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4. HIAE

Category Program Requirement Target system
Stream Mandatory2) CPU partition and GPU partition
Minm—Eﬁ::Jhmks Mandatory GPL partition
IOR Mandatory GPU partition
Componant MDTEST Mandatory GPU partition
Stride Reference?) CPU partition and GPU partition
HPCC RandomAccess Reference CPU partition and GPU partition
CLOMP Reference CPU partition and GPU partition
HPL Mandatory CPU partition and GPU partition
HPL-Al Mandatory GPU partition
HPCG Mandatory CPU partition and GPU partition
Comprehensive GREENS00 Mandatory GPU partition
(Standard)
GRAPHS500 Mandatory CPU partition or GPU partition
MLPerf Mandatory GPU partition
P3DFFT Mandatory CPU partition or GPU partition
LAMMPS Mandatory GPU partition
PELE-LM Mandatory CPU partition and GPU partition4)
Applicalion PySCF Mandatory CPU partition
Quantum Espresso Mandatory GPU partition
QUEST Mandatory CPU partition or GPU partition or

memory partition
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RUN-UPI
Value of
MKL_ENABLE_INSTRUCTIONS
AV X512 Intel AVX-512 for systems based on Intel® Xeon® processors
Intel AVX-512 for systems based on Intel® Xeon Phi™ processors and
AVX512_MIC > &
— COProcessors
AV X2 Intel AV X2
AVX Intel AVX

SSE4 2 Intel SSE4-2
* To turn on automatic CPU-based dispatching of * To configure the library not to dispatch more recent
Intel AVX-512 on systems based on Intel Xeon architectures than Intel AVX2:
processors:
For the bash shell:
export MKL_ENABLE_INSTRUCTIONS=AVX512 For the bash shell:
For a C shell (csh or tcsh): export MKL_ENABLE_INSTRUCTIONS=AVX2
setenv MKL_ENABLE_INSTRUCTIONS AVX512

0f0 For a C shell (csh or tcsh):
0 oM t{d
208 HPCO|iztof1 v

setenv MKL_ENABLE_INSTRUCTIONS AVX2
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RUN-UP! HPL

https://www.intel.com/content/www/us/en/developer/tools/oneapi/toolkits.html

PRODUCTS SUPPORT SOLUTIONS DEVELOPERS PARTMERS FOUNDRY 8 @EF-GLEF Q Search Intel.com

Developers « Tools ~ onelAPl +~ Toolkits + Developer Toolkits

Developer Toolkits

Build, analyze, and optimize high-performance, cross-architecture applications on CPUs and GPUs with best-in-class compilers, performance libraries; frameworks, analyzers, and debug tools:

Discover the oneAPI Specification

Select Your Toolkit

Download what you need for any project.

Intel® oneAPI Base Toolkit Intel® oneAPI HPC Toolkit Al Frameworks & Tools
Develop performant, data-centric applications across Intel® CPUs and Build, analyze, and scale HPC applications across shared and Accelerate end-to-end data science and machine learning pipelines
GPUs with this foundational toolset. distributed memory computing systems. using Python* tools and frameworks.
General Compute High-Performance Computing End-to-End Al and Machine Learning Acceleration
« Intel® oneAPl DPC++/C++ Compiler « Intel oneAPl DPC++/C++ Compiler « Python 3.9
« Intel? DPC++ Compatibility Tool = Intel® Fortran Compiler « Intel® Extension for PyTorch* (CPU)
« Intel® Distribution for GDB* « Intel DPC++ Compatibility Tool « Intel Extension for PyTorch (GPU)
« Intel® oneAPI DPC++ Library (oneDPL) « Intel Distribution for GDB « Intel® Extension for TensorFlow* (CPU)
« Intel® oneAPl Threading Building Blocks (oneTBB) « Intel oneAPI Threading Building Blocks (oneTBE) « Intel Extension for TensorFlow (GPU)

0 D « Intel® oneAPl Math Kernel Library (oneMEKL) « Intel oneAPl DPC++ Library (oneDPL) « Intel® Optimization for XGBoost*

OD H pc 0||_-|:I:I'||0|ﬁ U-|E « Intel® oneAPIl Deep Neural Networks Library (oneDMNN) « Intel® MPI Library « Intel® Extension for Scikit-learn®

0 0 « Intel® oneAPl Data Analytics Library (oneDAL) « Intel oneAPl Math Kernel Library (oneMEKL) +« Modin*

« Intel® oneAPl Collective Communications Library (oneCCL) « Intel oneAPl Deep Neural Networks Library (oneDNN) « Intel® Neural Compressor
ﬂ.aﬁ%%ﬂ-ﬂﬂil . Inteli Integrated Perforl'mfallme Pr.imitives (Intel® IPP) = Intel oneAPI Data Ar.walytics Libralry {Ir:meD.i.\I_} o More

+ Intel® Cryptography Primitives Library « Intel oneAPl Collective Communications Library (oneCCL) -

Korea Computing Industry Association
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4. HIAE

HPL

High Performance Linpack (HPL)2
A ™A Ax=b2| oliZ &= =XIE

+XH2= S0U= Hx|03 HAE

2 3 1
4 7 21, b =

6 18 -1

A =

EEE——
Wi -
—

0|Tf, XZ T3H= SHE T A
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RUN-UP! HPL

High Performance Linpack (HPL)2
A W™HA Ax=b2| oliZ &= ZAIS
TX|HC = S0|U= HX|0f3 HAE

« LU &5l (with partial pivoting) 7|82 AEotH dense matrixE EL}.
o Al AIZE2 FO{RI NXxN Z7(2| dense AEZN| Chiol] HOIL} Wi2H ZHIE
—]?[—ENE ix—laﬂ_‘_f

M HQ|= GFLOPS = TFLOPS (2Y ESA LM AHAb 314)2 HA|=IC

[

208 HPCOficHo[ o
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H|AL2E: O

O " 1

N3

LU ol A 2] AlerE 2 Lt £0] F2

2

. .2 1
Forward Elimination: §N3 + ENZ + gN

Back Subsititulation: N2

HPL 45 =Z0JA1= leading term

QiLfotH: N3 O] O £
04|: N=100,000N O|H

§1v3 =667 x 1014

—

7| W= Off Lt

A

ol
o

FLOP

Ol SN3 pFALE

2 2 A| 7
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4. HIAE

HPL
&= =3
N M=l = 7| A|AE K2 2[0f A =|CHet
NB EE AMO|X. L2/L3 cache®}t E4IH| 11
P, Q MPI Z2 MM Je|E. HERT Ecil ' =8
PMAP Process Mapping (Row—major / Column-major)
alignment = HH. SIMD 85 G
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4. HIAE

HPL OjAM B

. N2 H
+ NB (B

N=2048, NB=256NB O| 2} ™

3Iol= N. NB

{N/NB} x {N/NB}

(2048/256)%=64 =5

TN A Z

12 7>56x2563

PL O] AtE ol EYY
ock Size)= HPLO|A A

HHE A2 37| (N X
f

N)

gl 5 28 ©9

- =71 == 1
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HPL 0|A Zol= N. NB
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AUNTURE HPL oflAf 23k N. NB 24

 HPLE2 NXN #Z= NBxNB &5 H?= L=

+ fFN'mod NB#0 0|2+, OIX|2f 50| Z2|A| =|0f AlAt2t SAl0| =
N NB == T =X
128 32 Ax4EE QtH S| Ot
Dl.xl OF 5 2 O X&|-E E| @:NO:
128 30 4.26 x 4.26 = rEo= T e
ThTE LA > 20

AL @HIE =4S}
x| SE0ME 20 H=2g HIE3E JIA| Ta|IX| S| £/ X517} TO{X
A2 LS BLAS 20222 M52 X

SIS 37]|9| Gl SHAIZILICE.
MP| 51 2tA 3]
088 HPCOLzHolofe HPL2 2D block-cyclic @492 H|0|E|E Z4tA7|E =,
oRe " NB EHI7HUMGH0F 2E MPI Z2AMATL 2 QA HIOEIS LIH7FE 4 U
[oaawsews  O{X|2 /20| 250| SUMSHY, ST DRH AL HA0| S0 2C WRAAT} I

iatio

= -

stry
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4. HIAE

HPL O|A] 5= N. NB &4
21 =
N mod NB=0 Mo E AL/SH &8 =2
NBNB is multiple of cache line / R
SIMD width AL ==t
NB matches optimized BLAS -
LHE 2 E|7} ol
block size (e.g., 32, 64, 128) I £24 2%
H5 3™ HIH0| HOIX| ! S5 =/ HO{H
H5F &QH ALt 2 A0Ie 26| 57}
HIX|0E =3 Al NBZ CHotA| dedot] 71 =2 Rmax i &= A0 LEX L L
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4. HIAE

NB =384

AVX—51 2 20| 8= =5 M3
AVX-512= 512H|E SIMD 2| X|AHE AtEol, 8702 64-bit doubles == 16702 32-bit
floatsE of HOf| A2t &= Y= A2

« NB =384= 649 H}—.—E 384 / 64 = 6 = & AVX-512 HIH g|X|AEH 63| HI=

- O|Z 9lsi DGEMMZ ZE L& 3= -'-“'Oilkl HIE] ALZ0| £[&elc|0| 2R34T X2[Z0|
=i}

WAl =21 St FHA| HALE =X s}
» CPU= H|Z=|0AM HO|E{S 64HI0|E TH2|Z 7tM=, S5 otLE HA| 2tQl(cache line)

- ot dlio| E=0| 384 = 384 x 8 byte = 3072 bytes, 0|= 487} A| 2}10{| o

« TAHA| 2121 = 64 byte

« 48 HA| 2}21 = 48 x 64 = 3072 byte

« NB=3842| 42, &l 5tLI7t 384742 double(8HIOIE)Z & 11 QOB = 384 x 8 = 3072
HIO|E, = 48 7H*| ofoln 5 - 4 =5= H22 M O|A glo] M| FHA| 2fQl S
SEEHOR AIE

« FHA] 2210 @HEH 0| HEAL O H|0|e "2 Al 20| =0
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NB =384

. NB = 256: AVX-5129 212 E[X|2t {2 X0} HE| X{ELO| Tﬁé

+ NB =512: AVX-512 A& 7=51X|TF FHA| AFO|X KI5t 2 QH

NB = 384= St =[HUS

-
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LS HPC
AUN-UPL p

« HPLOIME YES 2K block—cyclic 2¢ 2IAOZ 02| L= /T MA0| 24t
» O]m #A| MPI Z2MAS P x Q8= FEoIK ALS

= MPIZZMA 564

ts T8 Ol Al
=8 Q=8
D=4 Q=16
p=2,Q=325
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MPIZ} P, Q

« HPLE Z} 22 block—cyclic $Al9=2 P x Q 7LX0] M2} Li=0] £y gtL|Ct:

NxN =

|

NBxNB £2

|

PxQ J2|E

L

ZEMPI ZZNATLE E5
Al At
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AUNEURE MPIgEP, Q

e PxQ=MPI& O2MA 2
« P-Q7I A28 £2 (& HARLHN 71712 SEf7} 0|A %)
« HPLHS2ZE P (Q0M 2472t H E2S
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4. HIAE

HPL HIAE (f 1.

 N=1024 NB=128 P=4 Q=4 node1 87l 01 node2 87lf T O

£ 8’ 37]: 1024%1024, NB=128 — £ 8x8 =64 28
« MPIEZZ2MA £:PxQ=4x4=16—EY 8 MP| Z2MA
2t & 31A: nodel1 (0] 0-7), node2 (20 0-7)

TEA: MPI Z2 XA 2}
« MPI&SE=MA =16
e ELC0 AN GR2EZHI A = TS 1 T2 A|A OjE
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MPIZ} P, Q

2CHA|: PxQ = 4x4 T2MA Z{X}
o2MA 283 — L0 A0 OHE of

Rank Node Core
0 node 0
1 node1 1
/ node /
8 node2 0
15 node?2 /
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4. HIAE

MPIZt P, Q

3CHA|: Block-Cyclic £ Hf 2hAl

oH =4

AN o o
oL Ll

2 128x128 S E

tES

=

= XHAO | BEE 220 A

o 5

T

> S

A Ak =

o
o

OE LI+, (i,j) =2 (imod P, j mod Q) ¥ X[ 2]

S
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4. HIAE

MPIZt P, Q

M3 24y 29f

¢ 1024x1024 ¥ EH > 128x128 EEO 2 £ (8x8 =647H])

|.EEQ

16 37t === /ME 270t

AlLh

Panel Factorization - Broadcast
(row-wise 2|
Row Pivoting + Update (column-wise

Hel) > DGEMM GILt & H Y =

MPI S4l= Soll 82 ==2)

CiOIHE &4 dH37F 7FN &=

S W0l 2tk2 5> d52(2/3 %
7}

= A

nodel: cores 0-7

Rank 8 Rank 12

L

Rank 9 Rank 13

L

Rank 10 Rank 14

L

Rank 11 Rank 15

node1: cores 0-7

Rank 0 Rank 4

|

Rank 1 Rank 5

L

Rank 2 Rank 6

|

Rank 3 Rank 7
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HPL HAE §f 2.

« N=2048

« NB=128

. P=4, Q=4

+ nodel 87l 0 node2 87§ TN

» export OMP_NUM_THREADS=2
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4. HIAE

HPL HAE §f 2.

g™ 37]: 2048 x2048

» 25 37|:128%x128 - % 16 x 16 = 256 &5

- MPIZZ2 3P xQ=4x4=16

* OpenMP A E 4= 2ig T 2 A E

— = AYE 116 &3 x 2 =32 Agf|E

« I XMH: nodel: 830
node2: 80
= = 16 physical cores

— 2} .20 23 871 VS OpenMP 2AZE = 16 A E — Z} LE AZE 4
Z1Hover—subscribe)
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RUN-UP! HPL HAE 0 2.

30| 2 -4 =(oversubscribe) =4l
e 32 A0 E > 16 physical core O| 2 = Full oversubscription A=k
» 07t A E AAEEE SO DO E =6 AFESHA =,
Q|H} M O 2 M x|} BtAl

- 11—
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4. HIAE

HPL HAE §f 2.

2. MPI + OpenMP S}O| E 2| E 47 0f| A]

#!/bin/bash

export OMP_NUM_THREADS=2
export OMP_PROC_BIND=TRUE
export OMP_PLACES=cores

mpirun —np 16 \
——map-by ppr:8:node:PE=2 \
——bind-to core \
/xhpl

e ppr:8:inode:PE=2 - EY 8 i3 =35 2 A4 E
* bind-to core2t OMP_PROC_BIND=TRUE MBI 1Al
« ofX|Tt Z2| ZON7} B0l HE[-ALE HEIAE AQJE H|E

10|,

S/t
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NEW= HPC

RUN-UP! HPL HIAE 0 3.

g™ 37]: 2048 x2048

» 25 37|:128%x128 - % 16 x 16 = 256 &5

- MPIZZ2 3P xQ=4x4=16

* OpenMP A E 4= 2ig T 2 A E

— = AHE 2116 H3 x 2 =32 A E

« A0 XF&AH: nodel: 16320,
node2: 16301
= = 32 physical cores

— 28E & = 30{ £0|2= oversubscribe 80| XAE0| S&=o| IIEE
A EF 0 e, Mt ds Kotlt AAEE LH6|EE GlHAL = + US

208 HPCOficHo[ o
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RUN-UP! HPL HIAE 0 3.

2. 28| E2F 43 0fE 278 oAl

#!/bin/bash

export OMP_NUM_THREADS=2
export OMP_PROC_BIND=TRUE
export OMP_PLACES=cores

mpirun —np 16 \
——map-by ppr:8:node:PE=2 \
——bind-to core \
/xhpl

* ppr:8:inode:PE=2: =EE 83, % EH_:LO1| 2 30| &t — = 16 AYE/H3
« ——bind-to core + OMP_PLACES=cores 28Oz T ALl AdET} T-H= T 0| A]

208 HPCO|icHjo} o

AlIGH =]
= O O
D EIzRILAEE . AIXOR A 7HIHA| BY EAS M5 S s
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HPL HIAE §f 3.

nodel: 16 cores

Rank 8

Rank 12

node1: 16 cores

Rank 9

Rank 0

Rank 13

Rank 4

Rank 10

Rank 1

Rank 14

Rank 5

Rank 11

Rank 2

Rank 15

Rank 6

Rank 3

Rank 7
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RUN-UP! HPL %3} - Hybrid MPI+OpenMP

1. 45 2UY & ELO|Y £

N M ds 74|*'| O £ (DGEMM &&), Rmax = Rpeak x & ==X £
7|'30|'D:|, SMNEH=Z=2 H = Panel Broadcast/Update 0| A] 224
e Hybrid 71’3 A, MPI M &M (collectives)= B TS| mpr 2| IO AM HE M| |,

OpenMPE= DGEMM LHEO0|A =E L} HE o} EFE
° C_Dl L |=|A'| 71 _||.
O 1=

_l_

e CPU-only single node 2t4 0| A{ Hybrid MPI+OpenMP= £2 & 2 =(=80% O| &) =t H
ts

- HIH HEH HERIT 2t F 0| M= 25| 2 Pure MPI7t I 252t d5= EO|7| & S,
OpenMP HelZ AHO[AO| M2t A7 ER

208 HPCOficHo[ o
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RUN-UP! HPL %3} - Hybrid MPI+OpenMP

2. mpirun + Thread Binding Z| X 2} &

000
208 HPCOficHo[ o
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mpu ustry As
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MPI_INIT_THREAD with MPI_THREAD_MULTIPLE AFE: Hybrid 80jAM= HIEA| 2
T2 A /ARE HIQIE FEY:

 ——map-by ppr:8:node:PE=2 + ——bind-to core + OMP_PROC_BIND=TRUE, OMP_PLACES=cores
=H

« L= MVAPICH2LE| MV2_CPU_BINDING_POLICY=hybrid, MV2_THREADS_PER_PROCESS=2,
MV2_THREADS_BINDING_POLICY=compact 47X0| X

HIQIT 2 AMEd:

* cores: 2A8|E0}F 2442F FE F 00| L FE0 =€ F[4st

« sockets: A7l 2|2 =20 NUMA &2t ZAUL HPC Tutorials.

OpenMPI 2| Alal:

e 7|2 —-bind-to cores= MP| 2130t 30 otLtY| 1™ — OpenMP AHE R5 Z2 F0{0A EHE LM

off 2 BIH: ——bind-to none AtE + OMP_PROC_BIND, OMP_PLACES=Z A& Hiold H|01.
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4. HIAE

HPL £/X{3} - Hybrid MPI+OpenMP

__I.I.kl

Ml

MPI collectives H

o A
T T/ I:l_l-

al

Pure MPI O &=, OMP=1

Hybrid
MPI+OpenMP

- C L}l DGEMM 7},
MPI EAl & Of

=8, OMP=2




4. HIAE

HPL

/opt/intel/oneapi/mkl/2024.1/share/mkl/benchmarks/mp_linpack




4. HIAE

HPL

https://www.advancedclustering.com/act_kb/tune—hpl-dat-file/




4. HIAE

HPL

¢ 0 (o ahancodlsteing comyact Ktune-hp-dat e ST EXEX X

HOW DO | TUNE MY HPL.DAT FILE?

> Getting Support (5)

Tuning HPL can be a long and difficult process. Once you've found the perfect BLAS library for your > Hardware (35)
architecture, now you need to create a perfect HPL.dat file. Use the form below and generate an

output file as a starting point on getting the best GFLOP number you can out of your cluster. > Areca Raid Arrays (3)

> InfiniBand (10)

~Input
Nodes: > LSI Raid Arrays (9)

> NVIDIA Graphics Cards (1)

>
Cores per Node: Racks (1)

> Troubleshooting (8)

Memory per Node (MB): > Software (11)

> ACT Utilities (5)

Block Size (NB): > HPC apps & benchmarks (1)
192

> Linux (3)

> Schedulers (3)

Go!

> SGE / Grid Engine (1)

> TORQUE (1)




4. HIAE

HPL

HPLinpack benchmark input file
Innovative Computing Laboratory, University of Tennessee

HPL.out output file name (if any)

6 device out (6=stdout,7=stderr,file)

1 # of problems sizes (N)

200832 Ns

1 # of NBs

192 256 NBs

1 PMAP process mapping (©=Row-,1=Column-major)
1 # of process grids (P x Q)

12 Ps

12 Qs

16.0 threshold

1 # of panel fact

210 PFACTs (©=left, 1=Crout, 2=Right)

1 # of recursive stopping criterium

2 NBMINs (>= 1)

1 # of panels in recursion

2 NDIVs

1 # of recursive panel fact.

102 RFACTs (©@=1left, 1=Crout, 2=Right)

1 # of broadcast

0 BCASTs (©=1rg,1=1rM,2=2rg,3=2rM,4=Lng,5=LnM)
1 # of lookahead depth

0 DEPTHs (>=0)

0 SWAP (©=bin-exch,1=1long,2=mix)

1 swapping threshold

1 L1 in (©=transposed,l=no-transposed) form
1 U in (©=transposed,l=no-transposed) form
0 Equilibration (©=no,1=yes)

8 memory alignment in double (> 0)
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RUN-UP! HPL
HPL

An example of P by Q partitioning of a HPL matrix in 6 processes (2x3 decomposition)
6702 Z2MA(2x3 Eoll)HA HPL Z2| P x Q 2 BflA[(2x3 Zal)

F 3
INBi 0 1 2 D 1 2
P

208 HPCOficHo[ o

i

2 oE
2
@2

2
ot
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HPL

Blocking size (NB) recommendation for Intel(R)
Distribution for LINPACK* Benchmark binary

Recommended blocking sizes (NB in HPL.dat) are listed below for various Intel(R)
architectures:

Intel(R) Xeon(R) Processor X56*/E56*/E7-*/E7*/X7* . 256

Intel(R) Xeon(R) Processor E26*/E26* v2 . 256
Intel(R) Xeon(R) Processor E26* v3/E26* v4 0 192
Intel(R) Xeon(R) Scalable Processors : 384
Intel(R) Xe(R) Graphics Card : 384

Blocking size (NB) recommendation for Intel(R)
Optimized HPL-AI* Benchmark binary

Recommended blocking sizes (NB in HPL.dat) are listed below for various Intel(R)
architectures:

Intel(R) Xeon(R) Processor X56*/E56*/E7-*/E7*/X7* : 256
Intel(R) Xeon(R) Processor E26*/E26* v2 : 256
Intel(R) Xeon(R) Processor E26* v3/E26* v4 : 192
Intel(R) Xeon(R) Scalable Processors : 384
Intel(R) 3rd Generation Xeon(R) Scalable Processors : 768
Intel(R) 4th Generation Xeon(R) Scalable Processors : 1536

Intel(R) Xe(R) Graphics Card - 11562
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HPL

AIAE

olr
P

=)
=

IH= =0[3 H20| 71 2 =X 2718 HF= A0l =&

HPLS N x N 10| 0|5 HUZ(DP) AKIZ AASIT 2} 01 HLE
NO| 2X| 37|0f AH|E|= BB 2| 8N20|CH

b
>
rr
=]
I
I
00)
(.
[
m
1o
L
N
fujru
0
1
Ol
N
Ao
2

d

sgrt((Memory Size in Gbytes * 1024 * 1024 * 1024 * Number of Nodes) /8) * 0.92
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HPL

watch —n.1 "grep \"*clpu MHz\" /proc/cpuinfo’
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HPL

mpirun —ppn 1 —np 1 ./xhpl_intel64_dynamic




4. HIAE

HPL

Architecture: x86_64

CPU op—mode(s):  32-bit, 64-bit
Byte Order: Little Endian
CPU(s): 96

On-line CPU(s) list: 0-95

Thread(s) per core: 1

Core(s) per socket: 48

Socket(s): 2

NUMA node(s): 2

Vendor ID: Genuinelntel

BIOS Vendor ID:  Intel(R) Corporation

CPU family: 6

Model: 143

Model name: Intel(R) Xeon(R) Platinum 8468
BIOS Model name: Intel(R) Xeon(R) Platinum 8468
Stepping: 8

CPU MHz: 2100.000

CPU max MHz: 3800.0000
CPU min MHz: 800.0000

BogoMIPS: 4200.00
L1d cache: 48K

L1i cache: 32K

L2 cache: 2048K

L3 cache: 107520K

NUMA nodeQO CPU(s): 0-47
NUMA node1 CPU(s): 48-95
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RUN-UPI! HPL

WCOO0C2R2 150000 384 1 1 399.62 5.63049e+03
HPL_pdgesv() start time Tue Jun 11 00:20:47 2024

HPL_pdgesv() end time Tue Jun 11 00:27:26 2024

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

2.1 %96 * 32 =6,451
208 HPCOficHo[ o
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RUN-UPI! HPL

WCOO0C2R2 150000 384 1 2 216.89 1.03738e+04
HPL_pdgesv() start time Tue Jun 11 00:38:26 2024

HPL_pdgesv() end time Tue Jun 11 00:42:03 2024

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

2.1%96*32 *2=12,902
208 HPCOficHo[ o
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AUNEURE - HPL - BIOS

Configuration Item Recommended Value Configuration Item Recommended Value

000
208 HPCOficHo[ o

ARt

Korea Computing Industry Association

Hyper-Threading (SMT) Enabled* (see text) LLC Dead Line Alloc. Enabled*
Core Prefetchers Enabled* Directory AToS Disabled*
Turbo Boost Technology Enabled* Direct-to-UPI (D2U) Enabled
Intel® SpeedStep® (P-States) Disabled DBP-for-F Enabled
SNC (Sub-NUMA Clusters) Enabled

IMC Interleave One-way

UPI Prefetch Enabled*

XPT Prefetch Enabled*

Total Memory Encryption (TME) Disabled

Memory controller page policy Static closed

Autonomous Core C-State Disabled*

CPU C6 Report Disabled*

Enhanced Halt State (C1E) Disabled*

Package C State CO/C1 State*

Relax Ordering Disabled*

Intel VT for Directed 1/O (Intel VT-D) Disabled*

CPU Power Policy Performance

Local/Remote Threshold Auto*

LLC Prefetch Disabled*
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RUN-UP! HPL — BIOS (Dell PowerEdge Servers)

Recommended setting for Recommended
Svstem setup screen Settin Default performance Recommended setting for low latency,  for general business/scientific
y P 9 for HPC and SPECcpu speed Stream, and MLC environments throughput

environments (for example, SPECcpu2017)

Custom

First select Performance Optimized and

Performance Per Watt [1] then select Custom [1]

System profile settings System Profile Performance Optimized

System profile settings CPU Power Management System DBPM Maximum Performance Maximum Performance Maximum Performance

Maximum Performance Maximum Performance Maximum Performance Maximum Performance

ARt

Korea Computing Industry Association

System profile settings

Memory Frequency

System profile settings Turbo Boost [2] Enabled Enabled Enabled Enabled
System profile settings C1E Enabled Disabled Disabled Disabled
System profile settings C States Enabled Disabled Disabled Autonomous or Disabled [6]
System profile settings Monitor/Mwait Enabled Enabled Disabled [3] Enabled
System profile settings Memory Patrol Scrub Standard Standard [4] Standard/Disabled [4] Disabled
System profile settings Memory Refresh Rate 1x 1x 1x 1x
System profile settings Uncore Frequency Dynamic Maximum [5] Maximum [5] Dynamic
System profile settings Energy Efficient Policy Balanced Performance Performance Performance Performance
System profile settings E/IPU Interconnect Bus Link Power Enabled Disabled Disabled Disabled

0m0 anagement

208 HPCO|iztof1 v | |

0o"0 System profile settings PCI ASPM L1 Link Power Management Enabled Disabled Disabled Disabled
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4. 4

HPL — BIOS (Dell PowerEdge Servers)

System setup screen

Memory settings

Memory settings
Memory settings

Memory settings
Memory settings

Memory settings

Processor settings
Processor settings
Processor settings
Processor settings
Processor settings
Processor settings
Processor settings
Processor settings

Processor settings
Processor settings

Processor settings
Processor settings
Processor settings
Processor settings
Processor settings
Processor settings
Processor settings
iDRAC settings

Setting

Memory Operating
Mode

Memory Node Interleave
DIMM Self Healing

ADDDC setting
Memory Training

Correctable Error Logging
Logical Processor
Virtualization Technology
CPU Interconnect Speed
Adjacent Cache Line Prefetch
Hardware Prefetcher

DCU Streamer Prefetcher
DCU IP Prefetcher

Sub NUMA Cluster

Dell Controlled Turbo

Dell Controlled Turbo Optimizer mode

XPT Prefetch

UPI Prefetch

LLC Prefetch

DeadLine LLC Alloc
Directory AtoS

Dynamic SST Perf Profile
SST-Perf- profile

Thermal Profile

Default

Optimizer

Disabled
Enabled

Disabled [2]
Fast

Enabled

Enabled
Enabled

Maximum Data Rate
Enabled
Enabled
Enabled
Enabled
Disabled
Disabled

Disabled

Enabled

Enabled

Disabled

Enabled

Disabled

Disabled
Operating Point 1
Default

Recommended setting for performance

for HPC and SPECcpu speed environments

Optimizer [1]

Disabled
Disabled

Disabled [2]
Fast

Disabled

Disabled [3]
Disabled

Maximum Data Rate
Enabled

Enabled

Enabled

Enabled

SNC2

Disabled

Enabled [5]

Disabled
Disabled
Enabled
Enabled
Disabled
Disabled
Operating Point 1

Maximum Performance

Recommended setting for low latency,
Stream, and MLC environments

Optimizer [1]

Disabled
Disabled

Disabled [2]
Fast

Disabled

Disabled [3]
Disabled

Maximum Data Rate
Enabled

Enabled

Disabled

Enabled

SNC 4 on XCC SNC 2 on MCC
Enabled [4]

Enabled [5]

Disabled
Disabled
Disabled
Enabled
Disabled
Enabled
Operating Point ? [6]

Maximum Performance

Recommended

for general business/scientific
throughput

(for example, SPECcpu2017)

Optimizer [1]

Disabled
Disabled

Disabled [2]
Fast

Disabled

Enabled
Disabled

Maximum Data Rate
Enabled

Enabled

Disabled

Enabled

SNC 4 on XCC SNC 2 on MCC
Disabled

Enabled [5]

Enabled
Enabled
Disabled
Disabled
Disabled
Disabled
Operating Point 1

Maximum Performanc
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4. HIAE

HPL — BIOS 2 (Fujitsu Server PREIMIERGY RX2540 M6.)

System Under Test (SUT)

Hardware

https://sp.ts.fujitsu.com/dmsp/Publications/public/wp-performance-report-primergy-rx2540-m6-

p o —

Numbe | Rated | Number of

« Model

PRIMERGY RX2540 Mé

» Processor

2 x 3rd Generation Intel Xeon Scalable Processors Family

« Memory

32 x 32 GB 2Rx4 PC4-3200AA-R

Software

- BIOS settings

+ HyperThreading = Disabled

» Link Frequency Select = 10.4 GT/s

- HWPM Support = Disabled

» Intel Virtualization Technolegy = Disabled
» LLC Dead Line Alloc = Disabled

« Stale AtoS = Enabled

» Fan Control = Full

» Operating Red Hat Enterprise Linux Server release 8.2 4.18.0-193.el8.x86_64
system
Kernel Boot Parameter set with : nohz full=1-X
(X: logical core number -1)
cpupower -c all frequency-set -g performance
echo 50000 > /proc/sysikernel/sched_cfs_bandwidth_slice_us
echo 240000000 > /proc/sys/kernel/sched_latency ns
» Operating

system settings

echo 5000000 > /proc/sys/kernel/sched_migration_cost_ns

echo 100000000 > /proc/sys/kernel/sched_min_granularity_ns
echo 150000000 > /proc/sysikernel/sched_wakeup_granularity_ns
echo always > /sys/kernel/mm/transparent_hugepage/enabled
echo 1048576 > /proc/sys/fs/aio-max-nr

run with avx512

» Compiler

C/C++: Version 19.1.2.254 of Intel C/C++ Compiler for Linux

« Benchmark

Intel Optimized MP LINPACK Benchmark for Clusters

Xeon Platinum B380 : 2

Xeon Platinum B35680 38 25 2 6323 4,406 70%
Xeon Platinum B368 38 2.4 2 5837 4,249 73%
Xeon Platinum B35627 32 28 2 5,734 4,040 70%
¥eon Platinum B350Y 34 2.4 2 5,530 3,938 1%
Xeon Platinum B358P 32 25 2 5325 3,560 67%
¥eon Platinum 8358 32 24 2 5325 3,786 1%
Xeon Platinum B352Y 32 22 2 4,506 3,166 70%
Xeon Platinum B352V 36 21 2 4838 3327 5%
Xeon Platinum B352M" 32 23 2 4,710 2,939 62%
Xeon Gold 354 18 30 2 34546 2446 1%
Xeon Gold 6348 28 25 2 4,659 3,350 72%
Xeon Gold 6346 14 31 2 3174 2326 73%
Xeon Gold 63427 24 28 2 430 3173 7%
Xeon Gold £338T 24 21 2 3,226 2,363 73%
Xeon Gold 6338 32 20 2 4,094 3156 7%
Xeon Gold 6336 24 2.4 2 3,684 2,657 72%
Xeon Gold 63347 8 kY. 2 1,843 1316 1%
¥eon Gold 6330N 28 22 2 3542 2,506 54%
Xeon Gold 6330 28 20 2 3,584 2,994 B4
Xeon Gold 63257 16 29 2 2570 2,204 4%
Xeon Gold 6314U 32 23 1 2355 1,592 bB%
Xeon Gold £312U7 24 24 1 1843 1341 73%
Xeon Gold 53207 26 22 2 3,661 2816 7%
Xeon Gold 5318Y™ 24 21 2 3226 2456 76%
Xeon Gold 53185 24 21 2 3226 2457 76%
¥eon Gold 53177 12 30 2 2,304 1,614 70%
Xeon Gold 5315Y" 8 32 2 1,638 1,21 7%
Xeon Silver 43167 20 23 2 2544 2,085 1%
Xeon Silver 4314 16 24 2 2458 1,702 5%
Xeon Silver 43107 12 21 2 1613 1480 92%
Xeon Silver 4309y 8 28 2 1,434 1,026 72%

*1: To be supported in July 2021 or later
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