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Overview of the problem

coil magnets
GOL3 — Plasma confinement facility o . _
with the external magnetic field 1.  Cylindrical volume filled by ions
generation 2. Two magnetic field sources

3. Injection of electrons at the center

https://en.wikipedia.org/wiki/Budker _Institute of Nuclear Physics
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verview of the problem

A. Shosin 23 Apr 2018 , Budker’s Universe , volume Special Issue, N1

MHD stabilizers i
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Plasma boundaries beam injection

A. D. Beklemishev: Diamagnetic “bubble” equilibria in linear traps Phys. Plasmas, 23, 082506 (2016)
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Mathematical model

)
Vlasov kinetics equation (ions) Maxwell equations =
) n =n %

of. _of. F of = . - i e
—+V—+ —=0 EE=rotB—4—7zj E
ot or m ov c ot C =
— R =—-R, =
. I 1B _ oE =
E=e(E+E[v,BD+Ri c ot T:e(ni\Z—ne\Z) ]
B =
- . el
n ()= f (tL.F,7)dv AIVE = dmp p=e(n=n.) S
B divB=0 =
(1)=—7 [t (6.7, v)av =

(T
() Heat equations E
H ions (el . - . =
MHD equations (electrons) n, (68'% N (VeV)Tej _ (7—1)(Qe _div, - p, leVe) =
= =
_ N N . il
—eE—E[ve,B]—Vpe+Re:med—V Nk &
C n dt Qe - . @
o o State equation
F_ée =—n, € _Vi qe =—kVTe P = r]eTe

z-ei




Numerical method (Finite-Difference Time-Domain (FDTD)

v" Grids shifted by half a step

v'"Mixed Eulerian-Lagrangian decomposition for the

&
=X
(- —
v" Cylinder coordinate system due to the axial _ | &
ik+1 i+1.k+1 —
. . . T o ¢
symmetry, r=o is singularity /J'\ s
- —
v Hybrid model, the ions are described kinetically, the — T =
* ’ &
electrons by MHD =
—
-3
v" Particles-in-cell method with PIC form-factor particles >> cells =
]
£
Z
=
- —
=
£

parallelization

https://warpx.readthedocs.io/en/latest/theory/picsar_theory.html



One time step

Parallel realization

Grid -> particles

Lagrangian stage

Ion velocities

Bcast: B, E

Ion coordinates

Particles -> grid

Eulerian stage

Particle exchanges: ri, Vi

Reduce: <Vi>, ne

Grid exchange: <Vi>, ne

Electron velocities

Electric field

Grid exchange: Ve, j

Grid exchange: E

Magnetic field

Grid exchange: B

Temperature

Grid exchange: Te
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Parallel realization

1MAIN

At the initial moment, the The injected particle is written to When leaving the subarea, the

background particles are the next nucleus in its group. array of particles is sent to one of

distributed within the group. the processors of the neighboring
roup.
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MYJIBTI/IaPEHTHBIﬁ I10aX0J K UMUTAITMOHHOMY MOIOJEJIMPOBAaHHIO

ArentHoe MonmesupoBaHme (AM) — 3TO IIepemoBOl IIONXOX K MOJEJIMPOBAHUIO CHCTEM,
colepskaliux  aBTOHOMHBIX M B3aMMOJEMCTBYIOIIUX  HMHTEJIJIEKTYaJIbHBIX  areHTOB.
NuTenneKTyaIbHBIM areHT — 9TO CYIIHOCTb, KHBYIIAs B cpede OOMTaHMUs, 00Jagaronias

CeHCOPaAMM OJIsI BOCHPHUATUA CPedbl W HUCIIOJHUTEIbHBIMU MeXaHU3MaMM OJIs BO3IeHCTBUSI Ha
cpeny oouTaHusa. AreHTHl PYHKIIMOHHUPYIOT AaCHHXPOHHO II0 CBOMM 3aKOHaM, B3AUMOIEHCTBYSI C
IPYTUMU areHTaMH JJs JOCTH:KeHHs oO0mmx I1ieseii. B mporecce (QyHKIIMOHMPOBAHUS
IIPOTPAMMHBIN areHT MOKeT M3MeHATh KaK BHEIITHIO cpeny, TAK M CBOe II0BeIeHIe.

PacnpenenéuHapiii, acCHHXPOHHBIN XapaKTep IIOBeAeHNA YPEe3BLIUANHO BAasKEH IIPH IIOCTPOEHUH
WUMUTAIIIOHHONA MOJEJN CYIIEPKOMIILIOTEpPA, IIOCKOJIBKY O00€eCIIeUYNTh IIeHTPAJIM30BAHHOE
yIIpaBJIeHHE JeCATKAMU U COTHAMU MUJIJIMOHOB Alep IMIPaAKTUUYECKHU HEBO3MOMKHO.
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Monesp akTOpOB

Mozmeah AaKTOPOB — MaTeMaTH4ecKas MOIesIb LapaslIeJbHBIX BEIUUCICHUI,
cTposmIasgcsa BOKPYT HOHATHA arTopa (aHTI. actor «akTép; MeHCTBYIOIINN CYyOBEeKT»),
CUMTAIONIETOCSA YHUBEPCAJILHEIM IIPUMUTHBOM IIapaJLIeJIbHOI0 UCIOJIHeHnsI. AKTOp B
JAHHOM MOJeJH B3aMMOIEMCTBYeT IIYyTEM oOOMeHa COOOIIEeHUSIMH C JPYTHMHU
aKTOpaMu, M KaKIBIA B OTBET HAa IOJIydaeMble COOOIIeHMsS MOYKeT IPUHUMATH
JIOKAJIbHBIE PeIlleHHns], C03IaBaTh HOBBIE AaKTOPHI, IIOCBLIATH CBOH COOOIIEHUS,
yCTaHABJIMBATD, KAK CJIeyeT pearupoBaTh Ha II0CJIeIYIOIIe COOOIEH.

ITo amamoruu ¢ dpuaocodreis 00HLEKTHO 0OPUEHTUPOBAHHOI0 IIPOrPAMMUPOBAHNSI, IIe KasKIbIH
IIPUMHUTHB PacCMaTPUBAETCA KaK 00BEKT, MOJeJIb AaKTOPOB BEIJEJIAET B KaUecTBe
YHHUBEPCAJIBbHOM CYITHOCTH IIOHATHE «aKTopay. AKTOP ABJISETCSI BEIUUCINTEILHOMN CYIITHOCTHIO,
KOTOpas B OTBET Ha II0JIYYEeHHOe COODIIeHe MOKET OJHOBPEMEeHHO:

OTHPABUTH KOHEYHOE YHCJIO COOOIIEeHUI IPYTUM aKTOPaM;

CO3IaTh KOHEUYHOE YHCJIO HOBBIX aKTOPOB;

BBEIOpATH HOBeAeHMe, KOTOpoe OYOeT UCII0JIb30BaThCA IPH 00padOTKe CIIeAYIOIIEro
IIOJIYYEHHOTO COOOIIIeHA.

He npenmonaraercs cymiecTBOBaHUS OIPeaeIEHHOM II0CJIeJ0BATEeIbHOCTH BBIIIIEOIINCAHHBIX
JIeHUCTBUH 1 BCe OHU MOTYT BBIIOJIHATHCS IIapaJIIeJIbHO.
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https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BB%D0%BB%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B2%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5

Monesnn

] X Main
4—[ Nepecoiaka paHei ]

I PacyeT MAarHMTHOrO MOAs |

1
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SRR - | X sub

i

§ q BCAST |5 BCAST (RECV) ]
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Performance evaluation of 3D code

the particles are bound to the cell cell(i,l,k)
cell(i,1,k) % jmax — number of particles per cell
holeilk % j  —the numbers that flew out of the
cell

iniLk % X(j), y(j)... — data

do j=1, Jjmax
dx (3)=..
dy () =..
dz (3)=..

eetly%x I [ [T T T PP T PP TP PPTPPTTPTTEPPTTETT] T

1

do k=1, Kmax

do I=1, Lmax

do i=1, Imax

do j=1, cell(i,]l,k)%jmax

* calculation of velocities and coordinates in
bundles

*  boundary conditions

*  incoming / outgoing : Nin, Nout, hole, in

*  particle exchanges

*  sorting: removing the particles that have flown
out and inserting the particles that have flown in,
taking into account the injection in the next step.

Ivectp

Cache L1
Cascade Lake
data 32kb

2lvectp

DO jpack=1l, jmax, lvectp
DO jloc=1, MIN(lvectp, jmax - jpack +

1)

j = jpack+jloc-1
dx (jloc)=..
dy (jloc)=..
dz (jloc)=..

jmax
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Performance evaluation of 3D code

jEx(jloc) = sx(jloc)*( sy(jloc)*( sz(jloc)*cEz(l,1,1) + dz(jloc)*cEx(L,1,2) )
t dy(jloc)*( sz(jloc)*cEx(1,2,1) + dz{jloc)*cBx(L,2,2) |)
t dz(jloc)*( sy(jloc)*( sz{jloc)*cEx(2,1,1) + dz(jloc)*chx(2,1,2) |
t dy(jloc)*( sz(jloc)*cEx(2,2,1) t dz{jloc)*cBx(2,2,2) |)

[loop in move_pack] at push.f:221]

Vectorized (Body) AVX512; processes Float32; Float64 data type(s)
Performance: 10.951 GFLOPS

Self Time: 12.296 s

Self Elapsed Time: 12.296 s

Total Time: 12.296 s

Total Elapsed Time: 12.296 s

Self Memory Traffic: 396.151 GB

L1 Arithmetic Intensity: 0.34 FLOP/Byte

Module: cloud3dm.out!0x462598

UxgoZ 40
0x462755 254 vimadd213pd %zmm?7, %zmm8, %k0, %ozmm31
0x46275b 260 vmovupsz -0x7f0(%rbp), %k0, %zmm?7

0x462765 257 vimadd231pd %zmm10, %zmm19, %k0, %zmm9
0x46276b 252 vimadd213pd %zmm3, %zmm§, %k0, %zmm30

AAraTIA Arn o do AaTlbame oy oA Adln oo

[loop in move_packj at push.f:221]

Vectorized (Body) AVX512; processes Float32; Float64 data type(s)
Performance: 12.19 GFLOPS

Self Time: 11.046 s

Self Elapsed Time: 11.046 s

Total Time: 11.046 s

Total Elapsed Time: 11.046 s

Self Memory Traffic: 396.151 GB

L1 Arithmetic Intensity: 0.34 FLOP/Byte

)
=
e=
ea
0
&
—
—
=
o=
nlall
=
=
Il
)
e
Il
=
=
-3
—
S
)
e=
Il
=
—
P
=
=
es
el
ea
&P




Performance evaluation of 3D code

3,50

GFLOPS

3,00

2,50 [ J

2,00

1,50

1,00

0,50

Cores

000 "—@—7x2697Av4 —@—2x6248RAVX512 —@—2x8268 —@— 2x6248RAVX —@— 2x6248R AVX2
0 5 10 15 20 25 30 35 40 45 50

)
=
e=
ea
0
&
—
—
=
o=
nlall
=
=
Il
)
e
Il
=
=
-3
—
S
)
e=
Il
=
—
P
=
=
es
el
ea
&P




PEBYJII)TaTI)I MMUTAINOHHOTIO MOIACIHPOBAHNA

3P bEeKTUBHOCTb

1,0

0,8 +

0,6

0.4 -

0,2

1

I v I v I v I
2 3 4 5

T
6

Kon-Bo apnep 10”x (norapudmuyeckas LUKana)
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[Tpoext «Cymep Yapm-Tay @®adpura» (CUTD).

B UAD CO PAH paspabaTeiBaeTcs IIpoeKT
«Cymep C-ray dpadpuKm» — CHMMETPHUYHOIO
3JIEKTPOH TIO3UTPOHHOTO KoJLJIakizepa
VJIBTPABBICOKOM CBETHUMOCTU C oHeprueu

IIYYKOB B CHCTEMe IIeHTpa Macc OT 2 10 6
I'sB.

IIpoekT BKirOUaeT B cebsd YHUKAJIBLHBIN
YCKOPUTEJIBHO -HAKOIIUTEILHBIA KOMILICKC
Cco CBETUMOCTBIO 1035 cM 2ce! u
VHUBEPCAJILHBIA JIeTEKTOP JJIEMEHTAPHBIX
YACTULI.

OcHoBHass 3agava oOKCIEPUMMEHTOB HAa
Cymnep C-tay dabpuke — n3ydyeHre CBOMCTB
Tay-JIEIITOHA, «0YapOBAHHBIX»  YACTHIIL,
IIPEeIU3UOHHAs IIPOBEPKA CYIIECTBYIOIIEH
TEOPHUH MHKPOMHUPA, CranmapTHOI
Momenun u  mouck  ¢QeHOMEHOB, He
OIIMCHIBAEMBIX B PAMKAaX 3TOM TEOPHUH.

1..3 GeV e-e+

1.5 GeV e-

1.5 GeV e-

2.5 GeV e-

50 m
l

15.03.2023

Pol e-

100 m
]

e+ DR — positron damping ring
DW — damping wiggler

SS — Siberian Snake

CV — electron-positron converter

KSOUI’CG

ﬂ\!ovosibirsk Super Charm Tau Factory \

Pol e-/e- - polarized/un-polarized electron

S

—
o

Cemunap Jlaboparopunu MckycerBeHHOr0
HNurennexra u Muadopmaiinonusix TexHoIOTMI



CUT®. TpeboBaHUA K BEIUUCINTEIHLHOH nHppacTpykType (BU).

B xome mpoBemeHHMs SKCIIEPUMEHTOB ¢ JeTexkropa ojgeMmeHTapHbix dactui, CUTO Oymer
cunTano nmopsaka 100 meradant «RAW» mapsbIx. BaskHyo posb B IIpoeKkTe UrpaeT cucTeMa
00paboTKM M XpaHeHUs NAHHBIX, B 3aJa4Yl KOTOPOM BXOOUT IIepBHUYHAS 00pabOTKa JTaHHBIX,
Ilepeada JAHHBEIX B CHCTEMY JOJTOBPEMEHHOTO XpaHeHHsd [aHHBIX (mecaTkum Jer),
M3BJIeUeHNe NAHHBIX 13 CHCTEMBbI XpaHeHUsd OJIs 00paboTKH 1 00paboTKa C MCIOJIb30BAHUIEM
HPC. CoemmanmsupoBaHHOe IpOrpaMMHOe oleclieueHue TOJIKHO II03BOJIUTHL IIPOBOIHTH
aHaJIN3 HaOpaHHBIX JAHHBIX KOJIJIeKTHBOM nopanka 1000 domsukos.

DATA
(T COMPUTATIONAL NODES

ED?Gb/vear RAW 30Kb> 2Kb EVENT ﬂ
REC.DATA PHYSICAL

0.5 GFLOPS/event

DETECTOR CALIBRATION DATA

BACKUP STORAGE

DRIVES

~10-50Pb/year

RECONSTRUCTION TASKS

E(.Vn.EsL\!)T MODELING TASKS

MODELING
RAW

5 GFLOPS/event
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESR

{model)

RAW DATA
~30-50Kb
~100-300kHz

~10” EVENTS/YEAR

EVENT
GENERATOR

~1000 physicists

15.03.2023
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Monens B CHT®. Cucrema xpaHeHUsI TaHHBIX.

d . T

DataCollector
(DB)

v | | ~ Read ops
DataCollector VH

DataCollector

(RAW real) . Read ops '
DataCollector

== Read ops
| (RAW modell)

B \Write ops

DatéCoIIebtor
IEVENT model) —_—
a | IR B  Read ops

DataCollector
(Backup)

Reconstruction
task

Analysis
task

Modeling
task

15.03.2023
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Monenas BU CHTO®. Aredr anasmnisa CTATUCTHUKN.
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10

Amount of data, Pbytes

Fiata = 100kHz; ~5Pbytes/10days; ~17.5Pbytes/31days

- KALIBR
RAW

RECO
— MRAW
TOTAL

Average stream:

KALIB : 0.01Gb/sec
RAW : 5.80Gb/sec
RECO : 0.20Gb/sec
MRAW : 0.35Gb/sec
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AHaJsn3 mmosIHoro ooreMa JAaHHBIX M CpeJHEI'0 IIOTORa JaHHBIX

F4ata = 300kHz; ~16Pbytes/10days; ~50Pbytes/31days:;

= KALIBR
g 401 | —— RAW
-5.0_ 35 = RECO

s MRAW
830 :
5 TOTAL Average stream
w 25

KALIB : 0.01Gb/sec
RAW : 17.50Gb/sec
RECO : 0.60Gb/sec

20

10 MRAW : 0.35Gb/sec
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Number of nodes (pcs)
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Jlns pa3nmuIHBIX PEKIMOB M XapaKTePUCTUK

IIOTOKA 3aJa4 3 nuara3oHa. Eg”‘“’

o ~ 120

 Kpacubiil — HexBaTKa CBOOOIHBIX Y3JIOB, §
. o

odepenb IIeperpy:KeHa; £

*  JRenTerit — m30BITOK CBOOOTHEIX Y3JI0B, g o
£

Hea(p(peKTHBHOE MCI0JIL30BAHUE,; 3

* 3eJieHBIH — ONITUMAJILHOE YHCJIO Y3JI0B. 0
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200

~3 Task/min ~6 Task/min ~15 Task/min 180

160

'8\ 140

%120

§ 100
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______ g 60

§ 60
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20

100 kHz I 300 kHz | 100 kHz 300 kHz | 100 kHz 300 kHz

100 kHz

1,5GFs 5GFs
I I

10GFs | 1,5GFs

300 kHz

5GFs | 10GFs

1,5 GFLOPs/event

I ~3 Task/min

5 GFLOPs/event

~6 Task/min |~|s Task/min | ~3 Task/min I ~6 Task/min |-15 Task/min

10 GFLOPs/event

~3 Task/min | ~6 Task/min I-ISTask/min
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ITorHOMAcCIIITAOHOE MOIe/INpoBaHre MHPPACTPYKTYPEI

BBIOpaHHEBIE IIapaMeTPhl U THOPUIHBIN PEKUM PaOOTHI

Niodes = 705 Fya = 100/300kHz; C 4,=2.5GFLOPs/event; P 10%( ~6Tasks/min);

model —
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Thank you for your attention




I-TLB + I-cache BPU

decode - op Cache

Ice La

(per corg

Cascade Lake
(per core)

Out-of-order Window 224 384
pop Queue : :
In-flight Loads + Stores 72 + 56 128 +7

Allocate / Rename / Move Elimination / Zero Idiom Scheduler Entries 97 160
Scheduler Register Files — 5 49
Port O Port 1 Port 5 Port 6 P4 | PS P2 Integer + FP 180 168 2P0 %2
. 70/thre
Allocation Queue 64/thread 140/1 thi

L1D Cache (KB) 32 48

L1D BW (B/Cyc) -

48KB DCU Coud 2 Stora 128 + 64 128 + ¢

—_— L2 Unified TLB 1.5K 2K

512KB/1.25MB ML$ Mid-level Cache (MB) 1 1.25

Igher capacity and improved branch predictor

* Wider and deeper machine: wider allocation and execution resources + larger structures

» Enhancements in TLBs, single thread execution, prefetching

* Server enhancements - larger Mid-level Cache (L2) + second FMA

~18% Increase In IPC On Existing SPECcpu2017(est) Integer Rate Binaries
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Roofline model
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FMA+SIMD

Compute-bound

Memory/compute-bound

(SdOTJ) 2ouewIoLIa g

Arithmetic intensity (FLOP/byte)



Siberian Supercomputer Center

HKC-1N (PCK, ropauyas Boaa, 2448 apep, ~182TPJ/IONC Rpeak):

* 27 y3nos: 2 CPU Intel Xeon E5-2697v4 [128 GB DDR4, 256 GB DDR4] (864 aaep,
2.6GHz) (1 y3en 2x375GB Intel Optane [IMDT]) (c yuyeTom y3noB U'uJ1 CO PAH)

* 16 y3nos: 1 CPU Intel Xeon Phi 7290 KNL [16 GB MCDRAM+96 GB DDR4] (1152 agep,
1.5-1.7 GHz)

* 1ysen: 2 CPU Intel Xeon Platinum 8268 [192 GB DDR4] (48 sgep, 2.9 GHz)

* 10 yanoB: 2 CPU Intel Xeon Gold 6248R [192/384/768 GB DDR4] (480
agep, 2.9 GHz) (c yueTtom y3noB nabopartopun, Ul CO PAH)

* Intel OmniPath 100 Gb/s

* Intel Lustre — 200 TB + NFS 100TB(UI'm/1 CO PAH)

HKC-30T (HP, Bo3aywHoe oxnaxkaeHue, ~1500 CPU agep (2.9GHz), ~61000 GPU aaep,

85TDJIOMNC (cermeHT ¢ GPU) + 22TDJI0IMNC (cermeHT CPU)):

* 576 CPU Intel Xeon E5450/E5540(2688 agep)

* 80 CPU Intel Xeon X5670(480 aaep)

* 120 GPU NVIDIA Tesla M 2090(61440 aaep)

* Infiniband QDR 40 Gb/s

* HPIlbrix—-90TB
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Performance evaluation

Problems with code: else if statements, difficult data balancing, arrays

Structure of arrays and data alignment:

type coo Three versions of code:
real*8, allocatable :: r(:)

real*$, allocatable :: z(:) 1. No aligned data , no simd
real*8, allocatable :: u(:) instructions, Intel Fortran
real*8, allocatable :: v(:) compiler 2019 mpiifort

real*8, allocatable :: w(:)

real”8, allocatable :: a(:) 2. Aligned data, AVX512, Intel

real*8, allocatable :: it(:)
dir$ attributes align:64 ::
dir$ attributes align:64 ::
dir$ attributes align:64 ::
dir$ attributes align:64 ::
dir$ attributes align:64 ::
dir$ attributes align:64 ::
end type coo

Fortran compiler 2019
mpiifort -xcascadelake

3. No aligned data, AVX512, Intel
Fortran oneAPI 2021 compiler
mpiifort -xcascadelake
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Roofline model of parallel code (2x6248R, nonaligned,
nonsimd, Intel Fortran compiler 2019 (1.23 GFLOPS)

A
—
Summary % Survey & Roofline ™ Refinement Reports e
- - - - - - 1 f2 ’ @ x m
® Some target modules are compiled with optimization disabled ° (-
Suggestion: rebuild with version 15.0 or higher of the Intel compiler and enable debug information and optimization b... E
7] } . X (L)
%)  Cores: 48 on 2 socket(s) v || ¥ Default: FLOAT v || 22 Compare v || /#* Guidance v |||V £k m—
= =
g 2 o [
< 10000 | 1 SP Vector FMA Peak: 7893.24 GFLOPS” ==
) E@B-_‘?E__EM%*E??!K_ 1%??.3f95#9?§-- &
1000 5 1026.51 GFLOPS (718. QX) _Scalar Add Peak: 342.09 GFLOPS’ o=
Y : T el
100 — - =
& 10 11.77 GFLOPS (8.2x) a
iy g -
1 L —
° )
01 ® o . - o=
[loop in vect_denspart at ch05.f:4912] E
0.01 Scalar; processes Float32; Float64 data type(s) —)
0.001 Performance: 1.429 GFLOPS «»
- Self Time: 154.028 s —
0.0001 e Self Elapsed Time: 154.028 s =
1.00e-5. Total Time: 154.028 s ekl
' Total Elapsed Time: 154.028 s —
1.00e-6 Self Memory Traffic: 4579.331 GB “»

1.006-7 | ° s e e B L1 Ar|ti;1met|c Intensity: 0.048 FL?P!E;{/{Ee i

1.00e-7 1.00e-6 1.00e-5 0.0001 0.001 0.01 O.‘I 1 10 100
Physical Cores: 48 2] App Threads: 2 @  self Elapsed Time: 482.333 s Total Elapsed Time: 482.333 s




Roofline model of parallel code (2x6248R, aligned,
AVX-512, Intel Fortran compiler 2019) 1.86 GFLOPS

A
-
& . - . . - X =
Your application might be underperforming ca
Consider recompiling your application with zmm registers enabled. s
: —
= Cores: 48 on 2 socket(s) @ . Y Default: FLOAT v || Z2 Compare v | # Guidance v | & v‘ % -
= IS ) e=
= 10000 2200 SP Vector FMA Peak: 7896.73 GFLOPS? L
S 2530.47 GFLOPS (503 3x)as et DR Veeler Add Peak: 1973:6 GFLOPS” =
1 L scaerrddpeak 342186rL0PsT M5
100 es
2 =
10 d
1 =
L ""J"‘-'ﬂ A 8
0.1 o aanawidt [loop in vect_denspart at ch05.f:4963] ! =
i ® o|Scalar; processes Float64; UInt64 data type(s) o
0.01 {prAM Performance: 5.028 GFLOPS a
0.001 Self Time: 289.010 s =
' Self Elapsed Time: 289.010 s =X
0.0001 Total Time: 289.010 s E
Total Elapsed Time: 289.010 s ea
1.00e-5 Self Memory Traffic: 10831.88 GB 7

1 00e-6 ~ . L1 Arithmetic Intensity: 0.134 FLOP/Byte

' Memory bound* Bound by compureranmaeory IULF'EOP!Byté’fﬂﬁ'tH}ﬁ%?léJH%ﬁ[élty)

0.0001 0.001 0.01 0.1 1 10 100
Physical Cores: 48 L2 App Threads: 2 @ self Elapsed Time: 289.010 s Total Elapsed Time: 289.010 s




Roofline model of parallel code (2x6248R, nonaligned,

AVX-512, Intel Fortran oneAPI 2021) 2.66 GFLOPS

® Your application might be underperforming

Consider recompiling your application with zmm registers enabled.

1000

100

10

0.1

0.01

0.001 -

Cores: 48 on 2 socket(s) @ o | v Default: FLOAT v i Compare v | #* Guidance v | &, v‘ 4%
"R 10000 % — S ﬁP_Y?ETQF_FMf\_E‘?ﬁt‘.fﬁ?ﬁ_@? GFLOPS’
% 4582.78 GFLOPS (343 7}() L 2o BT Dpﬁv_ector Addpéék“’ﬁ’g?4 58 GFLOPS ]

Scalar Add Peak: 342.32 GFLOPS?

[loop in vect_denspart at ch05.f:4963]
Scalar; processes Float64 data type(s)
Performance: 13.333 GFLOPS

Self Time: 178.333 s

Self Elapsed Time: 178.333 s

Total Time: 178.333 s r
Total Elapsed Time: 178.333 s

° , - .
Memorv bound? Bound by compiSelf Memory Traffic: 11712.521 GB . . 7
/ ! i L1 Arithmetic Intensity: 0.203 FLOP/Byte (AR E8 Hchsiy)

0.001 0.01 0.1 i 10

Physical Cores: 48 e App Threads: 2 ©  gelf Elapsed Time: 178.333 s Total Elapsed Time: 178.333 s
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Performance evaluation

Particles density calculation function (Eulerian stage):

1. vec_denspart (nonaligned, nonsimd, Intel Fortran compiler 2019) — 1.43
GFLOPS

2. vec_denspart(aligned, AV X512, Intel Fortran compiler 2019) — 5 GFLOPS
(3.5x%)

3. vec_denspart (nonaligned, AV X512, Intel Fortran oneAPI 2021) — 13.33
GFLOPS (2.66x)

Structure of arrays, data alignment, compiler autovectorization

Total code performance:

1. PIC code (nonaligned, nonsimd, Intel Fortran compiler 2019) — 1.23
GFLOPS

2. PIC (aligned, AVXS512, Intel Fortran compiler 2019) — 1.86 GFLOPS (+51%)
3. PIC (nonaligned, AVX512, Intel Fortran oneAPI 2021) — 2.66 GFLOPS
(+43%)
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Conclusion

1. Update your system software and compilers.

2. Use advanced vector instructions (AVX2, AVX512, AMX) together with
MPI and OpenMP in your code.

3. Use all compiler optimization options to build the fastest code for your CPU
architecture. (mpiifort xCOMMON-AVX512)

4. Use FMA commands ) Fauncaton nstructions, Intels Avx.312 Confict Detection |

Instructions (CDI), as well as the instructions enabled with CORE-

AVX2. Optimizes for Intel® processors that support Intel® AVX-
512 instructions.

CORE-AVX512 May generate Intel® Advanced Vector Extensions 512 (Intel® AVX-
512) Foundation instructions, Intel® Av¥X-512 Conflict Detection
Instructions (CDI), Intel® AVX-512 Doubleword and Quadword
Instructions (DQI), Intel® AVX-512 Byte and Word Instructions
(BWI) and Intel® AVX-512 Vector Length Extensions (VLE), as well
as the instructions enabled with CORE-AVX2. Optimizes for Intel®
processors that support Intel® AVX-512 instructions.

CORE-AVX2 May generate Intel® Advanced Vector Extensions 2 (Intel® AVX2),
Intel® AVX, SSE4.2, SSE4.1, SSE3, SSEZ, SSE, and 555E3

instructions for Intel® processors. Optimizes for Intel® processors
that support Intel® AVXZ2 instructions.

https://www.intel.com/content/www/us/en/docs/cpp-compiler/developer-guide-reference/2021-8/intrinsics-for-
avx-512-instructions.html
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