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Overview of the problem
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single particle motion

/

coil magnets

GOL3 — Plasma confinement facility with the
external magnetic field generation 1.
2. Two magnetic field sources

3. Injection of electrons at the center

https: / /en.wikipedia.org /wiki/Budker_lInstitute_of_Nuclear_Physics
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Cylindrical volume filled by ions
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Overview of the problem

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

Simulate all parameters (magnetic field, power
of electrons injection, etc) to find stable mode of
GOL plasma confinement facilty.

Diamagnetic equilibrium for thermonuclear fusion

A
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Mathematical model
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——./ gumerical method (Finite-Difference Time-Domain (FDTD),

-
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v" Cylinder coordinate system due to the axial e k] E

— ° -

symmetry, r=o0 is singularity /J \ S
(-

v' Hybrid model, the ions are described kinetically, the ik 1K %
electrons by MHD E
(-3

v" Particles-in-cell method with PIC form-factor particles >> cells §
-

v’ Grids shifted by half a step S
=

v'Mixed Eulerian-Lagrangian decomposition for the O E
- -]

parallelization @

https://wa rpx.reqd’rhedocs.io/en/lq’res’r/’rhe:'y/w_’rheor)@y V \
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Parallel realization

Particle exchanges: ri, Vi

{
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Parallel realization
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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. i the processors of the neighboring
roup.
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Siberian Supercomputer Center

NKS-1P (RSC, hot water cooling, 2448 cores, ~182TFLOPS Rpeak):

NKS-30T (HP, air cooling, ~1500 CPU cores (2.9GHz), ~30000 GPU cores,

27 nodes: 2 CPU Intel Xeon E5-2697v4 [128 GB DDR4, 256 GB DDR4] (864
cores, 2.6GHz) (1 ysen 2x375GB Intel Optane [IMDT])

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

1 node: 2 CPU Intel Xeon Platinum 8268 [192 GB DDR4] (48 cores, 2.9 GHz)
8 nodes: 2 CPU Intel Xeon Gold 6248R [192/384/768 GB DDR4] (384 cores,
2.9 GHz)

Intel OmniPath 100 Gb/s

Intel Lustre — 200 TB + NFS 100TB

85TFLOPS (GPU) + 22TFLOPS (CPU):

576 CPU Intel Xeon E5450/E5540(2688 cores)
80 CPU Intel Xeon X5670(480 cores)

120 GPU NVIDIA Tesla M 2090(61440 cores)
Infiniband QDR 40 Gb/s

HP lbrix —90 TB

TN
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I-TLB + I-cache ; BPU

Cascade Lake Icela

MSROM decode — pop Cache i o) T o
Out-of-order Window 224 384
Hop Queue : 3
N In-flight Loads + Stores 72 + 56 128 +3
Allocate / Rename / Move Elimination / Zero Idiom Scheduler Entries g7 160
Scheduler Register Files — )
180 + 168 280 +2,
Port O Port 1 Port 6 P9 P2 PE P3 F7 Integer + FP

Data @@@@ Allocation Queue 64/thread 140/1 thi

@m@m L1D Cache (KB) 32 48

L1D BW (B/Cyc) —

48KE DCU i 5 Sne 128 + 64 128 + &

—_— L2 Unified TLB 1.5K 2K

ST Mid-level Cache (MB) 1 175

* |mproved Front-end

: higher 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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Diamagnetic trap
N’

Roofline model of parallel code

2x6248R, non-SIMD, 1.23 GFLOPS

10000 % SP Vector FMA Peak: 7893.24 GFLOPS”

o) | -ppdJEdior Add Beak 197397 GFLOPSY

1000+ 3 1026.51 GFLOPS (718.2X)x " gesjar Add Peak: 342.09 GFLOPS?
10 —11.77 GFLOPS (8.2x)

L]

0.1 L] ] ® o . a
® |[loop in vect_denspart at ch05.f:4912]
0.01 , | Scalar; processes Float32; Float64 data type(s)
0.001 = e |Performance: 1.429 GFLOPS
ey Self Time: 154.028 s
0.0001 sal Self Elapsed Time: 154.028 s
1 000 R Total Time: 154.028 5
Total Elapsed Time: 154.028 s
1.00e-6 Self Memory Traffic: 4579.331 GB
1.00e-7 . Menory-bound? 5 L1 Aritt]meticrlntensig_:(_g:.,o48 FL?P/EYCte ;
1.00e-7 1.00e-6 1.00e-5 0.0001 0.001 0.01 0.1 1 10 100

Roofline model

. . \/
Laser-plasma interaction

Roofline model of parallel code

2x6248R, non-SIMD, 0.87 GFLOPS

<
10000 — é 77777777777777 SP Vector FMA Peak:
S I = i QF'_\_/e_-c_tgr_F_fviﬁi_P_e_na_ 47,92 GFLOPS
DP \'féctor Add Peak: 1973.84 GFLOPS
1000 —

Scalar Add Peak: 332.18 GFLOPS

100 —

10 —

0.1 8

FLOP/Byte{Arithmetic Intensity)
T

0.01 0.1 1 10
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-
Diamagnetic trap Laser-plasma interaction

Roofline model of parallel code Roofline model of parallel code
2x6248R AVX512, autovec, 2.7 GFLOPS  2x6248R, AVX512,autovec, 1.31

GFLOPS

0]
10000 1 SP VEC’[OF FMA Peak: 7898 69 GFLOPS?

o L

0 10000 - g o oo —-=-=|————__SP Vector FMA Peak: 7895.56 GFLOPS_
1000 @ sl 227 ___| _____SPVect6r Add Peak: 3947.09 GFLOPS_

- DP Vector Add Peak: 1974.02 GFLOPS
1000 —| pI==
ot

Scalar Add Peak: 332.03 GFLOPS

S (373
‘@ b

100
% -
] - -

10 1 58225

|

o: ° e [loop in vect_denspart at ch05.f:4963]
Scalar; processes Float64 data type(s)
. Performance: 13.333 GFLOPS 185 = 50?‘2’
0.1 -, o  |Self Time: 178.333 s -2*
N ° ° Self Elapsed Time: 178.333 s y _ o - >
Total Time: 178.333 s '
Total Elapsed Time: 178.333 s

Memory bound’ I’ Bound by comp(Self Memory Traffic: 11712.521 GB ute hound”. .
0.001 ! / ! 2T Arthmetic Intensity: 0.203 FLOP/Byte PR REhsiy) .
0.001 0.01 01 1 10 . I J : /
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Energy efficiency evaluation

- 0s 40838 fpe 100
O: + L |—ﬁ.——h A Grauping | Profiled Entity Hierzchy
4342287 d \ A i A il &
Package Power: Pac .. | \— L"H‘“ Frofled Entty Hierarchy || Packape Power Rale (min) Satty Type ¥ (i | Package Po
Package O i

3 2 Total 0.000 0.000
g Package  Total — CRU 0000 0.000
z 4483.456 Package 0 MESHE 1135180542
[ Package

B 1483 456 sec . . .

' Fig. 6. Package power rate (mW /sec) for AVX2 version of PIC code.

Frouping: | Profied Endty Hieraichy

Profied Entity Higrarchy

Fig. 5. Maximum package power consumtion during mitial data distribution calcula-

tions (mW /sec).

Table 1. Energy efficiency results for new PIC code

Tolal
w Todal — CPLU
Package 0

CPU

Vectonzation FLOPS /mW

1xIntel Core 19-10980XE
1xIntel Core 19-100830XE
2xIntel Xeon 2268
2xIntel Xeon 2268

AVX2 0.15
AVX512 0.21
AVX20.21
AVX512 0.30

U QO

[| Package Foaer Rate (i} Self by Typa ¥ (<[ Fackage Pow. <[

Porevesy | Pawer
0000 0000
0000 0000

ST BST | 1223261.372

Fig. 7. Package power rate (mW /sec) for AVX512 version of PIC code.
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-
! Conclusion |

Update your system software and compilers.

Use advanced vector instructions (AVX2, AVXS512, AMX) together with MPI
and OpenMP in your code.

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

We achieved 7% growth of FLOPS/Watts value only by changing the auto-
vectorization optimization level from AVX2 to AVX512 instructions.
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?uture work: Vectorized adding and/or
multiplying

double A[vec_width], B[vec_width];
for(int i = 0; i < vec_width; i++)
Ali]+=BIi];

double Alvec_width|, B|vec_width];
__m512d A_vec = _mmb512_load_pd(A);
__mb512d B_vec = _mm512_load_pd(B);
A_vec = mmb512 aodd_pd(A_vec,B_vec);
_mmb512_store_pd(A,A_vec);
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Thank you for your attention
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