grouping for the Final partition. Cuts are redefined:
first coarsening same unbalance in W, less cuts
First coarsening: purple weights 2, First expansion (here, cuts aren't
green 3, red and blue 1 redefined since it isn't needed)
I |Image _ from
FEMILARO
Partitioning documentation
Second coarsening: purple Partitioning (3 parts): black lines
weights 2, green 3, red and blue 1 are the cuts of the graph

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



|} POLITECNICO MILANO 1863 Paolo Valvo, Antonella Abba

Appendix C: time saving

dg-comp 18568 16866 9446 9634 9924 9886 9860 9899

Zoltan 0 0 839 912 827 864 882 848

total 18568 16866 10285 10546 10751 10750 10742 10747

30/09 - 01/10/2025 3"4 EuroHPC User Day, Copenhagen, Denmark



	High Energy Physics
	Outlook
	Introduction
	Lattice Gauge Theory (LGT)
	The codes
	Benchmarking results
	BKeeper results
	SOMBRERO results
	Summary
	Multi-GPU porting of a phase-change cascaded lattice Boltzmann Method
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Thank you!
	The QCD crossover line �in a finite volume
	Slide Number 2
	QCD’s role in cosmology
	A phase diagram of strong interactions
	The crossover line in the phase diagram
	Expansion to finite density
	This work
	Taylor coefficients of the pressure
	Extrapolation coefficients of  FQ= -T  log |P|
	The resulting transition line
	Backup slides
	Volume dependence of Tc measures
	Extrapolation strategies
	Ripples around the critical point
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

