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Moore’s Law: The Technology Pipeline

LOGIC DEVICE ROADMAP
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Industry Debates on Cost
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. AP
Design Cost

Estimated Chip Design Cost, by Process Node, Worldwide, 2011
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Internet

What Happens in an Internet Minute?
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And Future Growth is Staggering o e — @
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“Don’t believe everything you read on
the Internet.”

Abraham Lincoln,
U.S. President

Photo Source: Wikipedia
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More Intelligence in Every System

SMART Data Center Revolution '
New Opportunities to Control Costs I

and Increase Strategic Advantage... P m hpd d P d

Smart wireless networks VI SION

to the rescue ALLIANCE
Carriers are turning toward more intelligent ]
network management... The Next Blg,
Digital Economy;
Smart Factories ‘Smart Energy’

The energy market is undergoing

For factory management in the future, it will become . :
a major transformation...

essential to strive to implement smart capabilities...

From Dumb Pipes to Smart Networks
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Trend Wired Infrastructure:
Software Defined Networks

_ V! V|
m = I
=y

substrate R
lirl

virtual | g

s

LA

=

substrate links

W Ay run over
B ihermet 1P,

i ~—5 MPLS, ...

virtual
end-system

Slide credit: From “Virtualizing the Net” by Jon Turner (2004)
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Trend Wireless Infrastructure:
Scalable Platforms

Capacit
pacity Indoor
Picocell
Enterprise 30-200 Users
Femto <1W
Residential 30-60 Users
Femto <250mwW
4-16 Users
Dense
Indoor
Office (Malls,
Transport
Hubs)

Outdoor

-

Microcell

Urban
Infill

~200 Users
<1-10W

\Single Sector

Macrocell

Wide Area
~200 Users/
sector

20-100W
Multi-Sector

Macrocell +
Active Antennas

Wide Area
2-3x Data
Capacity of RRU

/

>
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Y ) &
Trend Data Center Infrastructure:

Cloud Computing
Big Data

Increasing Volume, Velocity, and Variety

Low power Security

Reduce operation and cooling costs Both outside and inside
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Industry Mandates

Programmable
Imperative

Insatiable
Intelligent N
Bandwidth |

Fovia
3 -
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. AP
The Era of All Programmable SoC
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CPU + FPGA Evolution
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Bandwidth

OPCle
| FSB/QPI

§'| PCle
A
GBit/s
[ Equal BW: FSBvs PCle | ST FSB/QPI: 2x PCle BW -
[ PCle 10 Device | > : In-Socket Accelerator J lz:
[ cache Flush | s> : Direct Cache Access J )
[ Device Driver Call | > : Shared Memory Function J zfl

2006 2007 2008 2009 2010 2011
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. AP
Extended Processing:
Embedded ARM

» Processor System boots first Processor System

R N —
— Separate power for PL* GPID Coresight
. . . . Cortex-A9 Cortex-A9 Debug
— Peripherals alive before PL configuration GigE wWINEON wWINEON
— D Cache /D Cache Qs
UsBe2 CTLR
- . S0 SC—U
» Processor controls PL configuration el Timers, AWDT. GIC, ACP NAND
. . Ab CTLR
— Multiple security levels supported L2 Cache RAM/ROM
— Boot in secure or non-secure mode DMA T SWDT FrTfL'F
— Download PL image via network, SD, USB D,
AMBA Metwork
Config Interconnect
» Multiple AXI interfaces to PL -

— Processor System can access IP in PL |

Config
— PL IP has access to Processor System
peripherals and memory system at full BW

28-nm
Programmable Logic

Secunty

ayshon

ADC

*PL = Programmable Logic
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. AP
Programmable Platform Opportunity

> Double

4x lower

Major Leap in Cost and Performance
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FPGA/CPU Use Models

0. Pipelined datapath
= HDL programmed

Control

Bl . 1. Pipelined datapath with SW control
» CPU sets register values

2. CPU + FPGA co-processing
FPGA part of explicit address space

3. CPU + FPGA peer processing
= Cache Coherency
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Programmable Platform:
CPU + FPGA Peer Processing

Shared L2 Cachg

' Coherency Engine Capabilities

] » Coherent Caches for HW

Coherency Engine » Coherent Caches for SW
Over NOC Interconnect > Coherency Management

DDR /0

Coherency Benefits:
= Peer Processing: Direct Cache-2-Cache data movement
= Latency: Very low latency access to CPU (FPGA) data
» Usability: No SW cache flush needed
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Design Flow Overview

[ Software ]
Development

-

Software Design Flow

\S =/
—==1 ==

SW Compiler [ HW Synthesis ]

Executable Bit Stream

Page 18 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.




e AP
Programming Accelerators from C/C++

C/C++ Source C Inner Loop

Dynamic
Serial library call
application m— | —
On |
standard —
processor ——
P i Compile
directly from
C to FPGA-
ISA

High-performance

. Parallel
m < interconnect > ZYNQ algorithm

On FPGA
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e AP
Programming Accelerators from C/C++

» Enables software programmers _>[ C/C++ Algorithm ]
to target Xilinx FPGAS l

Vivado HLS

Directives

— Software-programmability

— Portability: 7 series, Zynq

> Delivers productivity increase

 RTLDesign
for RTL designers [ : J

— C/C++ level verification and
testbench reuse

Vivado

(ISE/EDK)
— Earlier area/latency reports

— Software-driven design exploration : : '
[ Bitstream ]

More Turns Per Day (Verification and Architecture Exploration)
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Quality of Results

BDT;

CERTIFIED //

Video frames/second

196 —
200 ~
150 |y FPGA resources
P
100 6
4
50 I 2
5.1 0
0 RTL C2FPGA

DSP C2FPGA

FPGA: >38 times better performance than DSP video processor

QOR: C2FPGA equal to or better than RTL synthesis
Ease-of-use: C2FPGA 2x fewer lines of C code than DSP processor
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Vivado IP Integrator
Enabling Reuse and Delivering Fully Functional IP Subsystems

IP Packager
= Source (C, RTL, IP)
= Simulation models
= Documentation
= Example Designs
= Test bench

Productivity. Multiplied.

Standardized IP-XACT

‘--,_______________________,/
IP Subsystem

Xilinx IP v Uses multiple plug-and-play forms of IP to
e —1 implement functional subsystem

d !
- 3 Party 'PJ,, v" Includes software drivers and API

User IP v Accelerates integration and productivity
\‘_______________/
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Vivado IP Integrator
Intelligent IP Integration

» Co-Optimized for platforms
— Target platform aware

— Supports All Programmable Zynq
and 7 series kits ) e T [T

» Co-Optimized for silicon
— |P aware automated AXI Interconnects for maximum performance or area
— Automated interface, device driver & address map generation for Zynq and MicroBlaze
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Vivado IP Integrator

Intelligent IP Integration

iy —

System
Hlerarchy View

e — e

: I Interface Connections
L with Live DRCs

| searef O

{F 7Series Integrated Block for PCI Express 1.7 ﬁl
{F 32-bit Initiator [Target for PCI (Virtex-5/7... 4.18
{F 54-bit Initiator [Target for PCI (Virtex-5/7... 4.18

. e er—
| TCL Console l‘

Extensible IP
Repository

» Automated IP Subsystems

— Block automation for rapid design creation

— One click IP customization

Page 24

{F Accumulator 11.0

{F Adder Subtracter 11.0
AHB-Lite to AXI Bridge 1.00.z
Aurora B8B10B 8.3

iF AXI-Stream FIFO 3.00.2

V IF AXI3 Master BFM 30025
4 | v E!l

Select and Press ENTER or drag and drop, ESC to Cancel

— Extensible IP repository

— Real-time DRCs and parameter
propagation/resolution

% Run Block Automation
b MicroBlaze connection autom: tes local memory of selected size. McmE\zEDthd\ Peripheral
AXI teconnect, Ineupt Co uu C\dﬂgwmrd Processor System added and comected
needed.

._;l__."ll, design_1

Instance: jmicroblaze_1

@. Designer Assistance available. Run Block A1

Local Memory: ®B v
Local Memory ECC: MNone ~
Debug Module:

microblaze Peripheral AXI Interconnect:

DebugOnly

|| meTERRUPT
|I| 4+ EBUG
k

Clock Connection: MNew Clocking Wizard (100 MHz) +

Interrupt Controller: =
Micro

B IGDE 5L RN
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Zyng in Wireless Digital Front End

ZYNG™ |

Memory
- 5M| - _ UARTS' - “osc
JESD204
- > orLvDs ‘
Digital Dlgltal
oo | PRV Up Factor
b ' » coDes T+ OBSAl —Conversion Reduction Dlstnrtmn ,
Optical == Master | (puc) @ (CFR) | (OPD) [ ‘Gros ADC
Modules -
erog | CPRI Digital
> — #+ OBSAI <—  Down
SerDes ]
— S Conversion + L ADC
(DDC) /

» Cost and power reduction by integrated solution

» Performance increase by exploiting the massive compute power
of multi-core processors and programmable logic
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Programmable Digital Pre-Distortion

X 3 Pre- z Yo
Distorter
N\

SW + Accelerators

Coefficients (A)

LS Estimator

S

» DPD negates PA non-linearity

— PAs consume massive static power
— DPD improves PA efficiency by ~35-40%

Pout|/ Po Utl/ POUtV

Pin Pin Pin
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HW Acceleration

R 1250
0 7OX S eed_u .ChOIGSky
@ \OI‘ VW
E 750 -
o m Alignment
< 900 -
ke,
S LB _ _ _ B S - - - - — -
> 250 -
O i
Original Optimized NEON PL Accelerator | 3% zc7020
io >EO >E¢ >
Algorithm = A9 SW ' Vivado HLS

optimization optimization optimization
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HW Accelerator Resources

Page 28

6000

5000

4000

3000

2000

1000

60

Zynq
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[ o
DPD Architecture Data Movement

AXI
Infrastructure

ARM® CoreSight™ Multi-core & Trace Debug

NEON™/FPU Engine NEON™/FPU Engine
Cortex™-A9 MP Core™ Cortex™-A9 MP Core™ |
32/32 KB I/D Caches 32/32 KB I/D Caches
512 KB L2 Cache Snoop Control Unit (SCU)
W

Timers / Counters | 256 KB On-Chip Memory Accelerator

~300

Accelerator 5200

General Interrupt Controller | DMA  Configuration

S D N AXI FIFO

AMBA® Switches

S

AXI4 Lite Intei™nnect

Reduced Resources Because of AXILite Infrastructure
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[ o
DPD Architecture Data Movement

AXI
Infrastructure

ARM® CoreSight™ Multi-core & Trace Debug

NEON™/FPU Engine NEON™/FPU Engine
Cortex™-A9 MP Core™ Cortex™-A9 MP Core™ |
32/32 KB I/D Caches 32/32 KB I/D Caches
512 KB L2 Cache Snoop Control Unit (SCU)
W

Timers / Counters | 256 KB On-Chip Memory Accelerator

>3000 >3000

Accelerator 5200 4293

General Interrupt Controller | DMA  Configuration

N e AXI DMA

AMBA® Switches

AXI4 Lite Interconne[!

AXIl4 Interconnect

m

High Throughput Because of DMA Infrastructure
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Hardware/Software Boundary

Software - _ Hardware

2 130

Functionl Function2 Function3

Execution time Medium

Cost comm Medium

Simple FIFO
300 LUTs

Complex DMA

ARM is idle 3000 LUTS

3> Optimal cut point depends on execution times and cost of
communication

> Implement different cut points is a time consuming task

Goal: Maximize Throughput and Reduce Area Resources
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e AP
Software Integration

SW
Comm.
HW

SW
Comm.
HW

- - -
e — l_J_ Run time
>
-

» Accelerator implementation

» Data motion network

> Optimal drivers

Smart Software Driver is Necessary

Page 32

© Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.



HW/SW Design Flow

Page 33

CPU

C-compiler

AXI

FPGA

02

Concurrent c thesi
-SyntneslIs ) .
SW y Application
Middleware Platform
Hardware

-

Data Movement
Interconnect
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HW/SW Design Flow:
SW Programmer S |

S CPU %GCG |
Ce o
il
Application

Data Movement
Interconnect

Application Programming
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Video Acceleration

C/C++ Software Program

Main program;

Processing 7 series
Setup input;
Setup Output; ARM® Video In
Image filter; — - MPCore™ System

Edge Detect; Vdee
Out

Motion Detect
Difference;
Draw on screen;

1 frame per 13 seconds
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Processor + Fabric Solution on Zyng-7000 AP SoC

C/C++ Software Program

Main program;

Processing 7 series
System Fabric
Setup input;
Setup Output; ARM® Video IN
Image filter; - MPCore™ System

Edge Detect; fides
. Out
Motion Detect;

Difference;
Draw on screen,
Image processing

Accelerators

Software video processing functions compiled onto FPGA fabric

60 frames per second, 700x speedup
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FPGA/CPU Use Models

0. Pipelined datapath
= HDL programmed

Control

Bl . 1. Pipelined datapath with SW control
» CPU sets register values

2. CPU + FPGA co-processing
FPGA part of explicit address space

3. CPU + FPGA peer processing
= Cache Coherency
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Towards Heterogeneous Multi-core

Hardware / Software
partitioning & interfacing

C C-HLS

Compile / Debug Accelerator synth
HS-SW Interfacing

Domain Specific API
ARM Processor

29p02 03PIA
uondAioug
Buissasolid

Commercial Software
Ecosystem
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Opportunities for SoC Education

Zyng OS Area Priority

Embedded
Systems Lab

Comp. Arch.,
SoC
DSP

-
Embedded CROME*
Open Source
Community
Other OS
*Controls, RObotics and MEchatronics
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ZED Board

» ZED Board
— Zynq Evaluation and Development Kit
— Low cost Zyng based community board (XC7Z020)
— Partnership between Avnet, Digilent, Xilinx
— Digilent will fulfill academic market for Xilinx University Program

» ZEDboard.orq

» Open source SW and IP
— Linux
— Eclipse based IDE
—Vivado HLS: C to FPGA
— Reference designs

ZedBoard

e
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[ o
Target Teaching Platform (TTP)

3> Turn key solution for teaching labs on
— Digital Logic
— Digital Signal Processing
— Embedded System Design
— Principle of Microcomputers
— Embedded Operating Systems

> Xilinx updates the kit as and when required

Textbook

Labs and
instructions

SWI/IP/Tools

XUP boards
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ZED Block Diagram & Features

Page 42

ROM  QsPI QsPI

8
Pmod F PS_ABUS
_ e
Gbit E:“ Il ENET/
Enet g MDIO

e 12
USB ’a useote ()
oTG -/

sSD SD

¢

PMOD

FMC

Pmods

FMC

GPIO (8 LEDs,
GPIO et gg 8 slide switches,
gg 5 pushbuttons)

________ .~ HdPhn Out

s 2
use <> USBUART 8 . -
UART E 12S/ACD | 123 Audio -
el Line In
1 LED, oy % les crio MIC In
2 buttons gg = |y
m ‘ & .i M Type A
HDMI ¥ transmitter HDMI Out
H
512Mbyt; e DDR
yle 10 i
DDR3 (x32) —J"—> VGA ;’j:r)(s'b'f
1 o OLED *——» 128x32 I Display
Reset B—f—b PS_RST
S DONE + DONE LED
100Mhz  [€ik)——» PS_CLK
PROG Reset
System =) « 3 L SYS F
Functions < GPIO/VP/VN XADC
Primary
JTAG
JTAG
W
ZYNQ XC7Z2020-CSG484
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. =
Targeted Teaching Platform (TTP)

Initial version of the Smart Car TTP:

ZyngBot— Mark1

Controlled wirelessly
by Android cell phone app
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P o
Conclusions

»Modern FPGA is an All Programmable SoC
» Software Centric Design Flow
»Unmatched Performance/Watt

» Towards Heterogeneous Multi-Core

» Targeted Teaching Platform
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