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What is NVMe? NVMe - Non-Volatile Memory express

http://www.nvmexpress.org/

n :

Built for SSDs

Architected from the ground
up for SSDs to be efficient,
scalable, and manageable

NVM Express is a standardized
high performance interface
protocol for PCI Express (PCle)
Solid State Drives

Industry consortium
spec defines a queuing
interface, command set,
and feature set to optimize
performance

Available in different
form factors such as:
PCle Add in Card, SFF
2.5"U.2 and M.2

Industry standard
software and drives

Direct and Network attached low latency, high bandwidth, cost effective Flash solutions
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http://www.nvmexpress.org/

What is NVMe?

SSDs are fast. So fast in fact, their limiting factor is not their own hardware, but
rather the SAS or SATA connection that hard drives have traditionally used.
NVMe -“Non-Volatile Memory Express,” NVMe is an open standard developed to
allow modern SSDs to operate at the read/write speeds their flash memory is capable
of. Essentially, it allows flash memory to operate as an SSD directly through the PCle
interface rather than going through SATA and being limited by the slower SATA
speeds.

Traditional stack New paradigm

Runtime Application Application

User-space driver

File System Y
. : NVMe over Fabrics PCle NVMe
LVM

Multipath Driver
Block Layer

SCSI Layer

FC iscsl | sas
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Storage Latency and Command / Data Throughput

. Read Lat. Write Lat. Read Write Read Tp Write Tp
Latency Bus Media {us) (us) (I0Ps) (IOPs) (GBIs) (GBIs) e
] Memory DRh?l"l.Tnl <1 <1 Mot a Persistent Storage /\
{in CEC)
SCM =1 =1 Persistent Storage
SCM <10 <10 550K S00K 24 20
PCle
LL Flash <135 <13 730K 180K 32 3.0
(NVMe)
Flazsh =30 <25 750K 180K 3.5 3.0
SAS Flash 150 &0 420K S0K 2.2 1.6
SATA Flash 1.8ms 3 6ms 93K 25K 0.5 0.5
SAS / HDD >ms >*ms 200 200 0.15 0.15
v SATA TAPE “gecs” “gecs” “slow” “slow" “slow” “slow” [

SCM: 3DXP from Intel/Micron. Bytes addressable in DIMM (Apache Pass) and Block addressable(M.2/U.2/AIC..) in NVMe interface.
NVMe/SCM: Performance numbers are of Intel’'s Optane PCle Gen 3 x4 Add in Card. Endurance 30 DWPD.

NVMe/LL Flash: Performance numbers are of Samsung’s zSSD projections.

NVMe: Intel, Samsung, WD, Micron adapters are PCle Gen 3 x 4. Performance limited by the controller.

SAS SSD: Assumes 12G dual port active/active. Performance of single port operation (typical) expected to be lower.

IOPs and Latencies: Normally measured on a random 4K ops. * <1us for 1K transfer utilizing Persistent Log Buffer feature

Data throughput: Normally measured on a large sequential 256KB ops
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POWER9 PCIe Add In Card NVMe Device

Hardware Features

* NVMe Specs. 1.2.1 Compliant Software Support

* NVMe Over Fabrics 1.0 Capable * Linux

*PCleGen3x8 PCle3 NVMe Flash Adapter Power VM: RHEL 7.5LE, SLES 12
» Multiple Name Space (32) SP3LE

Ubuntu 18.04

NS Granularity 16GB 16TB 3.9TB 6.4TB
. : : : P NV: RHEL 7.5LE,
« Half Height Half Length (HH-HL) 18%\2:“ SLE, Ubuntu
» Power < 25W FC (LP/FH)  EC5G/ EC5C/ EC5E / .
' _ v FCsD EC5E AlX (7.12 & 7.2F), VIOS (2.2.6)

. End-To-Er\d Prqtectlon: T10 DIF & DIX IBMi FC EC6U / ECEW / ECBY / « Load Source
* Non Volatile Write Buffer (LP/FH) EC6V EC6X EC6Z - Software RAID 0, 1, 5 & 6 (Linux)
* Endurance 5 DWPD for 1.6/3.2/6.4TB + OS Mirroring (AIX, IBM i)
* PCle Vendor VPD Support (IBM Provides Workload Target « DIAG Support
content) ) « NVMe Over Fabrics (Linux Only)
* Boot: Option ROM BAR 128KB (IBM Read (IOPS) 700K 910K
Provides content) Write (IOPS) 100K 170K
* Warranty 2 5 years Mixed R/W (70/30) 250K 320K
* Hot Plug capable Read Data Tp (GB/s) 4.7 6.0
* ECC 2100 bits per.4KB ) _ Write Data Tp (GB/s) 1.9 3.0
* RAIF: Tolerant of single flash die failures Ferd LEE e (e 110 110
. S .

MTBF 2 2 million hours ) Write Latency (us) 30 30
* End Of Life Data Retention = 3 months
* EEH Support
* Live Firmware update Notes:
« NVMe-MI (Optional) 1. 10Ps and Latency #'s on random 4K
« Non-TCG SED 2. Data throughput #'s are on sequential

* No support for MEX Drawer 256KB work load

EXPRESS
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NVMe and IBM |

°* NVMe is able to provide higher performance than SSDs

* NVMe will provide additional virtualization capabilities on Power

- Every device is a PCle endpoint that can be dedicated to a
partition/LPAR

* Atleast one identical NVMe adapter pair is required; subsequent
NVMe adapter pairs can be different than the first pair. After an
identical pair is on the order, one NVMe adapter of different capacity
Is allowed.

* NVMe devices require IBM | operating system mirroring as there
isn’t hardware RAID support. Mirrored pairs must be on different
physical devices. NVMe can only mirrored to NVMe and SAS drives
can only be mirrored to SAS drives.

* IBM i supports virtualized NVMe via VIOS

* NVMe devices are planned to be included as supported direct
attached devices for IBM Db2 Mirror for i (SOD)
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NVMe and IBM |

°* NVMe is only supported in the system unit. Not supported in a
PCle Gen3 I/O drawer.

° 5914 supports up to 3 NVMe. S924 supports up to 5 NVMe.

* 5914 4-core P05 system is limited to 2 x 1.6TB devices only.
Mixing NVMe and SAS drives is not allowed (ten maximum of SAS
drives or two maximum of NVMe).

* E980 supports up to 8 NVMe per CEC (6 first drawer, 8 each drawer
2, 3, and 4 for a maximum total of 30)
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NVMe Namespaces and IBM |

°* NVMe uses namespaces which is a collection of logical blocks
whose logical block addresses range from O to the size of the
namespace. A namespace ID (NSID) is an identifier used by a
controller to provide access to a namespace.

* With NVMe, an ‘arm’ (logical unit) is a namespace. A namespace
IS a logical chunk of a physical NVMe device and multiple
namespaces are allowed on one NVMe device.

°* IBMiis the management interface used by a customer to create
and manage namespaces

° IBMi’s use of NVMe architected multiple namespaces provides
for many ‘arms’ on a small number of high capacity NVMe
physical devices

° IBMican use a NVMe device (up to 16 TB) with only a single
namespace for the whole device. However, for almost all customers,
this will cause sub-optimum performance since more (and smaller)
‘arms’ (logical units) are better than fewer and larger.
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SAS Versus NVMe Storage with IBM |

SAS NVMe
Customer iQ'F?AY L | disk || disk || disk || disk disk || disk | | disk || disk (';'g(/’:i':ee .
and 1 2 3 4 1 2 3 4
. A A A
operatlng * * * *
svstem view SAS I0A SAS IOA v Y v 3
y L 2 disk || disk disk || disk NVMe
5 6 7 8 device 2
OS is aware of hardware RAID *OS mirroring
SAS IOA SAS IOA
1 2
With — | With write
write cache
. eache NVMe NVMe
DeVICe device 1 device 2
. RAID
physical ARRAY 1 NS 1 NS 1
view SAS SAS SAS SAS NS 2 NS 2
disk 1 disk 2 disk 3 disk 4
. ] i i NS 3 NS 3
Parity Parity Parity Parity
stripe stripe stripe stripe NS 4 NS 4
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Recommended NVMe Namespace Sizes

* First generation NVMe devices have a hardware boundary of 16 GB for
name spaces. Device capacity can be wasted/lost if name spaces are not
multiples of 16. The maximum number of namespaces on a device is 32.

* |IBM i screens show Capacities in ‘GB’ (1000**3 (GB), not 1024**3 (GiB))
° IBM recommends namespaces of 188 GB or 393 GB

° Some possible configuration:
= S914 4 cores : max 2 x 1.6TB = 1448 GB net (8 namespaces)
= 5914 6/8 cores : max 3 x 6.4TB = 9432 GB net (16 namespaces)
= S924 : max 5 x 6.4TB = 15720 GB net (16 namespaces)
= E980 : max 30 x 6.4TB = 94320 GB net (16 namespaces)

Device Device Actual | Number of Namespace Total User Remaining

Nominal Size Namespaces Size Capacity Space on the

Size Used By Device
Namespace (unallocated)

1.6TB 1575 8 188 1448 87

3.2TB 3151 16 188 2977 174

6.4TB 6364 32 188 6016 348

1.6TB 1575 4 393 1556 19

3.2TB 3151 8 393 3112 38

6.4TB 6364 16 393 6288 76
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F3=Ex1it

Work with Disk Units

one of the following:
Save load source disk unit data
Copy load source disk unit data
Display/change page data
Analyze disk unit surface
Initialize and format disk unit

Reclaim I0OA cache storage

Stop dewvice parity protection

Update system wvital product data

Start device parity protection RAID S

Start device parity protection RAID 6

Start device parity protection RAID 5 with
Start device parity protection RAID 6 with
Start device pqrilg rrotection RAID 10
Hart—device—parittg—protection RAID 10 with
Work with NVM Dewvices

LB ) |

15

—

F12=Cancel
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Spare
Spare

spare
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Serial
Number
YOYACBYCBOB

Device
NVM

NVM Configuration
Current

T'ype choices, press En

Quantity of
Capacity of

namespac

each nam
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Create NVM Namespaces

Resource
Name
z DC0O4

Type Logical Address
S8FD U78D2.001

Capacity 1in
Used Availlable
0] 3151

ter.
es to create

espace

. WZS50067-P1-C8

———Namespaces———

Used Avail Total

- -
0] 32 32
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Confirm Create NVM Namespaces

Serial Resource
Device Number Name Type Logical Address
NVM YOYACBYCBOGZ DCO4 58FD UY8D2.001 . WZS0067-P1-C8
Quanti ty of namespaces to create . . . . . . . o o o 1 16
l..-.|-..-.r'i ty of each namespace to create . . . . . . . . & 188 GB
———————— Capacity in GB-————--——-—- —~~~Namespaces———

NVM Configuration Used Availilable Total Used Avail Total

Current 0] 32151 3151 0] 32 32

Projected 3008 143 3151 16 16 32
Note: Each namespace will be shown as a non—-confiqured disk

unit when the create

Press F10 to confirm

Press F12 to return

F10=Confirm F12

operation completes

the choice to create namespaces.

to change your choice.

Cancel
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Display NVM Namespaces

Namespace
NVM Serial Resource Capacity
Device ASP Unit Number Type Model NETUTS in GB
1 YOYACBYCBOGZ S8FD DCOA4
* * YKXN3RUGX288 eEBY7D 205 DDOO1 188
x * YOARSJVDPWOS 6BrD 205 DDOOZ2Z 188
* * YAPM3HNKEDTW 6BY7D 205 DDOO3 188
* * YW/rPUBJ4AAJEC &6BY7D 20% DDOO4 188
* * YE6949UWFVMSC 6B7TD 205 DDOOS 188
* * YDBURU4MB0QBK 6Br7D 20% DDOOB6 188
* * YTUVKJKRFNMA 6BT7D 205 DDOOTY 188
* * YFHZNNBVPFAX 6Br7D 205 DDOOS 188
* * YBAHVABX4AZL2Z 6B D 205 DDOO9 188
* * YBJKB8AAXOQXSA &6BYD 205 DDO10O 188
X * YHUGJJIDEBZXRY 6Br7D 205 DDO11 188
* * YJBHLHLJY Z4U 6B7D 205 DDO12 188
K * YMNDKGCDL9US 6BT7D 205 DDO13 188
* * YBFRE68624J8 6BrD 205 DDO14 188
* * YPZG7POTQDSY 6B7D 205 DDO15S 188
More. ..
X Non—-confiqured disk unit
F3=Ex1it Fo=Refresh F12=Cancel
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Displag NVM Namespaces

Namespace
NVM Serial Resource Capacity
Device ASP Unit Number Type Model Name in GB
* * YTZFM7DGESFY 6B7D 205 DDO16 188
2 YOYACBYCBO1 S8FD DCOS
* * YMDMANWZCOA3 6BTYD 205 DDO17 188
* * YWBCDJ8B8RHNF3 &6BY7D 209 DDO138 188
* * YOQPM2CPACRBU 6B7D 205 DDO19 188
* * YKEPEJSLUMBE 6B7D 205 DDO20 188
* * YZ2Z982PQEO93Mb6 6BT7D 205 DDO21 188
* * Y6o294CC2DaVv &6BYD 209 DDO22 188
* * YJODCS3PAATS 6EB7D 205 DDO23 188
* * YAX6BKRPKEK S 6Br7D 205 DDO24 188
X X YGRZLA9YFPAEUW 6BrD .4 0 157 DDO25% 188
* * YG3MPFT 7254D &6BY7D 209 DDO26 188
X X YLTZ2VOV/IPGKH 6Br7D 205 DDO2Z27 188
* * YQOVOMAUCFKW 6B 7D 205 DDO238 188
* * YLZSKLYLBMDN 6B7D 205 DDD29 188
* * YANTMYFWAUAA &6B7D 205 DDO30 188
Bottom
* Non-confiqured disk unit
F3=Exit FS5=Refresh F12=Cancel
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Press Ente

protection.

You will r
complete.

Press F12

ASP Un1it
1

(S S

o

r to confirm
During th
eturn to the

The ASP wil

to return to

Serial
Number

YKXN3RUGXZ288
YMDM4NWZCO9A3
YOQARSJVDPWOS
YWBCDJBRHNF3
YAPM3HNKEDTW
YQPM2CPACRBU
YW7rPUBJ4AJISC
YKEPEJSLUMBE
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Confirm Start Mirrored Protection

your <h
1s proce
DST mai
L have t

change

Type

6B D
6B 7D
6B 7D
6B*7D
6B 7D
6Br7D
6BrD
6B*7D

olce to

ss the

n menu

start mirrored

partition
after the
he displayed

your choice.

Model

205
205
205
205
205
205
205
205

Resource
Name

DDOO1

DDO17Y
DDOE2
DDO18
DDOO3
DDO19
DDOO4
DDO20

will be IPLed.

IPL is

protection.

Protection
Mirrored
planai
planar
|-|a—|l'|a—|l
planar
planai
planar
planai

planar

Hot Spare
Protection

N
N
N
N
N
N
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I |¢—||-!—n.—-t| time:

Unit Type

1 6B 7D
1 6B7D
2 6BrD

2 6ET7D
3 6B7D
3 6B 7D
= 6BrD
4 6EB7D
5 6B7D
o 6B 7D
S 6BrD
e 6BYD
s 6BrD

Command
b

F3=Ex1 t

Size

(G)
188
188
188
188
188
188
188
188
188
188
188
188
188

FS5=Refresh
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OQO0:00:00

Used

NN
2

s e e e e el e e ek ek e

3

12=Cancel

Work

I/0
Rqs
0
. O
. O
. 0
0
0
0
0
0
0
0
o
0

with

Request
Size (K)

.0
.0
.0
.0
.0
.0
.0
.0
.0
. B
.0
.0
.0

FZ24=More

Disk Status

Read
Rqs
.0
.0
.0
0]
.0
o
0
.0
.0
o
0
.0
.0

keys

Write
Rqs
.0
.
0]
.0
.0
0]
.0
.
.0
0]
.0
.0
.0

10/02/19

Read

(K

)

0}

.0
.0
.0
.0
.0
.0
.0
.0
. B
.0
.0
.0

H10002A0

05:10:22 CDT

Write

(K)

0

.0
.0
0
.0
. 0
0]
N0
.0
0]
.0
.0
0

Busy
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]

More. ..
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Is NVMe Fast?

25

Relative IOPS/ICore

Relative Efficiency

Higher is Better

6Gb SATA 6GbSATA 6Gb SASon 12GbSAS  NVMe on

on PCH on 6Gb SAS 6Gb 8AS
chipset HBA HBA

on 12Gb  CPU (PCle
SASHBA  Gen3l)

Clock Cycles per liO

90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

CPU Clocks per 1/O

6Gb SATA 6Gb SATA 6GbSAS 12GbSAS NVMeon

onPCH on6Gb on6Gb on12Gb CPU(PCle
chipset SASHBA SASHBA SASHBA Gen3)
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SATA vs SAS vs NVMe SSD Comparison

SATA vs U.2 7mm Bandwidth

B 2
13 4.0x
-;.-t', 1.2
o
l I i
oS5 o5
I I
o

Bl B () Wit B W (GRS

= NYMe U2 Frmim = SATA S50 RI
SAS vs U.2 vs AIC Bandwidth
2.0x

.3X
3.z 3
] I

Read BW |GE/s] Write BW{GERYs)

3.3x

0

WhNVMe AIC W NVMe U2 15mm W SAS SSDRI
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AT

EEO
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250

Klops

200

154

100

S0

1200

10040

B0

00

KIOPS

400

200
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SATA vs U.2 7mm IOPS

.3X

1.6x

40

Recd WGP Wirte KICPs

= MNYMe U2 Fmm W SATA 550 RI

SASws U.2 vs AIC IOPS
1.3x

1050

4,3x
170 160
] =
|
Read KHJP: wWiite KIOFs

= NVVie AIC = NVMe U.2 15mm = S5AS 55D RI
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What Does NVMe Cost vs SAS Storage

Simple RAID 4 1 1132GB @
with 4 HDD $3299
Simple RAID 4 1 549G @
with 4 SSD $9799
High Speed 4 1 1548GB @
RAID 4 SSD $12799
\V

Dual 1.6TB 1.6TB @
NVMe $6198

Dual 3.2TB 3.2TB @
NVMe \$12‘198

e
Dual 6.4TB 6.4TB @

NVMe $24198
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