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Non-Volatile DIMM (NVDIMM)
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https://www.snia.org/sites/default/files/technical-work/npm/release/SNIA-NVM-Programming-Model-v1.2.pdf
https://www.snia.org/sites/default/files/technical-work/npm/release/SNIA-NVM-Programming-Model-v1.2.pdf
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https://www.intel.co.jp/content/www/jp/ja/architecture-and-technology/optane-dc-persistent-memory.html
https://lenovopress.com/lp1380-intel-optane-persistent-memory-200-series
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PMEM 100 Series & PMEM 200 Series

= PMEM 100 Series
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AES
256-BIT

encryption

Secure
Erase

Up To
512 GB
modules

Intel® Optane™ PMem
100 series

Z2nd Generation intel* Xeon® Scalable processors

on 25/45/8S platform

8-28

cores

6 channels

memory

3TB

Intel Optane
PMem
per socket*

45TB

Total system
memaory
per socker*

2,666 MT/s
DDR4 +
intel Optane PMem

UP TO higher average memory AES

3 2 0/ bandwidth over the
0 previous generation®

256-BIT
encryption

Intel Optane PMem
200 series

3rd Generation Intel Xeon Scalable processors

on as pDia

18-28

cores

on

6 channels
memory

3TB

Intel Optane
PMem
per socket*

457T8B

Total system
memory
pér socket”

2,666 MT/s
DOR4 +
intel Optane PMem

18 W Max

thermal design powet

"eADR

15 W Max

thermal design power

+ Based on testing by Intel as of April 27,2020 (Baseline) and March 31, 2020 (New)
* 3 TB Intel Optane PMem = 6 x 512 GB Intel Optane PMem per socket, 4.5 TB System Memory = 6 x 512 GB Intel Optane PMem per socket + 6 x 256 GB

** 4 T8 intel Optane PMem =

Secure

Erase

Up To
512 GB
modules

Intel Optane PMem 0.,
200 series

3rd Generation Intel Xeon Scalable processors

on 2S5 platform

16-40

cores

8 channels

memaory

47TB

intel Optane
PMem
per socket**

6TB

Total system
memory
per socker**

3,200 MT/s
DDR4 +
Intel Optane PMem

eADR

15 W Max

thermal design power

8 x 512 GB Intel Optane PMem per socket, 6 TB System Memory = 8 x 512 GB Intel Optane PMem per socket + 8 x 256 GB

14 | ©2020 Storage Networking Association. All Rights Reserved.



https://www.intel.co.jp/content/www/jp/ja/products/docs/memory-storage/optane-persistent-memory/optane-persistent-memory-200-series-brief.html
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eADR (extended Asynchronous DRAM Refresh)
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Power fail protected domain ;
e indicated by ACPIproperty: | €ADR
NT stores + fence CPU Cache Hierarchy
-“.
WBINVD (kernel only)
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-or- Minimum Required :
Power fail protected domain: - ADR
Memory subsystem i
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https://www.intel.com/content/www/us/en/developer/articles/technical/eadr-new-opportunities-for-persistent-memory-applications.html

EREST

16 | ©2020 Storage Networking Association. All Rights Reserved.




R EfiNE]

= XA AEVEL TOEREEHE

= JOYI57 )\A RELTOEREERE

= Spec CPU 2017 RXOFY—DD%EE

= A AEUF—/\V1-A N7 DERE

17 | ©2020 Storage Networking Association. All Rights Reserved.

A
SNIA-




s iRz

PMEM200 -/t

Xeon Gold 6326
(Ice Lake)
16 YpEy
2.9 GHz

-

16GB DDR4

ST

\

128GB PMEM200

16GB DDR4

Sl EE

PMEM100 &—/\

Xeon Gold 5222

(Cascade Lake)
4 YIET7 x2Y7vhk

3.8 GHz

I

) )
I I ! I I !
L) Ll
______ —— -1 -5

128GB PMEM100 ARMEH

18 | ©2020 Storage Networking Association. All Rights Reserved.

A
SNIA-



EEEES————————————————————————, e
KMEM DAX

* PMEM ZIEFEEACVEL TERHIT DD 100 taet mmact1 -2
(I)1%%%‘At3 available: 2 nodes (0-1)
HE node 0 cpus: 012 3456789101112 131415 1¢ 17 18
- PMEM OXEUZERI% DRAM E(FRIm  Lrnnnpsrazens
NUMA J—REUTRHEAS node 0 free: 51967 MB m

- node 1 cpus:
» PIVR(EIE T D LR DRAM & PMEM % 1node 1 Zlijze: 507904 MR
{E\3 T B]EE node 1 free: 507904 MB KMEM-DAX (PMEM)

node distances:
= Linux kernel version 5.1 MSYR—h e o s
1: 17 10

.
19 | ©2020 Storage Networking Association. All Rights Reserved. S N IAP



NS

XEUXENELTOIN> Mg

Bandwidth Comparisons(DRAM vs Memory Mode vs Optane PM in KMEM-DAX Mode)
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Icelake(Memory CascadelakeDRAM?2 CascadelakeDRAM?2 Icelake PM200 Cascadelake PM100 IceLake PM200 Cascadelake PM100
Icelake DRAM3200
Mode) 666WPM1CPU 999noPM2CPU (4xInterleave) (2xIntereave) (Nolnterleave) (NoInterleave)
m ReadBW 89 87.4 49 50.6 27.3 131 56 69
. \WriteBW 78.7 /8.1 56.2 28 56 5.9 15 1.8
=== RD Ratio vs ILDRAM 1 0.98 )55 0.57 0.31 0.15 0.06 0.08
- \WR Ratio vs ILDRAM 1 0.99 071 0.36 0.07 0.05 0.02 0.02
Media Type
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Latency Comparisons(DRAM vs Optane PM in KMEM-DAX Mode)
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0 d d d 0
lceLake | IceLake(M Cascadela Cascadela lceLake Cascadela
DRAM320  emo keDRAM2Z | keDRAM2 PM200@ ke
0 Mod;\; 999wPM1 999noPM Numa 1 PM100@
CPU 2CPU Numa 2
| atency at Numa node 0(ns) 67.9 77.1 74.3 71.4 173.1 175.6
e | atency Ratio vs ILDRAM 1 1.14 1.09 1.05 255 259
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140 1.4
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0 IceLak C delak g
celake ascadelake
IceLake IceLake PM200 IceLake PM200
DRAM32G Memory 512G raw 128G raw PM100 128G DC5800x 400G DC4800x 375G
Mode32G raw
= SeqRead 64K@QD1,16Job 116 124 48.4 48.6 9.3 6.82 223
mm SeqWrite 64K@QD1,16Job 105 122 555 1.45 1.64 433 153
== RD Ratio vs ILDRAM 1 1.07 0.42 0.42 0.08 0.06 0.02
= WR Ratio vs ILDRAM 1 1.16 0.05 0.01 0.02 0.04 0.01
Media Type
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SPEC CPU® 2017 RX>FNX—7 int_rate

Spec CPU2017Int_rate_Base DRAM vs Memory Mode vs KMEM-DAX
70.00 1.20

S0 1.00
50.00
080 o
(=]
=
g 40.00 s
8 <
A o
i 060 &
w "
a8 30.00 :
=
[1:]
040
20.00
0.20
10.00
000 M Mode495G ~ KMEM495GB(PM20 M Mode495G 0.00
DR3200 IL emorylviode ( DR2666 CL emoryViode KMEM(PM100)
BIL 0) BCL
mmm SPECrate2017 int_base 63.22 63.10 21.15 36.30 36.80 10.01
m— Speedup vs DRAM 1.00 1.00 0.33 0.57 0.58 0.16
Memory Type
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SPEC CPU® 2017 int_rate (RZFN—IBDFS

Spec CPU2017 Int_rate detail DRAM vs Memory Mode vs KMEM-DAX@Xeon Gold6326

90.0000
80.0000 1.000
70.0000
0.800
60.0000
50.0000 0.600
40.0000
0.400
30.0000
20.0000
0.200
10.0000
00000 523 xalancbmk 548 exchange2 0000
500.perlbench_r 502.gcc_r 505.mcf_r 520.0mnetpp_r xa arnc mi_ 525x264_r  531.deepsjeng_r S541.leela r .excrange - 557.xz_r
mm DRAMBAG 85.5988 75.4651 54.1390 41.0406 60.5221 74.8081 74.6240 73.0180 55.2344 55.0783
mm MemoryMode 84.3264 66.4478 53.7999 41.2783 60.2155 75.3896 75.6308 74.6014 55.2498 57.9300
. KIMEM-DAX(PM200) 49,7896 6.8297 8.2040 3.7652 14.6810 64.6140 48.0868 67.6180 55.2304 10.1448
MM/DRAM 0.985 0.881 0.994 1.006 0.995 1.008 1.013 1.022 1.000 1.052
e KMEM/DRAM 0.582 0.091 0.152 0.092 0.243 0.864 0.644 0.926 1.000 0.184
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Memcached (4> XEUF—)NU1—XK)

Memcached Benchmark score comparison@Ice Lake
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200000 v
0.800
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0 0.750
100% get 10% set 50% set 100% set
I DRAMGAG 730125 698999 617948 499631
s MemoryMode 504G 723569 686508 614794 500200
s KMEM252GNumal 712260 688231 636644 430769
MM Speedup Rate 0.991 0.982 0.995 1.001
s K MEM Speedup Rate 0.976 0.985 1.030 0.862
Workload
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Redis (A AEYF—)N)1—XK7)

Redis Benchmark Comparison@Ice Lake

1.000
N \ 0.990
\ 0.980
' 0.970
0.960
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2 =
o 600 0950 J
e S
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[SE)
0940 =
=
400 S
0930 B
0.920
200
0.910
0 0.900
P1set P1get P16 set P16 get
m DRAM3200 1716 170.3 964.3 1068.9
mm MemoryMode 168.8 169.6 9285 1032.5
— KMEM(PM200) 169.9 168.9 902.1 1057.1
~KMEM Speedup 0.990 0992 0.935 0.989

Redis Workload
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https://www.intel.co.jp/content/www/jp/ja/architecture-and-technology/optane-technology/optane-dc-persistent-memory-softbank-case-study.html
https://atmarkit.itmedia.co.jp/ait/articles/2201/05/news002.html
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