Western Digital.

Jiyuwe ¢ NVMe™
OpenFlex — ceTeBble
XpaHunnuwa NVMeoF

[puropmnin HWKoHoB (
CUCTEMHDBIN UHXKEHEP

CeHTAbpb 2021



mailto:grigory.nikonov@wdc.com

NVMe maert B 5 KJj1acc

| ——————

[e— — e —

Ten Years of NVMe

Marketing Workgroup
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NVMe Over Fabrics
Work Begins

https://www.snia.org/educational-library/nvme-state-union-2019
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Data Center SSD Revenue by Interface’
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K Units 2016 2017 2018 \ 2019* \ 2020* \ 2021*
Enterprise 364 749 1,048 2,774 5,740 11,192
Cloud 2,051 3,861 10,231 17,338 25891 31,050
Client 33,128 50,385 82,613 111,888 187,689 243,889
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Western Digital Enterprise HDD / SSD Price Trend ($/GB)
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Virtualization & Containerization vs. SNIA' | CLOUD STORAGE
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Virtual disaggregation of physically ~ Virtual aggregation of physically
aggregated components disaggregated components
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https://www.snia.org/sites/default/files/CSI/Why-Composable-Infrastructure-Final.pdf
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Bbi6bop TpaHCnOpTa — ceTeBOM XonuBap

* PCle
*FC
* Ethernet — lossy/DCB? RDMA or TCP?

* Infiniband

* Mbl BblIbupaem Ethernet — ckopocTb, MacliTabupoBaHMe, PacnpPoCTPaHEHHOCTb

* Bcerga octatoTcs BONpocChbl BblaesieHHOM ceTu ana Tpaduka CX, aaMUHUCTPUPOBAHUS,
be3onacHocTU U TA.
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RapidFlex™ High-Performance NVMe-oF Controller

Kazan Networks acquisition accelerates key NVMe-oF building block

* An optimized NVMe-oF target JBOF solution

— Extremely low power
— Minimal latency penalty
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* Advanced levels of hardware acceleration

* Enables efficient compute/storage disaggregation
— DAS-like performance with all the benefits of composability

* Available as 21mm BGA packaged target ASIC
Or compact PCle target adapter card

* 100Gb Ethernet connectivity

* /W avg, no ARM cores

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved.




NVMe-oF JBOF
Enabled via WDC'’s Bridge

CPU
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k Fabric

Servers

“Just a Bunch of Flash” (JBOF)
Attributes Enabled:
* Pooled, shared SSDs

* No loss in IOPS, BW, or latency performance (vs DAS)
* Can be scaled to virtually any level

* Low cost, low power method for SSD deployment

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved.
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OpenFlex™ Data24 NVMe-oF JBOF

NVMe™ storage shared over Ethernet fabric

* Enables servers to share NVMe flash storage as if it were local
— Up to 368TB in 2U 24-bay enclosure
— Dual Port and Single Port™ SSD options
— Uses low latency fabric to fully utilize IOPs and capacity
— Provides more efficient use of large capacity SSDs
— Realizes the performance promise of NVMe

* Provides industry-leading connectivity options
— Fan out to six connections without a switch
— Balanced design to eliminate over-subscription and maintain NVMe advantage
— Architected for extensibility with future enhancements

* Disaggregates NVMe storage for open composability
— Allows multiple hosts concurrent access at low latency
— Leverages mature standard NVM Express over Fabrics 1.0a
— Provides open composability

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved.



OpenFlex Data24 NVMe-oF Storage Platform

Deployment options

Direct Connect -
No Switch Required

Compute Nodes
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Fabric Connect

Compute Nodes

100GbE Links
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Composability / SAS Replacement
Expanded Data24 Options

High Performance Performance

= Highest possible performance = Needs only a single PCle slot per server (like SAS)
= Matches PCle lanes to the drives = Faster performance than SAS
= Each RapidFlex card sees only 8 drives = Each port can see all 24 drives
= Best fit for: = Best fit for:

— Maximum performance — SAS JBOF replacement

— Highest I/0O rates — Cost sensitive environments

— Alarger environment with more servers — Servers that cannot accommodate additional NICs
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RAIDIX ERA

Software RAID for flash

Product Benefits

High Performance
- 55.8GB/s and 10 400 000 I10ps
+ Latency less 100 us

+ No performance penalty in mixed |/0
workloads

+ Low performance penalty in degraded
mode

Usability and compatibility

- Wide range of RAID levels (including
RAID 7.3)

+ Works with local and remote drives
- Clients get array as a block device

+ POSIX API support: no needs to adjust
apps and file systems

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved.

Lightweight

* Less 20% CPU usage under maximum
array loading

« Minimum RAM utilization: less 4 GiB for
full-featured work



[s] root@localhost:~/raidix — ssh root@192.168.101.100 — 80x22

[rootPlocalhost
[root@Plocalhost
[root@Rlocalhost
[root@localhost
[root@Plocalhost

 [root@Plocalhost

[root@localhost
[root@Plocalhost

[ [root@Plocalhost

[root@Plocalhost
[root@localhost
[root@Rlocalhost
[root@Plocalhost
[rootPlocalhost
[root@Plocalhost
[root@Plocalhost

raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#
raidix]#

raidix]# fio fio.cfg
dimec: (g=0): rw=randread, bs=(R) 4096B-4096B,
ioengine=io_uring, ilodepth=64

fio-3.20-66-g797e
Starting 144 processes
Bobs: 144 (f=144): [r(144)]1[1.3%][r=

Western Digital.

(W) 4896B-4096B, (T) 4096B-40896B,

B.2GiB/s][r=10.8M IOPS][eta B4m3}5é6s]

NMpoussoantenbHocTtb ERA + SN640

Great performance 4x
competition

Easy to configure and maintain
Good feature set

Free license for up to 8 WD
drives

Hardware agnostic

No extra hardware

Works with most Linux systems

WDC + RAIDIX promo coming soon
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