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m Why Network Flash Based Storage?

Flash Memory Summit

A There are advantages to -
shared storage
A Better utilization: Ethernet Fibre Channel
A i capacity, rack space, power PCle Sorworie NfiniBand

Scalability

A Manageability “‘L JK\ “fb
A Fault isolation ,)\

A Shared storage requires a _s‘ .
Network ke s~ s -

N
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I:'EJ Agenda

Flash Memory Summit

A Networked Flash Storage Overview i 8:30 to 8:45
A Rob Davis, Mellanox, VP Storage Technology

A PCle Networked Flash Storage i ~8:45 to 9:05
A Peter Onufryk, Microsemi(Microchip), NVM Solutions Fellow

A InfiniBand Networked Flash Storage i ~9:05 to 9:25

A Motti Beck, Mellanox, Sr. Dir. Enterprise Market Development

A Fibre Channel Networked Flash Storage i ~9:25 to 9:45

A Curt Beckmann, Principal Product Architect, Brocade(Broadcom)

A Ethernet Networked Flash Storage i ~9:45 to 10:05

A J Metz, Cisco, R&D Engineer, Advanced Storage, Office of the CTO, UCS Systems
Group

Flash Memory Summit 2018
Santa Clara, CA



I:'EJ Agenda (cont.)

Flash Memory Summit

A Conference Break 7 10:15 to 10:30

A How Networking Affects Flash Storage Systems i 10:30 to 10:50
A llker Cebeli, Samsung, Sr. Dir. Product Planning

A Flash Storage Networking, How the market is evolving i ~10:50 to 11:10
A Alan Weckel, Technology Analyst/Co-Founder at 650 Group

A QI/A and Panel Discussion i ~11:10 to 12:00

A All Presenters

Flash Memory Summit 2018
Santa Clara, CA



m Flash Makes Networking More
Flash Memory Summit D |ff| Cu It

Storage Media Technology

1000 I

Access Time in Micro Seconds
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Flash Memory Summit N etWO rk

Faster Storage Needs a Faster
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I:'EB What is the solution?

Flash Memory Summit

Networked Storage
Protocol and Network

Network

Ads
(53
Storage Qe S0

X
Media %‘—,&e

M Storage M Protocol (SW) ™ Network HDD SSD

Flash Memory Summit 2018
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F!

Flash Memory Summit

Faster Network Wires are Available

Switches

Cables 7 '

Ethernet & InfiniBand i 100Gb, goingto 200and4 0 0 Gb é
PClei Gen3(8Gb/ | ane), going to Ge
FCi132Gb, going to 128Gbe

Flash Memory Summit 2018

Santa Clara, CA
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I:'EB Importance of Network Latency

Flash Memory Summit
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m Faster Network Components
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Networked Storage
Protocol and Network

Network
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I:'EB Faster Protocols

Flash Memory Summit
NETWORK COMMUNICATION PROTOCOLS

A NVMe-oF

A RDMA(ROCE,
IB)
Fibre Channel
PCle

Coming soon
TCP

A RDMA
A SMB Direct
A iSER

I R

It l"‘ B

To o I

Flash Memory Summit 2018 :
Santa Clara, CA 11



F''  Where best to plug in?

Flash Memory Summit

A ~. (e‘-\ -
s %temeﬂ@
= ! Smartphone -

IP Phone
Desktop PC

Scanner
Printer Sl

Desktop PC

Flash Memory Summit 2018
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F' Flash Storage T Closer to Servers

Flash Memory Summit - .
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E@ Match the Network to the Solution

Flash Memory Summit

A The Solution will often drive the

protocol and the network
technology

A All technologies support
Block

A All technologies do not

CC32C3 %‘7
C2ICIC
3 =

Ve

A Blockstorage File storage
Data stored in fixed-size Data stored as files’in
‘blocks”inarigid hierarchically nested
arrangement—idealfor ‘folders’—ideal foractive
enterprise databases documents

Flash Memory Summit 2018
Santa Clara, CA

Object storage
Data stored as ‘objects’in
scalable ‘buckets’—ideal
forunstructured big data,

analyticsand archiving

SMB (CIFS)

NFS

ISCSI

NVMe

NVMe-oF

ISER

FCP

Block

©



I:'EJ Conclusions

Flash Memory Summit

A There are tried and true reasons for networking your
storage

A Networking flash requires special considerations
A Faster Storage needs Faster Networks!
A And protocols

A For the next few hours this team will present the
different options and trade offs

A Then you get to question us

Flash Memory Summit 2018
Santa Clara, CA
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I:'EJ Peter Onufryk

Flash Memory Summit

A Peter is a Fellow in the Data Center Solutions
Business Unit. where he is responsible for
architecture and validation of storage products. He
received a Ph.D. in Electrical and Computer
Engineering from Rutgers University, has been
granted over 40 patents

Flash Memory Summit 2018
Santa Clara, CA
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Flash Memory Summit

NVM
PCle® Networked Elash Storage

Peter Onufryk
Microsemi Corporation

Flash Memory Summit 2018
Santa Clara, CA 17



M PCI Express® (PCle®)

Flash Memory Summit

Mid-range / High End Small Business Blade Server
A Specification defined by PCI-SIG®
peciicaton defined by \ () ()
A www.pcisig.com
A Packet-based protocol over serial links A S RAD Syt

A Software compatible with PCI and PCI-X

A Reliable, in-order packet transfer E=E e R . K

A High performance and scalable from
Consumer to Enterprlse Enterprise Switch / Router Wireless Metro Switch / Router

A Scalable link speed (2.5 GT/s, 5.0 GT/s, . | “- . ‘m’"“”ﬁm‘
8.0 GT/s, 16 GT/s, and 32 GT/s) ) |l

T Gen5 (32 GT/s) is still being standardized

A S CcC a I a b | e I | n k W| d t h X Mpobilg ‘ Entertalnn\%nts 2 ) Imaging
A Primary application is as an /O m ‘ - - r--- 4
interconnect .

Flash Memory Summit 2018
Santa Clara, CA 18



I:'EB PCle Characteristics

Flash Memory Summit

A Scalable speed
A Encoding
T 8b10b: 2.5 GT/s (Gen 1) and 5 GT/s (Gen 2)
128b/130b: 8 GT/s (Gen 3), 16 GT/s (Gen4) and 32 GT/s (Gens) # M # M

Upstream Port

A Scalable width: x1, x2, x4, x8, x12, x16, x32

sue9[9d
sue79|0d

sue9[0d
sue79|0d

Generation REL BF?:rCIj_V:r?eth Total x16
Bit Rate ; : Link Bandwidth PCle Link
Each Direction
| s
Genl 2.5 GT/s ~ 250 MB/s ~8 GB/s
Gen2' 5.0 GT/s ~500 MB/s ~16 GB/s
Gen3 8 GT/s ~1 GB/s ~ 32 GB/s \ vy LA A
Gen4 16 GT/s ~ 2 GBI/s ~ 64 GB/s Downstream Port
Gen 5 32 GT/s ~4 GB/s ~128 GB/s
Note

*Source i PCI-SIG PCI Express 3.0 FAQ

Flash Memory Summit 2018
Santa Clara, CA 19



M NVM Express™ (NVMe™)

Flash Memory Summit

A Two specifications
1. NVM Express (PCle)

2. NVM Express over Fabrics (RDMA and Fibre
Channel) Submission Host Memory

A Architected from the ground up for NVM
Simple optimized command set

Fixed size 64 B commands and 16 B completions
Supports many-core processors without locking
No practical limit on the number of outstanding
requests i Doorbell
Supports out-of-order data deliver

o Do Do I I

Command

NVMe

PCle SSD = NVMe SSD

Flash Memory Summit 2018
Santa Clara, CA

Completion

Completion Queue
Head Doorbell

20



EEJ ldeal NVM Fabric

Propert gea
perty Characteristic

Flash Memory Summit

Cost Free
Complexity Low
Performance High
Power consumption None
Standards-based Yes
Scalability Infinite

Flash Memory Summit 2018
Santa Clara, CA
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Flash Memory Summit

PCle Fabric

NVMe NVMe
Host Host
1 2

PCle Switch PCle Switch

NVMe g NVMe g NVMe B NVMe NVMe B NVMe g NVMe @ NVMe
SSD SSD SSD SSD SSD SSD SSD SSD

NVMe

SSD

Flash Memory Summit 2018

Santa Clara, CA

22



Non-Transparent Bridging (NTB)

Flash Memory Summit

PCle Switch Type 1 Type 0 Type 0 Type 1

Function Function Proprietary Logic Function Function
PCl-to-PCI PCl-to-PCI
) NTB NTB '
Bridge Bridge

Virtual PCI Bus
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|
—
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Dynamic Partitioning

Flash Memory Summit

NVMe NVMe
Host Host
1 2

PCle Switch N PCle Switch el

PCI-to-PCI

Bridge
Virtual PCI Bus
NVMe NVMe NVMe NVMe f
SSD SSD SSD SSD
il 2 3 4 Type 1 Type 1 Type 1 Type 1
Function Function Function Function

PClI-to-PCl PCl-to-PClI PCI-to-PCI PClI-to-PClI

. . Bridge Bridge Bridge Bridge
Physical View ° ° J :

Type 1
Function

PCI-to-PCI
Bridge
Virtual PCI Bus

Type 1 Type 1
Function Function
PCl-to-PCI PCl-to-PClI

Type 1 Type 1
Function Function
PCl-to-PClI PCl-to-PCI

Bridge Bridge Bridge Bridge

Flash Memory Summit 2018

4
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NVMe SR-IOV

Flash Memory Summit

Physical
Function

Flash Memory Summit 2018
Santa Clara, CA

Virtual Function (0,1)
NVMe Controller

NS

PCle Port

Virtual Function (0,2) Virtual Function (0,3)
NVMe Controller NVMe Controller

NS NS

Virtual Function (0,4)
NVMe Controller

NS
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I:'EB Multi-Host I1/O Sharing

Flash Memory Summit

NVMe
Host

1

PCle Switch

NVMe § NVMe g NVMe B NVMe
SSD SSD SSD SSD

Flash Memory Summit 2018
Santa Clara, CA

NVMe
SSD

NVMe NVMe
Host Host
3 4

PCle Switch

NVMe g NVMe g NVMe B NVMe g NVMe
SSD SSD SSD SSD SSD

26



!  PCle Fabric

Flash Memory Summit

NVMe NVMe NVMe NVMe NVMe NVMe NVMe NVMe NVMe
Host Host Host Host Host Host Host Host Host
PCle Switch PCle Switch PCle Switch
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PCle Switch PCle Switch PCle Switch
NVMe NVMe NVMe NVMe NVMe NVMe NVMe NVMe NVMe
Host Host Host Host Host Host Host Host Host

Flash Memory Summit 2018
Santa Clara, CA

Storage Functions
A Dynamic partitioning (drive-to-host
mapping)
A NVMe shared I/O (shared storage)
A Ability to share other storage

(SAS/SATA)
Host-to-Host Communications
A RDMA

A Ethernet emulation

Manageability
A NVMe controller-to-host mapping
A PCle path selection
A NVMe management
Fabric Resilience
A Supports link failover
A Supports fabric manager failover

27



EED Fabric Performance

Flash Memory Summit

A A high performance fabric means:
A High bandwidth - oo e o ——-
A Low latency

A Increasing bandwidth is easy
A Aggregate parallel links

A Increase link speed (fatter pipe) ) T 4X
A Reducing latency is hard increasing
Bandwidth

A Transfer latency is typically a small
component of overall latency

A Other sources of latency:

Software (drivers) ) o U U4 -

Complex protocols Low Speed Aggregated
. Link Links

Protocol translation

Fabric switches/hops

[
I Higher Speed Link
[
1

Flash Memory Summit 2018
Santa Clara, CA 28



M Latency

Flash Memory Summit

Host Software Latency
Latency (OS, Driver, Interrupt) ) _ |
Network Interface A Media Access Time

(NIC/HBA/ HCA) A Hard drive i Milliseconds
A NAND flash 7 Microseconds
A Next-gen. NVM i Nanoseconds

Switch Lat
Network =

Latenc
y Network Transfer Time

Network Interface Latency

HDD/SSD Controller Latency

Y
Drive

Latency Media Access Time
v (HDD, Hash, Next Gen. NVIV))

Flash Memory Summit 2018
Santa Clara, CA 29



I:'EB The PCle Advantage

Flash Memory Summit

Network Network

Switch Interface

Other Flash Storage Networks

PCle
Switch

< 200ns

PCle Fabric

Flash Memory Summit 2018
Santa Clara, CA
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Flash Memory Summit

100
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Access Latency (uS)

30
20

10

Latency dat a
Pathto Low-Over head

The PCle Latency Advantage

Flash SSD
Media + Controller ~80n5

4KB Random Read Latency

T
Fabric
Overhead

NAND SSD with NVMe-oF

Next Generation NVM SSD
Media + Controller ~10nB

Fabric
. Overhead

10uS SSD with NVMe-oF 10uS SSD with PCle

B NVMe Direct Attach B NVMe-oF Target B NVMe-oF Host

Fl ash

f r o m -&er-FaBriczPeréotmared Charactérixaddd end the
Di saggregationo in

SYSTOR 617

Next Generation NVM SSD
Media + Controller ~2nS
|

I
Fabric
- Overhead
I

2uS SSD with NVMe-oF 2uS SSD with PCle

Fabfic W Other
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B PCle Fabric Characteristics

Flash Memory Summit

Propert el el Notes
perty Characteristic Fabric

Cost Free A PCle built into virtually all hosts and NVMe drives
Complexity Low A Builds on existing NVMe ecosystem with no changes

A PCle fabrics are an emerging technology

A Requires PCle SR-IOV drives for low-latency shared storage
Performance High High A High bandwidth

A The absolute lowest latency
Power consumption None Low A No protocol translation
Standards-based Yes Yes A Works with standard hosts and standard NVMe SSDs
Scalability Infinite Limited A PCle hierarchy domain limited to 256 bus numbers

A PCle has limited reach (cables)

A PCle fabrics have limited scalability (less than 256 SSDs and

128 hosts)

32



I:'L'B Persistent Memory & Next Gen. NVM

Flash Memory Summit

Traditional Memory

1 Volatile

9 Byte addressable

1 Memory load/store operations
1 Memory bus

Flash Memory Summit 2018
Santa Clara, CA
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E&] NVMe and Memory Operations

Flash Memory Summit

A Controller Memory Buffer (CMB)
A PCI memory space exposed to host (byte
addressable)
A May be used to store commands & data
A Contents do not persist across power cycles
and resets

A Persistent Memory Region (PMR)

A PCIl memory space exposed to host (byte Controller Persistent
addressable) Memory Buffer = Memory Region | i NVMe Bl NVMe
A May be used to store data
A Content persist across power cycles and NVMe SSD
resets

(CMB) (PMR) SSD SSD

Flash Memory Summit 2018
Santa Clara, CA 34
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Flash Memory Summit Anym ore

A NVMe together with a PCle fabric allow
direct network to storage and accelerator
to storage communications

Example:
1. Data transferred from network to NVMe CMB

2. NVMe block write operation imitated from CMB to

NVM
é someti me | ater é

3. NVMe block read operation initiated from NVM to
CMB

4, GPU/Accelerator transfers data from NVMe CMB for
processing

Flash Memory Summit 2018
Santa Clara, CA

Storage Is Not Just About CPU 1/O

Expansion
Network &

-
Interface o)

PCle Switch

Accel- Accel-
erator erator

NVMe NVMe
SSD SSD

35



EED Putting it All Together

| u
Flash Memory Summit
é NVMe
Host 2 2

celerator
celerator

NVMe
Host

A NVMe Storage Functions

A Dynamic partitioning (drive-to-

Accelerator
Accelerator

Network Intf.

T =
o <
E
@
Accelerator
Accelerator

oSt mephng
A NVMe shared I/O (shared
storage)

Direct accelerator-to-NVMe
and network-to-NVMe

dSS aAN
dSS aAN
dsSs aAN
dSS aAN
dss aAN
dSS aAN
>

d E 4 E 3 E transfers
2l 2 2l 2 2l 3 A Byte addressable persistent
memory

PCle Switch PCle Switch

PCle Switch

Flash Memory Summit 2018
Santa Clara, CA 36
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I:'EJ Summary

Flash Memory Summit

A PCle fabrics build on the existing PCle and NVMe ecosystem
A Work with standard NVMe SSDs, OS drivers, and PCle infrastructure

A PCle fabrics support both byte addressable memory and traditional
storage operations

A PCle fabrics are well suited for applications that require low cost, the
absolute lowest latency, and limited scalability
A NVMe SSD sharing inside a rack and small clusters

A PCle fabrics are not well suited for long reach applications or where a
high degree of scalability is required
A NVM Express over Fabrics (NVMe-oF™) is well suited for these applications

Flash Memory Summit 2018
Santa Clara, CA
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I:'EJ Motti Beck

Flash Memory Summit

Motti Beck is Sr. Director of Marketing, Enterprise Data Center
market segment at Mellanox Technologies, Inc. Before joining
Mellanox, Motti was a founder of several start-up companies
iIncluding BindKey Technologies that was acquired by DuPont
Photomask (today Toppan Printing Company LTD) and Butterfly
Communications that was acquired by Texas Instrument. Prior
to that he was a Business Unit Director at National
Semiconductors. Motti hold B.Sc in computer engineering from
the Technion - Israel Institute of Technology.

Flash Memory Summit 2018
Santa Clara, CA
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Flash Memory Summit

InfiniBand Networked Flash Storage

Superior Performance, Efficiency and Scalability

Motti Beck 1 Sr. Director Enterprise Market Development, Mellanox Technologies

Flash Memory Summit 2018
Santa Clara, CA



m The Need for Intelligent and Faster Interconnect

Flash Memory Summit ~ Faster Data Speeds and In-Network Computing
Enable Higher Performance and Scale

CPUCentric Onload Data-Centric (Offload)

" |epPu

(@‘t‘) In-Network Computlng(@')

(@‘t) (@‘t) (@‘1) (@,)
%@,

Onload Network

—_—

s

! ""‘","__

&

L

:. "“.",- .| GPU
—_—

Must Wait for the Data Analyze Data as it Moves!

Creates Performance Bottlenecks Higher Performance and Scale

Flash Memory Summit 2018
Santa Clara, CA



m In-Network Processing Enables Higher Efficiency

Flash Memory Summit

A Higher Scalability
A Lower latency

A Higher ROI

Flash Memory Summit 2018
Santa Clara, CA



I!'@] InfiniBand Technical Overview

Flash Memory Summit

A What is InfiniBand?

A InfiniBand is an open standard, interconnect protocol developed by the InfiniBand® Trade
Association: http://www.infinibandta.org/home

A First InfiniBand specification was released in 2000

A What does the specification includes?
A The specification is very comprehensive
A From physical to applications

A InfiniBand SW is open and has been developed under OpenFabrics Alliance
A nhttp://mww.openfabrics.org/index.html

Flash Memory Summit 2018
Santa Clara, CA


http://www.infinibandta.org/home
http://www.openfabrics.org/index.html

m InfiniBand Protocol Layers

Flash Memory Summit s InfiniBand Node

Application Application
Presentation Presentation
Session Session

Transport ..
P InfiniBand V(P
Router

Network Network

Packet relay

InfiniBand
Switch

Packet relay

Link Link

Physical

t

Flash Memory Summit 2018 pgcket
Santa Clara, CA Format

Physical

O0.. 40968 48 28

Payload ICRC |[VCRC

InfiniBand Data Packet




InfiniBand Architecture Highlights

Flash Memory Summit

A Reliable, lossless, self-managed fabric

4

A Hardware based transport protocol- Remote Direct Memory Access (RDMA) ,.:/

A Centralized fabric management i Subnet Manger (SM)

InfiniBand Roadmap

10,000
v
= >
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g 1000 === e
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F' Reliable, Lossless, Self-Managed Fabric

Flash Memory Summit

A Credit-based link-level flow control
A Link Flow control assures NO packet loss within fabric even in the presence of congestion
A Link Receivers grant packet receive buffer space credits per Virtual Lane
A Flow control credits are issued in 64 byte units

A Separate flow control per Virtual Lanes provides:
A Alleviation of head-of-line blocking

A Virtual Fabrics i Congestion and latency on one VL does not impact traffic with guaranteed QOS on
another VL even though they share the same physical link

Link Arbitration Lt dﬁ
. Control |
Control Credits I

Returned —> I —

De- |- [T meei- Receive
Packets mux |meppJ[[[[[]]=p | Buffers
Transmitted = [ —>

Packets Mux

aiflith

Flash Memory Summit 2018
Santa Clara, CA



F' Remote Direct Memory Access RDMA

Flash Memory Summit

Remote Data Transfer

A Transport offload Application Application
A Kernel bypaSS Buffer Buffer
/o /O Kernel Bypass Protocol Offload
[data] [data] [Gata] [data]
: F F
copy < ¥ : > CoOpy
Co Py : . oopy
TCP/IP = ROMA 2 TCP/IP
copy : = > : >c-|::|p1.r
X '
b d L -
RNIC » RNIC

Flash Memory Summit 2018
Santa Clara, CA



10X Better Performance with GPUDirectE R D MA

Flash Memory Summit
Dt ! 5ANBOin w5a! > Dt !

[ Gpu

A . . . lemo r’ Sﬁzm ‘ ” gr:g |
A Purpose-built for Acceleration of Deep Learning o ey || femo
A Lowest communication latency for acceleration devices
A No unnecessary system memory copies and CPU overhead
A Enables GPUDirectE RDMA an d ROSH an€qthers
A InfiniBand and RoCE
GPU-InfiniBand-GPU Latency GPU-InfiniBand-GPU Throughput (Uni-Dir) GPU-InfiniBand-GPU Throughput (Bi-Dir)
25 3500 6000
20 " =0 5000
3 10X g 9X §aom
%m £ 150 g 3000
2 1000 g 2000
: ¥ 1.91 usec e = so: — @ mtho
1 2 4 8 16 32 64 128 256 512 1024 2048 4096 1 2 4 1 16 32 64 128 256 512 1024 2048 4096 1 2 8 16 32 64 128 256 512 1024 2048 4096

Message Size [Bytes) Message Size (Bytes) Message Size [Bytes)

=MNo GPUDirect =——=GPUDirect =——No GPUDirect =——GPUDirect ——No GPUDirect =——GPUDirect

Flash Memory Summit 2018
Santa Clara, CA



Scaling HPC and ML with GPUDirect over InfiniBand on vSphere 6.7

Flash Memory Summit

T e

vCPUs

path with DirectPath I/O on vSphere 6.7

Flash Memory Summit 2018

Santa Clara, CA Source: Scaling HPC and ML with GPUDirect RDMA on vSphere 6.7

« «» Non GPUDirect RDMA Data Path
== = GPUDirect RDMA Data Path

B oce swten

Figure 3: Testbed virtual cluster architecture showing the no-GPUDirect RDMA vs. GPUDirect RDMA data

Half Round-Trip Latency (ps)

Half Round-Trip Latency (ps)
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https://blogs.vmware.com/apps/2018/06/scaling-hpc-and-ml-with-gpudirect-rdma-on-vsphere-6-7-part-1-of-2.html

I:'EB Subnet Management

Flash Memory Summit

Topology Discovery Initialization uses Directed Route Vector

Fabr!c Inltl_allzatlon Directed Route MADs:
Fabric Maintenance
e StARARY

LN e

Management use unreliable
datagrams (MAD)

Each Subnet must have a
Subnet Manager (SM)

Every entity (HCA, Switch or Router) must
support a Subnet Management Agent (SMA)

R
<@\

Flash Memory Summit 2018 ‘o, LMC: 1 Multipathing: LMC Supports
Santa Clara, CA ‘EEELY LID=6,7 Multiple LIDS



Flash Memory Summit

Network Throughput and Latency

InfiniBand Superior Performance*
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Flash Memory Summit 2018
Santa Clara, CA

Message Size

(b) Latency

* Source:

CPU Cycles (in 10%y)

CPU Cycles (in 10My)

Br own

CPU Overhead for Network Operations
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http://arxiv.org/abs/1504.01048

m InfiniBand Enables Most Cost Effective Database Storage

Flash Memory Summit

Exadata X5-2 Product Components

* Scale-Out Database Servers

x5 2 Database S
— Two 18-core x86 Processors (36 cores) e o enase -
— Oracle Linux 6 2
. iy cores per server
Oracle Databas? Enterprise Edition 256 — 768 GB DRAM
— Oracle VM (optional)

— Oracle Database options (optional)

* Fastest Internal Fabric
— 40 Gb/s InfiniBand

— Ethernet External Connectivity High Capacity Storage Server
* Scale-Out Intelligent Storage
— High-Capacity Storage Server ___
— Extreme Flash Storage Server

— Exadata Storage Server Software

Flash Memory Summit 2016

Santa Clara, CA Source: Oracle
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m InfiniBand Networking Storage enables Higher Efficiency

Flash Memory Summit

PDW* V1 Reference: The Basic Full Rack Parallel Data Warehouse

10X Faster & Lower Capital Cost

Control Node
- .

mm
R
1|

Mgmt. Node

Backup Node

CONTROL RACK HHRIDENG et EEnE DATA RACK

Per RACK details Per RACK Details
A 160 cores on 10 compute nodes A 128 cores on 8 compute nodes

A 1.28 TB of RAM on compute A 2TB of RAM on compute

A" Upto 30 TB of temp DB A Up to 168 TB of temp DB

Flash MemoryﬁéumHiPZE)q8150 TB of user data *Parallel Data Warehouse A Up to 1PB of user data
Santa Clara, CA Source: Big Data Integration with SOL Server PDW 2012


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=17&ved=0ahUKEwjlq62awYfVAhUGwmMKHW8fAjc4ChAWCEcwBg&url=http://video.ch9.ms/sessions/teched/au/2013/DBI316.pptx&usg=AFQjCNE-YWG3IVQGzl5qYFZkFgFIGr_17Q

F!

Flash Memory Summit

140

120

100

Thousands of SQL statements/s
[\%] = [e)] (0]
(o] (wn] (] (a]

o

RDMA enables Higher Scalability with IBM DB2 pureScale

Scale-out Throughput — DB2 pureScale on LE POWER Linux

H Sockets mBDMA

1 member

2 members 3 members

* 80% read/ 20% write OLTP workload
« POWERS 4c/32t, 160 GB LBP
» 10 Gb RoCE RDMA Ethernet/ 10 Gb TCP sockets

Flash Memory Summit 2018

Santa Clara, CA

4 members

Source: IBM



m Teradata BYN ET® V5 Performance

Flash Memory Summit

A BYNETO6s basic |link performance

A Dual InfiniBand links provide 10GB per second
A 10X higher than previous BYNET®

A Message delays decreased
A Latency in interconnect reduced by 2/3

Throughput
(Higher = better)
10,000

- 10,000

c

8 8,000

s ' 10X

B 6,000 I

] 3470

2

=

4,000
960
462

2,000
BYNET®V5 BYNET® V4 10GbENet 1GbENet

0
Flash Memory Summit 2018
Santa Clara, CA

Microseconds

20

15

10

enhanced with
Latency
(Lower = better)
20
3X
10 10
Sl
BYNET® V5 BYNET®V4  10GbENet 1GbENet



m InfiniBand Unleashed the Power of Flash
Flash Memory Summit

Hadoop HDFS Architecture Hadoop GPFS Architecture

X 1B FDR/ E
SX6036 IB FDR / 40GbE S$X6036 40Gb|

1 HDFS Limited by TCP/IP Inefficiencies & Performance l GPFS accessed over ROMA
HPEE Ning BAS LSAWA DN GPFS with Tiered Approach (SSD's +10K RPM SAS+7.2KRPM SATA Disks)
p— - -
i-'-% i% gé gg'é ;08 B8 88 88 88
|EZE S s e es se en
e Be BE as R BE SR B8 A

Flash Memory Summit 2017
Santa Clara, CA Source: Driving IBM Biglnsights Performance Over GPFS Using InfiniBand+RDMA



http://www.mellanox.com/related-docs/whitepapers/WP-Big-Insights-with-Mellanox-Infiniband-RDMA.pdf

InfiniBand Accelerate Big Data Analytics
Flash Memory Summit

DFSIO Write Results

E
F

5
=1
®

Data Analytics Throughput Results

{Based on 1TB of Terasort Test)

g
x

140%

120% 1
20 |

100% |
0%

HDF3 GPF3
B0%
DFSIO Read Results

[ 160%
140%

40%
12086

200
0% ]

HDFS

GPFS

§

Normalized Data Write Throughput

&

2

Normalized Analytics Throughput

g

H

Normalized Data Read Throughput
=
ES

Source: Driving IBM BiglInsights Performance Over GPFS Using InfiniBand+RDMA

§

§

Flash Memory Summit 2018
Santa Clara, CA

E

HDFS GPFS


http://www.mellanox.com/related-docs/whitepapers/WP-Big-Insights-with-Mellanox-Infiniband-RDMA.pdf

TeraSort - Performance Results

Flash Memory Summit

- X2.63

0 100 200 300 400 500 600 700

seconds

Flash Memory Summit 2018
Santa Clara, CA Source: #HWCSAIS18
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Flash Memory Summit

Virtual
Machines

Virtual
Hosts

Connectivity
SAN

Disk
Connectivity

Raw
Storage

Traditional Solution

Compute

Fibre Channel /iSCSI / FCoE / SAS

Storage Array

Controller Controller
Storage Software Storage Software

Disks

2R AE

Flash Memory Summit 2018
Santa Clara, CA

Virtual
Machines

Connectivity

SAN

Raw
Storage

Converged Solution

SMB3

RDMA Enables Higher Performance SDS Solutions

Hyperconverged Solution

Compute and Storage

Virtual
Machines

Virtualization
and Storage
Host

*Mi crosoftds S



F' InfiniBand Cuts SAN Cost by 50%

Flash Memory Summit

A Delivers SAN-like functionality from the Windows Stack

A Using SMB Direct (SMB 3.0 over RDMA)

A Utilize inexpensive, industry-standard, commodity hardware
A Eliminate the cost of proprietary hardware and software from SAN solutions

$/GB Cost of Acquisition Analysis
$10 - (14.4TB of raw capacity from 24 10K 600GB SAS drives)

~ $6.65

$6.19

FC SAN iSCSI SAN

i_' E_I i! E_I Hyp:er )

$3.33

__________

E]E] Scale out file server

File-based Storage with Spaces,
SMB. RDMA. SAS JBOD

Flash Memory Summit 2018
Santa Clara, CA

f
} i Storage pool

0 — | xR — | Block
= | based
=

) 1 &
I i . 1
i I Storage

Source: Microsoft




RDMA Application / ULP

m RoCE i RDMA (InfiniBand) over Converged Ethernet

aiemyos

Flash Memory Summit —————  OFAVerbs

OFA* Stack

-

A InfiniBand transport over Ethernet

A API Compatible
A Efficient, light-weight transport, layered directly over
A Etherneti RoCE

A UDP i RoCEV2

1B 1B

Transport

Protocol

1B Network Lay m n

Transport
Protocol

MH AjreaidAL

IB Network Layer

A Takes advantage of DCB Ethernet ininigang (SRS RocE RoCE v2
A  PFC, ETS, and QCN InfiniBand Ethernet / TP Ethernet / TP

Management Management Management

.. LRH
InfiniBand L2 Hdr . and) |

ROCE

RoCEv2

Flash Memory Summit 2018
Santa Clara, CA




m DataON WSSD* Hyper-Converged Infrastructure

Flash Memory Summit

A ROoCE networking

A Increased efficiency
A 30X** vs. previous solution

DataON Storage
S2D-3224i #2

DataON Storage
S2D-3224i #3

YWaH Yum 2dueyddy 123sn|) pabianuo) 12a1iq sadeds afieiols

DataON Storage
S2D-3224i #4

Flash Memory Summit 2018

Santa Clara, CA g ) *Windows Server Software-Defined
ource: DataON


http://doc.dataonstorage.com/use-cases/DataON_Storage_Case_Study-Nonprofit_chooses_a_WSSD-Compliant_solution_for_Cheaper_Faster_Storage.pdf

ISER T 1ISCSI with RDMA Extensions

Flash Memory Summit

SCSI Layer

Datamover API
Net IF

(Ethernet/IPolB)

Flash Memory Summit 2018
Santa Clara, CA

Initiator 10Ps vs. #icores

2 cores on target

-+-iSER
-=iscsl

2 cores in target

3 4 S 6 7 8 9 10 11 12 13 14 15 16
Number of cores
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Flash Memory Summit

Spectrumr

40 Gbps

Zadara Storage cluster

100Ghps

Link X

ZADARA

Flash Memory Summit 2018
Santa Clara, CA

Latency [us]

3500,

3000

2500+

Bandwidth [MB/s]

1000

ISER Delivers 3X Higher Efficiency vs. iISCSI

[N
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a
T
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— DSISER
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10 Size [KB]
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m RDMA enabled Networking Powers Modern Storage Platforms
Flash Memory Summit

— "
DataDirect ¥aln © Hewlett Packard =. Microsoft
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West
TOSHIBA [ER)¥sar
o

VIRIDEMNT

Aicron “

“ >
NetApp' \TMBUS DATA

B

ODOO

]

Be=—

Sl B I

OO0
<
ol

|

Higher Performance, Higher Efficiency and Higher Scalability



I:'EJ Curt Beckmann

Flash Memory Summit

Principal Architect at Brocade, is recently back to the Bay Area
after 2 years in Paris where he held the role of CTO for Brocade
Europe and last year wrote the 'NVMe over Fibre Channel for
Dummies book'. Prior to that he led the architecture and
development of storage virtualization ASICs for Rhapsody

Net wor ks, whi ch was centr al t o th
Brocade. He al so | ed the ASI C/ har
largest-unit-s el | i ng net work switch. Beck

winning designs and customer-facing experience make him
uniquely qualified to evaluate the design considerations of
customer needs.

Flash Memory Summit 2018
Santa Clara, CA 65
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Flash Memory Summit

Flash Memory Summit 2018
Santa Clara, CA

NVMe over Fibre Channel

Curt Beckmann
Principal Architect
Brocade Storage Networking, Broadcom

66



I:'@] Todayos Presentat.

Flash Memory Summit

A Background: The why and how of sharing storage
A Enterprise and other storage categories
A The impact of Flash on Storage protocols

A The current state of NVMe/FC

Flash Memory Summit 2018
Santa Clara, CA 67



m Storage began as direct-attached. Why share it?

Flash Memory Summit

A Stored data as a durable Information Asset
A Not like transient compute artifact (e.g. call stack)
A Memory v Storage: Error handling? SLA?

A Desire to scale and leverage
A Want to scale-out compute, re-use assets

A Stranded storage capacity
A Spare capacity only usable by direct attached CPU

Flash Memory Summit 2018
Santa Clara, CA 68



m ATr adi t i"G)slmledstofage @oncepts

Flash Memory Summit
AFiles: ANASO:
AEnet/ | P/ L4: NFS, SMB/ Cl FSé

ABlocks (structured, strictly cons
ANet worked SCSI: SAS, FCPé

A Enduring wish: Consistency / Availability / Partition (CAP) Theorem

A Span, cost, performance, availability/reliability, size

A Ethernet |/ I P |/ Layer 4: Rose to
A Best-effort/retry, Internet-wi d e , Aconvergedo, commodi't
A Fibre Channel: born in Ethernet/IP heyday
A Lossless, DC-wide, storage-c e nt r i ¢, AEnt erpriseo (pert

Flash Memory Summit 2018
Santa Clara, CA 69
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Flash Memory Summit

NAS

-
=

NIC

— Ethernet
— FC

Flash Memory Summit 2018

Santa Clara, CA

Storage Types

/SAN\

Ethernet Switch

DAS = Direct Attached Storage
NAS = Network Attached Storage
iISCSI T Internet Small Computer
Systems Interface

LOM = LAN on Motherboard

NIC = Network Interface Card

HBA = Host Bus Adapter

CNA = Converged Network Adapter

FCoE Switch

ISCSI
é Storage Arrays

h%\
8G, 16G, 32G
+ 4x32G

Fibre Channel
§ Over Ethernet
Storage Arrays

K Fibre Channel Switch /

Fibre Channel

Storage Arrays
Fibre Channel
Tape Library

Source: http://www.ieee802.org/3/ad_hoc/bwa/public/sepl1/kipp_0la 0911.pdf
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m MRecento(21st C) shared storage concepts

Flash Memory Summit

A InfiniBand (and Omni-Pat hé et c ?) :
A Lossless, DC-wide, compute-centric (HPC), popularized RDMA

Afidpl atformo: Molbile + Cloud,

AVirtualized, commoditized / converged,

ANew use cases, Nnevol vedo c¢hce
ABi g Data / fASDSO0 / i EMLE Dev@pa (flexidle) misdses t e r

A Flash broke out of niche: scale, write endurance, $/GB

AFl ashoés disruptive speed has moved f ooc

A NVMe stack slims away decades of SCSI baggage
AANVMeod -bhass LC,| cgv-FMbricso (coming slide

Flash Memory Summit 2018
Santa Clara, CA 71



E@ Categorization (storage-oriented)

Flash Memory Summit

CapEx* Performance Reliability Maturity

NAS (NFS, etc, over IP) Low-Medium Medium
ISCSI Medium-High Medium
DAS High High
Mainframe (FICON) High High
InfiniBand High High
SAS SAN Medium Medium
FCoE High Medium
NVMe over Fabrics High** High**

Flash Memory Summit 2018 *Normalized to FC Cost/GB in 2016 prices (Ref: IDC) **Projected
Santa Clara, CA




m How Fibre Channel differs from Ethernet: Tech

Flash Memory Summit
A Technical:
A Fewer, more coupled layers, limited application
A Smaller address range, smaller header

A Addresses assigned (not random or learned)
A Scales bigger than typical subnet, but smaller than Internet

A Not much multicast, no flooding

A Always supported fabric topology (not just Spanning Tree)

A Always built for reliable delivery (v. best effort)

A Creditbased fl ow contr ol I s fAal ways
A Fabric provides fabric-resident services: Name server, etc

Flash Memory Summit 2018
Santa Clara, CA 73



m How Fibre Channel differs from Ethernet: Industry
Flash Memory Summit
A Industry:
AFocus in critical fdalways onodo use
A Nearly always redundant fabrics dedicated to storage
A Few switch / HBA firns mostly selling through storage vendors
A Storage vendors certify products, mark them up, provide support
A Interoperability driven by storage vendors

A Vendor arrays loaded w enterprise features, virtualization
A Rarely expose raw media
A Upshot: most benchmarks are based on full featured arrays

A With SSDs getting so fast, software features now a large fraction of the latency
A When tested on raw media (Linux JBOFS), FC latency comparable to PCl-attached

Flash Memory Summit 2018
Santa Clara, CA 74
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Flash Memory Summit

Flash Memory Summit 2018

Santa Clara, CA

Enterprise Flash Growing Well

Value (USSM)

Enterprise Storage Dynamics

g

ﬂ CAGR = = AllFlash Array (AFA)

-—_—/
All Hard Disk Drive
(HDD)
Hybrid Flash Array

_ - - (HFA)
_-" 22% CAGR Internal Storage
- -

2014 2015 2016 2017 2018 2019

Source: IDC September 2015 WW Quarterly Disk Storage Systems Forecast
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I:'EJ NVMe over Fabrics Concepts

Flash Memory Summit

A NVMExpress.org defined specs
A PCle-based NVMe (1.0 in 2011, currently at 1.3)
A NVMe-over-Fabrics (1.0 in 2016)

A Four early fabrics, one newcomer
A (RDMA-based) InfiniBand, iWARP, RoCE(v2)
A (no RDMA) Fibre Channel
A (no RDMA, iSCSI-like newcomer) NVMe-over-TCP

Flash Memory Summit 2018
Santa Clara, CA 76



I:'EJ FC-NVMe Spec Status

Flash Memory Summit

A Why move to NVMe/FC?
Altoés | i ke SCSI/FC tuned
ASi mpler, more efficient,

A FC-NVMe standard effort is overseen by T11
A T11 and INCITS finalized FC/NVMe early 2018

A Several vendors are shipping GA products
A FCIA plugfest last week: XX participants

Flash Memory Summit 2018
Santa Clara, CA 77
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m Dual Protocol SANs lower risk, help NVMe adoption

Flash Memory Summit

AB80% of todayds Flash ar
A This is where most vital data assets (still!) live today

A High-value Assets require protection
ASt orage Teams avoid riskée

A How can Storage Teams adopt NVMe with low risk?
A Use familiar, trusted infrastructure, vendors and support
ADual protocol SAN offers that

Flash Memory Summit 2018
Santa Clara, CA 78



m Dual protocol SANs enable low risk NVMe adoption

Flash Memory Summit

A Get NVMe performance benefits
while migrating incrementally
Oamseededo

A Migrate application volumes 1 by
1 with easy rollback options

A Interesting dual -protocol use
cases

A Full fabric awareness, visibility
and manageability with existing
Brocade Fabric Vision technology

xx Emulex HBAs by
QLOGIC Gen’5 HBAs © BROADCOM
= = E[ SCSI E = =
_| |scsi| Nvme | _| NvMe [sCs
\i:.. ‘:

GENG

FIBRE CHANNEL

GENG

FIBRE CHANNEL

mmmm \VMe Traffic

[ ] SCSI
Traffic
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Summary of Demartek Report

Flash Memory Summit <> Demartek

-

A Purpose: Credibly document performance benefit of NVMe over Fibre < Demartek
Channel (NVMe/FC) is relative to SCSI FCP on vendor target Y [ e e

Channel - A New, Parallel, Efficient Protocol

A Audited by: Demartek
i Performance Benefits of INANde, Paralel Efficier Pritaca

Executive Summary demonstrate the benefits of NVMe over Fibre Channel

o0 the NetApp AFF A700s, Emulex Gen 6 Fibre Channel
‘Adapters, and Brocade Gen 6 Fibre Channel SAN
switches.

'e¢  Key Findings and Conclusions.

> NVMe/FC enables new SAN workfoads: Bl
data analytics, Internet of Things (loT) and AL /
deep learning wil all benefit from the faster
performance ar ind lower latency of NVMe/FC.

Microsoft SQL Server and others can
f NVMe/FC

A Audit Date: May 1, 2018

performance benefits,
> Test results: n our tests, we observed up to
58% higher 10PS for NVMe/FC compared to

i PDF available at: www.demartek.com/ModernSAN T i
:‘mhuﬂhmuo!me
, possible by a software upgrade.
A Results of testing both protocols on same hardware: s s LS e s
i Up to 58% higher IOPS for NVMe/FC i oo e | T
T From 11% to 34% lower latency with NVMe/FC e —

Note: The audit was *not* intended as a test of max overall array performance


http://www.demartek.com/ModernSAN

m Results: 4KB Random Reads, full scale and zoomed in

Flash Memory Summit

Random Read 4KB
Latency vs. IOPS

K

5000 —
4500 +
4000 +

3500 +

54% higher IOPS

8000 ¢ at 2300 ys

2500 +

Latency (ps)

2000 +

1500 +

53% higher IOPS

1000 ¢ at 450 us

At least 34% lower latency
500 +

0

o 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000

Note: all measurements taken on 10PS
a single-node A700s. Standard
implementations are dual-node.

4 SCSIFCP & NVMe/FC

Same data with y-axis expanded
to see that NVMe/FC provides a
minimum 34% drop in latency

This image highlights how
NVMe/FC gives 53% / 54% higher
IOPS with 4KB random read 1/Os

Random Read 4KB N

Latency vs. IOPS (zoom in) ‘0’

600 | N
550
500 |
450 |
400 |
350 |
300 |
250 |
200 |
150 |
100 |
50 +
ol

Latency (ps)

At least
34% lower latency

0 100,000 200,000 300,000 400,000 500,000 €00,000 700,000 800,000 900,000

Note: all measurements taken on a single-node 10PS
A700s. Standard implementations are dual-node. 4 SCSIFCP & NVMe/FC




I:'EJ Summary

Flash Memory Summit

A Shared storage
A Data asset has value independent of any application

A Need more protection!
A Even if it adds some access time

A With slight inefficiency, SCSI has dominated

A SSDs are so fast, SCSI burden no longer slight
A NVMe command set o

Flash Memory Summit 2018
Santa Clara, CA 82



Fl  JMet

Flash Memory Summit

J Metz is R&D Engineer, Office of the CTO, at Cisco, where he
focuses on examining and deploying directions for storage
strategy. He was previously Strategic Product Manager, Storage
and Unified Fabric. With Cisco since 2010, he has previous
experience with QLogic and Apple. He has also been President
at Communiweb Communications and an Assistant Professor at
the University of Central Florida. He holds a PhD from the
University of Georgia, an MA from the University of South
Dakota, and a BA from the University of Rhode Island

Flash Memory Summit 2018
Santa Clara, CA

83



F!

Flash Memory Summit

Ethernet-Networked Flash Storage

J Metz, Ph.D
R&D Engineer, Advanced Storage

Cisco Systems
@drjmetz

Flash Memory Summit 2018
Santa Clara, CA
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Flash Memory Summit 2018
Santa Clara, CA

A Ethernet Background
and Roadmap

A Storage Use Cases
A Goodness of Fit

85



Planting a Flag

Flash Memory Summit

A Is there anyone who
thinks Ethernet will
not play a role in
storage?

Flash Memory Summit 2018
Santa Clara, CA
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Flash Memory Summit

Then

Flash Memory Summit 2018

Santa Clara, CA

t

he Quest.

é how best to use
Ethernet for Storage?

o,

n
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m Storage Perspective

Flash Memory Summit

AThere I s a nsweet spot
M bili L
- A Depends on the workload and application
type
ANo n-esnee fits alloo

AWhat is the problem to be solved?
A Deterministic or non-deterministic?
A Highly scalable or highly performant?
A Level of manageability?

nwher e
nder st a

Performance

AUnder st andi ng
critical to wu
together

0
nd

Flash Memory Summit 2018
Santa Clara, CA 88



I:'Eﬂ Network Determinism

Flash Memory Summit

A Non-Deterministic \‘ ‘?
|

A Provide any-to-any connectivity

A Storage is unaware of packet loss i relies on
ULPs for retransmission and windowing -

A Provide transport w/o worrying about services
A East-West/North-South traffic ratios are

Switch

undefined
A Examples
A NFS/SMB flows are gy fexible
A iscsl
A iSER
A IWARP .—}
A~ (Some) NVMe-oF '@ ’ oo ars o
pre-defined

Flash Memory Summit 2018
Santa Clara, CA 89



I:'Eﬂ Network Determinism (cont.)

Flash Memory Summit

A Deterministic Storage
A Goal: Provide 1:1 Connectivity
A Designed for Scale and Availability

A Well-defined end-device relationships (i.e.,
Initiators/targets)

A Only north-south traffic; east-west mostly
irrelevant
A Examples
Fibre Channel
Fibre Channel over Ethernet
InfiniBand

RoCE
Ui o e A (Some) NVMe-oF
defined

Flash Memory Summit 2018
Santa Clara, CA

Fabric topology, services and traffic
flows are structured

T> T>o T> I
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I:'EB Big Picture

Flash Memory Summit

AMany ways to solve a problem
ANo n-size-éts-al | 0
A Lots of overlap

A Can easily get confused about
which to choose

Alf two different approaches can
do the same thing, how do you
know what to do?

Flash Memory Summit 2018
Santa Clara, CA
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I:'EB Big Picture

Flash Memory Summit

AWhen you miss the sweet spot,
you risk major problems

ACar ef ul of t he

Flash Memory Summit 2018
Santa Clara, CA 92



B Scope Comparison

Flash Memory Summit

he
Host Network  Storage

Y
b
/ Host Network Storage

PCle Fibre Channel
Ethernet (FCoE, iSCSI,iISER, NVMe-oF)
InfiniBand

Flash Memory Summit 2018
Santa Clara, CA 93



