
Flash, NVME,ʤʫʣʴʪʠʦʙʣʘʢʘï
ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʱʝʛʦ ʚ 
ʨʝʘʣʴʥʦʩʪʠ

ʈʦʤʘʥ ʂʦʟʣʦʚ
ʉʠʩʪʝʤʥʳʡ ʠʥʞʝʥʝʨ



Flash NVME

ʆʙʣʘʢʘɻʠʧʝʨʢʦʥʚʝʨʛʝʥʮʠʷ

Pay as you Go

.. as a service
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NVME, ʰʘʛ 1: ʥʦʩʠʪʝʣʠ

ÁNVMeʧʦʣʝʟʝʥ ʜʣʷ NAND SSD, ʜʣʷ SCM ïʧʨʘʢʪʠʯʝʩʢʠ ʦʙʷʟʘʪʝʣʝʥ

~ 10 ms

~ 25 µs

~ 10 µs

HDD

~ 80 µs

~ 20 µs

~ 10 µs

SAS TLC 
NAND SSD

~ 80 µs

~ 5 µs

NVME TLC 
NAND SSD

~ 2 µs
~   5 µs

NVME SCM 
SSD

Drive 
Latency

I/O Controller 
Latency

Software 
Latency
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NVME, ʰʘʛ 2: ʧʝʨʝʭʦʜ ʢ NVMe over Fabric

SCSI NVMe

iSCSIFC FCoE FC InfiniBand RoCE iWARP TCP

NVMe over Fabrics
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ʈʝʰʝʥʠʷ NetApp NVMe

Linux 
Host

NVMe
Driver

NVMe over 
InfiniBand Front-end 

NVMe 
Subsystem

Back-end 
SCSI

NVMe-to-SCSI 
Bridge

NetApp® EF570

Linux 
Host

NVMe
Driver

FC-
SCSI

NVMe over 
FC Fabrics

FC Transport

Front-end 
NVMe 

Subsystem

FC-SCSI

NVMe

SCSI to 
NVMe

NetApp 
WAFL®

Back-
end 

NVMe
NetApp AFF A320/A800
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Linux 
Host

NVMe
Driver

FC-
SCSI

NVMe over 
FC Fabrics

FC Transport

Front-end 
NVMe 

Subsystem

FC-SCSI

NVMe to 
SCSI

Back-
end 

SCSI

NetApp AFF A700 / 
A700s / A300

NetApp 
WAFL®

SCSI

NVMe over 
Ethernet
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32Gb / 2 or 4-port Adapter

Emulex Gen6 FC HBAs by Broadcom

Brocade G5/G6

NetApp A300/A320/A700/A700s/A800

+ +

NVMe over Fibre Channel

RHEL, SUSE, Windows, Vmware

+

Modern Server OS

FC

Header                                                        
FC Frame  SCSI-3

Command
Data

FC

Header                                                        
FC Frame  NVMe

Command
Data

Replaced



NVMe over Fibre Channel 
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Legend

Active Optimized 

SUSE Enterprise Linux 15, RHEL, Windows, Vmware

Fabric A Fabric B

NVMe Namespace-1

Multipath IO with NVMe/FC for Enterprise apps 

Active Non-Optimized

Inactive path
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FC NVMe/FC

LUN Namespace

WWPN NQN

igroup Subsystem

ALUA ANA*

ʋʯʠʤ ʥʦʚʳʝ ʩʣʦʚʘ: NVMeʠFiber Channel (NVMe/FC)



ʋʩʢʦʨʝʥʠʝ ʩNVMe over FC

9

Storage

Server

NVMe over Fabrics

FC

FCP

50% ʫʚʝʣʠʯʝʥʠʝ IOPS

~80 µS ʩʥʠʞʝʥʠʝ 
ʣʘʪʝʥʪʥʦʩʪʠ

IOPS / FC ʧʦʨʪ

3x

IOPS / LUN

8x
NVMe/FC
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ʉʨʘʚʥʝʥʠʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ NVMe over FC / FC
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Total Physical IO Requests per Second (K ops)

FCP - 75% read/25% update

FC-NVMe - 75% read/25% update

A700s Oracle 12c SLOB (ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ 1 ʢʦʥʪʨʦʣʣʝʨʘ)
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ʉʨʘʚʥʝʥʠʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ NVMe over FC / FC AFF A800



ʈʝʰʝʥʠʷ NetApp NVME end-to-end
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44 45 46 4742 4340 4136 37 38 3934 3532 3328 29 30 3126 2724 25

20 21 22 2318 1916 1712 13 14 1510 118 94 5 6 72 30 1

ʃʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ All Flash ʨʝʰʝʥʠʷʭ

AFF A320
512GB memory

40 CPU cores

AFF A800
1280GB memory

72 CPU cores

NS224 shelf
RDMA over RoCE / 4x100GbE



SSDs attached 
via NVMe

ɸ ʯʪʦ ʚ ʙʫʜʫʱʝʤ?
Optane, ZSSD, é. ?

Persistent Memory 
(PMEM)
NetApp® MAXData

Storage-Class Memory 
(SCM) as Cache

Storage
CPU

Server
CPU

NVMe over Fabrics

RNIC

ïORï

RNIC

ïORï

HBA/ 
HCA

HBA/
HCA

Unreleased product plans are subject to change

FC, InfiniBand, RoCEFC, InfiniBandFC  

HBAHBAHBA HBA

FC  
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ɺʦʟʤʦʞʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʦʪ 30 ʜʦ 300%



MAX Data

ʊʋʈɹʆ-ʂʅʆʇʂɸ ɼʃʗ ʇʈʀʃʆɾɽʅʀʁ

Vʅʝ ʪʨʝʙʫʝʪ ʧʝʨʝʧʠʩʳʚʘʥʠʷ ʢʦʜʘ

Vʋʣʫʯʰʘʝʪ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ IOPS

Vɿʘʱʠʱʘʝʪ ʜʘʥʥʳʝ

Vʀʩʧʦʣʴʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ NetApp®

ONTAP ® 

14



ɸʨʭʠʪʝʢʪʫʨʘ MAX Data ʢʨʫʧʥʳʤ ʧʣʘʥʦʤ

ÁMAX Dataʨʘʙʦʪʘʝʪ ʥʘ ʩʝʨʚʝʨʝ

ÁMAX Data ʠʩʧʦʣʴʟʫʝʪ PMEM ʠʣʠ DRAM, 
ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʩʝʨʚʝʨʝ ʧʨʠʣʦʞʝʥʠʡ

Áʌʉ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʜʣʷ ʨʘʙʦʪʳ ʚ 
ʧʘʤʷʪʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʦʪʢʣʠʢ, 
ʘ ʝʤʢʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ All Flash ʉʍɼ

ÁMAX FS ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʘʢ ʚ ʧʘʤʷʪʠ, 
ʪʘʢ ʠ ʥʘ ʉʍɼ

Áɺʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʟʘ ʜʘʥʥʳʤʠ 

(ONTAP® integration)

Áʉʚʝʨʭʥʠʟʢʘʷ ʟʘʜʝʨʞʢʘ ʠ
ʟʘʱʠʪʘ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ

Storage Tier Persistent Memory Tier

MAX FS

LUN

LUN

Red Hat 7.5+ / CentOS 7.5+
Bare metal / Vmware guest OS

MAX Data Server

iS
C

S
I 
/ 

F
C

P
S3

FabricPool
Cold Data (ʦʧʮʠʦʥʘʣʴʥʦ)
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MAX Recovery ïʟʘʱʠʪʘ ʜʘʥʥʳʭ

Storage Tier Persistent Memory Tier

MAX FS

LUN

LUN

Red Hat 7.5+ / CentOS 7.5+

MAX Data Server

iS
C

S
I 

/ 
F

C
P

Persistent Memory Tier

MAX FS

MAX Recovery Server
40GbE or

25/50/100GbE

RDMA

Åʊʝʭʥʦʣʦʛʠʷ ʟʘʱʠʪʳ MAX Recovery ʤʦʞʝʪ ʨʝʧʣʠʮʠʨʦʚʘʪʴ 
ʧʘʤʷʪʴ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ MAX Data Server ʠ MAX Recovery

ÅMAX Recovery ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ ʤʠʥʫʪ.

Å4 MAX Data ʩʝʨʚʝʨʘ ʤʦʛʫʪ ʨʝʧʣʠʮʠʨʦʚʘʪʴʩʷ ʥʘ ʧʷʪʳʡ 
ʩʝʨʚʝʨ, ʚʳʜʝʣʝʥʥʳʡ ʜʣʷ MAX Recovery.
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ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ MAX Data ʚ Oracle ïA220

ÁMAX Data ʦʙʝʩʧʝʯʠʚʘʝʪ 2-x ʢʨʘʪʥʳʡ ʨʦʩʪIOPS

ÁCʥʠʞʘʝʪʣʘʪʝʥʪʥʦʩʪʴ ʚ 16ʨʘʟ ʠ ʙʦʣʝʝ

Datafiles

MAX FS

DCPMM

1250 GB

LUNs

8TB

5TB Oracle DB 18c

ɿʘʜʝʨʞʢʠ IOPS

MAX Data ~50us ~430K

ONTAP FCP ~810us ~205K

ʋʩʢʦʨʝʥʠʝ~16X ~ 2X

Logfiles

MAX FS

DCPMM

250 GB

LUNs

2 TB

AFF A220 16GB FC (ASM w/o MAX Data)

Lenovo SR650 

Intel SP 8280M

1.5TB Optane DCPMM 

Oracle 18c - 5TB DB (2 - 650GB Users)

SLOB2



MAX Data - ʫʧʨʘʚʣʝʥʠʝ ʩʥʵʧʰʦʪʘʤʠ

1. ʉʥʵʧʰʦʪMAX FS

2. ʇʨʠʥʫʜʠʪʝʣʴʥʳʡ ʩʙʨʦʩ ʚʩʝʭ ʜʘʥʥʳʭ 

PMEM ʥʘ ONTAP®

3. ɺʩʝ ʤʝʪʘʜʘʥʥʳʝ ʠʟ ʧʘʤʷʪʠ ʪʘʢʞʝ 
ʢʦʧʠʨʫʶʪʩʷ ʥʘ ONTAP

4. ɺʳʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜʳ NetApp 
ONTAP Snapshot

Storage Tier Persistent Memory Tier

MAX FS

LUN

LUN

Red Hat 7.5 / CentOS 7.5

MAX Data Server

LUN
SnapMirror® to DR

S
n
a
p
s
h
o
t

1

2

3

4

iS
C

S
I 

/ 
F

C
P
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FabricPool

ʉ FP

Áɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʪʠʨʠʥʛʧʦ S3 ʚ

- NetApp StorageGrid

- Amazon S3, Microsoft Azure Blob 
Storage, AliBaba Cloud, IBM Cloud, 
Google Cloud 

Áʇʨʦʩʪʦʝ ʫʧʨʘʚʣʝʥʠʝ

Áʇʝʨʝʤʝʱʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʟʨʘʯʥʦ 
ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ

Áʉʥʠʞʝʥʠʝ TCO

O
n
-P

re
m

is
e
s
 F

o
o
tp

ri
n
t

FabricPool

Inactive

Data

Object Storage
P

e
rfo

rm
a

n
c
e

 
T

ie
r

C
lo

u
d

 T
ie

r

80%

ɹʝʟ FP
ɸʢʪʠʚʥʳʝ 
ʜʘʥʥʳʝ

çʍʦʣʦʜʥʳʝè 
ʜʘʥʥʳʝ
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ʕʢʦʥʦʤʠʷ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ çʭʦʣʦʜʥʳʭè ʜʘʥʥʳʭ


