Pabpuka
ansg NVMe

Ceprein NMnaTtoHoB
3amecTuTeNb reHepasibHOro AnMpeKTopa no crpaternun, «Panankes»



RDMA

RDMA (Remote DMA) no3BonsieT obecrneynTb MpsaMow

AOCTYM K ornepaTUBHOW MaMATM 4PYroro KoMnbroTepa v K JaHHbIM,
XPaHALMMCSA B YAaNEHHOW cncTeMe, 6e3 npmeieyveHns CpeacTB
OC o6ounx komnbtoTepoB. RDMA - meToj nepechIsiKn gaHHbIX C
BbICOKOW MPOMYCKHOW CMOCOBHOCTLIO 1 HU3KOW 3a4¢€ i

CUTrHana.
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[=];
HyneBasa konusa (Zero-copy)
Kernel bypass E
be3 npuBneyveHna LMYy
TpaH3aKkuMm Ha 0CHOBe coobLLeHMIN (Mmessage-based)
Noaaepxka pazbpocaHHOro BBo4a-BbiBOAa (Scatter/gather)
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NVMe

He3aBrC/MbI OT BeHAOPa NHTepdenc XxpaHeH s:

 MHOronoTOUHbLIN pexrM 6e3 NPrBA3KY
*  YnpouwleHHbIN Habop KOMaHA
« 64 000 ouepegen n 64 000 KOMaHA B o4vepesn.

NVMe over Fabrics

« (Cnocob nepegaum NVMe-koMaHA noBepx ceTeBbIX
npoTtokosioB (“Fabrics”)

« OCHOBAaH Ha ToW Xe apxuTeKkType 1 ncnonbsyet 1o xe 0 xocTa, YTo 1
JIOKaNbHbIe YCTPOWCTBA

« Cneyndunkaumda Tonbko gonosHgeT cneunoeukaumo NVMe.
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[MpenmyLiectea NVMe n NVMe over Fabrics

« (64K -1)1/0 ouepesen n (64K - 1) koMaHZ B ouepean
« KomMnnekcHaqa 3auTa AaHHbIX

« [lpropuntmsayma NCNONHEHNS KOMaHA 1 ONMMUCAHHbIA MeXaHN3M
apbuTpaxa

e DPPEeKTUBHbLIV N paclinmpaeMbll HAbOp KOMaHA
« [loaaepxka MHOXeCTBa apPeCHbIX MPOCTPaHCTB

« [loggepxka multi-path I/0 n pasgensemMoro 4ocTyrna K agpecHbIM
NPOCTPaHCTBaM.
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Controller Core 0 Core1 Coren
management

Admin Admin 110 10 110 10 110 /0
submission completion submission completion subrnission submission submission completion

NVMe controller
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Queue
1 Command

Ring
Doorbell

Submission Queue
Tail Doorbell
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Process
7 Completion

Host Memory
Ring
Doorbell
New Head

Completion Queue
Head Doorbell

Fetch Process Queue Generate
Command Command Completion Interrupt

NVMe Controller
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RDMA (B OCHOBHOM pa3BMBaeTCH
koMmnaHusaMum HGST n Mellanox)

FC (B OCHOBHOM pa3BrBaeTCH
KoMrnaHuewn Broadcom)
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TexHonoruns

NVMe Client NVMe Target

RoCE
ConnectX-4 Lx ConnectX-4 Lx
o <= > o
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OCHOBHbIe onpejeneHus

« Subsystem (noacucrema)

»  Namespace = ] ﬁ
(afpecHoe NpPoCTPaHCTBO) ;

e Port

« NQN (NVMe Qualified Name)

~ Protocol Type Example
NVMe NQN ngn.2014-08.com.vendor:nvme:nvm-subsystem-sn-d78432
iSCSI IQN iqn.1991-05.com.microsoft:dmrtk-srvr-m
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Differences PCI Express (PCle) NVMe over Fabrics
NVMe Qualified Name (NQN)

Discovery Bus Enumeration Discovery and Connect commands

Identifier Bus/Device/Function

Queueing Memory-based Message-based
Data Transfers PRPs or SGLs SGLs only, added Key

PRP: Physical Region Page (physical memory page address, PCle transport only)
SGL: Scatter-Gather List (list of locations and lengths for read or write requests)
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NVMe Transports

Local Bus Fabric Message Transports

Fibre . .
m m
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NVMe Fabric Command Capsule NVMe Fabric Response Capsule

Command ID Command

Parameters

SRS Optional _
: SQ Head Pointer Optional

NSID Additional SGL(s) Command Data

Buffer Address or Command Status

(PRP/SGL) Command ID
Command Data

Command
Parameters
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NVMe over Fabrics Command Sets

Fabrics Admin l/O
Command Set Command Set Command Set

g\r%l Rsvd Rsvd Rsvd
#1 #2 " #7
Set
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OnucaHue knacrepa

« 32*CPU Intel E5-2620v4
e« 2048GB of RAM
*  64*|B 100Gb/ EN 100Gb (Mellanox ConnectX-4) ports
e 32* NVMe HGST SN150
OrpaHunyeHHoe BpeMs
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RAIDIX

Target

*2XE5-2620v4
«128GB DDR4 2133 of RAM
*3XxNVMe SN150 1600
«2xMellanox ConnectX-4

Host

«2XE5-2620v4
«128GB DDR4 2133 of RAM
2xMellanox ConnectX-4
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Centos 7.2
fio-2.15
nmon
nvme-cli

nvmet-cli
hdm-3

CPU UM.I CPUUse | RunQ || pSwitch | ForkExec = Memory = Swap |
Network || Ne'tPaclletI Disk Busy | Unstacked | Disk Read Disk Write | | Disk BSize | Disk Xfers || JFS

Disk Read KB per second (Stacked)

8000...

W\M\/\M"A‘\'- 4 Honb. 2016 1., 17:58:15 — sdal
7200... "dm2:0 ' ==\ """W“‘""—"@_Sda
6 400... — nvm.

= nvm...

5600... vm
4800...
4000...
3200...

2400...

1600...

8000...

"nvme2Zn1: 2714 146,3
0 ®nvmelni: 2742 165,5 A 22

A9 a7 T g5 g g WVMeOn1: 20024798 | 57 457 467 467 457 o0 87 o8-

| CPU Util. | CPUUse | Runo‘ pSwitch | ForkExec | Memory | Swap

| Network | NetPacket | Disk Busy | Unstacked || Disk Read | || Disk Write || L || Disk BSize || Disk Xfers || JFS |
Use of Logical CPU Core Threads - POWER=SMT or x86=Hyperthreads
40 I syst...
36 I User%
N
28 CPU006
= System%: 31,9
24 u User%: 2,6
20
16
12
8
4
0
CPUDD1 CPUO0O3 CPUDD5 CPUDO7 CPUDDY CPUON CPUD13 CPUD15
CPU0D2 CPUOD4 CPUD0G CPUO0D8 CPUD10 CPUO12 CPUO14 CPUD16
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RAIDIX

SNIA SSS PTSe v.1.1
-lOps test
-Throughput test
-Latency test

725009

800000
il - B 595535
700000 - ‘
484858
600000 - 439728
425139
500000
'
o
o
= 400000 283212
300000
200000 {
"l 217027
| 152635 ‘
100000 -
0
aK 3623
8K
j .;945
5352 ‘ &
s f. 15198 ' e o
Block Size 13074 > 1927 = 100/0
64K 13219 > i 1887 < <@
. ' 3 1653 — ’ : : 65/35
128K " 1598 St 50/50
L S - 35/65
102\ el / AW mix
0/100

http://www.truesystem.ru/review/
362731/
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RAIDIX

AlononHuTenbHble NapaMeTpbl TecTa
Konnyectso NOTOKOB - 8
[nybuHa ovepean - 16

He orpaHnummca SSS PTSe !
|Ops c orpaHnyeHUAMU No 3agepxkam (latency)
Latency target = 300usec
Latency percentile=99.999
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LLar 1 - Aapo
LLlar 2- HacTpouka yCcTpoucTB
LLlar 3- Hactpowka BIOS, OC n cetu

*HGST PCle Solid State Drives Performance Measurement Guide
‘RHEL 7 Power management Guide
‘Performance Tuning Guide for Mellanox Network Adapters
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CaMble 3HauMMble NapamMeTpbl
BIOS

Disable HT
Disable C-States
Disable Node Interleaving

OS

tuned-adm profile latency-performance

cpupower frequency-set --min 2100000

echo “performance” >
/sys/devices/system/cpu/cpu/cpufreqg/scaling_governor
SMP affinity doesn't work!
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System tuning results

x1000 16k 100% random 65% / 35% read / write

x1000 4k 100% random write

x1000 4k 100% random read

500 1000

Tuned system Non-tuned system
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#---——-------—- Local Access T Femote Access

CPUO m CPIT1

AIDTIARY

IR(CIT0

5 d
3
g g
¥

Ispci
cat /sys/class/pci_bus/<>/device/numa_node

Fio settings

numa_cpu_nodes=
numa_mem_policy=

RAIDIX
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IOPS Test

x1000 16k 100% random 65% / 35% read / write

x1000 4k 100% random write

x1000 4k 100% random read

500 1000 1500

Correct NUMA node settings Wrong NUMA node settings
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Throughput test

MiB, 1024k 100% SR

MiB, 1024k 100% SR

2000 3000 4000 5000 6000 7000 8000 9000 10000

Correct NUMA node settings Wrong NUMA node settings
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Lat Test, IOps

x1000 4k Random reads iops

x1000 4k Random writes iops

40 60 80 100

Correct NUMA node settings Wrong NUMA node settings
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usec, 4k Random reads max lat

usec, 4k Random reads avg lat

;794

usec, 4k Random writes max lat

19
usec, 4k Random writes avg lat

‘22

100 150 200 250

B Correct NUMA node settings Wrong NUMA node settings
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 NVMe target core: onpegenset 1 ynpasndeT cywHoctamu NVMe

* [lpumeHeHMe komaHa NVMe admin

* [lpymeHeHMe komaHg NVMe I/0

« [Moppepxka NVMe over Fabrics: otBeuaeT 3a obcnyxvBaHme KoMmaH/z Fabrics (connect,
property get/set).

« CepBuc obHapyxeHus (discovery) NVMe over Fabrics: oTBeuaeT 3a nepegauy Discovery
log cTpaHuLbl Yepes cneumanbHblin Discovery-KoHTposiep.

« [loppepxmBaeT MUHUMYM HeobxoanMbIx KOMaHA NVMe:
« READ, WRITE, FLUSH + admin command
* HauuHaa c agpa 4.10 nogaepxmBaeTca KOMaH4a write-zeroes
« [Moppepxka DSM (aka discard)
MNopaep>xka ACLS
Persistent reservations He noaAep>XnBaroTcA
Controller failover???

RAIDIX


http://raidix.ru/
http://raidix.ru/

~ — root@target:~ — ssh root@172.16.21.98

AIDIX
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nvme discover -t rdma -a 30.3.1.1 -s 1023

Discovery Log Number of Records 1, Generation counter 2
=====Discovery Log Entry O0======

trtype: rdma

adrfam: ipv4

subtype: nvme subsystem

treq: not specified

portid: 2

trsvcid: 1023

subngn: raidix

traddr: 30.3.1.1
rdma_prtype: not specified
rdma_gptype: connected
rdma_cms: rdma-cm
rdma_pkey: 0x0000

nvme connect -t rdma -n raidix -a 30.3.1.1 -s 1023
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HW
RDMA
NIC

RAIDIX

RNIC
RDMA
sw

RDMA
VERBS

RDMA_CM

. Linux®* OFED
o

NVMf Device Controller

NVMF

Protocol
Library

DPDK LIBRARIES

. DPDK SW

() HW Controllers or @ sPDKEnhanced SW

" RMIC RDMA S\W/
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|IOps test

842862860 910

517 g4 521
-LlO 380 4604

' | LI
-

x1000 4k 100% random x1000 4k 100% random x1000 16k 100%
read write random 65% / 35%
read / write

¥ Local ® NVMeoR, Single port ® NVMeoR, Dual Port ™ ISER, Dual port * NVMeoR, Intel = SRP, Dual Port
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9005 8890 8920 8954
8452

3990 4091 3851 4102 4103
3474 3469 3512 3515

GiB, 1024k 100% SR GiB, 1024k 100% SW

* Local * NVMe, Single port ® NVMe, Dual Port ™ ISER, Single port  * iSER, Dual port

® SRP, Single port  * SRP, Dual Port ¥ SPDK, Single Port ~ SPDK Dual Port
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Lat test, iops

x1000 4k Random writes iops x1000 4k Random reads iops

Local NVMf ®ISER mSRP

RAIDIX
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|Ops tets, LimLat

x1000 4k 100% random read x1000 4k 100% random write x1000 16k 100% random 65% / 35%
read / write

Local, limlat 300 m NVMf ™ISER M SRP

RAIDIX
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Lat test

29

T

usec, 4k Random writes avg lat usec, 4k Random reads avg lat

¥ Local ® NVMeoR = SPDK

RAIDIX
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* 12 y3/10B
» 24 HakonuTenda NVMe
* OrpaHnyeHHbIe 3a4epP>XKu

« Bce HaKonMMUTeNn pacnpeaensitoTcs Mexay
y31aMu

e 1ONONIHNTE/IbHbLIV CETEBOW
TPaPuK reHepupyeTcsa C NnoMoLlbH dd
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RAIDIX

x1000 4k 100% random read

Full cluster test

x1000 4k 100% random write

NVMf mISER m SRP

2216 2199

.

x1000 16k 100% random 65% / 35%
read / write
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Enterprise Bblcokonpow3BoanTebHas
aHannTnKa

* [MnepkoHBepreHTHbIe peLleHns

* Knactepbl CYB/,

* PacnpepeneHHbie CX/A
« "Yckoputenu”

HPC
« BurstBuffer
« Bwusyanusauva v cumynayma

RAIDIX
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O6opyaoBaHue

Dual VPI Ports
Ethernet/InfiniBand:
10, 25,40,50,100G

2¢ 50/100Ghos 24 50/100Gbps

Memany

Il

PCle Gen 4
Root Complex or Endpoint

32-lanes
PCle Gen3/4
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* NVMe over fabrics gemoHCcTpupyeT nydwive
pe3y/ibTaTbl N0 CPaBHEHUIO C APYTrUMU
NPOTOKONAMW XpaHeHMs Ha 6baze RDMA

* [1py1 3TOM OXMAAEMbIX PE3YNbTATOB A HE
AOCTUT

« lonoHUTeIbHbIe 3a4ePXXKN BblLUe, YeM
NOKa3bIBaKOT TECTbl OT BEHA0pa.

RAIDIX
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