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Executive Summary  Software-Defined Storage (SDS) is growing in popularity because it offers lower costs and more
deployment flexibility than traditional storage arrays, but it comes in many different architectures and
designs which support varying degrees of scale and performance. NexentaEdge is an ideal scale-out SDS
choice for OpenStack clouds requiring high performance block and object storage. Benchmark testing of a
12-node cluster proved its ability to deliver high throughput with flash storage and also demonstrated the
value of a high-speed Mellanox network in supporting that performance.

Advantages and Challenges Software-Defined Storage is growing in popularity due to its ability to lower hardware costs significantly
of Software-Defined Storage compared to traditional storage arrays. It also provides greater hardware flexibility as customers can
choose the best and most efficient servers, storage media, and networking options for their needs, and
change those hardware choices as needed. Some SDS choices, including NexentaEdge, offer the option
to deploy as either traditional scale-out storage or as hyper-converged infrastructure, depending on the
workload and application. The vast majority of cloud and Web 2.0 customers, as well as a growing
number of enterprises, are choosing SDS as a way to achieve rack-scale deployments efficiently with high
performance at an affordable cost.

However, there are often concerns that SDS does not support the same level of performance as traditional
storage arrays sold on dedicated, and sometimes customized, hardware. Customers seek guidance and
best practices on how to architect their SDS solutions for the best scalability, highest efficiency, and
easiest manageability.

Test Goals | Mellanox, Nexenta and Micron desired to demonstrate the scalability and performance of Nexentakdge
using Micron high-capacity SSDs, as well as the ability of higher-speed networking to enable higher levels
of throughput from the storage cluster. Secondary goals included testing the performance at different
network speeds and measuring the performance benefits of inline deduplication and compression.

NexentaEdge Design and : NexentaEdge is designed from the ground up to deliver high-performance block and object storage

Scalability services and limitless scalability to next-generation OpenStack clouds, petabyte scale active archives,
and Cloud Native Application infrastructures. NexentaEdge runs on shared-nothing clusters of industry-
standard Linux servers, and builds on Nexenta patent pending Cloud Copy On Write (CCOW) technology to
break new ground in terms of reliability, functionality, and cost efficiencies

NexentaEdge is a truly distributed, scale-out architecture, consisting of three or more physical servers

interconnected using a dedicated Ethernet (10/25/40/50 GbE) network for cluster communication. The

connected servers form a cluster that maintains redundancy and resilience of data throughout the system
using strong cryptographic checksums for data
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NexentaEdge Target Use

Cases & Differentiators The image below represents the typical NexentaEdge use cases, although this application now extends
our OpenStack and Cloud Service Provider support and infrastructure up to many petabytes of block
and object storage by allowing to run high performance and I/0 intensive workloads. Some additional
examples include:

e High performance storage pool for private and public clouds on OpenStack

e Analytics
e Multiple distributed databases
e Network services
e Dev/ops
OpenStack Cloud Active Archive
iSCSI Cinder and Swift Object API Swift and S3 Object API
Low latency block services Simple multi-PB scaling
Inline cluster-wide deduplication O Cloudscale availability management
Inline compression o Automated capacity balancing
openstack

Instant snapshots and clones Inline data reduction

Scale-Out Storage for VMware Container-Converged

Low latency iSCSI services Deployed as storage microservice

) Simple multi-PB scaling Support stateful container mobility
Cloudscale availability management Flocker volume plug-in _ .
4 g High performance container block driver

vmware Inline cluster-wide deduplication dOCer Inline data reduction
Instant snapshots and clones Instant snapshots and clones

NexentaEdge Deployment
Options NexentaEdge: Deployment Models
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Dedicated Nodes Configuration Mixed Nodes Configuration

A NexentaEdge cluster consists of these main components:

¢ (Gateway nodes — Connect the storage system to the outside world through any of the supported ac-
cess protocols: block/iSCSI or object (S3 and Swift)

¢ Data nodes — Store the actual data

e Networking infrastructure —Ethernet networking that is IPv6 capable, such as the Mellanox ConnectX®
family of adapters and Spectrum Ethernet switches.

The gateway nodes can be separate from the data (storage) nodes or each node can be both a data
and gateway node, which is a hyper-converged configuration. NexentakEdge uses two logical networks,

©2016 Mellanox Technologies. All rights reserved.
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a cluster network for management and replication and a public network for connecting client traffic.
These logical networks can be separated for performance or security reasons or combined onto one
physical network if it has sufficient bandwidth. Write traffic, or incoming data, is typically written to disk
two or three times for redundancy and availability, and this replication means that the cluster network
typically sustains 2x or 3x the load of the front-end network. However, NexentaEdge is able to reduce this
overhead by utilizing in-line compression, deduplication and intelligent multicast based networking.

Hyper-converged with
combined gateway and
data nodes and top-of-rack
Ethernet switch

Figure 2. Mellanox ConnectX-4 Lx
Ethernet Adapter

Mellanox End-to-End

Ethernet Solution Mellanox offers the ideal end-to-end Ethernet networking solution for deploying NexentaEdge, including
adapters, switches, and cables. Mellanox adapters support the most popular Ethernet speeds for scale-
out storage including 10, 25, 40, 50, and 100Gb Ethernet, and feature low latency, high throughput,
efficient offloads, and low power usage. They offer advanced offload and hardware acceleration
capabilities for general networking, virtualization and cloud deployments, including stateless TCP
offloads, RDMA (RoCE and InfiniBand), SR-I0V, and overlay network acceleration for NVGRE, VXLAN, and
GENEVE.

Mellanox Ethernet switches offer high performance which allows storage performance to scale linearly
and predictably to dozens or hundreds of nodes. They deliver low latency with no jitter, at any packet
sizes and network speeds, eliminate avoidable packet loss, and have fair bandwidth allocation using

any port configuration. Innovative designs allow support for many different speeds and very dense port
configurations, including a 1RU high, half-width switch ideal for building highly-available storage clusters.

Mellanox LinkX® interconnect solutions includes cables, transceivers and module with the highest
reliability, lower power consumption, and lowest bit error rate (BER) in the industry. Available in copper,
fiber Active Optical Cables (AOCs), and transceivers, Mellanox LinkX supports innovative technology to
support high speeds over long distances and enable very dense 10, 25, and 50GbE port configurations on
Mellanox switches.

Mellanox Ethernet adapters and switches are certified by Nexenta for use with NexentaEdge.

Figure 3. Mellanox Spectrum SN2100 half-
width 1U Ethernet switch

©2016 Mellanox Technologies. All rights reserved.
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Hardware Setup and Test The NexentaEdge cluster was set up as follows:

Configuration Cluster Setup:

¢ 12 Nodes, running in mixed mode (hyper-converged), each running as a gateway + data node
NexentaEdge Server Hardware (each node):

e 8x SSD, Micron 510dc 960GB

e 7256GB RAM (some nodes with 512GB)
e CPU: 2x E5-2697 v3 @2.6GHz
Network Setup

Mellanox ConnectX-4 Lx 50Gb Ethernet adapter, one per server using a single port each
Mellanox Spectrum SN2700 switch with ports configured for 50GbE

Mellanox splitter cables, 100GbE QSFP28 to 2x50GbE QSFP28

¢ Two nodes at 50GbE connected to each switch port, via splitter cables

Software:

e Ubuntu 14.04.3 LTS with 4.2 Linux Kernel

¢ Nexentakdge 1.1.0-fp2

e NUMA is used to lock Client to CPUO/MEMO and storage services to CPU1/MEM?1 respectively
Benchmark Tool and Settings

e FI0-228

e 20x LUN x12 nodes = 240 LUNs 100GB LUN = 24TB working set
e 756KB 100% rand write tests

e Compression : 0%

® Deduplication : 0%

e Replication : 2x

e fio settings - “allrandrepeat=0 direct=1 rw=randrw rwmixread=0/100 buffer_compress_percentage=0
dedupe_percentage=0 refill_buffers norandommap randrepeate=0 ioengine=psync bs=256k iodepth=2
numjobs=80 time_based group_reporting”

High Throughput Random | The first test was designed to highlight scalability of the NexentaEdge software and network links, which
Large Write using 50GbE required synchronous replication so as to force the most traffic over the network links while maintaining
Ethernet | high throughput numbers.

Large blocks writes were used as small block does not adequately stress the wide network link scaling
from 10gbit/s-50gbit/s without first saturating the CPU of the gateways. A write workload was chosen
as the write path sends “replica count” additional copies of every block we are able to amplify network
traffic with 2x replication by sending traffic synchronously. In this case, a replication factor of 2x meant
that each TMB write request actually sent 2MB of data over the netwaork. Initial testing with writes all
in-cache allowed write rates significantly higher than the sustained disk bandwidth is capable of. Using
50Gb Ethernet ensured the network was not the bottleneck and allowed one physical network to support
both the public and cluster networks.

This test yielded peak network bandwidth figures across the 12-node cluster of 28.9GB/s, or
approximately 231 Gb/s. Including the 2x replication traffic, actual cluster throughput was 57.8 GB/s (462
Gb/s) of back-end data traffic across the network. The per-node throughput of just over 19Gb/s of data
and 38Gb/s of network traffic demonstrated the need for a network faster than 10GbE.

©2016 Mellanox Technologies. All rights reserved.
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@ iTerm Shell Edit View Profiles Toolbelt Window Help [ MSR0) 2 W) 70%®@} ThuJun 23 11:53
[ 1. tmux
~ (bash) ~(ssh) | tmux. root@nedgegw2: ~ (bash)
[ RUN ] libccow_teardown [ RUN ] libccow_teardown I RUN 1 libccow_teardown
0K ] libccow_teardown It 0K ] Libccow_teardown
test(s) run. 4 test(s) run.
[ PASSED ] 4 test(s) [ PASSED ] 4 test(s) IL PASSED ] 4 test(s)
I
© FAILED TEST(S) © FAILED TEST(S) | © FAILED TEST(S)
_root@nexentaedgel: /opt/nedge/nmf# ifconfig up p3pl .root@nexentaedge2: /opt/nedge/nmf# ifconfig up p3pl | .root@nexentaedge3: /opt/nedge/nmf# ifconfig up p3pl
p3pL: Unknown host 1p3pL: Unknown host
g gives usage information. ifconfi -help' gives usage information. lifconfig: “--help' gives usage information.
rooténexentaedgel: /opt/nedge/nmf# ifup p3pl rootenexentaedge2: /opt/nedge/nmf# ifup p3pl Irootenexentaedge3: /opt/nedge/nmf# ifup p3pl
ifup: interface p3pl already configured ifup: interface p3pl already configured ifup: interface p3pl already configured
rooutnexenmedgel /opt/nedge/nmf# RUNTIME=600 CSIZE=256K READ=0 ./nbdtester fio 1 20 mctme-enknedgez ‘opt/nedge/nmf# RUNTIME=600 CSIZE=256K READ=0 ./nbdtester fio 1 20 \rwmn-xenmedgez /opt/nedge/nmf# RUNTIME=G00 CSIZE=256K READ=0 ./nbdtester fio 1 20
1 1466707581554308, nid": 1466707581554308, “genid": 1466707581554308,
‘Sﬁmar\drw M\xr‘tadﬂ (g=0): rw=randrw, bs=256K-256K/256K-256K/256K-256K, ioengine=psync, iodeptt "SEKr‘ﬁmﬂrw m\xreado (g=@): rw=randrw, bs=256K-256K/256K-256K/256K-256K, ioengine=psync, iodepth=2 \ZSernndrw mixreadd: (g=@): rw=randrw, bs=256K-256K/256K-256K/256K-256K, ioengine:

fi0-2.2.10 fio-2.2
Starting 80 threads Starting 80 threads \Stur‘hng xw threads
Bobs: 80 (f=160): [w(80)] [5.5% done] [OKB/2279MB/@KE /s] [0/9115/0 iops] [eta @9m:28s] Jobs: 80 (f=1600): [(80)] [5.5% done] [OKE/3165MB/OKE /5] [8/12.7K/ iops] [eta 09m:28s] 1Jobs: 80 (f=1600): [w(80)] [5.5% done] [OKB/3208MB/OKE /5] [0/12.9K/0 iops] [eta 09m:28s]

[ RN 7 Libccow_teardown 7 libccow_teardown 1L RUN 1 libccon_teardown
L 0K ] ibccow_teardown Ca W con T it 0K ] libccon._teardown
4 test(s) run. test(s) run. 4 test(s) run.
[ PASSED ] 4 test(s). [ PASSED ] H test(s). ID PASSED 1 4 test(s).
|
© FAILED TESTCS) 1 0 pazieo TEST(S) | 0 FAILED TESTC
+/opt/nedge/nnf# ifconfig up p3pl [ oottresentocdies opt/pedse/mtalitantialieleet rootsrorentaodzes:/op/eise/mtaliteontiolplr et
Unknown hosf 1p3p1: Un
fig elp sage information. conf e ves information. Iifconfi elp' gives usage information
rootnexentasdges: /optsnedgesraft 1fup popi roattmexsntaedges:/opt/nedgernmfs Lfup popL \rmmnuentaedgrb fopt/nedge/nf# fup p3pl
(e i pe ey et 11fup: intarface p2p1 already configured 1ifup: interface p3pl already configured
rootenexentaedges: /opt/nedge/nmf# RUNTIME=600 CSIZE=256K READ=0 ./nbdtester fio 1 20 Iractﬁﬁ\!-ler\(uedg ‘opt/nedge/nnf# RUNTIME=600 (SIZE=256K READ=0 ./nbdtester fio 1 20 Ireo enexentaedge: /opt/nedge/nnf#t RUNTIME=600 (SIZE=256K READ=0 ./nbdtester fio 1 20
enid: 14G6707S81554308, "genid": 1466707581554308, "genid": 1466707581554308,
256Krandrw_mixreado: ( andrw, bs=256K-256K/256K-256K/256K-256K, ioengine=psync, iodept! IZSmendm mixreadd: (g-0): rwerandrw, bs=256K-256K/256K-256K/256K-256K, ioengine=psync, iodepthe2 \’Sernnmw mixreado: (g=0): rwerandrw, bs=256K-256K/256K-256K/256K-256K, ioengine=psync, iodept
floco lloco
.2.10 Ifio-2. 1fi0-2.2.10
Starting 80 threads Istarting se threads IStarting 80 thre
Jobs: 80 (f=1600): [w(80)] [5.5% done] [OKB/1424MB/0KB /5] [0/5697/0 iops] [eta @9m:295] 1Jobs: 80 (f=1600): [(80Y] [5.5% done] [0KB/3038MB/0KS /5] [0/12.2K/0 iops] [eta @om:28s; 1Jobs: 80 (f= mo) [0C80] [5.5% done] [OKB/30116/0K8 /5] [0/12.5€/0 iops] [eta 09m:295]

r 0K ] stgt_lun_create 0K J stgt_lun_create 0K ] stgt_lun_create

[ RN 7 libccow_teardown 1 libccow_teardown IC RN 1 libccow_teardown

r 0K ] Tibccow_teardown 0K J Libccow_teardown \[ K3 ¢srdem
4 test(s) run. 4 test(s) run. - test(s) run.

[ PASSED ] 4 test(s). |[ PASSED ] 4 test(s: \[ PASSED ]4 test(s)

© FATLED TESTCS) | 0 FATLED TEST(S) \  FATLED TEST(S)
‘opt/nedge/nnf# ifconfig up p3pl 1. root@nexentaedge8: /opt/nedge/nmf# i fconfig up p3pl I..root@nexentedged: /opt/nedge/nnf# ifconfig up p3pl
Ip3p1: Unknown host
o! gives usage information,
sdga/md i popl g /opt /nedge/nmf# ifup p3pl

configur in fig i

rootenexentaedge? :/opt/nedge/ RINTINE-600 CSIZE-256K READ=0 ./nbatester o 120 |rcememmaqes- op:/neaqe/nm RUNTIME=600 CSIZE=256K READ=0 ./nbdtester fio 1 20 Irootenexentedged: /opt/nedge/nmf# RUNTIME=600 CSIZE=256K READ=0 ./nbdtester fio 120
id": 1466707581554308, "genid": 1466707581554308, | “genid": 1466707581554308,
256Krandr_mixreado: (g=0): rwerandrw, bs=256K-256K/256K-256K/256K-256K, ioengine=psync, iodepth=2 ussxmnam mixreadd: (gua>: rarandrw, bs=2S6K-256K/256K-256K/256K-256K, {oenginespeync, iodepthe2 1256Krandrw_mixreadd: (g=8): rw-randrw, bs=256K-256K/256K-256K/256K-256K, ioengine-psync, iodepth-2
|

fio-2.2.10 1Ho-2.2.10 1fio-2.2.10
Starting 80 threads IStarting 80 threads IStarting 80 threads
Jobs: 80 (f=1600): [w(80)] [5.5% done] [OKB/3268MB/0KB /5] [0/13.7K/@ iops] [eta 09 1Jobs: 80 (f=1600): [w(80)] [S.5% done] [OKB/1525MB/OKE /s] [0/6100/0 iops] [eta 09m:29s] 1Jobs: 80 (f=1600): [w(80)] [S.5% done] [OKB/2801MB/0KB /5] [0/11.3K/0 iops] [eta 09m:29s]

Creating LUN 209. ICreating LUN 230. ICreating LUN 251.

Writing 262144 bytes to lostsect_off OXC7FFCO000 IWriting 262144 bytes to lastsect_off OxC7FFCO000 ... wmmg 262144 bytes to lastsect_off OxC7FFC0000

4 I 0K 1 stgt.lun_create iC Ok ] stgt_lun_create
|[ RUN ] libccow_teardown 1L RUN 1 libccow_teardown

0K ] Tibecon_teardom It 0K ] libccon_teardown

[ — Y [..........] test(s) run | [mmmmmmme] 4 test(s) run

[ PASSED ] 4 test(s). IL PASSED ] 4 test(s). I PASSED 1 4 test(s).
1 |

© FAILED TEST(S) | 0 FAILED TESTCS) | 0 FAILED TEST(S)

rooténexentaedge10: /opt/nedge/nnf# ifconfig up p3pl rooténexentaedge11: /opt/nedge/nnf# ifconfig up pIpl | .rooténexentaedge12: /opt/nedge/nmf# ifconfig up p3pl

p3pl: Unknown host : Unknown host 1p3p1: Unknown host

help' gives usage information. config: ‘--help' gives usage information. lifconfig: “--help' gives usage information.
B tenexentaedgell:/opt/nedge/nnf# ifup p3pl Iroot@nexentaedge12: /opt/nedge/nmf# ifup p3pl
interface p3pl already configur Iifup: interface p3pl already configured 1ifup: interface p3pl already configured
‘opt/nedge/nnf# RUNTIME=600 CSIZE=256K READ=0 ./nbdtester fio 1 20 (e /opt/nedge/nmf# RUNTIME=G00 CSIZE=256K READ=0 ./nbdtester fio 1 20 Irootenexentaedge12: /opt/nedge/nmf# RUNTIME=600 CSTZE=256K READ- ./nbdtester fio 1 20
: 1466707581554308, genid": 1466707581554308, | "genid": 1466707581554308,
¢ rwerandrw, bs=256K-256K/256K-256K/256K-256K, ioenginespsync, iodepthe2 |256Krandromixreadd (g=0): rw=randrw, bs=256K-256K/256K-256K/256K-256K, ioenginespsync, iodepth=2 1256Krandrw_mixread: (g rwerandrw, bs=256K-256K/256K-256K/256K-256K, ioenginespsync, iodepths

llocc |
1fio-2.2.10 1fi0-2.2.10

Starting 80 threads IStarting 80 threads IStarting 80 threads

jobs: 80 (£=1600): [w(80)] [5.5% done] [OKB/2339MB/0KE /93 : 1Jobs: 80 (£=1600): [(80)] [5.5% done] [OKB/212MB/0KE /] [0/8516/0 iops] [eta 09m:30s] |Jobs: 80 (£=1600): [W(80)] [5.5% done] [GKB/105OMB/OKB /s] [0/4234/0 iops] [eta 69m:30s]
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The second test wrote data to actual flash media instead of to RAM cache, showing that increasing the
speed of the network allowed the NexentaEdge cluster to support increasing amounts of write throughput.
By varying only the network speed and holding all other aspects constant, the following aggregate front-
end writes performance was obtained on the NexentaEdge cluster. Performance was measured at the
front-end (client-side) with writes to flash storage, 100% random write workload with 256KB 1/0 size.

e 476 GB @ 10GbE

* 6.35GB @ 25GhE

e 7.87GB @ 50GbE

Frontend Scaling vs Network Speed

Agaregate Bandwidth in GB/s
®

10 Gbit 25 Gbit 50 Gbit

50 Gbit +
Dedupe /
Compression

Mellanox HCA Network Speed

NexentaEdge supports inline deduplication and compression, which is very rare in enterprise and cloud
storage solutions as most other storage systems perform dedupe and compression as a “post” process,
after writing the data. With this enabled and still writing to actual flash media, performance increased over
time, climbing from 7.87GB/s to 12.7 GB/s of actual front-end data throughput. The performance increases
over time because as more data is written there is an increasing chance that some of that data is not
unique, and that it can be automatically deduplicated in-line by Nexentakdge, increasing the performance
and reducing the amount of data that needs to be written to flash media.

NexentaEdge provides a highly-scalable SDS solution capable of achieving 29GB/s (232 Gb/s) of write
throughput with twelve nodes, which actually required 57.8GB/s (462Gb/s) of network throughput with

2x replication. Connecting the servers in the NexentaEdge cluster with Mellanox Ethernet adapters and
switches provided a non-blocking high-speed network with ease of deployment/management and industry-
leading cost/performance. Deploying Nexentakdge with Mellanox high-speed Ethernet networking and
Micron SATA data center SSDs allowed a high level of write performance which scaled up in a near-linear
fashion as the number of nodes was increased. In addition, cluster write throughput increased as the
network speed was increased from 10 to 25 to 50Gb/s. Turning on NexentaEdge's inline dedupe and
compression increased performance further, showing the advantages of inline data efficiency vs. post-
process data efficiency features.

Testing suggested that using more SSDs per node or faster (SAS or NVMe) SSDs would allow the same
12-node cluster—using the same server hardware, software, and networking equipment—to support
even faster performance. Together, Nexenta and Mellanox break new ground for software-defined storage
in terms of reliability, functionality and cost efficiency, and the joint solution enables next generation
OpenStack clouds, petabyte scale active archives and Big Data applications.



WHITE PAPER: Proving the Scalability of Software-Defined Storage With 25/50Gb Ethernet Networking page 8

About Micron Micron Technology, Inc. is a global leader in advanced semiconductor memory systems. Micron’s broad
portfolio of high-performance technologies—including DRAM, NAND and NOR Flash—is the basis for
solid state drives, modules, multichip packages and other system solutions. Backed by more than 35
years of technology leadership, Micron’s memory solutions portfolio enables the world’s most innovative
computing, consumer, enterprise storage, networking, mobile, embedded and automotive applications.
Micron's common stock is traded on the NASDAQ under the MU symbol. To learn more about Micron
Technology, Inc., visit www.micron.com.

About Mellanox @ Mellanox Technologies is a leading supplier of end-to-end InfiniBand and Ethernet interconnect solutions
and services for servers and storage. Mellanox interconnect solutions increase data center efficiency by
providing the highest throughput and lowest latency, delivering data faster to applications and unlocking
system performance capability. Mellanox offers a choice of fast interconnect products: adapters, switches,
software, cables and silicon that accelerate application runtime and maximize business results for a wide
range of markets including high-performance computing, enterprise data centers, Web 2.0, cloud, storage
and financial services. More information is available at www.mellanox.com.

About Nexenta Nexenta is the global leader in Open Source-driven Software-Defined Storage (OpenSDS) with 6,000+
customers, 400+ partners, 42 patents, and more than 1,500 petabytes of storage under management.
Nexenta is 100% Software-based; and 100% hardware-, protocol-, cloud platform-, and app-agnostic
providing organizations with Total Freedom protecting them against punitive “vendor-lock-in”, “vendor-bait-
n-switch”, and “vendor-rip-n-replace” gimmicks. Nexenta enables everyday apps from rich media-driven
Social Living to Mobility; from the Internet of Things to Big Data; from OpenStack and CloudStack to
Do-It-Yourself Cloud deployments — for all types of Clouds — Private, Public, and Hybrid. Founded around

an "Open Source” platform and industry-disrupting vision, Nexenta delivers its award- and patent-winning
software-only unified storage management solutions along with enterprise-scale 24x7 - around the globe -

All Love - service and support with a global partner network.

350 Oakmead Parkway, Suite 100, Sunnyvale, CA 94085
Tel: 408-970-3400 » Fax: 408-970-3403

Mellanox

TECHNOLOGIES www.mellanox.com
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