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Abstract

In this proceeding, we will briefly review our recent progress on implementing deep learning to relativistic hydrody-
namics. We will demonstrate that a successfully designed and trained deep neural network, called stacked U-net, can

capture the main features of the non-linear evolution of hydrodynamics, which also rapidly predicts the final profiles for
various testing initial conditions.
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Fig. 1. The architecture of stacked U-net that consists of four residual U-net blocks. The right panel shows the U-net structure, and
the depth of the hidden layer is denoted on the top of them.
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[MapameTpbl KBApK-rMHOOHHOU Cpefbl, NONy4YeHHbIe

YUCITEHHbLIM peLleHneM ypaBHeHnn rugpoanHamukn (VISH2+1)

N NpeackasaHne CBepTOMHOW HeMpoHHoM ceTn (sU-net)

V|SH2+1 sU-net H. Huang et al., Nucl. Phys. A 982,927-930 (2019)

Ed - I'noTHOCTb 3Heprmuu

VX, VY — KOMMNOHEHTHI
CKOpPOCTU

Llenb: nobuTtbca agekBaTHOro onncaHusa
HEWPOHHOW CETbIO TOYHOIO peLleHns

N Ha 9TON OCHOBE CO34aTb ObICTPbLIN
anropuTMm NpeackasaHus SBOMLUMK cpeabl
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dpenmBopK (IEBE)

SuperMC - Glauber Monte Carlo
— HayasibHas N/I0OTHOCTb IHEPTINN

VISHNew — 2+1D Relativistic Hydro
— dBontoumna KX cpenbl ¢ warom 0.05 dom
- [eHepayma rmnepnoBepxHOCTN opmn3ayTa + CKOPOCTEN HA 3TON NOBEPXHOCTU

ISS - Monte Carlo sampler from Cooper-Frye
- ['eHepayma cnekTpa vyacTuml, N3 NOBEepxXHOCTU dopusayTa

UrQMD afterburner (onunoHabHO)
— [locT-TepmMasibHasa 3BonUnd



dpenmBopK (IEBE)

SuperMC - Glauber Monte Carlo
— HayasibHas N/I0OTHOCTb IHEPTINN

VISHNew — 2+1D Relativistic Hydro
- asosmouna KX cpeabl ¢ warom 0.05 dom

- [eHepaumsa rmnepnoBepxHOCTM dhpusayTa + CKOPOCTEN HA 3TON NOBEPXHOC

ISS - Monte Carlo sampler from Cooper-Frye
- ['eHepayma cnekTpa vyacTuml, N3 NOBEepxXHOCTU dopusayTa

UrQMD afterburner (onunoHabHO)
— [locT-TepmMasibHasa 3BonUnd
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- HayanbHaa nn1oTHOCTb IHEPTINIA

* VISHNew — 2+1D Relativistic Hydro
— 2Bontouua KX cpegbl ¢ warom 0.05 dom

- [eHepauus rMnNepnoBepPxXHOCTH hprsayTa + CKOPOCTel Ha 3TOl NOBEPXHOCTU

3amMeHseTcd Ha

- HavyanbHada N10THOCTbL SHEPruu

* ML-Hydro
— 3dBontouuna KX cpenbl ¢ warom 1 dom
- eHepauus rmnepnoBepPXHOCTU (Ppur3ayTa + CKOPOCTEN Ha 3TOW NMOBEPXHOCTU
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NHNyT

Semi-central Pb+Pb at 2.76 TeV 10k events
(90% train, 10% validation)

Min. bias Pb+Pb at 2.76 TeV 1k events

Min. bias Xe+Xe at 5.44 TeV

Min. bias O+0O at 7 TeV
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Cxembl ML-moaenen

* CekBeHTaslbHble (NpeackasaHne Ha 1 om)

“nobasibHble (NpeackasaHne Bceil 3BooLUunmn)

PEeKKYPEHTHbIE

MeTpuka (Loss function):
normalized mean absolute error (MAE) loss
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Apxutektypa U-net, ncnonb3osaHHas B pabore.
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—» ceeprka 3 X 3, Leaky ReLU

256 x 64 x 64 256 x 128 x 128

256 x 64 x 64
256 x 64 x 64

| 128 x 64 x 64 |<-|128 x 128 X 128|

512 x 64 x 64
v
|256x64x64|
Y

< cBepTEKa 1 % 1

+ obparHas cBeprka 2 X 2

* MAaKC HYJIMHI 2 X 2

256 x 32 x 32
512 % 32 x 32
512 x 32 x 32

Kaxablii NpsIMOYTO/IbHK COOTBETCTBYET MHOMOKaHa/IbHOl KapTe Npr3HaKoB
(feature map). MepBoe unco B NPSIMOYTrO/IbHUKE COOTBETCTBYET UMC/Y KaHas10B,
oCTa/lbHbIE [1Ba — Pa3MEPHOCTM KapTbl.
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LInknn4vecknm nokanbHbi U-net

(NpeackasaHne Ha 1 pm)

T=175+1

T=7Ty+2

T=15+9




LInknn4vecknm nokanbHbi U-net

(NpeackasaHune 1 pm)
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LInkninuecknm nokasibHbin U-net
C ABC ABHOW nepepayvyen napamerpat

To o+ 1 Tg+ 2 To+n
€ € €
v, |4 W

T T

YnyJllueHne TOYHOCTU MOAENN B T.4. B 11106a/1bHOI 9BOOL MY

Hauny4yLwmnm cnocobom nepegaBaTh NapameTp T ABASAETCA nepeaaya
[I0MO/THATENTbHOTO N300paXEHUS, B KaXKAbI NMUKCE/Tb KOTOPOTo 3anncaHo
3Ha4YeHue T.
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[[nobasibHbIN U-net
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[[nobasibHbIN U-net
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AHCaM6/1b NOKa/IbHbIX MOAEeNe
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AHCaM6/1b NOKa/IbHbIX MOAEeNe

TouyHOCTb NpeackasaHu — sum mean relative absolute error ~0.1
(cymma no 10*256*256 nukcenen)
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= vkovalen@MSI-vko-GS40: ~

:~$ qgpepr --help
Usage: qgpepr [OPTIONS] INPUT OUTPUT

Options:

--visualize Add visualisation of evolution to output.
-v, --verbose Print additional runtime information.

--threshold FLOAT Values of Ed smaller than threshold are represented as
zero. By default is 0.005.

--help Show this message and exit.
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Bannaoauna Ha CTaHAapPTHbIX Ha4YaJIbHbIX YC/TOBUAX
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Ba]'II/I,CI,aLI,I/IFI Ha CTaHOaPTHbIX Ha4YaJIbHbIX YC/TOBUAX
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Cneayowine warwu

[eHepauua cnekTpa yacTtuy, n3 nosepxHocTtn gopusayta (Cooper-Frye)
UrQMD afterburner (onunoHasibHO)
MepekntoveHne Ha ctek MCGlauber+MUSIC+ISS

MoaenvupoBaHue He BCen 3BOJOLMN, a HENOCPEACTBEHHO rMNeprnoBepxHOCTH
dopnzayrta (M KOMMNOHEHT Vy,Vy, HA HEN)

3+1-mepHOe moaennpoBaHne — nobasseHne NONO/HUTENIbHOIO GMHA Ns
(bbicTpOTA)

YueT BA3KOCTU, 6apmoxmnm. noteHumana.
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