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Agenda 

• Intel® FPGA Connectivity Options

• PCI Express (PCIe), Ethernet, PAM-4 Transceivers

• Intel® FPGA PCIe Multi-Generational Support

• Intel® FPGA PCIe Gen4 and Gen5 Features

• Hard IP, Transaction Layer Bypass, Virtualization Intellectual Property (IP)

• Intel® PCIe Gen5 PHY Test Chip and Interoperability Enablement

• Intel® FPGA PCIe 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.
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Intel® FPGA Connectivity Features to Move Faster

Today
upi

PCIe

Gen4

58G
PAM-4

I/O

100G ethernet

 1st FPGA listed on PCI-SIG integrators list as PCIe Gen.4 
compliant (x16 lanes, end point or root complex)

 New PCIe virtualization features and IP supported

 58G PAM-4 and 100G Ethernet in volume production 
(since Feb. 2018)

COMING
cxl

PCIe

Gen5

112G
PAM-4

I/O

400G ethernet

 PCIe Gen5 PHY test chip – demonstration at PCI-SIG 
Developer Conference (see YouTube video)

 112G PAM-4 and 100G Ethernet test chip demo. (since 
OFC 2019)

 PCIe Gen6 will use PAM-4 and forward error correction 
FEC technologies



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

 Gen3 x8

 SR-IOV 4PF/2048VF

 Design examples

 Signal Tap

 Gen3 x16

 SR-IOV 4PF/2048VF

 Design examples

 Signal Tap II

 Link Inspector

 Gen4 x16 with bifurcation

 TLP bypass for PCIe switches

 SR-IOV 8PF/2048VF, SVM, VirtIO

 Scalable IOV

 Design examples

 Signal Tap, Link Inspector

Intel® Stratix® 10 
GX/SX/MX/TX

FPGAs

Intel® Stratix® 10 DX
FPGAs

 Gen5 x16 with bifurcation

 TLP bypass for PCIe switches

 SR-IOV, shared virtual memory 

(SVM), VirtIO

 Scalable IOV

 Design examples

 Debug tools

Intel® Agilex™ FPGAs

Gen3 x8 
Hard IP

Intel® Arria® 10
FPGAs

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

Stratix® V
FPGAs
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Intel® Stratix® 10 FPGAs – Overview

5

Embedded Multi-die Interconnect 
Bridge (EMIB) packaging innovations

AIB electrical I/F = Now open 
sourced
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4GB 
HBM2 Memory

Memory stack
Transceiver chiplets “Tiles”

Heterogenous architecture (FPGA 
base die + chiplets)

Enables flexibility, scalability, and 
fast time-to-market
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Intel® Stratix® 10 Portfolio Transceiver Tile Comparison

Transceiver Tile
Variants

L-Tile
(GX/SX)

H-Tile
(GX/SX/TX/MX)

E-Tile
(TX/MX/DX)

P-Tile
(DX)

Max Chip-to-Chip 8x26.6G NRZ 16x28.3G NRZ
57.8G PAM-4

30G NRZ
16x 16G NRZ (PCIe Gen4),

or 20x 11.2G NRZ (UPI)

Max Backplane
12.5G NRZ up to 25dB

(>12.5G - 26G backplane
use re-timers)

30dB @ 28.3G NRZ
30dB w/ FEC @ 57.8G PAM-4

35dB w/ FEC @ 30G NRZ
30dB w/o FEC @ 30G NRZ

PCIe Gen3/4
specification compliant

Hard IP PCIe Gen3, x16
PCIe Gen3, x16 with
4 PF/2K VF SR-IOV

50/100GE MAC

10/25/100GE MAC, PHY and
RS-FEC, KP-FEC

PCIe Gen4, x16 with
8 PF/2K VF SR-IOV, EP/RP.

UPI PHY and Link Layer

Power (same 
rate)

1.0 1.0 ~ 0.6 ~ 0.7

Pin Migratable Yes No No
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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.
Not all channels support the maximum data rate specification. Refer to transceiver tile descriptions and ordering information for channel count details.
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Intel® Stratix® 10 Portfolio

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

Quad Core 64-bit ARM A53 HPS up to 1.5 
GHz

Dual Mode 58G PAM-4 
30G NRZ Transceivers

Up to 512 GB/s HBM2 DRAM 
Bandwidth

28G
XCVR
PCIe
Gen3

FPGA 
Fabric

GX

28G
XCVR
PCIe
Gen3

FPGA 
Fabric

Quad 
Core 
ARM 
A53

SX

28G
XCVR
PCIe
Gen3

58G
PAM-4 
XCVR

FPGA 
Fabric

Quad 
Core 
ARM 
A53*

TX

F
u

tu
re

 T
il

e
s

28G
XCVR
PCIe
Gen3

HBM2
DRAM 

SiP

58G
PAM-4 
XCVR

FPGA 
Fabric

Quad 
Core 
ARM 
A53*

MX DX

PCIe
Gen4,

UPI

58G
PAM-4 
XCVR

FPGA 
Fabric

Quad 
Core 
ARM 
A53*

HBM2
DRAM 
SiP*

Ne
w

* Not all features are available in every 
device.



Pci-sig 
CERTIFIED

Base Spec 
Rev1.0

PCIe 4.0

Advanced 
Cloud 

Features

Switch ip

Validation 
Shows 

excellent 
results

Virtio
SUPPORTED

Best in 
class1 sr-iov
and scalable 

iov

Multiple mode 
support 

(EP/RP/Bifurcation)

Tlp-bypass 
to enable 

PCIE switch 
applications

Coupled 
with virtio

and 
smartnic ip

Shared Virtual 
Memory (Svm) 
for zero copy

Optimized for smallest 
Adaptive logic module 

(alm) count

75% less than 3rd party2

2.8M LE
FPGA
Fabric

Die 1
0

a
1

0
b

1
1

b
1

1
c

E
-T

ile

1SD280 P-Tile 4x locations
(top down view)

PCIe Gen4 TX Eye, 16G, PRBS15

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

PCIe Gen4 IP Advantages (Intel® P-Tile Implementation)

1. Compared to Xilinx FPGA offerings.
2. Compared to 3RD party vendor implementation of PCIe Soft IP switch, for FPGAs, using PCIe PIPE interface. See pages 10-11 for more details.
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Intel® P-Tile: PCI-SIG Gen4 Compliant

• Attended compliance workshop #110 (Aug. 2019)

• 100% compliant = Passed 12 of 12 vendor tests1

• Includes CPU, ASSP, and test equipment suppliers

• PCI-SIG integrators list

• Same P-Tile used in Intel® Agilex™ FPGAs

Intel® Stratix® 10 DX
Devices

Intel® Agilex™ FPGAs
(F-series devices)

1. Contact the Intel® FPGA team for compliance test result details.
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Intel® P-Tile: PCI Express Hard IP

Hard IP has pass PCI-SIG compliance testing:

 PCIe Gen4 Base Spec. Rev. 4.0, Ver1.0

 PCIe Gen3 Base Spec. Rev. 3.1

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

Bifurcation Support (Tile can be split into independent links)
 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)

Hard IP Bypass Mode
 Allows realization of PCIe switch and other functionalities in 

the fabric core

PCIe
x16

UPI
x20

Intel® Stratix® 10
FPGA fabric die

PCIe
x4

PCIe
x8

P-Tile die

EMIB

PCIe
x4

PCIe x16 lanes

x16 / x20  lanes

PCIe x16 lanes

Intel® Stratix® 10 DX FPGA
Development Kit (4x P-Tiles, 1x E-Tile)

EMIB = Embedded Multi-die Interconnect Bridge

PCIe x16 lanes

PCIe x16 lanes
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Intel® P-Tile: Hard IP Bypass Mode

Bypasses Transaction Layer (TL)

 Hard IP used as a ‘TL packet (TLP) data transporting’ link

 Malformed TLPs dropped with error notification

 In this case, both configuration registers (e.g. BARs) and TLP need 
to be implemented in FPGA user logic

Incoming TLPs ‘handed over’ to User Logic

 Hand-over to/from user logic using Avalon® -ST hard IP for PCIe

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

 Some configuration registers still used by Hard IP

– E.g. Registers related to link state

 User logic can access these registers with Avalon® Memory-
Mapped IP for PCIe

Applications: PCIe switch (SWUP/SWDN), VirtIO

P
IP

E
 L

a
y

e
r 

PMA
+ 

PCS

Logic
PHY

(MAC)

P
IP

E
 L

a
y

e
r DLL

(Data 
Link 

Layer)

TL
(Tran. 
Layer)

Bypass mode

PCIe Hard IP blocks

Example of PCIe Hard IP in Bypass mode
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Implementing Soft PCIe Switch IP (PCIe PIPE)

SW-UP Port

 Address based routing: 
– Admit only if TLAddr within UP windows

– Standard error detection (malformed, ECRC etc.)

 ID-based routing
– Forward TLP if bus # >= Secondary bus #

– Handle CFG0 internally

Switch Fabric

 Address based routing:
– Route TLP to the corresponding DN when inside its windows

– Error detection and generation (Generate CPL/Error message) 

 ID-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 Type0 and send to DN port

– Else forward it

 Arbiter Mux on outgoing TLPs

SW-DN Port

 No checkinf is done on transmitter (TX)

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

DN-Port

Switch
Fabric

LogicPHY

DLL

TL

LogicPHY

DLL

TL

LogicPHY

DLL

TL

LogicPHY

DLL

TL

LogicPHY

DLL

TL

UP-Port
DN-Port

DN-Port
TL

DLL

LogicPHY

DN-Port

DN-Port

PIPE

PIPE

FPGA fabric logic

P
IP

E
P

IP
E

P
IP

E
P

IP
E

FPGA XCVR I/O’s

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

FPGA Package
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Implementing Soft PCIe Switch IP (P-Tile)

DN-Port

Switch
Fabric

LogicPHY

DLL

TL

LogicPHY

DLL

TL

LogicPHY

DLL

TL

LogicPHY

DLL

TL

LogicPHY

DLL

TL

UP-Port
DN-Port

DN-Port
TL

DLL

LogicPHY

DN-Port

DN-Port

Hard IP in TL 
Bypass mode

Hard IP in TL 
Bypass mode

FPGA fabric 
logic

H
a

rd
 I

P
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n
 T
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y
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ss

H
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 I
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n
 T

L
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H
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L
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y
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a
ss

P-Tiles and 
Transceiver I/O

Result = Significantly 
less logic and lower 

power

Switch Port IP logic size: 
- With PIPE attach: ~43K ALMs
- With TL bypass: ~6K ALMs

Implemente
d in P-Tile

FPGA Package

1. Based on Intel® estimates for P-Tile vs. 3RD party vendor implementation of PCIe Soft IP switch, for FPGAs, using PCIe PIPE interface = 43K ALMs reduced to 6K ALMs.
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Intel® P-Tile: PCIe Functionality Accessed via Avalon® 
Streaming (Avalon-ST) Hard IP for PCIe

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

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

(Top Down view)

Intel®
Stratix® 10

2.8M LE
FPGA
base
die

E
-T

ile

4X
P-tiles

Intel® Stratix® 10 FPGA base die
core logic

EMIB /
AIB 

TL DLL

PLL

PHY

P-Tile (PCIe mode)

Intel® Stratix® 10 
PCIe Hard IP

User
Application

+
Accelerator
functions

FPGA Package

Avalon
-ST

or AXI
bridge

Soft IP:

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

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

Intel®
Stratix® 10

2.8M LE
FPGA
base
die

E
-T

ile

4X
P-tiles

Intel® Stratix® 10 FPGA base die
core logic

EMIB /
AIB 

TL DLL

PLL

PHY

P-Tile (PCIe mode)

Intel® Stratix® 10 
PCIe Hard IP

Soft IP:

Avalon-
MM or 

Avalon-
MM Direct 
Memory 
Access

User
application

+
Accelerator
functions

FPGA Package

Avalon
-ST

or AXI
bridge

Soft IP:

Intel®  
UPI IP

*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://github.com/intel/aib-phy-hardware
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Intel® P-Tile: PCIe Advanced Features for 
Virtualization or Accelerators
Virtualization Trend

 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.)

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

1. Single Root I/O Virtualization (SR-IOV)

2. VirtIO using PCIe PFs / VFs 

– Linux Para-virtualization with SR-IOV

3. Scalable I/O virtualization (Scalable IOV)

– Allows for dynamic virtual device creation

– More granular than SR-IOV VFs

4. 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.
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Single Root I/O Virtualization

Intel® P-Tile has Best in Class1 FPGA Single Root  I/O Virtualization 
(SR-IOV) features

 Eight Physical and 2,048 virtual functions

– Implemented in hard-IP

 Customer benefits include:

– Supports more VMs1

– Uses significantly less FPGA user logic (vs. competition)2

 SR-IOV generally has lower latency and uses less CPU resources vs. other 
virtualization options

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

https://www.intel.com/content/d
am/doc/application-note/pci-sig-
sr-iov-primer-sr-iov-technology-
paper.pdf

https://www.intel.com/content/d
am/www/public/us/en/document
s/technology-briefs/sr-iov-nfv-
tech-brief.pdf

2X – 8X more than 
FPGA competitor1

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

Virtualization solution completely implemented in software

Part of standard Linux library libvirt (most Linux versions)

 Customer benefits include:

– Runs on any hardware

– Easier software coding

– Easier VM-to-VM migration

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

Contact Intel® FPGA Marketing for more 
details on Intel FPGA PACs with VirtIO 
Solutions

Contact Intel® FPGA team for more 
details on VirtIO Solutions

Sources:  https://www.juniper.net/documentation/en_US/junos/topics/concept/disaggregated-junos-virtio-sr-iov.html and
https://www.stratoscale.com/blog/compute/hypervisor-comparison-of-io-virtualization-models/
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Intel® Scalable I/O Virtualization (IOV)
New I/O virtualization architecture  For dynamic creation of virtual devices

 Lighter weight and more scalable compared to SR-IOV

 Can co-exist with existing I/O virtualization solutions

 Utilizes existing PCIe capabilities e.g Process Address space IP (PASID TLP Prefix) 
which “… enables significantly more number of domains to be supported…”2

– supported in Intel’s P-Tile

Warning

CPU & software support
required to implement

this feature.

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

https://software.intel.com/si
tes/default/files/managed/c
c/0e/intel-scalable-io-
virtualization-technical-
specification.pdf
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SR-IOV vs Intel® Scalable IOV: Hardware View

Arbiters

…

IOMMU

VM 1 VM 2 VM 3 VM n…

Hardware Replicated Virtual Functions

VF 1 VF 2 VF 3

SR-IOV Device

Compute 
Engines

I/O Engines

VF n

Hypervisor

Arbiters

…

IOMMU

Scalable IOV Device

Compute Engines I/O Engines

VM 1 VM p VM z… VM x… …

Soft IP Assignable 
Interfaces

Hypervisor 

……
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Shared Virtual Memory (SVM)
For Fixed-function Accelerators

 Customer benefits:

– Higher performance1

– 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

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

1. Based on internal Intel® FPGA estimates.
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Intel® Agilex™ FPGAs: Product Families / Variants

F - Series
For wide range of applications

Up to 58G transceivers

PCIe Gen4

DDR4 SDRAM

Quad-Core Arm Cortex-A53
SoC Option

I - Series
For high-performance 

processor interface and 
bandwidth-intensive applications

Up to 112G transceivers

PCIe Gen5

DDR4 SDRAM and Intel® Optane™ 
DC Persistent Memory support 

Quad-Core Arm Cortex-A53

Coherent attach to Intel® Xeon®

Scalable Processor option (CXL)

M - Series
For compute-intensive applications

Up to 112G transceivers

PCIe Gen5

DDR4, DDR5 and Intel® Optane™ 
DC Persistent Memory support

Quad-Core Arm Cortex-A53

High bandwidth memory 
(HBM) Option

Coherent attach to Intel® Xeon®

Scalable Processor option (CXL)

LET’S REVIEW 
THE DETAILS
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Intel® Agilex™ I-Series FPGAs: 6 Package + Tile Options

FPGA Logic
Densities (K LEs)

Tile Configurations Package Details

2,200
1x F-Tile + 3x R-Tiles 57.5 x 49 mm2, hex, 1.0 mm pitch, R2979A

2,692

2,200
3x F-Tiles + 1x R-Tile 60 x 59 mm2, hex, 1.0 mm pitch, R3803A

2,692

2,200
4x F-Tiles 59 x 53 mm2, hex, 1.0 mm pitch, R3343A

2,692

FPGA
base
die

R-Tile
(16)

F-Tile
(16,0)

R-Tile
(16)

R-Tile
(16)

R2979A Package

FPGA
base
die

R-Tile
(16)

F-Tile
(16,0)

R3803A Package

FPGA
base
dieF-Tile

(16,0)

R3343A Package

F-Tile
(16,4)

F-Tile
(16,4)

F-Tile
(16,4)

F-Tile
(16,4)

F-Tile
(16,0)

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

R- and F-Tile locations (bottoms up views)
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Intel® Agilex™ FPGA: PCIe Gen5 Support

Intel® Agilex™ FPGA base die
core logic

EMIB /
AIB 

TL DLL

PLL

PHY

R-Tile (PCIe mode)

Intel® Agilex ™ 
PCIe Hard IP

Soft IP:

Avalon-
MM or 

Avalon-
MM DMA

User
application

+
Accelerator
functions

PCIe
Gen5x16 
EP / RP

Intel® Agilex™
CXL Hard IP

16x
32G

XCVRs

Gen5x8 
EP / RP

Gen5x4 
RP

Gen5x4
RP

Bypass option 

(PMA Direct)

FPGA Package

Avalon®
-ST

or AXI
bridge

Soft IP:

Intel®  
CXL IP

R-Tile (PCIe mode)

Up to 
16x
PCIe
Gen 5 
lanes
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Intel’s PCIe Gen5 Interoperability (PHY Test Chip)

Testing Performed

Link Training

• Link Train to L0

• Speed Change Loop

• Recovery via link retrain 
Loop

• Link Disable/Enable 
Loop

• TxEq Redo

• Lane Margining (Gen4)

Reset Tests

Hot Reset, Secondary Bus 
Reset, SBR Loop

Power Management

• L1 PM

• L1 ASPM

Early testing with selected IHVs

 Interop testing with multiple vendors

o Goal = Identify issues in early independent 
hardware vendors (IHV) designs and provide feed 
back into next generation Intel® Xeon® CPU R&D 

o Preliminary testing with IP providers, retimers, and 
test silicon from key providers – Done 

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

 Intel using ‘Ivey Creek’ for early testing with IHV’s 
and initial CPU validation

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

Subset of interoperability tests

https://youtu.be/fR00tPwZFQg
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 4X ports of PCIe Gen4 x16 with Stratix 1SD280 base die 

 2X DIMM slots (DDR4 or Intel® Optane™ DC persistent 
memory)

 2X QSFP (10GbE / 25GbE / 100 GbE)

 1X port PCIe Gen4 x16 & Quad-core Arm A53 subsystem with 
Intel Agilex AGF014  FPGAs base die

 4X DIMM slots (DDR4 or Intel® Optane™ DC persistent memory)

 2X QSFP-DD (8x25GbE or 2x50GbE)

New Intel® FPGAs – Start Designing PCIe Gen4 Today

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

Download Intel® Quartus® Prime Design Software v19.3

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



 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

 PCIe Gen4 Capability & Upgraded Virtualization features 

– 1x PCIe Gen4 x16 Endpoint via edge connector

– 3x PCIe / 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.

27

Intel® Stratix® 10 FPGAs DX FPGA Development Kit

* Cables and daughter card will not be included with kit

P/N:  DK-DEV-1SDX-P-CES
Order Now



XCVR I/O:
PCIe Gen4 and UPI

Intel® Stratix® 10 DX FPGAs

New capabilities added to Stratix 10 accelerator portfolio

• Up to 2x more bandwidth via PCI-SIG compliant PCIe Gen4 
x16 2

• Will deliver 37% lower latency 3 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 PCIe Gen5

HBM2
DRAM 1

Quad-core
A53 HPS 1

28

DX FPGA capabilities 1

Stratix 10
FPGA
fabric

XCVR I/O:
58G PAM-4, 30G NRZ

10/25/100G Ethernet MAC+FEC

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

latency in Stratix 10 DX, based on Intel estimates.
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Intel® FPGA PCIe Gen4 and Gen5 Solutions
Leverages Intel’s expertise with PCI Express (PCIe) protocol

PCI-SIG compliant PCIe 
Gen4 x16 shipping now!

New PCIe virtualization 
and other features save 

cost and power!

PCIe Gen5 technology 
building blocks demo 

today!

Multi-generation PCIe 
technologies will ease 

transition to Gen.6

Intel® fpgas designed as a pci express-
based accelerator





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

Rapid Market 
Transformation

Massive 
Innovation

Highly Customized
Hardware  and 

Software

By 
20201 1.5 GB 

data/day

Average
internet user

3 TB 
data/day

Smart 
hospital

4 TB 
data/day

Autonomous 
automobile

40 TB 
data/day

Connected 
airplane

1 PB 
data/day

Smart
Factory

1 Amalgamation of analyst data and Intel® analysis 31



Developer Advantage 
Code re-use across 

Intel FPGA data center products

Developer Advantage 
Code re-use across 

Intel FPGA data center products

Application Acceleration Challenges and Needs

Workload Optimization
Ensure Intel® Xeon® processor 

cores serve higher value 
processing

Workload Optimization
Ensure Intel® Xeon® processor 

cores serve higher value 
processing

Efficient Performance 
Improve 

performance/watt

Efficient Performance 
Improve 

performance/watt

Flexibility
Multifunction hardware  

acceleration through FPGA 
programmability

Real-Time and Deterministic 
High-bandwidth connectivity and 
low-latency parallel processing

Real-Time and Deterministic 
High-bandwidth connectivity and 
low-latency parallel processing
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Acceleration Options

Acceleration of compute means 

HETEROGENEOUS COMPUTE

DEDICATED ACCELERATORS 
for maximum 

compute efficiency of 
specific, stable functions

VERSATILE ACCELERATORS 
for customized and 
changing workloads 

in networking, storage, and 
compute 

CPU GPU

AI FPGA

33



Intel® FPGA  PAC End-to-End Product Portfolio

Edge Network Data Center

Cloud and Enterprise 
Application Acceleration

Wireless or Network Functions 
virtualization (NFV) 

Application Acceleration 

Edge Analytics
Acceleration 

Intel® Vision Accelerator 
Design with Intel Arria® 10 

FPGA 
Intel FPGA PAC N3000 

for Networking

Intel FPGA PAC D5005 and Intel 
PAC with Intel Arria 10 GX FPGA for 

Data Center
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Programmable Acceleration Solutions Ingredients

Intel® FPGA Programmable Acceleration 
Card (PAC) Qualified on Industry-

Leading Enterprise Servers

Acceleration Stack for Intel® 
Xeon® CPU with FPGAs Acceleration IP from 

Application Experts

35



PAC

Intel® Acceleration Stack – Developer Platform for 
Fast Time to Market

Accelerator
IP

Server System

Hardware Virtualization

Intel® 
Xeon® 

Processor 

Management  Orchestration

Operating System

Application & Libraries

Compute Solution Stack

PAC and software stack pre-verified for use in 
broad range of servers

FPGA compute 
resources recognized 

by Linux* kernel

Co-develop and validate with
virtual machine infrastructure 

Co-develop and validate
with container 
infrastructure 

FPGA compute resources 
supported by leading cloud/data 

center frameworks

Pre-verified 3rd party 
applications or develop your 

own leveraging Intel and 
industry libraries

(QUANTA)
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Cloudification of the Network

DEFINED PROOF OF 
CONCEPTS

2011 20202013 2015 2017 2019

CLOUD-NATIVE
NETWORK

Data Center | Cloud Core Access | Edge Devices | Things

NETWORK WILL
BE VIRTUALIZED

OF COMMS SPS
ADOPT NFV

MOVES TO 
LINUX

FOUNDATION

38



Acceleration Workload Solutions for NFV and vRAN

Edge/Smart 
Devices

Access and
Edge

Network

Core 
Network Cloud

4G: Turbo reference design

5G: LDPC reference design

Fronthaul: I/Q compression 
intellectual property (IP)  

Virtualized Radio Access 
Network (vRAN) Application 

NFVI: Open vSwitch (OVS), Vector
packet processing (VPP) router

VNF: vBNG, vEPC, 5G NGCN

Security: IPSec, vFirewall

vCORE/NFV Application

Target 
Workloads
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Solution Components and Ecosystem

OE
M

Application Software
Drivers & Frameworks 

Accelerator Function

FPGA Hardware
& Drivers

Intel® Xeon® Scalable 
Processor Platform

FPGA

IP/ISV Partners
Customization,
Complete Applications
Production Ready

Intel
Silicon & Boards
Reference designs
Software  Stack

System
Integration
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Ecosystem Enablement Model for vRAN

Intel working with ecosystem to accelerate the development of vRAN solutions 

Service

Providers

Enterprises

3rd Party 
SW 

Intel FlexRAN & vRAN
Enablement Package

COTS Architecture,  
Server Platforms (Intel® 

Xeon® D processor, Intel® 
Xeon® Scalable 

Processor), FPGA PAC

4G & 5G vRAN
Solutions

IA
+

FPGA

L1 
(PHY)

4G & 5G

L2 / L3 
(Stack)

4G & 5G

OEM/TEM/SI 
vRAN Solution (BBU 
on COTS Server & 

Software, FPGA, RF 
and remote radio 

head (RRU)

Platforms Commercial Product

BBU SW 

RRU

Reference S/W & User 
Workload Optimized on 

IA/FPGA

41



Intel® FPGA PAC N3000 for Networking
Accelerates network traffic for up to 100 Gbps 
to support low-latency, high-bandwidth 5G 
applications enabling custom tailored 
solutions for vRAN and core network 
workloads with support of end-to-end industry 
standard and open source tools

1.1 M
logic 

elements

9 GB DDR4 
memory, 

144 MB QDR IV

8 X10 Gbps
4 x 25 Gbps

Two Intel® Ethernet 
Converged Network Adapter 
XL710 network interface card 

(NIC) for packet processing  

½ length, full 
height, single 

slot PCI Express* 
(PCIe*) card

Low
latency

High
bandwidth

Intelligent
offload

Small Form
Factor 

HIGH
PERFORMANCE
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Accelerating 5G vRAN with Intel® FPGA PAC N3000

Look-aside Forward error 
correction (fEC)

LDPC/Turbo (De) Encoder, 
Rate (De)Matcher, (De) 

Interleaver, cyclic redundancy 
check (CRC)

PCIe Gen3 16x

LDPC / Turbo OFFLOAD
+ 

Fronthaul

Bump-in-wire Fronthaul 
Compression or decompression 

for latency and bandwidth 
reduction

Virtualization
Multi-channel direct memory 
access (DMA), virtual machine 

integration, load balancing 
functions

Intel PAC Solution 
Deployed by 
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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 
reality (AR) or virtual reality (VR) , and network slicing 

OpEx and CapEx Efficiency
• Better CPU utilization with FPGA accelerated solution: 

Smart load balancing and CPU cache optimizations 
• Lower power consumption/bit 

Economies of Scale
• 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 5G High Density I/O Goals

Multi-Access
4G/5G

Network Slicing Microservices

Affirmed Networks 5G Mobile Core 
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Load Balancing Accelerator

 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

 Packet processing performance improvement with 
optimized CPU utilization

 Frees up cores for other hosted 5G services, e.g. DPI

 Reduced CapEx/OpEx

Overview

Value

Performance Gain 
 50% core saving on user plane forwarding

 100 GbE termination

 20 Gbps/ core

MAC LB metadata L3 packet

Intel® PAC

Data Plane

SW Cores

EPC
hash

Queue =1
Queue=2
Queue=3
Queue =4

Queue =5
Queue =6

Queue =7
Queue =8

Source : Affirmed Networks Benchmarks 45



200G FPGA-Accelerated 5GCN

PowerEdge R740

PowerEdge R740

5GCN Aware Checksum + 
Load Balancer

5GCN Aware Checksum + 
Load Balancer

OpenStack Controller Test Load Traffic Generator

Next-Gen Prototype 
of Intel® 200G PAC

Intel® Silicon 
Photonics

Intel® Silicon 
Photonics

Next-Gen Prototype 
of Intel® 200G PAC

Next-Gen Prototype 
of Intel® 200G PAC

Intel® Silicon 
Photonics

Intel® Silicon 
Photonics

Next-Gen Prototype 
of Intel® 200G PAC

 First cloud-native containerized 5G 
core network with 100GbE 
interfaces (MWC 2019)

 Load balancing acceleration using 
Intel® PAC

 Affirmed 5GCN SA VNF

 User plane packet forwarding

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

#pCPU
User

Traffic Type: 
50/50

Uplink/Downlink

Throughput per 
Server

Packet 
Rate per 
Server

Highlights

12
UDP, 640 Bytes

Packet
~170 Gbps 33 Mpps

• Skylake Platinum with 200 Gbps line rate
• Demo and corresponding core were based on 5GCN packet 

forwarding
• Lots of headroom with 44 pCPUs out of 56 pCPUs in 2 socket 

server with 170 Gbps throughput at application level and 193 
Gbps line rate.

8
UDP, 640 Bytes

Packet
~160 Gbps

(20 Gbps/pCore)
31 Mpps

Source : Affirmed Networks Benchmarks 46



FPGA based Data Center
Workload accelerators



No SQL
Cassandra

6X 
Performance

Deterministic 
low latency at 

higher Q/S

~ 80% TCO 
savings

Data 
Warehousing 

4X+ 
Performance

High Ingest 
rate with fast 
query/second

~ 50% TCO 
savings

Genomics
GATK

2.5X 
Performance

Speedup of 
Broad GATK 

pipeline 

~ 60% TCO 
savings

Image 
Processing

3-4X 
Performance

Transcode 
images faster 

~ 45% TCO 
savings

Streaming
Analytics

5X 
Performance

Real-time AI 
inference within 

Spark BigDL

~ 50% TCO 
savings

Financial Black 
Scholes

8X 
Performance

Risk Analytics 
within Spark 
framework

~ 50% TCO 
savings

Network 
Security/

Monitoring

3X 
Performance

Deep Packet 
Inspection at 

40Gbps lossless

~ 75% TCO 
savings
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Intel WL Acceleration Solutions

More on the way……



Database Processes 

Queries

Alerts

Analysis

Streaming Data Processing

ML DLETL

Application

Current Solutions Using Spark Streaming with ML / DL

Does not meet performance requirements

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

Data Source

Operations

Transportation

Marketing

Sensors

Web

Surveillance

CPU Server

49
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Database Processes 

Queries

Alerts

Analysis

Application

Real Time Analytics Pipeline 
Ingest + Transform + Infer – implemented in FPGA

• 5x performance
• 2x less TCO and lower latency

Arka Runtime

Other Frameworks

CPU

Sira Accelerator Function Units (AFU)

Ingest Transform Infer

FPGA

Data Source

Operations

Transportation

Marketing

Web

Sensors

Video 
camcorders

+
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use case: rt Video analytics 

Video Streams Ingestion:
• 10 to 60 streams
• 1080p 30 fps
• MPEG coding

Data Transformation:
• H.264 decode
• Resize images
• Reformat RGB

Inferencing:
• 15 fps / channel
• Different topologies 

based on model

Post Processing:
• Identify mismatch 

between image and 
scan codes

• Generate alerts

End to End Latency < 100 ms

Ingest InferTransform
Application

Intel FPGA CPU

Use Case Business Value

Fraud Prevention due to mis-scans of SKUs 

Image Classification of Fresh Produce for quality control

Better inventory management by avoiding product misplacement 

Identify and prevent loss at POS 

Identify poor quality produce and prevent packaging losses.

Reduce inventory loss
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Solving real data center problems
spark streaming acceleration

Intel Accelerated Solutions

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

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 

• 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.

Better
Performance

Better
Performance

Latency
Reduction

Latency
Reduction

TCO 
Reduction

TCO 
Reduction

2x 5~10x 2x
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No SQL
Cassandra

6X 
Performance

Deterministic 
low latency at 

higher Q/S

~ 80% TCO 
savings

Data 
Warehousing 

4X+ 
Performance

High Ingest 
rate with fast 
query/second

~ 50% TCO 
savings

Genomics
GATK

2.5X 
Performance

Speedup of 
Broad GATK 

pipeline 

~ 60% TCO 
savings

Image 
Processing

3-4X 
Performance

Transcode 
images faster 

~ 45% TCO 
savings

Streaming
Analytics

5X 
Performance

Real-time AI 
inference within 

Spark BigDL

~ 50% TCO 
savings

Financial Black 
Scholes

8X 
Performance

Risk Analytics 
within Spark 
framework

~ 50% TCO 
savings

Network 
Security/

Monitoring

3X 
Performance

Deep Packet 
Inspection at 

40Gbps lossless

~ 75% TCO 
savings
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Intel WL Acceleration Solutions

More on the way……



Transcode to WebP
Many Servers needed due to resource 

bottleneck limitations to meet demands

Image Processing Servers

WebP
Images

View Images From 
Browser or Apps  

Existing JPEG Images 
Stored in Storage

Social NetworksSocial Networks

News AppsNews Apps

EcommerceEcommerce

ApplicationsApplications

BOTTLENECK
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Transcode to WebP
Offload all encoding, decoding, 

and pixel- level processing 
to the Intel FPGA 

Image Processing Servers

WebP
Images

View Images From 
Browser or Apps  

Existing JPEG Images 
Stored in Storage

JPEGJPEG
Resizing

Crop
Resizing

Crop
WebPWebP

Pixel 
Processing

Intel PAC (FPGA)
Decode Encode

+

Social NetworksSocial Networks

News AppsNews Apps

EcommerceEcommerce

ApplicationsApplications
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Solving real data center problems
Image Processing acceleration

Intel Accelerated Solutions

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

Throughput 
Promotion 

Throughput 
Promotion 

Latency
Reduction

Latency
Reduction

TCO 
Reduction

TCO 
Reduction

50%~70% 5~10x 3x~5x
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Intel WL Acceleration Solutions

More on the way……

No SQL
Cassandra

6X 
Performance

Deterministic 
low latency at 

higher Q/S

~ 80% TCO 
savings

Data 
Warehousing 

4X+ 
Performance

High Ingest 
rate with fast 
query/second

~ 50% TCO 
savings

Genomics
GATK

2.5X 
Performance

Speedup of 
Broad GATK 

pipeline 

~ 60% TCO 
savings

Image 
Processing

3-4X 
Performance

Transcode 
images faster 

~ 45% TCO 
savings

Streaming
Analytics

5X 
Performance

Real-time AI 
inference within 

Spark BigDL

~ 50% TCO 
savings

Financial Black 
Scholes

8X 
Performance

Risk Analytics 
within Spark 
framework

~ 50% TCO 
savings

Network 
Security/

Monitoring

3X 
Performance

Deep Packet 
Inspection at 

40Gbps lossless

~ 75% TCO 
savings
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Problem

1

Database Clients
Database Servers

Congestion 

• Limited server bandwidth
• Limited throughput
• Many servers needed to combat Latency
• Potential compaction/garbage collection/thread 

concurrency inefficiency bottlenecks
• Expensive to scale

Transaction and 
data storage 

scaling in DB tier

2

3

n

DB

DB

DB

DB
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Acceleration Dataflow
Database Clients Database Servers

• Free up 7-10x server bandwidth
• Increase throughput by 6x
• Lower latency by 25x at 99th percentile
• Reduce compaction/garbage collection/thread concurrency inefficiencies
• Plug & Play: No SW changes

Transaction scaling in distributed data engine

Move Compute & IO from SW (CPU) to FPGA
TCP Engine | Cluster, Control & Consensus | Storage Engine1

2

3

n

DB

DB

Proxy Servers
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Solving real data center problems
Cassandra db acceleration

Intel Accelerated Solutions

Cassandra DB Acceleration

Decouples data and application layers, simultaneously acting as an I/O accelerator to resolve any bottlenecks
Unique ability to accelerate AI 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)

Throughput 
Promotion 

Throughput 
Promotion 

Latency
Reduction

Latency
Reduction

TCO 
Reduction

TCO 
Reduction

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

Running on an Intel qualified platform and Acceleration Stack
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No SQL
Cassandra

6X 
Performance

Deterministic 
low latency at 

higher Q/S

~ 80% TCO 
savings

Data 
Warehousing 

4X+ 
Performance

High Ingest 
rate with fast 
query/second

~ 50% TCO 
savings

Genomics
GATK

2.5X 
Performance

Speedup of 
Broad GATK 

pipeline 

~ 60% TCO 
savings

Image 
Processing

3-4X 
Performance

Transcode 
images faster 

~ 45% TCO 
savings

Streaming
Analytics

5X 
Performance

Real-time AI 
inference within 

Spark BigDL

~ 50% TCO 
savings

Financial Black 
Scholes

8X 
Performance

Risk Analytics 
within Spark 
framework

~ 50% TCO 
savings

Network 
Security/

Monitoring

3X 
Performance

Deep Packet 
Inspection at 

40Gbps lossless

~ 75% TCO 
savings
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Operational 
System

Data Source

ERP

CRM

SQL

Flat Files, 
Spreadsheet

ETL

Extract
Transform

Load
(ETL, ELT)

OLAP Analysis

Reports & Dashboards
Data Warehouse solutions today are extremely 

expensive to meet performance demands

Source

Source

Source

Source

Source

Current | Legacy Data 
Warehouse Solutions

$$

BI Output
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Data Source

ETL

Extract
Transform

Load
(ETL, ELT)

Meet Data Warehouse performance 
demands and cut your cost in half

+             PAC

BI Output

Operational 
System

ERP

CRM

SQL

Source

Source

Source

Source

Source Flat Files, 
Spreadsheet

Data Warehouse 
Acceleration Servers

Open Source 
based

PostgreSQLCompletely 
SQL 

compatible

Existing 
Queries

& Interfaces

OLAP Analysis

Reports & Dashboards
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Solving real data center problems
Data Warehouse acceleration

Intel Accelerated Solutions

50% 
TCO 

Savings

½ TCO vs Legacy enterprise data warehouse solutions

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

Data 
Insertion Rate

Data 
Insertion Rate

Data 
Compression

Data 
Compression

Faster Query 
Performance
Faster Query 
Performance

12-70x 1.2GB/s | 25M Rows/s 3-5x
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No SQL
Cassandra

6X 
Performance

Deterministic 
low latency at 

higher Q/S

~ 80% TCO 
savings

Data 
Warehousing 

4X+ 
Performance

High Ingest 
rate with fast 
query/second

~ 50% TCO 
savings

Genomics
GATK

2.5X 
Performance

Speedup of 
Broad GATK 

pipeline 

~ 60% TCO 
savings

Image 
Processing

3-4X 
Performance

Transcode 
images faster 

~ 45% TCO 
savings

Streaming
Analytics

5X 
Performance

Real-time AI 
inference within 

Spark BigDL

~ 50% TCO 
savings

Financial Black 
Scholes

8X 
Performance

Risk Analytics 
within Spark 
framework

~ 50% TCO 
savings

Network 
Security/

Monitoring

3X 
Performance

Deep Packet 
Inspection at 

40Gbps lossless

~ 75% TCO 
savings
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TODAY

● Limited budgets

● More requirements

○ Compliance

○ Model Complexity

○ Security
Expanding Server Build-out

Densely populated servers with multiple PACs

More 
Compute 
Required

Cluster

FUTURE

Intel 
PACs

● Denser infrastructure

● Lower costs

● More flexibility

● Higher density of compute and data

More 
Compute 
Delivered

Cluster

66
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Levyx Data Frame

 Evolving Models
 Compute intensive
 Bulk of the workload

Ingest Data
(run many times)

Execute 
Algorithm
(run many times)

Calculate 
Mean-
Revert

(once per simulation)

Calculate 
Option P&L
(once per simulation)

1 2

3 4
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Intel-Qualified 
Platform and 

Acceleration Stack

8x Compute Performance 
vs. Server Only Solutions

Reduce TCO 
by 2x

Ease-of
Use

All-Intel-in-One 
Solution

Solving real data center problems
financial risk managing 
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Intel® FPGA Acceleration Hub

• Acceleration Stack 
for Intel® Xeon® CPU with FPGAs

• FPGA Acceleration 
Platforms

• Acceleration Solutions 
and Ecosystem

• Knowledge Center
• FPGA as a Service
• Academia
• 01.org *

Intel® portal for all things 
related to FPGA acceleration

* 01.org is an open source community site 69

The Intel FPGA Acceleration Hub – www.intel.com/fpgaaccelerationhub
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