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FPGA, the last 10 years
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—a— Capacity
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The market

ASIC

. ASSP

70,

60,
— 2007 ASIC/ASSP =80BS$ ¢
— NRE = 30M$ s 0]
— R&D = 20% revenue s 30
— Revenue = 150M$ ® 20,

— ~500 successful ASSP/ASIC 10,

 Design Starts

Number of Designs (thousands)

1999 2000
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2002

2003
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The ultimate solution

e Glueless interfaces

* Can handle all external memory, e.g DDR RAM,
QDR RAM, SRAM

* Can do all the processing

* |s fully programmable/reconfigurable in all
aspects: /O, function, memory architecture,
signal level, etc

ONLY Platform FPGAs can do this.

MPsoC, July 5 - 9, 2004 Kees Vissers 5



Processors: Itanium 2 6M

* 130 W (107 W typical)

» 3 Levels of Cache: 16k + 16k, 256K, 6M

* 130nm

* 1.5GHz

* 95 percent of the 7,877 pins are for power

* 1,322 Specint base2000 for a single processor!
* Next generation: 1.7GHz and 9MByte cache!

Ref: IEEE Micro April 2004, vol. 24, Issue 2, pp. 10-18: ITANIUM 2 PROCESSOR 6M: HIGHER FREQUENCY AND
LARGER L3 CACHE, Rusu et. al, Intel.

MPsoC, July 5 - 9, 2004 Kees Vissers 6



Processors: DSP

e TI C6414: 2 levels of cache

* Philips PNX1500 (Trimedia core): 2 levels of
cache

* Often specific DMA, Bus architecture and
optimized main memory architecture: does not
easily fit the C programming paradigm.

Conclusion: the memory model is a problem

MPsoC, July 5 - 9, 2004 Kees Vissers



A Von Neumann-style
Computation Example

255

256 Tap FIR Filter 'y, = 2 CX,

N\ d ol B3

( ) EHEEREREE

\( : B
Bottle-necks!
/
o |2

Instructio :?.: c>2 % ‘;{4 % ‘?4
Decode TR I
Ml =2l 2
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FIR Implementation in RC

L 1 1 1
Cos5 T °25_£>l< et ¢ f

Reg—+ —~Reg— ~ ——+—~Reg—~+—1Y,
* For highest speed, use as many compute
elements as problem allows.

 Capable of producing an output sample in one
“Instruction cycle”.

* Call this “Spatial computing”. (see DeHon)

MPsoC, July 5 - 9, 2004 Kees Vissers 9



Customizing Architecture in
RC

* Tailor a solution to optimize throughput,
precision and cost

Full Parallel

Semi-Parallel

Serial

_—l|— §-RE- g
3

X
.
) 5.

MPsoC, July 5 - 9, 2004 Kees Vissers 10




Architectural Efficiency
Spatial vs. Temporal Computing

FPGA (c=w=1) “Processor” (¢c=1024, w=64)

128

. 128
Designw 64

Designw 64

Efficiency ™

1024 Path Length

Figures courtesy of André DeHon, California Institute of Technology
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Building an FPGA: Logic
First

. * A 4-input lookup table
R (LUT) can implement any
function of 4 inputs.

* For example, a 1-bit adder
F needs 2 LUTs:

[A,B,C,D]

Co

i

| AB.C

> W

» A®B@C, S

Ci
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Add FF to make a Logic Cell

In \\

4

Out

Clk
CE
Rst

MPsoC, July 5 - 9, 2004 Kees Vissers 14



Arithmetic, Distributed RAM

Cout

> _
\
4

 Make LUT RAM a
user resource.
Din

WE * Fast carry ripple to
e neighbor.
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Add Interconnect

 Group logic cells to
reduce overhead.

e Add H, V routing
channels with
switchboxes.

 Add input, output
MUXing between logic
and routing.

MPsoC, July 5 - 9, 2004 Kees Vissers 16



Build an Array

O —
=

B—
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Putting the ‘R’ in RC
* Fine-grained FPGAs are the platform of choice for
Reconfigurable Computing.

User Logic Configuration RAM

State

MPsoC, July 5 - 9, 2004 Kees Vissers 18



Hard
Processor

Istles
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Problem definition

* Perform processing on a stream of data
» Sampling rates in the order of 100KHz to 100MHz
* per sample 1000 — 100,000 operations

Perform 10'%10"" operations/sec, like add, multiply
etc.

Note: performance is a required part of the solution!

MPsoC, July 5 - 9, 2004 Kees Vissers 20



So when do | need what?

* Processor + Cache

o LUT

* Embedded Memory

* Bus

* Reconfigurable interconect
* Internal Memory

* External Memory

* |/O

MPsoC, July 5 - 9, 2004 Kees Vissers 21
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JPEG2000 Encoder:
Functional Block Diagram

Tier-2
Tier-1 Coding Coding

9 ), Compressed
t Bit \Y%(0) Header/ ™

atd Quantize Mode]e Entl'Op

I § . y

Coder

MQ Coder:
Create codewords
using arithmetic
coding

MPsoC, July 5 - 9, 2004 Kees Vissers 23



JPEG2000: Run-Time Profiling

1.7%  4.0%

6.6%

B Interface
W 2-D DWT
B Tier-1 Coding
B Tier-2 Coding

87.8%

* Run on XRL’s JPEG2000 ANSI C code

MPsoC, July 5 - 9, 2004 Kees Vissers 24



JPEG2000 Encoder on Multimedia Board

Buffer 1 Buffer 2 Buffer 3

Multi-Memory / Multi-Port ZBT
[nterface

DMA 32 bit

YCrCb Multi-Pass Tier-1
_—
DW1 . Coder

MicroBlaz
e/ OPB
Bus

l l Data OPB Bus .
IR

Interrupt request (IR)

vVyy
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Tier-1 Coder: Block Diagram
[Original Design]

ior1 . B Memory
Tier-1 Coding B FPGA
From Control Fabric

Sign- BRAMS . FIFO

Nb : 5 5
it .
Convert | C 2048 « A rithmet 32b

& : Modelin :
Sticky [sign- 8 ) 8b o i Coder
Bits magnitud [bytestream

Flags 1

Dist.
ROM
47 x 29b

Significance/ Index/MPS Probability/
Bit Plane Process Flags Table Next State Table
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JPEG2000 Example

oA . 5
2-D DWT Wk . e | + | Arithmetic Encoder
Bit Modeler
Technology | Application | Input Data Rate | Compression | System
Performance | (Msamples/sec) Ratio Clock Rate
(MHz)
FPGA' 640 x 480 18.4 10:1 54
@ 30 fps
Pml():sslzorz 359 x 240 1.35 10:1 600
@ 8 fps
ASIC’ 720 x 480 20.7 N/A 27
@ 30 fps
Sources: 'Schumacher 2Aware Inc. 3Yamauchi

MPsoC, July 5 - 9, 2004
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Power Efficiency Results

Power Dissipation (in Watts) Relative Power
Efficiency
Technology Device f/lxtzlr(r)lal Total (Relative
emory MOPS/mW)
FPGA 3.5 3.5 7.0 1
DSP 1.7 2.4 4.1 0.13
Processor

ASIC 2.0 0.2 2.2 3.6

* FPGA has 8x efficiency of processor
— 14 x throughput
— 1/10 x system clock

* More on-board memory would help. Look for

evolving memory hierarchies.

MPsoC, July 5 - 9, 2004
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Job Farm w/ Eight MicroBlazes

Block
Ram

Block
Ram

Block
Ram

Block
Ram

Block
Ram

Block
Ram

Block
Ram

Block
Ram

OPB
Timer

MPsoC, July 5 - 9, 2004
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Multiple MicroBlaze DWT Results

4

3.5

1.5

1 2 3 4 5 6 7 8
Processors
Kees Vissers 30
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Job Farm

* Make sure the ‘bus’ or the internal network can
handle the required bandwidth

* Make sure that the latency is under control: drive
towards multi-threading/multi context

* The granularity of the communication matters

MPsoC, July 5 - 9, 2004 Kees Vissers 31
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System Generator for DSP

Library-based, visual data flow
Polymorphic operators
Arbitrary precision fixed-point
Bit and cycle true modeling

Seamlessly integrated with
Simulink and MATLAB

— Test bench and data analysis

Automatic code generation
Synthesizable VHDL

IP cores

HDL test bench

Project and constraint files

MPsoC, July 5 - 9, 2004

E! sysgenConcatenatedFEC =

File Edit Wiew Simulation Format

Tools Help

[H[=] E3

DSE&E 2o Rt ®r = lm =]

Model Browser @ﬂﬂ
spsgenConcatenatedFEC

- 2] BWEN Charnnel

2| Convolutional Deinterleave

- ] Corvolutional | nterlsaver
- m Depuncturing
2+ Enabled Input
- #] Enabled Delay
- 24 Inner Decoder
2+ Inner Encoder
.. | Duter Decoder
- 23] Duter Encader
m Punctuiing

<} System Generator :sysgenConcatenatedFEC [_ =}

Implementation of Concatenated
FEC Codec for DVB Standard

This design demonstrates a concatenated forward error correction scheme using the
blocks provided in the Xiling Communication library. The scheme is implemented
according to the specifications provided in the European Telecommunication Standard
{ETS 300 421} for Digital Video Broadeasting

&

Convalutional Inner

Enablad Enabled Quter Interleaver Encader
Input Delay Encader
ot poiin dnt poiin dot
datal—[ani rpt|—mfain dout o
o rid
Il source

il il

—Hiline System Generator

System
Generator

dinZ || dout2 dinz|—]{dounz din

o it || dnmmk douti

¥ Cieate Testhench

Product Family Device Speed Package
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Synthesis Tool ®ST - . Eol:\\rtoll‘monal
aaaaaaaaaa

Target Directory I $syagenConcatenatedFEC_wark Browsze. . bl 4@4

—Systern Period

Simulink. System Period [sec)

FPGA System Clack Period [ns]

"

1/8

am—

Hierarchical Cantral
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Generate Cores
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System Generator for DSP

alix

b el MG BiE S

System Generator for
DSP v3.1

Allows Systems Designers
to target external simulation
engines

- Hardware in the loop

- HDL co-simulation

»

B —— - emodulator for Software Defipe' i
{6-GAM Desfiodilaler’for- Sufiware Dt Hardware in the loop

co-simulation

Allows the user to simulate

part of his system on actual

: hardwarel. This means
acceleration & verification

3';
e

!

B

it
2

HDL co-simulation using ModelSim
Allows the user automatically invoke
ModelSim and simulate his Verilog/VHDL
directly from Simulink.

MPsoC, July 5 - 9, 2004
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Documented Reference Designs

e o ~* « 16-QAM receiver, including LMS based
: equalizer and carrier recovery loop

* A/D and delta-sigma D/A conversion
* Concatenated FEC codec for DVB

* Custom FIR filter reference library

* Digital down converter for GSM

« 2D discrete wavelet transform (DWT)
filter

2D filtering using a 5x5 operator

 Color space conversion

* CORDIC reference design

czzm et * Polyphase MAC-based FIR
e« Streaming FFT/IFFT

* BER Tester using AWGN model

MPsoC, July 5 - 9, 2004 Kees Vissers 35
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The mix revisited

* Processor + Cache

o LUT

* Embedded Memory

* Bus

* Reconfigurable interconect
* Internal Memory

* External Memory

* |/O

MPsoC, July 5 - 9, 2004 Kees Vissers

37



The Future : Domain Optimized
Programmable Platforms

* Programmable Virtex-4LX  Virtex-4SX  Virtex-4 FX
— mass market of one Logic Platform DSP Platform  Connectivity

e Parallelism Platform
— performance and power

e Scalable

— ride Moore’s Law

* Distributed memory
— data transfer bottleneck

* Reg u | ar Rocketh
— manufacturable Power?C

e Domain optimized =
— cost

* Hyper-programming
— more degrees of freedom,
— spatial computing

Logic Domain DSP Domain  Processing Domain

Logic density DSP performance  Compute and IO
MPsoC, July 5 - 9, 2004 Kees Vis: performance



The Characteristics

500MHz Flexible
Logic Architecture

500MHz DCM Digital -
Clock Management =

500MHz
Programmable DSP
Execution Units

500MHz multi-port
Distributed RAM

450MHz PowerPC™
Processor
With
Auxiliary Processor Unit

0.6-11.1Gbps

1Gbps Differential Serial Transceivers

110
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The tool we need

Allocation of Bits Per Frame

—— Texture/DCT
--+-- Motion Comp. ||

=
o

3]
T

I
w

I
T

o
o

w

Bits Per Frame
ma
h
1

[
I

External
SRAM
Current
Frame

-

15
. E Memory
Controller
05 1
TP el P O p e s pepmie
% 50 100 150 200 250 300
Frames
7 Al
stream . ;? Decoder | Niotio MotionCompensation
8 8 s g Wectors Vecto
- o
7 é g >d<
s a8 [ Texture
“ < VL
\_Decoder 8x8
VLD y Block
Coeffs s — Not
and DC Coded
_ Inverse —
) Scan Inverse |——> >
Object ~— Quantisation /|
FIFO 4 N IDCT 8x8
Inverse DCT Block
ACDC Coeff
MPEG-4 Decoder q Prediction
\_ J

Current Frame
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What is it?

i: XILINXW The Home Page for Programmabie Logic - E

HOME PRODUCTS & SERVICES | END MARKETS | SUPPORT

EDUCATION |ONLINE STORE' CONTACT

ML310 Virtex-ll Pro

:Entire Site =
Development Platform

| | Tutorials

Ll % ;\nfnrmatinn warmariiash

Personality Module Interface
Board and Component Data
Utilities

Important Information to Read First

Return to XUP Home Page

Platform Features

# NL310 board (ATX form factor) & Standard JTAG connectivity
+ 256 MB DOR DIMM e AlLiSuperl/O
+ System ACE™ CF Controller o 1 parallel and 2 serial ports
» 512 MB CompaciFlash card o 2 USB ports
+ Onboard 10/100 Ethernet MIC o 2 |DE connectars
» 4PClslots ( 3.3V and 5V} o GPIO
# LCD character display and cahle o SMBus Interface
» FPGA serial port connection o ACS7 Audio CODEC
+ RS-232 mini-cable o PSi2 keyboard and mouse ports
« Personality module interface for s ATX power supply
Rocketl® and LVDS access + Documentation CD

Ordering Information

As a member of the Xiling University Program, you will receive the special price of $8995.00 USD.
The ML310 is normally priced at $2,495.00. Purchases can only be made through our distributors by
referring to the following part numbers:

Kees Vissers
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Block Diagram

[g] [wrc] [ PLB BRAM |
CF e—=| System ACE re—=|% G _ele | 256MB
g (s 12 DDR DIMM
RS232  |w—|Z (o = —
H PPC 2,53 High-Speed
SMBus = ’i OC:OS %géiH PM1
SPI e b OE;:-'!BRAM mm;%
— £ High-Speed
5 2 <[ —
GPIO/LEDs [—c |g:§ PM2
— [ PciBrdge | 8-
3.3V PCI
& i AMD i UART
Intel 10/100 Tl Flash [ 1 ™o
RJ45 Ethernet NIC PCI 2250 (S:
3.3V PCI PS/2
s
5V PCI ﬁ Slots GRID 1535D K/M
IDE South Bridge Parallel
(2) Port
5V PCI USB
Slots @) - B ¢ --t— SMBus
Audio
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