Performance
made flexible.
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[Tpoueccopsbl Intel® Xeon® Scalable TpeTbero nokoneHums
[ MOKOCTb 1 MPOM3BOANTENIbHOCTb

o 40 apep

B O4HOM MpoLieccope

Ha 20% Bbiwe IPC

28 Aanep, 04Ha 4acTtoTa, OAVH KOMMUAATOR

B 1.46X Bbllle cpeaHAA NPON3BOAUTENIbLHOCTb

Xeo N Geomean no Integer, Floating Point, Stream Triad, LINPACK
8380 vs. 8280

3rd Gen Intel® Xeon®
Scalable Processors

B 1.74X Bbllwe ckopocCTb ncnonHeHusa AU
8380 vs. 8280 BERT

2.65X pocT cpegHen Npon3BOANTENBHOCTMU

[1o cpaBHEHWIO C 5-NeTHUMK CUCTEMAaMMU
8380 vs. E5-2699v4

Performance varies by use, configuration and other factors. Configurations see appendix [1,2,3,4]
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[Tpoueccopsbl Intel® Xeon® Scalable TpeTbero nokoneHuns
[ MOKOCTb 1 MPOU3BOANTENBHOCTb

CepBepHbIM X86 npoueccop
CO BCTPOEHHbIMU pewweHnamMu gaa N
N 6e30NaCHOCTU

NepenoBble pelieHmna B 061acTn 6e3onacHoCTH

intel. MacwTtabupyeMmbin, rMOKNIK, HACTPanBaEMbIN

XeON

[ v : f'. ; DDD. = ' 3rd Gen Intel® Xeon® | :| “I'I 1 q
( ] - . = - i Scalable Processors :_ * 6
111

oneAPI
POWERED
Intel Softwa.re Intel Intel Total Intel Platform ; Intel Deep Intel Speed Intel Optimized
Guard Extensions Crypto. Memory Firmware )k i Learning Boost Select AVX-512 Software
Acceleration Encryption Resilience

Technology
MNpepHasHaveH gna 1S-2S cuctem

Mnatpopma Intel® Xeon® HOBOro NoKoneHus PeBo/stOLIMOHHAA NPOU3BOAUTENBHOCTD AAHHbIX BbicTpoe n rubkoe MacwTabnpoBaHue

o o o o OPTANE OPTANE

6T6 8 kaHanos 2,6 pas 64 0000 %\ @ ¥ oLecT

SOLUTIONS

O6BbEeM CUCTEMHOM DDR4-3200 Bonblue eMKOCTb JINHWIA JHeproHesaBncMmasn Intel® Optane™ Intel® SSD CeTeBble Pewenuns Intel® .
naMATK (Ha COKeT) 2 DPC namATn vs Xeon PCl Express 4 namaThb Intel Optane SSD P5800X D series aganTeps! Intel® Agilex™ FPGA 0 intel
DRAM + PMEM (Ha cokeT) 2-ro noKoneHus (Ha cokeT) 200 cepun

Ethernet MARKET
800 cepum ReADY
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MUWKPOPXUTEKTYPA

HOBble MHCTPYKLMN

Cryptography New SIMD ISA Utilizing T m—— Ice Lake vs. Cascade Lake
« Big-Number Arithmetic (AVX-512 AVX512 on ICX 9 Per Core Performance
Integer IFMA) Multi-Buffer

Serial Approach on a Generic Processor

" ECDHE x25519 4.12X
" RSA Sign 2048 5.63X
" ECDHE p256 2.73X

= Vector AES and Vector Carry-less ‘ctor CLMI

Multiply Instructions

« Galois Field New Instructions (GFNI) ector AE
e | VectorAEs |

| AES-CTR 3.84X
. vemADDS2 | + 1 AES-CMAC 3.78X
gomprlegfl\i/?B/Decompression and ——— R . AES-XTS 3.5X
pecia : - "AES-GCM 3.34
- Bit Algebr EE’“"‘_ : X
Iere ECDSA Sign p256 19X
= VBMI - Vector Bit Manipulation ; ; ,
Instruction ‘: GFNI ; B CRC 2.3X

N ZuC 1.5X
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[TponMep onTuMmMsaumm ubnmnotexkn LZ4
Intel® OneAPI: Integrated Performance Primitives (Intel® IPP)

Comparison LZ4 /LZ4HC performance and compression ratio

2048 LZ4 iPP decompress
B
1024 . Lyl 1 i3 tvis Lvl 10
LZ4 Original decompress * + < °
&1 174 1PP compress Lvl 1 Lvl 3 s v 10
o
<o
T LZ4 Original compress
fos]
=
@
a
& 128
Lvl 1
64
32 tvl 10
16
21 2.2 23 24 25 2.6 2.7 2.8 2.9 3
Compression Ratio
e LZ4 IPP compress e |74 PP decompress e L74 Original compress LZ4 Original decompress
—a— LZ4HC PP compress —a— L Z4HC IPP decompress —e— L 74HC Original compress —e—L74HC Original decompress

NcTOuHMK 1 geTanu KoHdurypauum - https://www.intel.com/content/www/us/en/developer/articles/technical/accelerating-lz4-with-integrated-performance-primitives.html
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https://www.intel.com/content/www/us/en/developer/articles/technical/accelerating-lz4-with-integrated-performance-primitives.html

CaChe, MemOry & |O 3RIW traffic with RFO

Latency and coherency optimizations

Cache
= Shared LLC: >1.bxincrease over CLLX
= Hemisphere mode

= [nnovations to improve latency, BW and
SOC Scallng ——8280M1T/C ?Ijlll??vmvory—va—(Sl\gg(/)S?T/CSR]W

Memory
= 8 channels of DDR4 3200 450

= Memory scheduler improvements for lower
effective latency and higher BW

1O
= 64 lanes PCle Gen4

=« 3UPIlinksatN.2 GT/s
= |O latency improvements

Performance made flexible. 7

350

300

250

200

150

Latency in nanoseconds

100

a1
o

(@]

2RINTW (non-temporal Write) traffic

350
300
250
200
150
100
50

Latency in nanoseconds

(@]

Memory BW (MB/s)
—8—8280M1T/C 2RINTW —8—383801T/C 2RINTW



Intel Software Guard Extensions
(Intel SGX)

KoHduaeHuManbHOCTb AN8 BaXKHbIX CEFrMEHTOB
OaHHbIX 6e3 yuwepba gna NnponsBOAUTENBHOCTM

OrpoMHbie aHK/1aBbl TeNepb NOAAEPHKUBAIOT
TpeboBaHNA COBPEMEHHbIX pabo4ynx HarpysokK (4o 1

Tb namaTun)
A

MpunoxeHne [MpunoxkeHune -

OI'IepaLI,MOHHaH cncrteMa

MMnepBu3op HaHHble

Mpoueccop n namMaTb

[MOKOCTb N MPOU3BOAUTENIBHOCTb



JHeproHesaBucumasa namaTtb Intel® Optane™ 200 cepumn
Persistent memory made flexible

eADR (Enhanced Asynchronous DRAM Refresh) nosbiwaer
B cpeaHeM Ha NPON3BOANTENBHOCTb MPUIOXKEHUI, HE TPEbyA COXpPaHEeHUA
3 2 0/ BEIC Kewewn. laHHble u3 Kew-namatn CPU coxpaHatoTcA
O rponyekiEaicnpes S SRR aBTOMaTUYECKM, JaXKe MPU aBapum Mo NUTaHuUIo.

no cpaBHeHuto ¢ 100 cepuein

LI

G T | — Memory
fp0es Y MLC/LLC Comimallan

[o

TB Bcero namMaTum
Ha cokeT

[N yCKOpeHMsa aHaIUTUKM
Ha 60/blUMX faTaceTax

intel

OPTANE

| PERSISTENT
MEMORY

DHeproHesaBucmMMas NaMaAThb Intel® Optane™ 200 cepun
COBMECTMMaA C IKOCMCTEMOUN NpUNoXKeHnn ana PMem

Performance varies by use, configuration and other factors. Configurations see appendix [8]
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PostgreSQL on VMware vSphere 7 with Optane DC Persistent Memory

Postgres Performance (TPC-B)
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Postgres Performance (Read-only)
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* TpaH3akuuu 6bicTpee B 1,4 pasa. * YTeHue yckopeHo B 3,4 pasa.

* NameHeHun B PostgreSOLun busHec npunoskeHumsax He TpebyeTcs.

* Pexkum AppDirect npeactasnsetr PMem ana BUpTyasibHbIX MaLLUH YCTPOMCTBOM XPaHEHUSA

« PMEM m.6. “ynakoBan” ans PostgreSOL B BUpTyanbHyo MmalunHy yepes vSphere /. overhead — meHee 4%.

NCTOUHMK 1 feTanm KoHdurypauum - https://blogs.vmware.com/performance/2021/10/postgresal-performance-vsphere-7-pmem.html

Performance made flexible.

10


https://blogs.vmware.com/performance/2021/10/postgresql-performance-vsphere-7-pmem.html

HoBeunwune npoaykThbl Intel gaa ueHTpoB 06paboOTKM AaHHbIX
[TnaTtpopma Intel® Xeon® TpeTbero NnokoneHus

[lepepaBaTb bbICTPEE XpaHuTb 60/bLLE O6pabaTbiBaThb BCE

intel. intel

intel g Intel” Optane™ SSD P5800X AGILEX

OPTANE
E€THERNET BoicTpenwmnin SSD Ha nnaHeTe

MNMpoueccopbl

® ™ . ® ®
- Intel Optane Persistent Intel® Xeon® Scalable TpeTbero nokoneHums

opane | Memory 200 series Cambin 6bICTPLIV cepBepHbIN Npoueccop Intel
CO BCTPOEHHbIMU peweHuaMu ana U n

[Jo 6TB naMATK Ha COKeT 6e30nacHoOCTU
[lo 200GbE Ha oguH PCle 4.0 cnot s T NOCTOAHHOEXP ARSI

BbICOKOHArPYKEHHbIX MPUIOMEHNI . Intel’ SSD D5-P5316 Intel Agilex FPGA

SSD MepepnoBoe pelweHue No
MepBbin PCle 4.0 144-cnonHbin QLC P P
npounssogutenbHoctn FPGA norvkm u
3HepProadPeKTMBHOCTHU

Intel® Ethernet E810-2CQDA2

3D NAND genaet BO3MOXHbIM 1PB
xpaHeHunAa B 1U Kopnyce

intel. intel

ONTUMU3NPOBAHHbIE PELIEHNA Uelect  ¥UMarkeT >500
SOLUTIONS READY  lMapTHepckux PeweHnn
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Data Parallel C++

CTaHAapTU3NPOBAHHbIN, KPOCC-apPXUTEKTYPHbIN A3bIK
DPC++ =|SO C++un Khronos SYCL

Mapannenusm, NpoM3BoAUTENBHOCTb M BbiCTpoAecTBMNE ANA
NPOLECcCOpPOB N yCKopUTenemn
= ObecneymnBaeT YCKOpPEHHOE BblYHNC/IEHME 3a CHET AEMOHCTPALUN annapaTHbIX BO3MOXHOCTEMN

= [lo3BoAnsieT NOBTOPHO UCMO/1b30BaTb KOA, Ha annapaTHbIX 06beKTax, a TaKKe afanTMpoBaTh ero
DN KOHKPETHbIX YCKOpUTeen

= ObecneynBaeT OTKPbITOE MEKOTPACIEBOE NPUMEHEHNE A1A NPONPUETAPHbIX 3aKPbITbIX
peLleHni

Ha ocHose C++n SYCL

* [lpegocTtaBaseT npenmyLLecTsa B npomssogutensHoctn C++ ncnonbsys obuime 3Hakomble
KOHCTpyKumn C n C++

= Bkaoyaet SYCL ot Khronos Group ans noaaepku napannennsma AaHHbIX U reTeporeHHoro

NPOrpaMmmMpoBaHunsA

Community Project ans ynydweHums s3bika

" MpenoctaBnaeT paclwMpeHna ana ynpoLweHmUa NnporpaMmmmnMpoBaHmA C pacnapaianenmsaHmem
AaHHbIX

" NocToAHHOE pa3BUTME HAa OCHOBE OTKPbITOrO COTPYAHMYECTBA

OTKPbITbIN MCXOAHDBIN KOA 1 noaaepka Komnunatopos Intel DPC++/C++ pna CPU, GPU 1 FPGA or Intel.
Codeplay 06bsasunm o Bbinycke komnunatopa DPC++ ana GPU ot Nvidia.

HenocpepcTBeHHOE NPOrpaMMUpPOBaHUE:
Data Parallel C++

Community Extensions

Khronos SYCL

Performance made flexible.



https://www.codeplay.com/portal/02-03-20-codeplay-contribution-to-dpcpp-brings-sycl-support-for-nvidia-gpus

Cnacubo



[MTpaBoBaa MHPOPMaLUA

" Mcnonb3oBaHue TexHosorui Intel moxket notpeboBaTb COOTBETCTBYOLWErNO 060PYA0BaHUA, MPOrPAMMHOI0
obecrneyeHma UK akTUBaLMK 0O6CNYKUBAHUA. HMKaKaa NpoayKLUUA UM KOMIMOHEHTbI He ABAAKTCA abCoNtoTHO
6e3onacHbIMK. Balin pacxoabl 1 pe3yibTaTbl MOTYT BapbUPOBaTbCA.

" |ntel He KOHTPONMpPYET coAEepKaHME N HE NPOBOAUT ayAUT MHPOPMaLIMKM, NpeaoCTaBAeHHOM NnapTHepamu. [ns
OLLEHKM A0CTOBEPHOCTU TaKo MHPOPMaLIMKM BamM CaeayeT NPoBepATb APYrne MCTOYHUKMU.

" [lpon3BoanTENBHOCTb MOXKET BAPbMPOBATLCA B 3aBUCMMOCTM OT MOAENN UCMONb30BaHUA, KOHOUTYPaLUK U APYTUX
daKTopOoB. Y3HaiiTe 60onblue Ha www.intel.com/performanceindex. PesynbTaTbl TeCTUPOBaHUA OCHOBAHbI Ha
TECTUPOBAHMAX NPOBEAEHHbIX B YKa3aHHble AaTbl U B YKa3aHHbIX KOHOUTYPaLMAX U MOTYT He OTPaXKaTb BCe
ny6AnM4YHO AOCTYNHble 0OHOBNEHUSA.

= © Intel Corporation. Intel, norotun Intel, Xeon un gpyrmne o6o3HauyeHus Intel asnaroTca ToBapHbIMM 3HaKaMu
Kopnopauuu Intel unm ee goyepHnx KOMNaHuMn. pyrne HauMeHoOBaHWUA U BPIHALI MOTYT BbITb B COOCTBEHHOCTH

APYrUX And,

Performance made flexible. 14
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Appendix

1.46x average performance gain - Ice Lake vs Cascade Lake: Geomean of 1.5x SPECrate2017_int_base (est), 152x SPECrate2017_fp_base (est), 1.47x Stream Triad, 1.38x Intel distribution of LINPACK. Platinum 8380: 1-node, 2x Intel® Xeon® Platinum
8380 processor on Coyote Pass with 512 GB (16 slots/ 32GB/ 3200) total DDR4 memory, ucode 0x261, HT on (SPECcpu2017), off (others), Turbo on, Ubuntu 20.04, 5.4.0-66-generic, Ix S4610 SSD 960G, SPECcpu2017 v1.1.0, Stream Triad,
Linpack,icl9.1u2, MPI: Version 2019u9; MKL:2020.4.17, test by Intel on 3/15/2021. Platinum 8280: 1-node, 2x Intel® Xeon® Platinum 8280 processor on Wolf Pass with 384 GB (12 slots/ 32GB/ 2933) total DDR4 memory, ucode 0x5003003, HT on
(SPECcpu2017), off (others), Turbo on, Ubuntu 20.04, 5.4.0-62-generic, 1x S3520 SSD 480G, SPECcpu2017 v1.1.0, Stream Triad, Intel distribution of LINPACK, ic19.1u2, MPI: Version 2019u9; MKL:2020.4.17, test by Intel on 2/4/2021.

2.65xaverage performance gain- Ice Lake vs Broadwell: Geomean of 2.34x SPECrate2017_int_base (est), 2.6x SPECrate2017_fp_base (est), 2.55x Stream Triad, 3.18x Intel distribution of LINPACK. 3" Gen Intel® Xeon® Platinum 8380: I-node, 2x
Intel® Xeon® Platinum 8380 processor on Coyote Pass with 512 GB (16 slots/ 32GB/ 3200) total DDR4 memory, ucode 0x261, HT on (SPECcpu2017), off (others), Turbo on, Ubuntu 20.04, 5.4.0-66-generic, 1x S4610 SSD 960G, SPECcpu2017
v1.1.0, Stream Triad, Linpack, ic19.1u2, MPI: Version 2019u9; MKL:2020.4.17, test by Intel on 3/15/2021. Intel® Xeon® E5-2699v4: I-node, 2x Intel® Xeon® processor E5-2699v4 on Wildcat Pass with 256 GB (8 slots/ 32GB/ 2400) total DDR4 memory,
ucode 0x038, HT on (SPECcpu2017), off (others), Turbo on, Ubuntu 20.04, 5.4.0-62-generic, 1x $3700 400GB SSD, SPECcpu2017 v1.1.0, Stream Triad, Intel distribution of LINPACK, ic19.1u2, MPI: Version 2019 Update 9 Build 20200923; MKL:
psxe_runtime_2020.4.17, test by Intel on 1/17/21.

BERT-Large SQUAD: 1.45x higher INT8 real-time inference throughput & 1.74x higher INT8 batch inference throughput &1.22xperformance/core : Platinum 8380: 1-node, 2x Intel® Xeon® Platinum 8380 processor on Coyote Pass with 512 GB (16
slots/ 32GB/ 3200) total DDR4 memory, ucode 0x261, HT on, Turbo on, Ubuntu20.04 LTS, 5.4.0-65-generic, Ix Intel_SSDSC2KG96, Intel® SSDPE2KX010T8, BERT - Large SQUAD, gcc-9.3.0, oneDNN 1.6.4, BS=1128 INT8, TensorFlow-2.5
(container-intel/intel-optimized-tensorflow:tf-r2.5-icx-b631821f), Model zoo: https://github.com/Intel Al/models/tree/icx-launch-public/quickstart/, test by Intel on 3/12/2021. Platinum 8280: 1-node, 2x Intel® Xeon® Platinum 8280 processor on Wolf
Pass with 384 GB (12 slots/ 32GB/ 2933) total DDR4 memory, ucode 0x5003003, HT on, Turbo on, Ubuntu20.04 LTS, 5.4.0-48-generic, Ix Samsung_SSD_860, Intel® SSDPE2KX040T8, BERT - Large SQUAD, gcc-9.3.0, oneDNN 1.6.4, BS=1128
INT8, TensorFlow- 2.5 (container- intel/intel-optimized-tensorflow:f-r2.5-icx-b631821f), Model zoo: https://github.com/IntelAl/models/tree/icx-launch-public/quickstart/, test by Intel on 2/17/2021.

3.34x higher IPSec AES-GCM performance,3.78x higher IPSec AES-CMAC performance,3.84x higher IPSec AES-CTR performance,1.5x higher IPSec ZUC performance: 8380: 1-node, 2x Intel(R) Xeon(R) Platinum 8380 CPU on M50CYP2SB2U

with 512 GB (16 slots/ 32GB/ 3200) total DDR4 memory, ucode Ox8d055260, HT On, Turbo Off, Ubuntu20.04.2 LTS, 5.4.0-66-generic, Ix Intel .8TB SSD OS Drive, intel-ipsec-mb v0.55, gec 9.3.0, Glibc 2.3], test by Intel on 3/17/2021. 8280M: 1-

node, 2x Intel(R) Xeon(R) Platinum 8280M CPU on S2600WFT with 384 GB (12 slots/ 32GB/ 2933) total DDR4 memory, ucode 0x4003003, HT On, Turbo Off, Ubuntu 20.04.2 LTS, 5.4.0-66-generic, Ix Intel 1.8 TB SSD OS Drive, intel-ipsec-mb
v0.55, gcc 9.3.0, Glibc 2.3], test by Intel on 3/8/2021.

3.5xhigher ISA-L AES-XTS performance, 2.30x higher ISA-L CRC performance: ISA-L: 8380: 1-node, 2x Intel® Xeon® Platinum 8380 Processor, 40 cores HT On Turbo OFF Total Memory 512 GB (16 slots/ 32GB/ 3200 MHz), Data protection (Reed
Solomon EC (10+4)), Data integrity (CRC64), Hashing (Multibuffer MD5),Data encryption (AES-XTS 128 Expanded Key), Data Compression (Level 3 Compression (Calgary Corpus)), BIOS: SESC6200.86B.3021.D40.2103160200 (ucode:
0x8d05a260), Ubuntu 20.04.2, 5.4.0-67-generic, gcc 9.3.0 compiler, yasm 1.3.0, nasm 2.14.02, isal 2.30, isal_crypto 2.23, OpenSSL 1111, zlib 1211, Test by Intel as of 03/19/2021. 8280: 1-node, 2x Intel® Xeon® Platinum 8280 Processor, 28 cores HT
On Turbo OFF Total Memory 384 GB (12 slots/ 32GB/ 2933 MHz), BIOS: SE5C620.86B.02.01.0013.121520200651 (ucode:0x4003003), Ubuntu 20.04.2, 5.4.0-67-generic, gec 9.3.0 compiler, yasm 1.3.0, nasm 2.14.02, isal 2.30, isal_crypto 2.23,
OpenSSL111j, zlib1.2.11 Test by Intel as of 2/9/2021. Performance measured on single core.

5.63xhigher OpenSSLRSA Sign 2048 performance,1.90x higher OpenSSL ECDSA Sign p256 performance,4.12x higher OpenSSL ECDHE x25519 performance,2.73x higher OpenSSL ECDHE p256 performance, 8280M:1-node, 2x Intel(R) Xeon(R)
Platinum 8280M CPU on S2600WFT with 384 GB (12 slots/ 32GB/ 2933) total DDR4 memory, ucode Ox5003003, HT On, Turbo Off, Ubuntu 20.04.1LTS, 5.4.0-65-generic, Ix INTEL_SSDSC2KGO01, OpenSSL 111, GCC 9.3.0, test by Intelon
3/5/2021. 8380: 1-node, 2x Intel(R) Xeon(R) Platinum 8380 CPU on M50CYP2SB2U with 512 GB (16 slots/ 32GB/ 3200) total DDR4 memory, ucode Oxd000270, HT On, Turbo Off, Ubuntu 20.041LTS, 5.4.0-65-generic, Ix INTEL_SSDSC2KGOT,
OpenSSL 111, GCC 9.3.0, QAT Engine v0.6.4, test by Intel on 3/24/2021. 8380: 1-node, 2x Intel(R) Xeon(R) Platinum 8380 CPU on M50CYP2SB2U with 512 GB (16 slots/ 32GB/ 3200) total DDR4 memory, ucode Oxd000270, HT On, Turbo Off,
Ubuntu20.041LTS, 5.4.0-65-generic, Ix INTEL_SSDSC2KGO1, OpenSSL111j, GCC 9.3.0, QAT Engine v0.6.5, test by Intel on 3/24/2021.

20% IPC improvement: 3" Gen Xeon Scalable processor: I-node, 2x 28-core 3rd Gen Intel Xeon Scalable processor, Wilson City platform, 512GB (16 slots / 32GB / 3200) total DDR4 memory, HT on, ucode=x270, RHEL 8.0, Kernel Version4.18.0-
80.el8.x86_64, test by Intel on 3/30/2021. 2" Gen Intel Xeon Scalable processor: I-node, 2x 28-core 2nd Gen Intel Xeon Scalable processor, Neon City platform, 384GB (12 slots / 32GB / 2933) total DDR4 memory, HT on, ucode=x2f00, RHEL 8.0,
Kernel Version4.18.0-80.el8 x86_64, test by Intel on 3/30/2021. SPECrate2017_int_base (est). Tests at equal frequency, equal uncore frequency, equal compiler.

Intel® Optane™ Persistent Memory 200 Series, Average 32% more memory bandwidth: Based on testing by Intel as of April 27, 2020 (Baseline) and March 23, 2021 (New). Baseline configuration: 1-node, 1x Intel® Xeon® Platinum 8280L processor
(28 cores at 2.7 GHz) on Neon City with a single Intel® Optane™ PMem module configuration (6 x 32 GB DRAM; 1x §128 GB, 256 GB, 512 GB? Intel® Optane™ PMem module), ucode rev: 04002FO00 running Fedora 29 kernel 5.118-200.fc29.x86_64
and Intel Memory Latency Checker (Intel MLC) version 3.8 with App Direct Mode. New Configuration: 1-node, 1x pre-production 3rd Gen Intel® Xeon® Scalable processor (38 cores at 2.0 GHz) on Wilson City with a single Intel® Optane™ PMem
module configuration (8 x 32 GB DRAM; 1x $128 GB, 256 GB, 512 GB? Intel® Optane™ PMem module), ucode rev: 8d000270 running RHEL 8.1kernel 4.18.0-147.el8.x86_64 and Intel MLC version 3.9 with App Direct Mode.
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