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N B EFEITHEGHENRESIE—EEHER @) rcaionter JOCC i nman

CPU Intel 10875H AMD EPYC 7452 Intel Xeon Glod 8180
Core(s) per socket 8 32 28

Thread(s) per core 2 1 2

Sockets (numa) 1 2 2

Frequency 2.3 ~5.1(4.3 all) GHz 2.35 ~ 3.35 GHz 23, 81EHZ
L1d/L1i cache 256KB/256KB 32KB/32KB 32KB/32KB
L2 cache 2MB 512KB 1MB

L3 cache 16MB 16MB 38MB
AVX2-GFLOPS < 700 2406.4+2 2240%2
stream 24.1GB/s 244 9GB/s 137.4GB/s
Max bandwidth 45.8 GB/s 400 GB/s 250 GB/s

F&/HEFE EGFE SESH

Ha/mEEs: INTEL i7-10875H =75 AMD EPYC 7452

SEfER: 8#Zl6&%kiz, AN EIER =BfEA: NUMAZER, 327F?><2 ToraZis, >
Ifma, avx?, LEESLrmaTHES



NAEFEITHNESERENREGTRE—REER Q) 1w OCC N, inn

No LSB modules are available.
Distributor ID: Ubuntu
Description: Ubuntu 20.04.2 LTS
Release: 20.04

Codename: focal

FER/RIETA:
g WSL2 Ubuntu 20.04 LTS

Gce: 930
Glibc: 2.31
ICC: 2021.3.0
Open MPI: 4.0.3

LSB Version:

4.1-noarch
Distributor

Description:

Release:
Codename:

:core-4.1-amd64:core-4.1-noarch:cxx-4.1-amd64:cxx-4.1-noarch:desktop-4.1-amd64:desktop-
:languages-4.1-amd64:languages-4.1-noarch:printing-4.1-amd64:printing-4.1-noarch
ID: Cent0S

Cent0S Linux release 7.9.2009 (Core)

7.9.2009

Core

i::TEf\ 7 L\ .

=5t CentOS Linux 7.9
Gce: 4.8.5

Glibc: 217

ICC: 19.1.3.304

Open MPI: 3.1.6
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src/ FEERDH % include/ FEREE %
check.cpp RS BR 2 A check. LG BR E Sk S 1
dslash.cpp Dslash B A FEZ I dslash.h Dslash & &L {4
invert.cpp SRR invert.h ERCSK RS
lattice_fermion.cpp #&AKTFESLI lattice_fermion.h  FAKFEEX
lattice_gauge.cop  ZH7SZESEIR lattice_gauge.h HESEEX
load_gauge.cpp DREL 4B 75 R B0 load_gauge.h IRELLRZS R ESK A
main.cpp F R ECUH operator.h KB EFRFEH LU
Makefile BERHK operator_mpi.h KIBEFEFH LN H
sub.sh FBF sbatch 1832 utils.h BN A Sk X5
data/ BIEEX (FERZRH)

ipcc_gauge 24 72 24x24x24x72 BYA7SELHE

ipcc_gauge 32 64 32x32x32x64 HYEZSEIE

ipcc_gauge 48 96 A8xA8xA8x96 HYZH 7 ENE
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N AR IBEH / @) rswcationter IOCC srsimmmas

kb dne Nt izl . 3 > o8 s s
FREOTITXARE Dslash FERE -LZEFH%?F/;Q EI‘J*ZIL,\IEJ iE@T;ZEE*ﬁ?F MX:b
lattice_fermion &N BHIHA ﬁl:l:l, x #1 b 4 fermion rﬂ%,
BFINGERITERSFLSBE £73 > T
Ehibiilecsic M B TRBAEE G, MEFE
YA K
lattice_gauge TENX. 'H'L'\yﬁ?)% Gauge U

e A RIPZAAERRL TR,
R R, B

| CGinvert ksCIf, HA,

FEFDS SRR S R FH U E Mx 8975354 Dslash,
R BAKBEEHEBEERERY

load_gauge NEABSEIE
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FREOTITXARE Dslash FEH{E

1. Dslash #10fa1k, B X iELR{k

lattice fermion &N R - :
FETOSEE RSB 2. Dslash 1577l

3. BRI EL

lattice_gauge TEX

FEFROES I EEN 4. WIREHLTEHELELIN
load_gauge NIEERSEIRE 2. MPl R BEELXKE0F HIE
! PR EE RIS R, D FIZER D RIFsSCE R

BICGSTAB invert KRS 12

M EEXREMEARRIUESR
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SEEANEREL 1+In(x), x = t0/tx

: 1. Dslash #1584k, EMILEAEERL
2 2. Dslash i5TEHCAL
. I I I I I 3 BEHAESIE LA
S IS EN HEN NN WE EE EE 4. FAEE ST S
mTE IS XTEINEREE 1+In(x) ,%\TZFC:;;:H;:% 1+In(x) e
BUEREE t0/tx BURZRZRB SAE TR+ README ERIARY
ii BIFIETATA Baseline, ZEXM4L, X
RNEE., BT MMEAESXHEE R T
. FRRE, BE LSRR
0 I I BRSCEER ), A PR 1) T AR B St R B
 mm mm mm EE N ] WS, BIRFI L EERS E bL
e e R

m SAINERLE = TR INELL
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HACTTE  Dslash MBI, WU RMRL

int z u = (N_sub[2] == 1) ? subgrid[2] : subgrid[2] - 1; for (int z = 1; z < subgrid[2] - 1; z++) {
for (int x = 0; x < subgrid[@]; x++) { // int tzoffset = toffset + subgrid[@] * subgrid[1] * z;
for (int ¥ = @; y < subgrid[1]; y++) { for (int v = @; v < subgrid[1]; y++) {
for (int z = 8; z < z_u; z++) { int tyoffset = toffset + subgrid[@] * y;
for (int t = ©; t < subgrid[2]; t++) { for (int x = ©; x < subgrid[@]; x++) {
int £z = (z + 1) % subgrid[2]; int tyx_1 cb_offset = tyoffset + x + (1 - ¢cb) * subgrid vol cb;
complex<double> tmp; int tyx_©_cb_offset = tyoffset + x + cb * subgrid_vol_ch;

# —
complex<double> *srcO = int £z = (z + 1) % subgrid[2];

src. A+ . . .
(subgrid[@] * subgrid[1] * subgrid[2] * t + subgr: int bz = (z - 1 + subgrid[2]) % subgrid[2];
subgrid[@] * y + x + (1 - cb) * subgrid vol cb) | complex<double> tmp;
12; complex<double> *srcO f 7z = src.A + (tyx 1 cb offset + subgrid[@] * subgrid[1l] * f_z) * 12;
complex<doubles *destE = dest.A + (subgrid[@] * subgr complex<double> *srcO_b_z = src.A + (tyx_1_cb_offset + subgrid[@] * subgrid[1] * b_z) * 12;
subgrid[®] * subgr| complex<double> *destE = dest.A + (tyx_0_cb_offset + subgrid[@] * subgrid[1] * z) * 12;
subgrid[@] * v + x complex<double>» *AE_f 7z = U.A[2] + (tyx_B_ch _offset + subgrid[@] * subgrid[1] * z) * 9;
12; complex<double>» *A0 b _z = U.A[2] + (tyx_1_cb offset + subgrid[@] * subgrid[1] * b_z) * 9;
complex<double> *AE = U.A[2] + (subgrid[@] * subgrid[! cal z f(srcO f z, AE_f z, destE, flag, I);
subgrid[@] * subgrid[l cal z b(srcO b z, AD b z, destE, flag, I);
x + cb * subgrid_vol_j !

for (int ¢l = 8; cl < 3; cl++) { 3
for (int c2 = @; c2 < 3; c2++) { - - e —
tmp = -(srcO[@ * 3 + c2] - flag * I * srcO[2 * 3 + c2]) * half =

e e REHRLRAED, BFE—ENES T

destE[@ * 3 + cl1] += tmp;

T ot 8 gt 5+ < et b LR i s
AE[cL * 3 + c2]; BITHBCGTE L EER, HE for 7BIK, &
oettls 1 e ) B e s BM&a Dslash 1TEUAIRRD, H/EHT, HHiR
: RS TREEH.
. I, AHEHE—LEHHNER.
) E REDERMASEERHITHER.




AL TT 3% Dslash 74 W & i, KOCCE

=4+ M) x(@) — 5 3 (10~ 2) © U@y + (14 %) © ULE — 0)}5se5] x(3)

! :44+mhﬁ_%§:ﬁm—%J®Udﬂhﬁwﬂd+K1+%J®Uﬂf—ukdj—m}

HARNTH, BH vy zt) INEEFTEHDE
S NEE LT/ \N AR EAESEE, XA Ess
Alpy Stencil 28, £TREALINIHFA T ENEE,
& YIEBUR R EX AR EREE,

X, Y - X, Y U= | A%, EF—aFTEZARER, B X
FREHFNZELLEDE x BT for BAARNERS N,
BEy AEEHFNNFAERMITE: B x AR EHEE
BASTEINE)TTERMEL, HFESE, By AR EHNEE

X++ ERpRIHRTE, &8,
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BT % Dslash 7L Yy

int z_ u = (N sub[2] == 1) ? subgrid[2] : subgrid[2] - 1; for (in@: 1; z < subgrid[2] - 1; z++) {
for (in@ . % < subgrid[@]; x++) { [/ it tzoffset = toffset + subgrid[@] * subgrid[1] * z;
for . ¥ < subgrid[1]; y++) { for (in@ 9; v < subgrid[1]; y++) {
for @ s Z < Z_u; ozH+) | int ITyoffset = toffset + subgrid[@] * y;
for “@ 95 t < subgrid[3]; t++) { for (in@ 9; % < subgrid[0]; x++) {
int ¥=z = (z + 1) % subgrid[2]; int t¥x_1 cb_offset = tyoffset + x + (1 - ch) * subgrid vol ch;

complex<double> Emp; int tyx_©_cb_offset = tyoffset + x + cb * subgrid_vol_ch;
complex<double> *srcO = int £z = (z + 1) % subgrid[2];

src. A + . . .
(subgrid[8] * subgrid[1] * subgrid[2] * t + subgr int bz = (z - 1 + subgrid[2]) % subgrid[2];
complex<double> tmp;

subgrid[@] * v + x + (1 - ch) * subgrid_vol_ch)

12; complex<double> *srcO f 7z = src.A + (tyx 1 cb offset + subgrid[@] * subgrid[1l] * f_z) * 12;
complex<double> *destE = dest.A + (subgrid[8] * subgr complex<double> *srcO_b_z = src.A + (tyx_1_cb_offset + subgrid[@] * subgrid[1] * b_z) * 12;
subgrid[@] * subgr complex<double>» *destE = dest.A + (tyx_8 _ch_offset + subgrid[@] * subgrid[1] * z) * 12;
subgrid[@] * v + x complex<double>» *AE_f 7z = U.A[2] + (tyx_B_ch _offset + subgrid[@] * subgrid[1] * z) * 9;
12; complex<double>» *A0 b _z = U.A[2] + (tyx_1_cb offset + subgrid[@] * subgrid[1] * b_z) * 9;
complex<double> *AE = U.A[2] + (subgrid[@] * subgrid[ cal_z_f(srcO_f_z, AE_f_z, destE, flag, I);
subgrid[@] * subgrid[ cal z b(srcO b z, AD b _z, destkE, flag, I);
x + cb * subgrid_vol_ !
9; 1

for (int ¢l = 8; cl < 3; cl++) {
for (int c2 = @; c2 < 3; c2++) { 3
tmp = -(srcO[@ * 3 + c2] - flag * I * srcO[2 * 3 + c2]) * half =
AE[cl * 3 + c2];

ST RAISTER 78 X ME I, 7L

tmp = -(srcO[1 * 3 + c2] + flag * I * srcO[3 * 3 + c2]) * half = E@lﬁ}%)ﬁ}?’i&j?\j X Y Z T, ﬁ%&gﬂﬂl‘]ﬁﬁ%ﬂéﬁi@%

destELs £ 2 4 1) e TZYX, hiEEHBMEE.

JeStED) * 3+ 1] o= flag © (Tt b, FERTRAEMITEMEATR, Bk
o B TZY X ERIBE, ERBERXA

: B ANERS, HtA.
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BEREHRIREEN £(G) = ||G||,||G ||, . WEEREE RSB lRE S

SN SR A IS, AT BN TSR
lovn —a'lle  V&(G) ~ 1 HIR B BTN IR TR RAERE, B0 T ARG

|z —2*|l¢ — /k(G)+1
M5, MRTIES, ENEFATNAEER,

FARILAE LR, HpE 2Ry, MESHE MNaFEaERIMENRER (SHEET A M T HERWEARTENHES
PEEbEESR, URBEAMOEEMER « B8 /K ) . BIIME G BUFGEL, =10 TH, & i

Bk SRS,
Mz =b Mz =5
Mee MGD -
M = 1, MOJ LMUZ =0b
[ 1 0} [M 0 ”I M M,,] M(UZ) = L'
(MM I 0 My — MeM_ M, |0 I -~y o -~ -
L oe ee 00 oe ee €0 4 T — s -i- —1
B I 0| [M.. 0 . M'MUz)=M'L""b
e Moe I] | 0 (atmass)] — o MoeMeo| [0 T B EA @ R R,
= LMU NEEZEEEREEFEHA
-1 I 0 o I 0 -1 I _Me_glMeo B I M—TlassMeo
b= —Mo M I |~ M, I U=l I ~ o 7 L. U f—>RZEHBENT]
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void Dslash(lattice_fermion &src,

- — lattice_fermion &dest, lattice_gauge &U,
— 0 . . U t doubl , t bool d
47 =|""|, ic Dslashoffd 33 DslashOD, fi5% OD | const double mass, - const: bool dagger)
[ L] dest.clean();
_ - — lattice_fermion tmp(src.subgs, src.site_vec);
xZr DslashEE(src, tmp, mass);
. . . Mee 0 0 bU
:jzﬁ?a’] 'ﬂ’%iﬁj‘j 1 . == . dest = dest + tmp; EE(X)
oo oe eo I DslashOO(src, tmp, mass);
0 M My M_ "M 1 b O0O(x
I___________ __________________ — — == dest = dest + tmp;
| Meefﬂ Meoxl Dslashoffd(src, tmp, U, dagger, @); // cb=@, EO
| DslashEE(x) = , DslashOD(z,0) = | dest = dest + tmp; OD(x, 0)
. [) [} | Dslashoffd(src, tmp, U, dagger, 1); )
| - 0 - - 0 - | dest = dest + tmp; OD(X 1)
. 1 !
I DslashOO(m) — M - | DSlO:ShOD(:B 1) — M - | void Dslash_middle(
i_ 00331 0633{]_ . lattice fermion &src, // x
........................................... - lattice fermion &dest, [/ y = Mx
DSIGSh(m) EE(m) + OO(.T) + OD(Q: 0) + ()‘E)(m 1) lattice gauge &U, [/ R
. - const double mass, [/ ERRE
r Mm_IIZ MEB 0 $0 const bool dagger [/ 2EEW M {dagger}
_ — )
' ' O Mo{j - MOEMEQ]-MEO ml {
dest.clean();
Meefg Dslashoffd new(src, dest, U, dagger, @); OD(X’ O)
p— Dslashoffd_new(dest, dest, U, dagger, 1);
Mﬂﬂml MOE‘,M 1M30$1 const double a = 4.0; OD(OD(X’ O)’ 1)
e e e e . int subgrid vol = (src.subgs[@] * src.subgs[1]
I ] * src.subgs[2] * src.subgs[3]);
-1 .
- — EE(:B) —|— OO(w) —_ EE OD OD($’ O)’ ]_ I int subgrid vol cb = (subgrid vol) >> 1;
I . for (int i = subgrid vol cb * 3 * 4;
f— b —n — 0 e— m— 0 m— — O — O —  — -_. ------------- — 1 < SUbgr'id_VOl * 3 * ‘.1, i++) {
Jﬂjﬁf‘ M:I: EF[ :BD _IET%% &, fﬂ — Me_elb[] } dest.Ali] = (a + mass) * src.A[i] - (1/(a+mass)) * dest.A[i];

S
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PRECONDITIONED BI-CGSTAB ALGORITHM.
xo is an initial guess; ro = b — Azo;
7o is an arbitrary vector, such that
(fO’TO) # 0, e.g., To = To;
po=a=uwy=1;
vo =po = 0;
fori=1,2,3,---,
pi = (Fo,mi-1); B8 = (pi/ pi-—1)(a/wi_1);
pi =ri—1 + B(pi—1 — wi—1%i-1);
Solve y from Ky = p;;
v; = Ay;
a = p;/(To,v:);
8§ =Ti—1 — QU
Solve z from Kz = s;
t=Az;
= (K1~ 't, K, 1s) /(K7 Ky~ t);
T = Ti—1 + oy + w;z;
if z; is accurate enough then quit;
T = 8 — wjt;
end

Vorst H . Bi-CGSTAB: A Fast and Smoothly Converging Variant of
Bi-CG for the Solution of Nonsymmetric Linear Systems[J]. SIAM
Journal on Scientific and Statistical Computing, 1992, 13:631.
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Computing Machinery

lmC A -

¢

BEHEMAR, KE Mx=b iz AN HITHEE, &
R M ASFREEMI AN MTM | A, HEHEELRS
ANHRIEEHBERT, WRELTLHELEZLIRERN
HIE A BT HIEE, ?ﬁ]ﬁ%%bﬁ%ﬁ%i’wﬁ@i
Dslash, EEEEHEEFIRSRIR.

EROREL

140
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100
80
60
40

20

CG CG F{EfnatE BICG ZF{BT4bIE
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[sc94525@1nl112%bscc-a3 srcl]$ tail -n 15 slurm-1446056.o0ut
118 iter, rsd |r| = 1.29836e-09
119 iter, rsd |r| = 1.02325e-09

G: 120 iterations, convergence residual |r| = 8.0646e-10

Source and Gauge, time: 0.624727

G invert, time: 41.8487

otal time: 42.4734

esult checking ...

[ Accuracy = 1le-09 ]

BINAI, 42.4734s

[b] = 2821.88 [x|] = 819.232

(Mb, Mb) = (1.59543e+08,0) (b, MMb) = (1.59543e+08,1.2642e-10)
(Mx, Mx) = (7.96303e+06,0) (x, MMx) = (7.96303e+06,1.7053e-12)
IM x -b| = 3.16441e-10

IM*dagger M x - Mdb| = 8.06578e-10

[sc94525@1nl112%bscc—-a3 src]$ tail —n 15 slurm-1446291.out
17 iter, rsd |r| = 2.748%e-09
18 iter, rsd |r| = 5.18415e-10
19 iterations, convergence residual |r| = 7.7177%-11
Source and Gauge, time: 0.457947
CG invert, time: 0.353209
Total time: 0.811156
Result checking ...
[ Accuracy = 1le-10 ]

|b] = 2821.88 [x] = 819.407

(Mb, Mb) = (1.59587e+08,-1.95668e-13)
(Mx, Mx) = (7.96303e+06,-4.15371e-14)
IM x -b| = 7.71827e-11

IM*dagger M x — Mdb| = 3.93312e-10

casel 24x24x24x72 547MB
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[sc94525@1nl112%bscc-a3 src]$ tail -n 15 slurm-1446336.out
118 iter, rsd |r| = 1.29836e-09
119 iter, rsd |r| = 1.02325e-09

G: 120 iterations, convergence residual |r| = 8.0646e-10

Source and Gauge, time: 0.482019

G invert, tCime: 4.44543
otal time: 4.92745

esult checking ... ICC, -0O3, 4.9274s

[ Accuracy = le-09 ]

|b| = 2821.88 x| = 819.232

(Mb, Mb) = (1.59543e+08,0) (b, MMb) = (1.59543e+08,1.24146e-10)
(Mx, Mx) = (7.96303e+06,0) (x, MMx) = (7.96303e+06,9.37916e-13)
IM x -b| = 3.16441e-10

IM*dagger M x — Mdb| = 8.0658e-10

BIAATN, 42.4734s

HTERERABEZF T, RRIMUATEFA TS
BRCRIET. BN LERESEI 13 £50
R, ML THERIREEVIRT LI T 52 FRIT. B
TRANARITE RN BRI EIER B, &t

(1.59587e+08, -4 .50882¢-10) NG R waw) 1% naUP 7. NGO R
(7.96303e+06,-7.38964c-12)

F WEFRRRBETAUEZEN ARG P SERVRKINE R
8, (BRRIEERNEEATER xg[0] = xg0[0], SHLEREEARRE)




RILER case2 case3

[5c94525@1n112%bscc—a3 srcl]$ tail —n 15 slurm-1446874.out
130 iter, rsd |r| = 1.34243e-09
131 iter, rsd |r| = 1.07908e-09
132 iterations, convergence residual |r| = 8.67566e-10

Source and Gauge, time: 6.01738

CG invert, time: 100.931

Total time: 106.948

Result checking

[ Accuracy = 1e-09 ]

|[b|] = 4096.25 x| = 1192.53

(Mb, Mb) = (3.36361e+08,0) (b, MMb) = (3.36361e+08,-2.63753e-10)
(Mx, Mx) = (1.67792e+07,0) (x, MMx) = (1.67792e+07,-4.14957e-12)
IM x -b| = 3.53084e-10

IM*dagger M x — Mdb| = 8.67796e-10

[sc94525@1n112%bscc—-a3 src]$S tail -n 15 slurm-1446836.out
G: 18 iter, rsd |r| 1.99077e-09

G: 19 iter, rsd |r| = 2.60171e-10

G: 20 iterations, convergence residual |[r| = 4.6540%e-11
Source and Gauge, time: 0.477917

G invert, time: 0.947683

otal time: 1.4256

esult checking ...

[ Accuracy = 1e-10 ]

[b| = 4096.25 [x] = 1193.1

(Mb, Mb) = (3.36349%9e+08,-1.40294e-13) (b, MMb) (3.36349%e+08,-5.65706e-
(Mx, Mx) = (1.67792e+07,-6.9715e-16) (x, MMx) (1.67792e+07,-3.86393e-1

IM x -b| = 4.65575he-11
[Mrdagger M x — Mdb| = 2.3196e-10

BARANELE: 71
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[sc94525@1nl112%bscc—a3 srcl$ tail -n 15 slurm-1446736.out
133 iter, rsd |r| = 1.2637e-09
134 iter, rsd |r| = 1.01743e-09
135 iterations, convergence residual |r| = 8.19249%e-10

Source and Gauge, time: 1.70347

CG invert, time: 539.569

Total time: 541.273

Result checking

[ Accuracy = 1le-09 ]

|Ib| = 9216.07 x| = 2666.78

(Mo, Mb) = (1.7016e+09,0) (b, MMb) = (1.7016e+09,-3.09046e-09)
(Mx, Mx) = (8.4936e+07,0) (x, MMx) = (8.4936e+07,-4.54747e-12)
IM x -b| = 3.34135e-10

IM*dagger M x — Mdb| = 8.20529e-10

[sc94525@1n112%bscc—a3 src]$ tail —n 15 slurm-1446845.out
CG: 19 iter, rsd |r| = 1.93739%e-09
CG: 20 iter, rsd |[r| = 1.70786e-10
CG: 21 iterations, convergence residual |r| = 2.88905e-11
Source and Gauge, time: 1.60444
CG invert, time: 7.15981
Total time: 8.76426
Result checking ...
[ Accuracy = le-10 ]

|[b] = 9216.07 [x|] = 2666.66

(Mb, Mb) = (1.70173e+09,1.58751e-12) (b, MMb) = (1.70173e+09,-3.410614
(Mx, Mx) = (8.4936e+07,1.39223e-13) (x, MMx) = (8.4936e+07,-3.3458e-1(
IM x -b| = 2.90303e-11

IM*dagger M x — Mdb| = 1.47389%e-10

BRI 61




THANKS FOR WATCHING



