Intel Optane DC Persistent Memory

M5 237102

#Z




Platform specification 22!

o 7|29l socket 2, core 2= S &I0IEH 4 Q=

T O s T — o

user@user-Super-Server:~$ Iscpu

 Microarchitecture EI1et 4~ Q)= H

user@user-Super-Server:~$ cat /sys/devices/cpu/caps/pmu_name

« 0| &0l 7HA |7t sharedQIR| per-coreQlA| &Qlet 4~ RS
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Platform specification =2l
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O] & =fQlsty| ¢let BE 2714]
© 2SR 0|22 Y Solsin A4S 22

user@user-Super-Server:~$ sudo dmidecode -t 17 | egrep 'Memory|Size' | egrep -v 'No|Device'

« SIZH O 0| 22| DETH AEE|0 Q=A] ERlsD 412 ER
o Tt jomctl O] HA| Ax|=|0{QI0{0F SHipmctl A= SIEE0]|A T )

user@user-Super-Server:~$ sudo ipmctl show -memoryresources
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Platform specification - 316b

# of Sockets 1

CPU Spec. 16 cores Intel(R) Xeon(R) Gold 5218 CPU @ 2.30GHz
L1 Cache 512KiB i-Cache & 512KiB d-Cache

L2 Cache 16MIB

L3 Cache 22MiB

Total DRAM 64GB(16GB * 4)

Total NVMM 256GB(128GB * 2)

Storage(SATA) 3.6TB
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Platform specification - Intel

# of Sockets 4
CPU Spec. Genuine Intel(R) CPU 0000% @
L1 Cache 3MB i-Cache & 3MB d-Cache(per-core)
L2 Cache 96MB(per-core)
L3 Cache 132MB(shared)
Total DRAM 768GB (32GB * 24)
Total NVMM 6144GB(256GB * 24)
Ubuntu 20.04.1 LTS
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pmem managing tool

=82 HI22] managingE ¢/l 7 [ 2422 25t tool
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ipmctl

* Open source utility for configuring and managing PMM

 Created and is maintained by Intel

O] tool2 &5l SH |2l 0|22|2] 2= (Memory mode, App Direct mode, Z¢t=
%) H|_:| (@) 7|’3
* Region2| 8- dut 22| =+t

- 22| &E

user@user-Super-Server:~$ sudo apt install ipmctl

CI0IH M2|, 2EE[X] Al




ndctl

 Non-volatile Device Control(ndctl)2 2|52 G| A|0|A namespaceS A4/
ot [} 24 &|= tool
= 7

* RegionOj|A] Stet B2 A ngmespaceS e

[ A}

OII

-_—

- 22| &E

user@user-Super-Server:~$ sudo apt install ndctl
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Memory = App Direct 2 E 20| EH2} HItH

Step #1.

user@user-Super-Server:~$ sudo ipmctl create -goal

user@user-Super-Server:~$ sudo ipmctl create —goal PersistentMemoryType=AppDirect

« &gt Creates an interleaved region configured for App Direct mode
+ = S OILIE M2 HEE 5F=HHOIS)5HA At = rebootE 51 App Direct mode= 4
| US

- ERRE|EA] Elots W O] BES ARl = noresult” 211 ZEIZEO]| HOf &t
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Memory = App Direct 2 E 20| EH2} HItH

Step #2.

user@user-Super-Server:~$ sudo ndctl create-namespace

* For the capacity to be surfaced to the Linux operating system and used by applications
« 2|0| HHL2 DAX support HIQUAT|O|A S AASEH

« DAX aware filesystem may subsequently be created on this namespace to provide optimal application
performance

HIGO|E H2| AEZ|X| A|AH 9l 28 oAl .
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Step #3.

H
o

user@user-Super-Server:~$ sudo mkdir /mnt/pmemO
user@user-Super-Server:~$ sudo mkfs.ext4 /dev/pmem0
user@user-Super-Server:~$ sudo mount —o dax /dev/pmem0 /mnt/pmemO

HIGO|E H2| AEZ|X| A|AH 9l 28 oAl
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App direct > Memory 2 E 20| A=t HitH

user@user-Super-Server:~$ sudo ipmctl create -goal MemoryMode=100

- 72| BE= AtEol =S Hi= B &8 LSt 22 277t g

S sudo ipmctl create -goal MemoryMode=100

[sudo] userl| &%=
WARNING! The requested memory mode size for 2LM goal is below the recommended NM:FM 1limit of
1:4
The following configuration will be applied:
SocketID | DimmID | MemorySize | AppDirectiSize | AppDirect2Size

0x0000 | ex0001 | 126.000 GiB | 0.000 GiB | ©.000 GiB
0x0000 | ex0101 | 126.000 GiB | 0.000 GiB | ©.000 GiB
Do you want to continue? [y/n] y

Create region configuration goal failed: Error 124
y have to be removed before running this command.
WARNING: Removing Namespaces will erase existing data.

- Namespaces exist on specified DIMMs. The

Please make a backup first.

F

pol

« S4ZY configurationO| O1d| delete=! AEHO|A] goal A4F0| O|F0{ 20}

* 7|22 namespace®} region= A|¥{A 27 |=2f5H0F
« 21 AFO|E1: How can | delete a region? - Issue #107 - intel/ipmctl - GitHub

416|0| Ef M|, AE2|X| Al
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https://github.com/intel/ipmctl/issues/107
https://docs.pmem.io/ndctl-user-guide/managing-namespaces

App direct > Memory 2 EZ 0| EH

Step #1. Delete current configuration

o Step #1-1. 2AHGH= namespace 9!

user@user-Super-Server:~$ ndctl list -iN

S ndctl list -iN

"dev":"namespaced.1",

"mode” :"raw",

"size":@,

"uuid" :"0EE00000-0000-0000-0000-000000000000",
"sector size":512,

"state":"disabled”

"dev":"namespaced.n",
"mode” : " fsdax",

!Imapll : lldev" .
"size":266352984064,

"uuid":"@55c361f-0702-48f5-86F1-f9f88eb21c27",
"sector size":512,

"align":20897152,

"blockdev":" pmema"

HIG|O|E M2|, AEZ|X| A|lAH” U S8 A
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App direct > Memory Z.E 20| tH3} HHH

Step #1. Delete current configuration
« Step #1-2. Al o= namespace = 5 disable 2! destroyst”|

@M NamespaceZ disable 57| Z10{| namespace” | mount £/ QL CFE 01=2|A|0|/M0]| 2J5H AF2 =9

7 02| Ret 2= 0|02+ US

- Always stop the application and unmount filesystems(fsdax mode) before disabling namespaces

user@user-Super-Server:~$ umount /dev/pmem0

@ Disable namespace

user@user-Super-Server:~$ ndctl disable-namespace namespace0.0

HOIE N2l 22X A& B S8 A2
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App direct > Memory B E 20| tH3} HitH

Step #1. Delete current configuration
o Step #1-2. ZAok= namespace S £ disable 2! destroyst? |

@ Destroy namespace

user@user-Super-Server:~$ ndctl destroy-namespace namespace0.0

DIOF disable SHA| G2 AEN= A2 namespaceS destroy 5t 412 BR(f &4 ARE)

user@user-Super-Server:~$ ndctl destroy-namespace -f namespace0.0

- DROFEASh= 2= namespaceS ZAIZ destroy 511 22 S

user@user-Super-Server:~$ ndctl destroy-namespace -f all

HOIE N2l 22X A& B S8 A2
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App direct > Memory 2 EZ 0| EH

Step #1. Delete current configuration
* Step #1-3. ActiveSt region= disable 5t7|
(D Lt all active/enabled regions

user@user-Super-Server:~$ ndctl list -R

5 ndctl list -R

e

"dev":"regione",
"size":270582939648,
"available size":270582939648,

"max_available extent":270582939648,
"type":"pmem",
"iset_1id":-1199383876313930684,
"persistence_domain":"memory_controller”

HIG|O|E M2|, AEZ|X| A|lAH” U S8 A
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App direct > Memory B E 20| tH3} HitH

Step #1. Delete current configuration
 Step #1-3. Activeet region= disable o17|
@ Region disable 5}7|

user@user-Super-Server:~$ ndctl disable-region region0

@ DisableZ! region &Q1517|(B2}2] state 22 Sofl &0l 7+5)

user@user-Super-Server:~$ ndctl list -Ri

HOIE N2l 22X A& B S8 A2 17




App direct > Memory B E 20| tH3} HitH

Step #2. 22| 2E= goal &4
@ 7|2 goalo] QJSH ALA|

user@user-Super-Server:~$ sudo ipmctl delete -goal

@ goal 24

user@user-Super-Server:~$ sudo ipmctl create -goal MemoryMode=100

@ 7|ZC| TUA|AE /mnt/omemO AFA|
@ Reboot

HOIE N2l 22X A& B S8 A2 18
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Intel Memory Latency Checker v3.9 A2
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Intel MLC v3.9

 Default behavior of Intel MLC is to test only DRAM or Intel Optane DC persistent

memory modules when configured in Memory Mode

* Totest Intel Optane DC persistent memory modules in App Direct Mode using Intel MLC, the
namespaces must be created using devdax mode % QIS E7| WUO| EX| P AL I Gl AT
£SO SYRSIZALL CI2 HEEHOM &% = 02
o MZz|HHH £ flezila 59| T2 U2 0|280) BEAHZH 5
=71 od - AMIIUO| ME|X| %2 H2 chmod 777 AL

* https://software.intel. com/contentAmww/us/en/develop/articles/intelr-memory-latency-
checker htm| =H|O|A| S}EHOf| mic_v3.9.tgz TTH EroioHM ofz0t&E £
* mic v3.9.tgz A25HAH| & 2SA|A| 280 T2t Linux &2 Windows CIEIE 2| LHC| mic AlSH T
= AMZ5HH =
o micAAIA0| QU= ClAIER|0M mic HE2 AMA|AHTH = (= Hx|etCl= 710 i1, Astnls
AMEst=7HEY)

X0 AMO|E:
Solved: Intel's Memory Latency Checker (MLC) is showing a max read bandwidth of ~1.9TB/sec which is impossible since the theoretical max bandwidth for 12 chan... - Intel Community 20



https://software.intel.com/content/www/us/en/develop/articles/intelr-memory-latency-checker.html
https://community.intel.com/t5/Intel-Optane-Memory/Intel-s-Memory-Latency-Checker-MLC-is-showing-a-max-read/td-p/725201

Intel MLC v3.9

« AEA| FO[AFR
. 2ISAOM AIRE A mic AIBHIIQI0| Q1= CIRAE 2|0 MO mic HIS AFRE

» prefetchers disablest2 ™ modprobe msr 3= 2 A AR OFS

user@user-Super-Server:~$ sudo modprobe msr

HIGO|E H2| AEZ|X| A|AH 9l 28 oAl

21




Latency S HE 1

user@user-Super-Server:~$ sudo ./mlc --latency_matrix

e latency_matrix & 0| &%t latency =8
* Local 2t cross-socket 0|22 latency== matrix YEZ Sl

* By default, MILC disables h/w prefetcher on the thread measuring the latency and uses sequential

aCCesses.
. 20| AIRBHA Ol 2

T M- -H

« -X:Use only 1 hyper-thread per core for bandwidth measurements(S1Al A|AEIO|Al Hyper-
threadingO| enable&l ’éJEH0|7| =0 & =4)
¢ -b: HIHO| 37| HYHE 4 YU SH
- M ol Ko 37IE &0 H0{S(ex. -b1g 2t & B2 HIHL| 37|5 1GBZ &OtF= A)
« -r: Initialize buffer(used by latency thread) with pseudo-random values so the access pattern

to memory will be random for latency measurement
HIC|O|E X{2|, AEZ|X| A|lAH 9 S8 A 22




Latency S& BE 2

user@user—Super—Server:~$ sudo ./mlc --idle_latency

« idle_latency € 0|25t latency £
* Prints the idle memory latency of the platform.

« By default, MILC disables h/w prefetcher on the thread measuring the latency and uses sequential
acCesses.
« ZOIAES A=A
- -b:HIHO| A7|E dEdliE &= U
- M Hol HIHe| 3 7|E Z0| A0S (ex. -b1g 2t & F2 HINe| 7|2 1GBZ &0tzF&= A)
* -J: Persistent memoryQ| A=25 X|&sliA] 7|2 latencyS 2 eHex. -J/mnt/omem0)

Al
M Z 2 A
=

—

rr

« r'Initialize buffer(used by latency thread) with pseudo-random values so the access
pattern to memory will be random for latency measurement

HOIE N2l 22X A& B S8 A2
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[dle latency &4

QM LIS latency 27 B 2717 & LR 12} Ag e
Ol YHS AIZ5

SM50| =B =)

3 $ sudo
Intel(R) Memory Latency Checker - v3.9
Command line parameters: --idle_latency -bo60g

.fmlc --idle_latency -b66g

Using buffer size of 61440.000MiB

Each iteration took 181.6 core clocks ( 78.9 ns)
$ sudo

Intel(R) Memory Latency Checker - v3.9

Command line parameters: --loaded latency -b6@g -X

.fmlc --loaded latency -b6Gg -X

Using buffer size of 61440.000MiB/thread for reads and an additional 61440.000MiB/thread for writes

Measuring Loaded Latencies for the system

Using only one thread from each core if Hyper-threading is enabled
Using Read-only traffic type

P.C

Exiting...

$ sudo
Intel(R) Memory Latency Checker - v3.9
Command line parameters: --latency matrix -b6@g -X

.fmlc --latency matrix -b6@g -X

Using buffer size of 61440.000MiB
Measuring idle latencies (in ns)...

Numa node
Numa node o
0 78.9
HIGO|E H2| AEZ|X| A|AH 4l 22 oAl
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[dle latency 4

« %M L2 latency SE BE 27X &
SME0|Cl2o2

H =

* GiA|

CI0IH M2|, 2EE[X] Al

user@user-Super-Server:~$ sudo ./mlc --idle_latency

user@user-Super-Server:~$ sudo ./mlc --idle_latency -r

user@user-Super-Server:~$ sudo ./mlc --idle_latency -J/mnt/pmem0

user@user-Super-Server:~$ sudo ./mlc --idle_latency -J/mnt/pmem0 -r

TR0 T2t ArSotH E(4 B0 ALE S + Us
) > 0= BF= AEollE Bt Bl L=

25




[dle latency 4

- ZE| 20| HL
- HIIMO| TVIS A B[22l 37|15 7 222 28st= 20| Oftet A28 1712 Bi=e|e| 371= 7|
To= ZYolor
OflA]) | BH|22| 37: 6144GB, A% TH4: A7H(QIE AT 2k1) > HIH 37|12 614492 2OH 23

> HIH 37|= 2|0 1536GB = &Y 7ts

sdp@sdp:~/mlc v3.9/Linux$ sudo ./mlc --latency matrix |-b2048g|-X
[sudo] password for sdp:

Intel (R) Memory Latency Checker - v3.9

Command line parameters: --latency matrix -b2048g -X

Using buffer size of -2097152.000MiB

*¥** Unable to modify prefetchers (try executing 'modprobe msr')
*** S0, enabling random access for latency measurements
Measuring idle latencies (in ns)...

Numa node

Numa node i L = =

0 alloc mem onnode(): unable to mbind: : Invalid argument
Buffer allocatromr—f=ried

HIGO|E H2| AEZ|X| A|AH 9l 28 oAl




dle latency & 81} 1
* 316b AfHY

X optaneol AL 2 E threadd A AFESH= H I
o| £ 3|7} 70~72GiB7} &l = Ttet0|E A

Memory mode App direct mode
Latency Latency
160 145.1 350 317.7
140 300
P 109.8 -
Z 120 @ 250
= 100 A7 =
O 80.8 O’ 200 178.8
c c
o 80 2
o 60 © 150
Q Q 89.5
S 40 < 100 75.5
0 0
sequential access random access sequential access random access
B DRAM ® Memory mode B DRAM m App Direct Mode

SEI0IE X2l AEX ALY L S8 AT




[dle latency 4

* 316b A{H

450

400
350
2 300
= 250
200
150
100
50

S

Latenc

Sequential access latency

16 32 64 128 256
Buffer size(GB)

1T 2

4 8

—e—DRAM =e—=Memory mode =e=App direct mode

HIGO|E H2| AEZ|X| A|AH 9l 28 oAl

450
400
350
2 300
250
200
150
100
50

S

Latency(

Random access latency

/
————— =0 =0
—-——————
1 2 4 8 16 32 64 128

Buffer size(GB)

—e—DRAM =e—=Memory mode =e=App direct mode

256

28




Bandwidth &

e Bandwidth =4 &&

user@user-Super-Server:~mlc/Linux$ sudo ./mlc --loaded_latency -dO -T -operthreadfile

« -d-SM: delayS LoHE S0l s SM (022 A H5HH delay/t QICH= <5 )
« -T&d: B= threadZ bandwidth S0 AREsHICH= X (&2l= cpu 0= loaded_latenyE &8
6= thread)
-0 54 FO| I} Ol 5= &% (A &2 CI=E2|0| perthreadfileO[2t= TI0| AS)
» perthreadfile L] LHE: G|A|( > FOf & AtM[et 2 Al )

0 R seg 200m dram

0 R seq 200m pmem /mnt/pmemO

HOIE N2l 22X A& B S8 A2
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Bandwidth &

- -0 =4 F{0l= 09| 0| =0| #{2|(0] L2 mic It 22 2|2[0f| RLC{0F )
OlA|2] AL perthreadfile O|2t= O|20|AS
« Spedify input file with options for per-thread controls during bandwidth measurements
* loaded_latency O|MTH HEE| =54
* input file L0 =07 = LIE2 mic 2A1 2112

input file

mlc perthreadfi redist.txt
le

<epu-range > <traffic-type> <seg/random> <buf size in KB> <dram/pmem > <node-
id/pmem-folder-path> <per-thread-delay> R o — perthreadfile
The 1* field specifies the cpu-range. The remaining fields are control parameters to be .
applied to the cpu(s) specified by the 1* field.

E=¥= 1P-15 W7 seq 100m dram

input file LHO{| &0{7t= specification

input file {/X| O A| AFZI
HIGO|E 2|, AER|X| A|AH 2 S8 HARAl )




Bandwidth 24 41}

* Memory mode(316b)

80
70
60
50
40
30
20
10

Bandwidth(GB/s)

1

All reads

67.19299

31.46827

2 3 4 5 6 7 8 9 10111213 14 15 16

Thread #

—=e—DRAM =e—=Memory mode

4IG[0|E| M2l AED|X| AlAH

=]

o
28 aRA

Bandwidth(GB/s)

X optaneol 82 B E threadO| A AtE5t= H I

80
70
60
50
40
30
20
10

o| £ 37]7} 70~72GiB7} £ =2 THatn|E X

3:1 read-write

58.88069

19.87591

R e

1T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Thread #

—e—DRAM =e—=Memory mode
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Bandwidth =4 Z1}

* Memory mode(316b)
2:1 Reads-Writes

80
70
60
50
40

57.34746

30 20.84774
20 M
10
1 2 3 4 5 6 7 8 9 101112 13 14 15 16
Thread #

Bandwidth(GB/s)

—=o—DRAM =e—Memory mode

HIGO|E H2| AEZ|X| A|AH 9l 28 oAl

X optanel| 4% ZE threadO| A AHESH= B
o| & A7|7} 70~72GiB7t £ =& T2t0H &7

1:1 Reads-Writes

80
70
60
50

40
30 25.1846

20 W

10

56.37773

Bandwidth(GB/s)

1T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Thread #

—e—DRAM =e—=Memory mode

32




Bandwidth

23 A

* App direct mode(316b)

80
70
60
50
40
30
20

Bandwidth(GB/s)

Read

70.2551

13.8101

10 W

0
1 2 3 4 5 6

7 8 9 10 11 12 13 14 15 16
Thread #

—e—DRAM —e—App Direct Mode

HIGO|E H2| AEZ|X| A|AH 9l 28 oAl

Bandwidth(GB/s)

80
70
60
50
40
30
20
10

0

3:1 Reads-Writes

00— 0———0—0—0—C0—~0—

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Thread #

—e—DRAM =e—=Memory mode
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Bandwidth =4 Z1}

* App direct mode(316b)
2:1 Reads-Writes

80
70
60
50
40
30
20
10

0

Bandwidth(GB/s)

*———0— 00— 00— 00— 00— 00— 00— 00— 00— 00— 00— 0—0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Thread #

—e—DRAM —e—App Direct mode

HIGO|E H2| AEZ|X| A|AH 9l 28 oAl

Bandwidth(GB/s)

80
70
60
50
40
30
20
10

0

1:1 Reads-Writes

=== 00— 00— —0——""L—"0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Thread #

—e—DRAM —e—App Direct mode
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Bandwidth

23 A

4

« App direct mode(316b) -7

80
70
60
50
40
30
20
10

0

Bandwidth(GB/s)

”
”
”
”

Non-temporal Write

- ——0—0—0—0—0—0—0—0—0—0—0—0
1 2 3 45 6 7 8 9 10111213 14 15 16
Thread #

—o—DRAM —e—App Direct Mode

NT-Write =X : https://lwn.net/Articles/255364/

Non-temporal write

Non-temporal: The data will not be reused soon, so there is no
reason to cache it

Non-temporal write operations do not read a cache line and
then modify it; instead, the new content is directly written to
memory

2 Read : 1 NT-Write

80
70
60
50
40
30
20

0

Bandwidth(GB/s)

1T 2 3 4 5 6 7 8 9 1011 12 13 14 15 16
Thread #

—o—DRAM —e—App Direct Mode
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MLCAFE SLIEILIE=E 25 1

* alloc_mem_onnode(): unable to mbind: : Invalid argument Buffer allocation failed

[+1 user@user-Super-Server: ~/mlc/Linux Q = -
- |l buffer 27|17t 22| 3
E S sudo ./mlc --latency matrix -X -b7@ = o
[sudo] user8| & =: / Y- : | HO‘I@'\E [[H OEIO'IIEI-
e e e - &2 el 7 SHE M e
" . - 7t app direct modeZ &A™ k|0
Using buffer size of 71680.000MiB Ol = AFSIO|| A CFH =2
Measuring idle latencies (in ns)... ML O ;O_-Ill_ -I _6I_4g =2 L -I — H-l
Numa node o 37| 2dEs510 @571 Y
Numa node 0 74 xH. o) [
G| alloc_mem onnode(): unable to mbind: : Invalid argument B HE 1. 4 E-” | D-”EE|7|- O-I -I =
Buffer allocation failed! EO|_|X| _||‘O|_| O|-7|

X C|Eso] Q2 I 37| M0 O3t LEOC|LE = I 3 7|7} M 22| 270 U=X| &1}

HIG|O|E M2|, AEZ|X| A|lAH” U S8 A




MLCALE S LIEL = 257 2

o 42 HIH 37|91H| CF= latency 40| L=

: 5 sudo .fmlc --latency matrix -X -b32g
[ntel(R) Memory Latency Checker - v3.9
ommand line parameters: --latency _matrix -X -b32g
Jsing buffer size of 32768.000MiB $ sudo .fmlc --latency_matrix -X -b32g
easuring idle latencies (in ns)... [sudo] userl| & =:
Muma node Intel(R) Memory Latency Checker - v3.9
Huma node 0 Command line parameters: --latency matrix -X -b32g
87.8
Using buffer size of 32768.000MiB
Measuring idle latencies (in ns)...
Numa node
Muma node
3]
SHAzH: 2|EElS 2lalo = 55 Q0|2 2 5 =
- ofi 224 2|FEolPH CHA| A2fel OfZ(dehot A2 2HA| ZUA|2E mic LhFe| ZAll2fal
A A
74| 0f2)
AHOIH Me|, 2E2|X| A|l&8 8 38 44 38




