


Agenda

* Intel® FPGA Connectivity Options

*  PCl Express (PCle), Ethernet, PAM-4 Transceivers
* Intel® FPGA PCle Multi-Generational Support
* Intel® FPGA PCle Gen4 and Gen5 Features

* Hard IP, Transaction Layer Bypass, Virtualization Intellectual Property (IP)
* Intel® PCle Gen5 PHY Test Chip and Interoperability Enablement
* Intel® FPGA PCle Development Kits
* Accelerator with Intel FPGA & Intel PAC

* Intel® programmable Acceleration Cards : Accelerate 5g

*  FPGA based Data Center : Workload accelerators

Summary

* Other names and brands may be claimed as the property of others.




Intel® FPGA Connectivity Features to Move Faster
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GEN4 100G ethernet GEN5 400G ethernet

= 15t FPGA listed on PCI-SIG integrators list as PCle Gen.4 = PCle Gen5 PHY test chip — demonstration at PCI-SIG
compliant (x16 lanes, end point or root complex) Developer Conference (see YouTube video)

* New PCle virtualization features and IP supported = 112G PAM-4 and 100G Ethernet test chip demo. (since

= 58G PAM-4 and 100G Ethernet in volume production OFC 2019)
(since Feb. 2018) = PCle Gen6 will use PAM-4 and forward error correction

FEC technologies




Intel® FPGA PCIl Express Support:
Multi-Generational New Features

Gen3 x16
SR-IOV 4PF/2048VF

Design examples

Gen3 x8

SR-IOV 4PF/2048VF
LR - Signal Tap I
Hard IP Design examples

Signat Tap Link Inspector

@ STRATIX 10
ARRIA" 10 inside

inside

Intel® Arria® 10 Intel® Stratix® 10
Stratix® V EPGA GX/SX/MX/TX
FPGAs > FPGAs

* Bold italic items are new features compared to prior generation.

Gen4 x16 with bifurcation

TLP bypass for PCle switches
SR-I0V 8PF/2048VF, SVM, VirtlO
Scalable IOV

Design examples

Signal Tap, Link Inspector

STRATIX 10
inside

Intel® Stratix® 10 DX
FPGAs

Gen5 x16 with bifurcation
TLP bypass for PCle switches

SR-I0V, shared virtual memory
(SVM), VirtlO

Scalable IOV
Design examples

Debug tools
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Intel® Agilex™ FPGAs




Intel” Stratix” 10 FPGAs — Overview

intel)
@< Intel . -
Embedded Multi-die Interconnect ’e t’x 70

Bridge (EMIB) packaging innovations ¥
Opr

Heterogenous architecture (FPGA
base die + chiplets)

AIB electrical I/F = Now open
sourced

Enables flexibility, scalability, and
fast time-to-market

%2 [T :
3 el Hy, H
ko] e KL SE Y8

-
*omo,

Transceiver chiplets “Tiles”

Memory stack

4GB

HBM2 Memory

10/25/100GE
MAC+FEC




Intel” Stratix” 10 Portfolio Transceiver Tile Comparison
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Transceiver Tile L-Tile H-Tile E-Tile P-Tile
Variants (GX/SX) (GX/SX/TX/MX) (TX/MX/DX) (DX)

. . 57.8G PAM-4 16x 16G NRZ (PCle Gen4),

Max Chip-to-Chip 8x26.6G NRZ 16x28.3G NRZ 30G NRZ or 20x 11.2G NRZ (UPI)
12.5G NRZ up to 25dB 30dBw/ FEC @ 57.8G PAM-4 PCle Gen3/4
Max Backplane (>12.5G - 26G backplane 30dB @ 28.3G NRZ 35dB w/ FEC @ 30G NRZ specification compliant
use re-timers) 30dB w/o FEC @ 30G NRZ P P
PCle Gen3, x16 with PCle Gen4, x16 with
Hard IP PCle Gen3,x16 4 PF/2K VF SR-IOV 10/25{35?225 I\;':_CI:_EEY que 8 PF/2K VF SR-IOV, EP/RP.
50/100GE MAC ' UPI PHY and Link Layer

Power (same 1.0 1.0 ~0.6 ~0.7
rate)
Pin Migratable Yes No No

Production device capabilities shown above.
Some features not available in Engineering Sample (ES) silicon. Refer to silicon and software/IP rollout schedules for feature enablement details.
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Intel” Stratix® 10 Portfolio

Up to 512 GB/s HBM2 DRAM
Bandwidth

Dual Mode 58G PAM-4

30G NRZ Transceivers
Quad Core 64-bit ARM A53 HPS up to 1.5 Quad Quad
GHz Core Core Core

ARM ARM ARM
A53 A53* A53*

Future Tiles

FPGA FPGA FPGA

HyperFlex Architecture Fabric Fabric Fabric Fabric

Up to 10 TFLOPs DSP
Secure Device Manager
Monolithic Fabric PCle
28G NRZ Transceivers (GX/SX/TX/MX) Gen4,
PCle Gen4 or UPI (DX) UPI

Stratix 10
MX

tratix‘ 0 Stratix 10  Stratix 10

Stratix 10
GX SX TX DX

* Not all features are available in every




https://pcisig.com/developers/integrators-list

PCle Gen4 IP Advantages (Intel® P- Tlle Implementatlon)

PCISIG
PClE4Q D MULTILE OOE WALATON
' EXCELLENT
SESPEL  (BIRPIBFURCATION ACELEN
ADVANCED -
CLOUD VIRTIO CLASS' SR-OV sﬂ‘éﬁ%%‘v"{&%‘
FEATURES SPPIRIED - MNDSEHAE FOR ZERO COPY

TLP-BYPASS COUPLED OPTIMIZED FOR SMALLEST

ADAPTIVE LOGIC MODULE
SWITCH IP P.{:?EESN&F[I-[:EH WITI'[I\xlljRTIU [AI-M] CDUNT 1SD280 P-Tile 4x locations

APPLICATIONS ~ SMARTNICIP 50 LESS THAN 3% PARTY2 (top down view)

1. Compared to Xilinx FPGA offerings.

2. Compared to 3RP party vendor implementation of PCle Soft IP switch, for FPGAs, using PCle PIPE interface. See pages 10-11 for more details.




1.

Intel® P-Tile: PCI-SIG Gen4 Compliant

PCi
/'SIG

Integrators List

Contact the Intel® FPGA team for compliance test result details.

(inteD)
STRATIX 10

Attended compliance workshop #110 (Aug. 2019)

100% compliant = Passed 12 of 12 vendor tests’

Includes CPU, ASSP, and test equipment suppliers
PCI-SIG integrators list

Intel® Stratix® 10 DX
Devices

Same P-Tile used in Intel® Agilex™ FPGAs

Intel® Agilex™ FPGAs
ALl (F-series devices)

inside’

-




EMIB = Embedded Multi-die Interconnect Bridge

N

Intel® P-Tile: PCl Express Hard IP

Intel® Stratix® 10
FPGA fabric die

Hard IP has pass PCI-SIG compliance testing:
» PCle Gen4 Base Spec. Rev. 4.0, Ver1.0
PCle PCle  PCle| PCle UPI

» PCle Gen3 Base Spec. Rev. 3.1 x16 | x8 = x4 x4 = x20

t x16 / x20 lanes

Intel® Stratix® 10 DX FPGA
Bifurcation Support (Tile can be split into independent links) Development Kit (4x p-Tiles, 1x E-Tile)

= EP:Two Gen4 x8 or two Gen3 x8
=  RP: Four Gen4 x4 or four Gen3 x4
Mode control: Intel® Quartus® Prime Design S/W (at compile time)

P-Tile die

J

PCle x16 lanes support (Gen3 and Gen4) per Tile
* Both root-port (RP) and end-point (EP) modes supported

]- PCle x16 lanes
]- PCle x16 lanes

Hard IP Bypass Mode } pciexi6anes

= Allows realization of PCle switch and other functionalities in
the fabric core

PCle x16 lanes




Intel® P-Tile: Hard IP Bypass Mode

Bypasses Transaction Layer (TL)

. PMA |8 Logic D -0
= Hard IP used as a ‘TL packet (TLP) data transporting’ link ! + 3l pHY (Baf (Fran- |
. w in !
! PCS || (MAC Layer) |
= Malformed TLPs dropped with error notification i 5| ( ) Layer) !
* In this case, both configuration registers (e.g. BARs) and TLP need i ______________ PCleHardIPblocks |

to be implemented in FPGA user logic
Example of PCle Hard IP in Bypass mode

Incoming TLPs ‘handed over’ to User Logic
= Hand-over to/from user logic using Avalon® -ST hard IP for PCle

‘Lite’-weight TL block needed (user design or 3™ party)

= Some configuration registers still used by Hard IP Lite PCle

Confguration

— E.g. Registers related to link state

= User logic can access these registers with Avalon® Memory-
Mapped IP for PCle

Applications: PCle switch (SWUP/SWDN), VirtlO

|| mmmmm) Bypass mode




Switch Port IP logic size:
- With PIPE attach: ~43K ALMs

Implementing Soft PCle Switch IP (PCle PIPE)

FPGA Package

SW-UP Port

» Address based routing:

- Admit only if TLAddr within UP windows

—  Standard error detection (malformed, ECRC etc.)
» |D-based routing

—  Forward TLP if bus # >= Secondary bus #

— Handle CFGO internally
Switch Fabric

» Address based routing:

- Route TLP to the corresponding DN when inside its windows
- Error detection and generation (Generate CPL/Error message)

= [D-based routing

- If bus number = UP secondary bus number

Program DN config space register and send CPL (SC or UR)
- If bus number = DN secondary bus number

Convert TypeO and send to DN port

Else forward it

= Arbiter Mux on outgoing TLPs

SW-DN Port

= No checkinfis done on transmitter (TX)

= Receiver (RX) checks that TLP is outside
its window

idid

idid

LogicPHY
DLL
TL

LogicPHY
DLL
TL

FPGA fabric logic

PIPE FPGA XCVR1/Q's
UP-Port
LogicPHY
DLL LogicPHY .
DLL a
TL 5
t / TL
Switch
Fabric
LogicPHY
t DLL W
a
TL TL o
DLL
LogicPHY
PIPE



Implementing Soft PCle Switch IP (P-Tile)

FPGA Package HardIPinTL < ———— P-Tiles and
Bypass mode ! Transceiver |/O
UP-Port :
Z . cogieR implemene CogicPHY Switch Port IP logic size:
o I:OgK—PH¥ in P-Tile o
3 " - 3 - With PIPE attach: ~43K ALMs
- TL Lk < - With TL bypass: ~6K ALMs
é - t / s E
Switch
Fabric
%é - \ LogiePEY ﬁ
5 Bk t B %
s TL L TL g
BLE 2
FPGA fabric LogiePHY
logic
Hard IP in TL

Bypass mode

1. Based on Intel® estimates for P-Tile vs. 3RP party vendor implementation of PCle Soft IP switch, for FPGAs, using PCle PIPE interface = 43K ALMs reduced to 6K ALMs. intel' l 13




Intel® P-Tile: PCle Functionality Accessed via Avalon®
Streaming (Avalon-ST) Hard IP for PCle

- Intel® Stratix® 10 FPGA base die P-Tile (PCle mode)
Y inter Hyperkiex . ‘{7 i! r l i
~ core logic

User
Application
+
Accelerator
functions

Actual picture of Intel® Stratix® 10 DX device
(de-capped), used for illustration purposes only.
(Top Down view)

Note: Intel® AIB = Advanced Interface Bus. A die-to-die interface used with Intel's Embedded

Multi-die interconnect Bridge (EMIB) packaging technology to create a physical and electrical
interface between an FPGA die and chiplet/tile die. Intel® AIB is now available via royalty-free
license: http://github.com/intel/aib-phy-hardware




Intel® P-Tile: PCle Functionality Accessed via Avalon®
Memory-Mapped (Avalon-MM) IP for PCle

P-Tile (PCle mode)

Intel® Stratix® 10 FPGA base die
core logic

Soft IP:

Avlon-

User MM or
Avalon-

application MM Direct
+ Memory
Access

Accelerator
functions

Actual picture of Intel® Stratix® 10 DX device
(de-capped), used for illustration purposes only.

*AIB = Advanced Interconnect Bus. A die-to-die interface used with EMIB packaging
technology to create physical & electrical interface between FPGA die and chiplet/tile die.
AIB is now available via royalty-free license: http://qgithub.com/intel/aib-phy-hardware




Intel® P-Tile: PCle Advanced Features for
Virtualization or Accelerators

Virtualization Trend

P-Tile PCle* can support multiple virtualization options and/or accelerator functions

1.

2.

Single Root I/O Virtualization (SR-I0V)

VirtlO using PCle PFs / VFs

— Linux Para-virtualization with SR-IOV

Scalable I/O virtualization (Scalable IOV)

— Allows for dynamic virtual device creation

— More granular than SR-IOV VFs

Shared virtual memory (SVM)

—_—

= Selection based on requirements for:

* Latency

* # of VMs/containers

* North/South vs. East/West traffic patterns
* NIC hardware

» Etc.

—/
Used for FPGA accelerators

‘ « Zero-copy functionality, etc.

To increase performance and maximize physical compute resources (CPU, network interface card (NIC), storage, etc.)
in a virtual architecture (cloud, virtual machines (VMs), containers, dis-aggregated servers, etc.)

Lirltzl'lm



Contact Intel® FPGA marketing for more details
on SR-I0OV network functions virtualization (NFV)
solutions or Intel programmable acceleration
cards (Intel PACs).

Single Root I/O Virtualization

(D
Intel® P-Tile has Best in Class’ FPGA Single Root 1/0 Virtualization :
(SR-IOV) features =
https://www.intel.com/content/d https://www.intel.com/content/d
= Eight Physical and 2,048 virtual functions 2X — 8X more than *mﬁn%'”—ﬁu‘ 215133;;;;%:é,i?.ai‘;f:?v”f"‘

FPGA competitor’

— Implemented in hard-IP

[t [ w2z [[ws | [ wmn |
* &

‘ ! L

» Customer benefits include: | Hypervisor

— Supports more VMs' _ 0

Hardware Replicated Virtual Functions

1 ;
! [
[ |
VF1 VF 2 VF 3 VEn

- Uses significantly less FPGA user logic (vs. competition)?
= SR-IOV generally has lower latency and uses less CPU resources vs. other 000 080 030 .. 008
virtualization options e P s =
1

ll Compute Engines J /O Engines. |
= y
| ) J

1. Compared to Xilinx FPGA datasheet specifications.
2. Comparison of PCle features implemented in Hard vs. Soft IP, versus Xilinx FPGAs.




Contact Intel® FPGA Marketing for more

. ’i)) details on Intel FPGA PACs with VirtlO
VI rt I O Solutions

Virtualization solution completely implemented in software

Part of standard Linux library libvirt (most Linux versions) S TEpREe S

= Customer benefits include: virtio Driver

— Runs on any hardware

Bus (PCI, MMIO, Channel 10)

— Easier software coding

Device Feature Device

5 virqueues
Configuration Bits Status vinqueue

— Easier VM-to-VM migration

virtio Device

L e

https://wiki.libvirt.org/page/Virtio

Sources:




Intel® Scalable 1/O Virtualization (IOV) k@ @

Intel® Scalable 1/0 Virtualization

New I/O virtualization architecture - For dynamic creation of virtual devices

» Lighter weight and more scalable compared to SR-I0V

= (Can co-exist with existing 1/O virtualization solutions ot s

= Utilizes existing PCle capabilities e.g Process Address space IP (PASID TLP Prefix) https://software.intel.com/si
which “... enables significantly more number of domains to be supported...”2 et naragedc

virtualization-technical-
specification.pdf

— supported in Intel’s P-Tile

Device Support: Interface split into slow control-path and fast data-path operations.  Slow-path operations emulated

by SW. Fast-path resources dynamically provisioned for direct access. CPU & software support
required to implement
this feature.

° Platform Support: Intel® VT-d extensions for isolation with PASID granular address translation.

Software Support: Virtual devices dynamically composed from fast-path resources and slow-path software
emulation. Requires OS/ VMM vendor enabling.

1. Implementation of Intel® Scalable IOV requires compliant End Points devices (i.e. FPGA) combined with compliant Host System (i.e. CPU) and Operating Systems. intel' I 19

2. Intel® Scalable I/O Virtualization specification, section 2.2.3.




SR-IOV vs Intel® Scalable IOV: Hardware View

Soft IP Assignable
Interfaces

SR-IOV Device Scalable IOV Device




Simplified Zero Copy design example
available on Github. Contact Intel® FPGA
Marketing for .PPT overview of design or
POC demo(s).
https://github.com/OPAE/intel-fpga-
bbb/wiki/MPF-VTP-Virtual-to-Physical

Shared Virtual Memory (SVM)

For Fixed-function Accelerators

= Customer benefits:
— Higher performance’

— Enables additional functions zero-copy, memory pining, and support for large or irregular working sets
For Programmable Accelerators (such as OpenCL™ SVM)
= Customer benefit: Low-latency cache coherency

= Specified with memory consistency models (coarse-grained vs. fine-grained coherency, synchronization primitives
via atomics)

Programmer’s Perspective
= Seamless sharing of pointer rich data structures between host and task offloaded to a device (accelerator)

=  Without SVM, a programmer or toolchain is required to marshal data between host and device view of memory

1. Based on internal Intel® FPGA estimates.




Intel® Agilex™ FPGAs: Product Families / Variants

F - SERIES

For wide range of applications

|- SERIES M- SERIES

For high-performa
processor interface and
bandwidth-intensive applications

LET'S REVIEW
THEDETAILS



Intel® Agilex™ I-Series FPGAs: 6 Package + Tile Options

FPGA Logic Tile Configurations Package Details =
EEiSSlee .

2 . 200 bandﬂg’d‘:t:i?:tre:’st;refaa':p? ir::tions
1x F-Tile + 3x R-Tiles |57.5 x 49 mm?, hex, 1.0 mm pitch, R2979A

2,692

2,200
3x F-Tiles + 1x R-Tile |60 x 59 mm?, hex, 1.0 mm pitch, R3803A

2,692

2,200
4x F-Tiles 59 x 53 mm?, hex, 1.0 mm pitch, R3343A

2,692

R2979A Package R3803A Package R3343A Package

R-Tile
(16) FPGA
base

R-Tile R-Tile
W9 FPGA (16)
base

F-Tile die
(16,0)

F-Tile die R-Tile
(16,0) (16)

R- and F-Tile locations (bottoms up views)

Notes: R-Tile supports PCle Gen5 while F-Tile only support PCle Gen4.

R-Tile (xx) refers to the number of 32G transceiver channels available. F-Tile (xx, y) refers to the number of 58G/112G transceiver channels available.



Intel® Agilex™ FPGA: PCle Gen5 Support

R-Tile (PCle mode)

PCle
Gen5x16
EP /RP

-
Intel® Agilex™ FPGA base die R-Tile (PCle mode) EP /RP

i Genbx4
core logic
:
5

User Bypass option .
application (PMA Direct)

+
Accelerator El
functions




Intel's PCle Gen5 Interoperability (PHY Test Chip)

Testing Performed

Link Training
Link Train to LO

Early testing with selected IHVs

* Interop testing with multiple vendors
Speed Change Loop

o Goal = Identify issues in early independent Recovery via link retrain

hardware vendors (IHV) designs and provide feed LoCT
back into next generation Intel® Xeon® CPU R&D tg‘:pDisable/Enable
o Preliminary testing with IP providers, retimers, and TxEq Redo

test silicon from key providers — Done v/ Lane Margining (Gen4)

Reset Tests

o Demonstrated PCle 5.0 interoperability with
Synopsys at PCI-SIG Developers Conf. (June 2019)

Hot Reset, Secondary Bus
Reset, SBR Loop

Power Management
L1 PM
L1 ASPM

* |ntel using ‘Ivey Creek’ for early testing with IHV's
and initial CPU validation

Subset of interoperability tests

* Next phase = PCle 5.0 testing with CPU + FPGA
samples (contact Sales for schedules)

https://voutu.be/fROOtPWZFQg

Lirltgl'lzs



1.

New Intel® FPGAs — Start Designing PCle Gen4 Today

P/N: DK-DEV-1SDX-P-CES P/N: DK-DEV-AGF014E2ES

= 4X ports of PCle Gen4 x16 with Stratix 1SD280 base die = 1X port PCle Gen4 x16 & Quad-core Arm A53 subsystem with
Intel Agilex AGFO14 FPGAs base die
= 2X DIMM slots (DDR4 or Intel® Optane™ DC persistent
memory) = 4X DIMM slots (DDR4 or Intel® Optane™ DC persistent memory)

= 2X QSFP (10GbE / 25GbE / 100 GbE) = 2X QSFP-DD (8x25GbE or 2x50GbE)

Blﬂmjf; Download Intel® Quartu

DESIGN SOFTWARE

Contact Intel® FPGA team for soft IP schedules to support Intel® FPGA + Intel® Optane™ DC persistent memory.



Intel” Stratix” 10 FPGAs DX FPGA Development Kit

Intel® Stratix® 10 DX FPGA

— 2.8 Million logic density

- 4x P-Tiles, 1x E-Tile
4x DDR4 channels (32GB Total)

- 2x 8GB DDR4-2400 onboard (x72 w/ ECC)

— 2x 8GB DDR4 DIMMs or Optane™ DCPM modules (option)
2x QSFP56 cages (2x 10GbE / 25GbE / 100GbE supported)

- FPGA Ethernet hard IP feature P/N: DK-DEV-1SDX-P-CES
PCle Gen4 Capability & Upgraded Virtualization features Order Now

— 1x PCle Gen4 x16 Endpoint via edge connector
— 3x PCle / UPI connectors (for cable over to selected CPU boards)*
UPI compatible board designed to be compatible with selected Intel® Xeon® CPU platforms/CRB’s

— |IP support for this feature is restricted. Specific customer approval & activation is required.

* Cables and daughter card will not be included with kit



Intel” Stratix” 10 DX FPGAs N B

Stratix® 10 DX
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New capabilities added to Stratix 10 accelerator portfolio

* Up to 2x more bandwidth via PCI-SIG compliant PCle Gen4
X162

» Will deliver 37% lower latency 2 via Intel Ultra Path
Interconnect (UPI), the coherent interface to select Intel’
Xeon® Scalable processors

* Memory controller IP to connect to select Intel® Optane™ DC
persistent memory modules

Accelerates server applications:

* Coherent flexible accelerators (FPGA + Xeon® processors)

* Increase total host addressable memory via coherently
attached FPGA and select Optane™ technology

* High performance, low latency for SmartNICs, Test &
Measurement, etc.

» Path to Compute Express Link (CXL) and PCle Gen5

1Some features are not available in every member of the family. 2 Per the PCl specification for PCle Gen.3 x16 vs. Gen4 x16. 3 UPI latency vs. PCle roundtrip

latency in Stratix 10 DX, based on Intel estimates.

DX FPGA capabilities ’

HBM2
Stratix 10 DRAM !

FPGA
fabric

—

Quad-core
A53 HPS 1

~,
~,
~..

XCVR 1/0:
58G PAM-4, 30G NRZ
10/25/100G Ethernet MAC+FEC




Intel® FPGA PCle Gen4 and Gen5 Solutions

New PCle virtualization
and other features save
cost and power!

PCI-SIG compliant PCle
Gen4 x16 shipping now!

PCle Gen5 technology Multi-generation PCle
building blocks demo technologies will ease
today! transition to Gen.6

INTEL" FPGAS DESIGNED AS A PCI EXPRESS-
BASED ACCELERATOR
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ACCELERATING CUSTOMER INNOVATION FROM
EDGE TO CLOUD WITH INTEL™ PROGRAMMABLE

ACCELERATION CARDS




The Data-Centric Era Is Upon Us ...
... and Driving Market Change

AVERAGE

o | 1568

DATA/DAY

" HIGHLY CUSTOMIZED |
| HARDWARE AND |
\  SOFTWARE

"IZ‘II\TI‘ ‘\w . 107109

~INNOVATION

{0 DY 0100 191 DO T 0D,
TOOTOAG TR0 GTDT01G IO )
oD 0O O DID 1100108

SMART AUTONOMOUS CONNECTED SMART
HOSPITAL AUTOMOBILE AIRPLANE FACTORY

JIB 418 401B 1PB

DATAIDAY ~ DATA/DAY  DATA/DAY  DATA/DAY



Application Acceleration Challenges and Needs

£x )
CX) WURKL(]AI]O(]:T,I‘MIZATI(]N J :
EFFICIENT PERFORMANCE Ensure Intel® Xeon® processor REAL-TIME AND DETERMINISTIC

Improve cores serve higher value High-bandwidth connectivity and
performance/watt processing low-latency parallel processing

Multiflfkec(ilgrl\lgvrdware DEVELOPER ADVANTAGE

acceleration through FPGA Code re-use across
programmability Intel FPGA data center products




Acceleration Options

Acceleration of compute means

HETEROGENEQUS COMPUTE

DEDICATED ACCELERATORS VERSATILE ACCELERATORS

for maximum CPU | GPU for customized and
compute efficiency of changing workloads
specific, stable functions Al |FPGA in networking, storage, and
compute




Intel® FPGA PAC End-to-End Product Portfolio

ACCELERATION

Intel® Vision Accelerator
Design with Intel Arria® 10
FPGA

" NETWORK DATA CENTER

g .[r.

WIRELESS OR NETWORK FUNCTIONS CLOUD AND ENTERPRISE
VIRTUALIZATION (NFV) APPLICATION ACCELERATION
APPLICATION ACCELERATION PAC with Intel Arra 10 GX FPGA for




Programmable Acceleration Solutions Ingredients

Intel® FPGA Programmable Acceleration Acceleration Stack for Intel® _
Card (PAC) Qualified on Industry- Xeon® CPU with FPGAs Accel.era'-uon IP from
Leading Enterprise Servers Application Experts

Rack-Level Solutions

] Intel® FPGA

e

Acceleration Functional
Unit (AFU)

0S & Virtualization Environmen

Intel® Hardware

@tﬁl'las



Intel® Acceleration Stack — Developer Platform for
Fast Time to Market \

FPGA compute resources
supported by leading cloud/data

: center frameworks
SRR EEEE (QTE TSl = openstack. kubernetes } Pre-verified 37 party
Application & Libraries < applications or develop your
own leveraging Intel and
i industry libraries
Operating System \ FPGA compute Li }
Hardware Virtualization resources recognized lf,‘.‘.‘l‘f}

by Linux* kernel

Server System

Co-develop and validate with ’ } Co-develop and validate ’
Intel® PAC virtual machine infrastructure with container ‘&

Xeon® Accelerator vmware %GQKVM infrastructure docker
Processor P

PAC and software stack pre-verified for use in ’

broad range of servers inspur
Compute Solution Stack C‘§ — o)
p e DEAL Hewtettpaciara  FUJITSU (SU,,ERM,”;.
nterprise

(QUANTA)

Lirltgl'l%



INTEL" PROGRAMMABLE ACCELERATION CARDS

ACCELERATE 56




Cloudification of the Network

DATA CENTER | CLOUD ACCESS | EDGE DEVICES | THINGS

| (@) .
m B e A g
B A 28"

THE NETWORK MOVES TO INTEL® ARCHITECTURE (IA)

2011 2013 2015 2017 2019 2020

NFV 1T NFV 20% INTELDPDK  1°7100% 15%

DEFINED PROOF OF OF COMMS SPS MOVES TO CLOUD-NATIVE NETWORK WILL
CONCEPTS ADOPT NFV FOULI\IIIBLA)'I{ION NETWORK BE VIRTUALIZED




Acceleration Workload Solutions for NFV and vRAN

EDGE
NETwn‘ﬂ(

Virtualized Radio Access

Target Network (vVRAN) Application
4G: Turbo reference design
Workloads 5G: LDPC reference design

Fronthaul: I/Q compression
intellectual property (IP)

CORE ~ rinii
NETWORK ctoun

vCORE/NFV Application
NFVI: Open vSwitch (OVS), Vector
packet processing (VPP) router
VNF: vBNG, VEPC, 5G NGCN
Security: IPSec, vFirewall




Solution Components and Ecosystem

Application Software IP/ISV Partners

) Customization,
Drivers & Frameworks Complete Applications

Production Ready

Accelerator Function / > InSystem

N tegration

Silicon & Boards

Reference designs
Intel® Xeon® Scalable Software Stack

Processor Platform




Ecosystem Enablement Model for vRAN

Intel FlexRAN & VRAN
Enablement Package

L1
(PHY)
4G & 5G

Service

OEM/TEM/SI
VvRAN Solution (BBU
—t on COTS Server &
s Software, FPGA, RF

Providers
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Solutions

COTS Architecture, and remote radio
Server Platforms (Intel® head (RRU)
Xeon® D processor, Intel®
Xeon® Scalable
Processor), FPGA PAC 31 Party
SwW

Enterprises

Platforms

Intel working with ecosystem to accelerate the development of vRAN solutions




Intel® FPGA PAC N3000 for Networklng

Accelerates network traffic for up to 100 Gbps
to support low-latency, high-bandwidth 5G
applications enabling custom tailored
solutions for vVRAN and core network
workloads with support of end-to-end industry
standard and open source tools

HIGH LOW HIGH INTELLIGENT ‘SMALL FORM
PERFORMANCE  LATENCY BANDWIDTH OFFLOAD FACTOR

1.1M 9 GB DDR4 8 X10 Gbps Two Intel® Ethernet 2 length, full
logic memory, 4 x 25 Gbps Converged Network Adapter height, single
elements 144 MB QDR IV XL710 network interface card  slot PCI Express*
(NIC) for packet processing (PCle*) card




Accelerating 5G vVRAN with Intel® FPGA PAC N3000

+

FRONTHAUL

PCle Gen3 16x

LOOK-ASIDE FORWARD ERROR BUMP-IN-WIRE FRONTHAUL
CORRECTION [FEG] Compression or decompression

for latency and bandwidth
LDPC/Turbo (De) Encoder, reduction
Rate (De)Matcher, (De)

Interleaver, cyclic redundancy
check (CRC)

INTEL PAC SOLUTION
DEPLOYED BY

Rakuten

VIRTUALIZATION

Multi-channel direct memory
access (DMA), virtual machine
integration, load balancing
functions




Accelerating 5G Core with Intel® FPGA PAC N3000
Imperatives - Solutions

Revenue Growth via Delivery of New Services
Industry’s first virtualized 5G NGCN 200 Gbps/server
solution at 50% CPU utilization
Support higher bandwidth and lower latency 5G
. ; applications such as autonomous driving, augmented
Affirmed Networks 5G Mobile Core reality (AR) or virtual reality (VR), and network slicing

OpEx and CapEx Efficiency

Multi-Access » Better CPU utilization with FPGA accelerated solution:
4G/5G Smart load balancing and CPU cache optimizations
* Lower power consumption/bit
.. - : Economies of Scale
Network Sllcmg e Build tailored solutions for different 5G use cases

Future proof your design by seamlessly migrating 4G
to 5G workloads

ENABLING COMMUNICATIONS SERVICE PROVIDERS TO MEET 5 HIGH DENSITY 1/0 GOALS




Load Balancing Accelerator

Overview
Achieved 200 Gbps on 100 GbE links using Intel®
Xeon® processors and Intel FPGA-based
Programmable Acceleration Card
Enabling cost-effective and scalable user plane
5G/4G core solutions for both edge and central
office requirements by utilizing COTS platforms

Value
Packet processing performance improvement with
optimized CPU utilization

Frees up cores for other hosted 5G services, e.g. DPI
Reduced CapEx/OpEx

Source : Affirmed Networks Benchmarks

MAC LB metadata L3 packet

Data Plane

Intel® PAC EREEEEEE SW Cores

Performance Gain
» 50% core saving on user plane forwarding

= 100 GbE termination
= 20 Gbps/ core




200G FPGA-Accelerated 5GCN

First cloud-native containerized 5G
core network with T00GbE
interfaces (MWC 2019)

Load balancing acceleration using
Intel® PAC

Affirmed 5GCN SA VNF
» User plane packet forwarding

D<LL
POWEREDGE R740

Hardware-accelerated load
balancing free up 12 physical core
available for DPl and/or other
applications

Intel® Silicon
Photonics

Traffic Type: Packet
50/50 Throughput per

Uplink/Downlink Server

Source : Affirmed Networks Benchmarks

OpenStack Controller Test Load Traffic Generator

Rate per Highlights

DeAL
POWEREDGE R740

Integrated Gi
Service Chain

5GCN Aware Checksum +
Load Balancer

5GCN Aware Checksum +
Load Balancer

Intel® Silicon Intel® Silicon
Photonics Photonics




FPGA BASED DATA GENTER
WORKLOAD ACCELERATORS




Intel WL Acceleration Solutions

TENIAC

No SQL
Cassandra

6X
Performance

Deterministic
low latency at
higher Q/S

~ 80% TCO
savings

%swarm 64

Data
Warehousing

4X+
Performance

High Ingest
rate with fast
query/second

~50% TCO
savings

“Yalcon
COMPUTING

Genomics
GATK

2.5X
Performance

Speedup of
Broad GATK
pipeline

~60% TCO
savings

CTACTEL

Image
Processing

3-4X
Performance
Transcode

images faster

~45% TCO
savings

More on the way

Streaming
Analytics

), ¢
Performance

Real-time Al
inference within
Spark BigDL

~50% TCO
savings

L. Levyx

Financial Black
Scholes

8X
Performance

Risk Analytics
within Spark
framework

~50% TCO
savings

napatech’

Network
Security/
Monitoring

£).¢
Performance

Deep Packet
Inspection at
40Gbps lossless

' 75% TCO
savings




Problem

Data Source

3

Sensors

Operations

Mo

Transportation

i

Marketing

&

Surveillance

Application

— e s = o o . _— e o o e o o =

Streaming Data Processing

kafka Spoﬂ{(\z
wolt @ ML

Streaming  Flink

CPU Server

Current Solutions Using Spark Streaming with ML / DL

Challenges with SW only solutions:
(1) Latency is too high and does not meet real time requirements
(2) Throughput does not scale linearly with number of nodes

Database Processes

(D
SQL
-

A\

Analysis




Acceleration Dataflow

Data Source = Database Processes

'M") Application
Sensors

Spaik’ Other Frameworks

Streaming

[ DO
Arka Runtime SQL
()

FPGA

Ingest o Transform .
Operations

Sira Accelerator Function Units (AFU) Alerts
L : —
Transportation ‘“‘ﬂr

Y‘\ ::2%

@ Analysis
Marketing
(inteD + (d-MEGH

COMPUTING

8:] Real Time Analytics Pipeline
Video

camcorders +  5xperformance

* 2xless TCO and lower latency




use case: rt Video analytics

Intel FPGA CPU

Application
Transform

Post Processing:

» Identify mismatch
between image and
scan codes
Generate alerts

Video Streams Ingestion: Data Transformation: Inferencing:

* 10 to 60 streams * H.264 decode * 15 fps/ channel

*+ 1080p 30 fps * Resize images » Different topologies
* MPEG coding * Reformat RGB based on model

Eng to End hitﬁEC¥ < 100 ms

>

~

~

Fraud Prevention due to mis-scans of SKUs Identify and prevent loss at POS

Image Classification of Fresh Produce for quality control Identify poor quality produce and prevent packaging losses.

Better inventory management by avoiding product misplacement Reduce inventory loss




@nteD  OLVING REAL DATA CENTER PROBLEMS
SPARK STREAMING ACCELERATION

4 MEGH

COMPUTING

Spark Acceleration: Real-time Streaming
Deliver >10x performance and 10x lower latency at same Total Cost of Ownership

TR,

2x 5~10x 2x

TCO Better Latency
Reduction Performance Reduction

Running on an Intel qualified platform and Acceleration Stack
Ingest real time streams from varied sources in different formats for ETL processing
. In-line processing of network protocols, data filtering and transformations on FPGA
Process data streams using ML / DL libraries with different Data Analytics frameworks
J Initial implementation with Spark framework + BigDL with offload of inferencing to FPGA
Accelerate complete pipeline in FPGA for Low Latency and High Performance
. Delivered by differentiated technology — Arka Host SW and Sira FPGA HW libraries
. SDKs and Support Services for customization provide faster time to value.




Intel WL Acceleration Solutions

TENIAC

No SQL
Cassandra

6X
Performance

Deterministic
low latency at
higher Q/S

~ 80% TCO
savings

%swarm 64

Data
Warehousing

4X+
Performance

High Ingest
rate with fast
query/second

~50% TCO
savings

“Yalcon
COMPUTING

Genomics
GATK

2.5X
Performance

Speedup of
Broad GATK
pipeline

~60% TCO
savings

CTACTEL

Image
Processing

3-4X
Performance
Transcode

images faster

~45% TCO
savings

More on the way

Streaming
Analytics

), ¢
Performance

Real-time Al
inference within
Spark BigDL

~50% TCO
savings

L. Levyx

Financial Black
Scholes

8X
Performance

Risk Analytics
within Spark
framework

~50% TCO
savings

napatech’

Network
Security/
Monitoring

£).¢
Performance

Deep Packet
Inspection at
40Gbps lossless

' 75% TCO
savings




Problem

Existing JPEG Images g View Images From

Stored in Storage Browser or Apps

Transcode to WebP




Acceleration Dataflow

Applications

Existing JPEG Images
Stored in Storage

View Images From

Image Processing Servers
g g Browser or Apps

INTEL PAC (FPGA)

Pixel

Processing Encode

Decode

Resizing

@med + CTACTEL

"Accelerated Computing

Transcode to WebP




@nteD  OLVING REAL DATA CENTER PROBLEMS
S IMAGEPROCESSING ACCELERATION

LCTACTEL

"Accelerated Computing

G il B

50%~70% 5~10x 3x~5x

TCO Throughput Latency
Reduction Promotion Reduction

Running on an Intel qualified platform and Acceleration Stack
Lower Power
* TDP 20W per Kernel for JPEG to Webp transcoder application (3 kernel at 60W Per RushCreek)
*  TCO reduction: improve the computing density of DC, reduce racks
Industry Standard Software Compatibility for quick integration
* ImageMagick, OpenCV, GraphicsMagick, Lepton
*  Allow users to migrate seamlessly from software-based implementation to CIP
Ease of Maintenance
* Can be upgraded remotely
* PR(Partial Reconfiguration) technology allows fast and easy context switch of accelerator functionality without rebooting the server




Intel WL Acceleration Solutions
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Problem

Database Clients

CONGESTION

Limited server bandwidth

Limited throughput

Many servers needed to combat Latency
Potential compaction/garbage collection/thread
concurrency inefficiency bottlenecks

Expensive to scale

Database Servers

Transaction and
data storage
scaling in DB tier




Acceleration Dataflow

Database Clients Database Servers

TRAFFIC TO/FROM TRAFFIC TO/FROM
CLIENT SERVERS DATABASE SERVERS
do —n | FPGA |<--| CcPU [«=Z==Z%

e

(2
AI i Move Compute & 10 from SW (CPU) to FPGA

I TCP Engine | Cluster, Control & Consensus | Storage Engine
I FILE SYSTEM

Iv

$1

Storage

TENIAC

Proxy Servers
Transaction scaling in distributed data engine

Free up 7-10x server bandwidth

Increase throughput by 6x

Lower latency by 25x at 99t" percentile

Reduce compaction/garbage collection/thread concurrency inefficiencies
Plug & Play: No SW changes




o,

Intel Accelerated Solutions

SOLVING REAL DATA CENTER PROBLEMS

CASSANDRA DB ACCELERATION
TFENIAC

Cassandra DB Acceleration

G il B

Up to 80% Up to 6x Up to 25x

TCO Throughput Latency
Reduction Promotion Reduction

Running on an Intel qualified platform and Acceleration Stack

Decouples data and application layers, simultaneously acting as an 1/O accelerator to resolve any bottlenecks
Unique ability to accelerate Al inference algorithms close to the data store and speeding up analytics
Tightly couples storage class memory to a low latency network stack
Deployed as a network service with no software change required
Free up to 75% CPU cycles for business logic, resulting in increased revenue at
Significantly lower TCO (7-10x lesser servers)
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Problem

Data Source Bl Output

High
i Velocity Insert up to 25M rows / sec, Accelerate OLTP -> OLAP data loads to
O pe rat ion al Data consistent 1.2 GB/sec meet Service Level Agreement (SLA)
Inserts

Data Databases can be Reduces storage costs & mitigates I/O
Compression 3-5 times smaller

OLAP Analysis

Extract Accelerated 105-100s GB/sec Faster Query Response -
Transform Query effective throughput more data to safisfy

Response dashboard & reporting users
LERP LoRs

Tk
(ETL, ELT) “Hr+ableau
o

as

MicroStrategy

ses
s

“ >,
N il lobker

TERADATA ®':§ETEZZA @Greenplum @0

BM” Company

Current | Legacy Data ~ i
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Acceleration Dataflow

Data Source Bl Output

( - Operational “;Ej{sjsféél> gi‘ff,'f"’j_fgj @
y | v [

»

- = OLAP Analysis

Extract e MR -
Transform Staging Database for Production
Load Nightly Runs Data Warehouse Ty
(ETL, ELT) e T iitab leau
Faster Faster Queries and
Data Inserts Reduced Storage Reqgs

MicroSirategy

« O lodker

O ——

@swames (inteD PAC @00

Data Warehouse ~" i
Flat Files, Acceleration Servers Reports & Dashboards
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@nteD  OLVING REAL DATA CENTER PROBLEMS
DATA WAREHOUSE ACCELERATION

o 50%
. TCO ‘
\ . |
. Savings J
= r

2 TCO vs Legacy enterprise data warehouse solutions

- . )
1l ) 1T

12-70x 1.2GB/s | 25M Rows/s 3-5x

Faster Query Data Data
Performance Insertion Rate Compression

Running on an Intel qualified platform and Acceleration Stack
Enables customers to run data analytics using latest information more frequently
Consolidate redundant server resources and increase capability of the IT organization
Frees both administrative and HW data center resources for other tasks
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Problem

SAPACHE K . . 4 . Z | | Limited bUdgets
pQr : : | | More requirements

Cluster P P« O Compliance More
= O Model Complexity Compute
& O security Required

Expanding Server Build-out

FUTURE

APACHE

Spark. > € :
Denser infrastructure More

Cluster [ XENON Lower costs Compute

More flexibility Delivered

Intel
PACs - - - - Higher density of compute and data

Densely populated servers with multiple PACs

= iZ
™




Acceleration Dataflow

Execute wmmmmm | inicd | TR
Algorithm i . = Compute intensive

) = Bulk of the workload
(run many times)

. 4 T3
Levyx Data Frame
) T3

3| calculate Calculate

Mean- :
Revert 8n2t;e?s?nuﬁt%r!)_

(once per simulation)

Ingest Data

(run many times)




SOLVING REAL DATA CENTER PROBLEMS
financial risk managing

Levyx

oX COMPUTE PERFORMANCE

vs. Server Only Solutions

Intel-Qualified
Platform and
Acceleration Stack

Reduce TCO All-Intel-in-One Ease-of
by 2x Solution Use




Intel® FPGA Acceleration Hub

Intel® portal for all things
related to FPGA acceleration

Acceleration Stack
for Intel® Xeon® CPU with FPGAs

FPGA Acceleration
Platforms
Acceleration Solutions
and Ecosystem
Knowledge Center
FPGA as a Service
Academia

Ol.org*

*01.org is an open source community site




Legal Notices & Disclaimers

This document contains information on products, services and/or processes in development. All information provided here is subject to
change without notice.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.
Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations
and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance
tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other
products. For more complete information visit www.intel.com/benchmarks

Results have been estimated or simulated using internal Intel analysis or architecture simulation or modeling, and provided to you for
informational purposes. Any differences in your system hardware, software or configuration may affect your actual performance.

Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or configuration
will affect actual performance. Consult other sources of information to evaluate performance as you consider your purchase. For more
complete information about performance and benchmark results, visit www.intel.com/benchmarks

Intel technologies' features and benefits depend on system configuration and may require enabled hardware, software or service
activation. Performance varies depending on system configuration. No product or component can be absolutely secure. Check with your
system manufacturer or retailer or learn more at intel.com.

Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names and brands may be
claimed as the property of others.
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